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Status: It was decided that the ATIS IIF IPTV Packet Loss Issue Report (ATIS-0800005) is kept in this document for easy access of information relevant to the work on Application layer reliability solutions for IPTV in the ITU-T Focus Group on IPTV.
Item 3 (added at 3rf Meeting of ITU-T FG IPTV, Mountain View): Background Information on DVB Application-Layer FEC
During the 3rd meeting of the ITU-T FG IPTV, a high-level information on the DVB AL-FEC solution was received. Additional details were received during the 4th meeting of the ITU-T FG IPTV.

Sources:

· FG IPTV-IL-0064, Digital Video Broadcasting Project; Technical Module subgroup on IP Infrastructure (DVB TM-IPI),  “Response to FG IPTV-OL-0020 on Application Layer FEC in DVB-IPI”
In incoming Liaison Statement FG IPTV-IL-0064 the Digital Video Broadcasting Project (DVB) Technical Module group on IP Infrastructure (TM-IPI) stated the appreciation of the efforts of the ITU-T FG IPTV WG2 to study the adoption of DVB-IP AL-FEC solution for ITU-T FG IPTV AL-FEC. 

In this document, the DVB project provided ITU-T FG IPTV WG2 with the latest information on the AL-FEC work for your upcoming meeting. Specifically, the following recently published documents have been provided: 

	· A086rev4 - Transport of MPEG 2 Transport Stream (TS) Based DVB Services over IP Based Networks (DVB-IPTV Phase 1.3 - Draft TS 102 034 1.3.1) as a bluebook which contains in Annex E the specification of the DVB-IPI AL-FEC. 
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	· A115 - Blue Book on AL-FEC Evaluations also as a bluebook which is intended to provide background on the evaluation process behind the choice of the hybrid approach in the DVB application layer forward error correction (AL-FEC) specification as included in the DVB-IP Phase 1 Handbook.
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A115 document consists of two documents that were created by DVB as part of the AL-FEC evaluation process. Document A presents the evaluation criterion that were agreed before the selection process started and Document B is the report on the evaluation process. Document B also gives the rationale for the choice of the hybrid approach used in the DVB AL-FEC specification.




· 
· 
· 

· 
· 
Status: It was decided to keep this background information in the living list as the documents may contain relevant information on the ITU-T AL-FEC solution.
Item 4 (added 4th Meeting of ITU-T FG IPTV, Bled): DVB AL-FEC as ITU-T AL-FEC
During the 4th Meeting of ITU-T FG IPTV a provisional endorsement was added to the living list. The remaining issues were resolved during the 5th Meeting of ITU-T FG IPTV. 

The only remaining aspect not integrated in the WD on application layer reliability solutions are the details on what parts of the DVB-IPI AL-FEC solution are required, and what is recommended, or what can optionally be used. Clarification information was provided in Input Contribution FG IPTV-C-0776, Digital Fountain, “Usage of DVB-IP Application Layer FEC Specification”. 

Specifically section 3 of this document provides clarification of this subject:
The ITU-T FG IPTV does not yet define a full set of content delivery protocols, i.e. the control and transport protocols yet. However, it quite likely that the media will be transported either through MPEG-2 TS over RTP/UDP or by generic audio/video streams. Therefore, DVB AL-FEC solution likely covers most of the expected transport protocols.

With respect to control protocols, the details can not be specified at this point, but it is essential to understand what control information needs to be transported for the AL-FEC, once the content delivery protocol more clearly defined.

For the transport protocols it is assumed that the same protocols for the ITU-T FG IPTV AL-FEC as for the DVB-IP AL-FEC solution as specified in section E.6 are used.

For the control protocols, it is assumed that the same semantics for the ITU-T FG IPTV AL-FEC as for the DVB-IP AL-FEC solution as specified in section E.6 are used. The details on the syntax need to be defined.

For the decoder, it is proposed that if application layer FEC in ITU-T FG IPTV is supported, then it is

· required to support the minimum decoder performance as specified in section E.5.1.1 in case MPEG-2 Transport Stream over RTP is used,

· recommend to support the enhanced decoder performance as specified in section E.5.1.2 in case MPEG-2 Transport Stream over RTP is used,

· required to support a decoder performance for which the minimum performance is determined by only using step 2 in section E.5.2.1, i.e. only Raptor decoding performed, or equivalently, the performance of the reference decoding algorithm as provided in [1], Annex C, is fulfilled, in case arbitrary packet flows are used according to the definition in section E.6.3 and E.6.4. 

 [1] 
3GPP TS 26.346 – 3rd Generation Partnership Project; Technical Specification GroupServices and System Aspects; Multimedia Broadcast/Multicast Services (MBMS); Protocols and codec’s (Release 6).

Status: It was decided to keep this information in the LL as the information may be relevant to integrate the recommended AL-FEC solution into the IPTV architecture and to provide background information on the recommended AL-FEC solution. 
Item 5 (added 5th Meeting of ITU-T FG IPTV, Geneva): Other AL-FEC Methods
Source: FG IPTV-C-0684, NEC Corporation, “Proposal for Modifications to FG IPTV-DOC-0088”
Status: open.
____________
� The specification [Annex E, DVB-A086] and the accompanying evaluation document [DVB-A0115] was made available to the ITU-T IPTV FG only 3 days prior to the 4th meeting of the ITU-T FG on IPTV. Therefore, some more thorough checking of the details is necessary for some ITU-T IPTV FG participants. 
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1.
Introduction


Application layer reliability is one of the QoS requirements for IPTV service. Since the video and audio data is delivered by IP networks, packet or bit errors may degrade the IPTV service quality. Moreover, losses in the metadata such as EPG (Electronic Program Guide), ECG (Electronic Content Guide), and interactive user data may cause more severe problem in IPTV service. Therefore, reliability support for them is essential to IPTV service. As discussed in another input document, ARQ-based error control scheme is a good candidate to support application layer reliability for soft real-time streaming and interactive user service in IPTV. This document introduces several ARQ-based standardizations and their activities.


2.
Existing standards/activities


There are many of ARQ-based error control schemes. Out of them, there are three standardization activities which can be well applied to IPTV services.

· ITU-T X.607 (ECTP-3)

· This defines a tree-based reliable multicast transport protocol for one-to-many sessions. The error recovery mechanism is based on NACK (Negative Acknowledgement) for recovery request and ACK (Acknowledgement) for buffer release at parent node. The NACK and ACK control messages are sent along a control tree. The root of the control tree is TO (Top Owner) which manages a session and relays all streams from a sender to the other receivers. That is, it provides back-channels to TO so that a participant can send data to the session via TO. It can be well applied to reliable delivery of EPG (Electronic Program Guide) or interactive user service such as a poll service on the subject of IPTV content. This standardization activity is in the process of 1st CD ballot in ITU-T Q.1/SG17.

· ITU-T X.608 (ECTP-5)


· This defines a tree-based reliable multicast transport protocol for many-to-many sessions. All the participants can send data to the session using the same IP multicast. This is also based on NACK and ACK control messages for error recovery. The participants are divided into several local groups. A representative of a local group is LO (Local Owner), which manages a shared intra-group tree and multiple LO-rooted inter-group trees. A control tree is composed of an intra- group tree and an inter-group tree so that the control and tree management overhead of many-to-many sessions can be reduced. This standardization activity is in the process of 1st CD ballot in ITU-T Q.1/SG17.

· IETF RFC 3940 (NORM)


· This defines a building block for NACK-oriented error recovery mechanism to support - but not limited to - one-to-many session. In order to make the protocol scalable, it uses NACK suppression mechanism with timer-based probabilistic techniques. It is an experimental RFC in IETF.
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DVB Application Layer FEC Evaluations 
 


1 Introduction 
This DVB Blue Book is intended to provide background on the evaluation process behind the choice 
of the hybrid approach in the DVB application layer forward error correction (AL-FEC) specification 
which is included in the DVB-IP Phase 1 Handbook [1] 


It consists of two documents that were created by DVB as part of the AL-FEC evaluation process. 
Document A presents the evaluation criterion that were agreed before the selection process started and 
Document B is the report on the evaluation process. Document B also gives the rationale for the 
choice of the hybrid approach used in the DVB AL-FEC specification.  


Please note that the content of both documents should be considered as informative only. 


  


References 
1. ETSI  TS 102 034 v1.3.1 (2007), Digital Video Broadcasting (DVB); Transport of MPEG-2 TS 
based DVB Services over IP based Networks 


2. 3GPP Technical Specification 26.346 – Multimedia Broadcast Multicast Service – Protocols and 
Codecs 


3. SMPTE Specification 2022-1: Forward Error Correction for Real-time Video/Audio Transport Over 
IP Networks.
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Document A 


 
Criterion for selection of Forward Error Correction for the 


protection of audiovisual streams delivered over IP 
Network Infrastructure 


 


A1 Requirements 
Audiovisual services delivered over networks are subjected to the inherent properties of those 
networks including latency and errors. DVB commercial requirement is quoted as: 


“Inclusion of suitable error protection strategies such as an FEC mechanism to enable DVB services 
to be carried over typical IP access networks with an acceptable quality of service (maximum 1 visible 
artefact/hour). 
 


• The selected solution shall be in line with work of other standards bodies such as DSL-Forum. If 
necessary, DVB should liaise with relevant other bodies.  


• The selected solution shall provide flexibility so that it covers a reasonable range of networks and 
a variety of business models (trade-off versus payload). Furthermore, the selected solution shall 
be extensible to cover likely future streaming requirements.  


• The selected solution shall be implementable on a range of HNEDs without significantly 
increasing product cost.” 


 


The DVB Technical Module has agreed that the IP Infrastructure group should recommend an 
(optional) application layer FEC. It is agreed that it should work end to end including the core and 
home network where required 


The FEC scheme selection process should take into account: 


1. Packet loss characteristics of practical IP access network implementations e.g. DSL. These 
might include the use of interleaving at the physical layer to improve transport 
performance.  


2. Further packet losses that could occur in the core network due to congestion and/or the 
home environment e.g. wireless technologies.  


3. Sensitivity of A/V coding to errors.  
4. Practical viability and flexibility of FEC scheme (encoding and decoding) to meet the min 


and max correction at minimal cost (processing, memory) for large numbers of 
simultaneous streams. 


5. Ongoing cost of bandwidth inefficiency inherent in the code – i.e. difference between the 
bandwidth required by the code and the theoretical minimum bandwidth needed for 
service in the given loss conditions.” 


6. Pre-computation of the FEC to enable later usage when the content is streamed. 
7. Carriage directly over RTP in the future i.e. without an MPEG2 transport stream 
8. Dynamically varying length of IP packets carrying A/V content. 


 


A2 System description 
Figure 1 is an example of video service delivery over a DSL network from source (top left) to set top 
box (top right). It highlights the components through which the service is delivered and the logical 
position of the Application Layer FEC. Key points brought out by this diagram are: 
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a) There are other possible mechanisms that affect the delivery of acceptable quality of service 
(maximum 1 visible artefact/hour). These are DSL layer FEC/interleave, video/audio coding type and 
any error concealment at the decoder. The application layer FEC performance should provide adequate 
protection from errors with and without these mechanisms present (shown as min and max correction 
in fig 1). 


b) When these other mechanisms are present, the application layer FEC should take into account the 
effect of failure of these other mechanisms under severe error conditions. 


c) When these other mechanisms are present, the 'load' on the application layer FEC is reduced under 
normal error conditions, leading to possible 'cost' reductions in terms of latency, memory, processor 
etc. 


d) Gaps in the core network domain and home network domain highlight the possible presence of 
other network types that could introduce service affecting packet loss. These networks should ideally 
be taken into account in the specification of application layer FEC performance, though will vary 
between implementations. 


Application Layer FEC Application Layer FEC


Bit Transport


OPTIONAL
R S / Interleave


DSLAM DSL
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SET
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PACKET
HANDLING


SET
TOP
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DECODER
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Figure 1 - minimum and maximum correction requirement for DSL access network domain 
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A3 Packet loss characteristics 
The packet loss characteristics should be provided by network operators and DSL chip vendors, 
ideally in the form of data collected from implementations or (if this is too commercially sensitive) in 
the form of a statement on what level of errors should be corrected by the application layer i.e. the 
requirements. 


Worst case end-to-end packet loss metrics can be provided in terms of average loss rate, and loss 
distribution (independent random vs bursty) for the IP packets, independent of bit rate. Note: methods 
for characterisation of the loss distribution need further discussion. 


Results for impulsive noise in DSL networks are available from the ITU and (until other information 
becomes available) they will be used as the basis of the evaluations. Although DSL is clearly an 
important case (where the results may vary widely), it is desirable to allow for other core, access and 
home networks also.  


 
A4 FEC Scheme Evaluation Criteria 
Assume the following criteria: 


1. Consider 3 error distributions: A. random losses (PLR 1e-3 to 1e-5), B. burst losses (PLR 1e-3 
to 1e-5 with distributions based on ITU DSL results) C. better than 1e-5 


2. Additional latency due to FEC depending on applications (VOD = 100 ms, Broadcast = 400 
ms)  


3. Bit-rate for VOD = 2Mbit/s, Broadcast = 2 and 6Mbits (both based on H264/AVC 
4. Target mean time between FEC blocks that contain uncorrectable errors = 4 hours  


 


Data should be provided for each FEC proposal, specifying the performance for each set of parameters 
employed to illustrate range of performance available in terms of: 


• Overhead required by the FEC to achieve the target performance in each of the given 
loss conditions (FEC data)/( protected data) (%) 


• Flexibility: 
o Changing the overhead or/and the block size dynamically (within or 


between FEC blocks)  
o Range of protection periods 
o Suitability for use with a wide variety of FEC sending strategies  


• STB memory requirement for buffering / processing (bytes) 


•  STB processing requirement measured as: 


o maximum and average number of XOR operations  
o maximum and average number of conditional statements (IF..THEN)  
o maximum and average number of context switching  
o maximum and average size of additional temporary memory needed  
o maximum and average number of threads (if threaded) 


• Headend memory requirements for buffering (bytes) 
• Headend processing requirement measured as: 


o maximum and average number of XOR operations  
o maximum and average number of conditional statements (IF..THEN)  
o maximum and average number of context switching  
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o maximum and average size of additional temporary memory needed  
o maximum and average number of threads (if threaded) 
o maximum memory bandwidth 


• Scalabilty, e.g. suitability for hardware implementation and cost 
• How much data is lost when the FEC fails? Visibility of artefacts when FEC fails 
• Ability to discard the FEC flow and process only the original packets as normal  
• Ability to add or remove FEC correction packets  
 


Additionally, systems considerations should be addressed including: 


• Continued functioning of existing STB products in presence of FEC data 
• Option for new STB products to use or ignore FEC data 
• Confirmation of FEC scheme IPR compliance with DVB rules 
• Support of combined protection of audio and video packets 
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Document B  
 


This document contains the evaluation report of the DVB-IPI committee on the proposed AL-FEC 
codes. Note that the two codes originally proposed were the Pro-MPEG Code of Practice 3 code as 
now specified in SMPTE 2022-1 [3] and the Digital Fountain Raptor code essentially as specified in 
3GPP TS 26.346 [2]. The eventually standardized code specified in TS102034 v1.3.1 [1] is a hybrid of 
these two original proposals. 


 


 


 


 


 


AL-FEC evaluation report for DVB-IPI 
V0.5 – 24 August 2006 


  


 


 


 


 


B1 Introduction 
The paper provides results of the DVB-IPI evaluation process for forward error correction for IP TV. 
Two candidate FEC codes have been considered, the Digital Fountain Raptor code, as proposed in [2], 
and the Pro-MPEG Code of Practice 3 based proposal, described in [3]. 


Document A provides the agreed evaluation criteria, with the exception that at subsequent conference 
calls it was agreed to consider “additional latency due to FEC” of 100ms and 400ms (rather than 
“protection periods”,) and “mean time between packet loss” (rather than “mean time between FEC 
blocks with errors”  


During the evaluation process, it was realised that a key issue in determining the FEC performance is 
the sequencing and timing of the sending of source and FEC packets. This issue is discussed further in 
Section B2 and examples of sending arrangements are described in Annex A. 


This paper also includes new simulation results for the following cases: 


• “concurrent interleaved sending” – in which FEC packets are interleaved with the source 
packets they protect – these results are included in Annex B. 


• “hybrid code” – in which a mixture of Pro-MPEG and Raptor packets are sent  - these results 
are included in Appendix 1. 


 


B2 Sending arrangement considerations 
An important issue in the evaluations was the way the different codes arrange data packets (source and 
FEC “repair” packets) for sending. Many different arrangements are possible for both codes. Since the 
arrangement can slightly impact the latency introduced by the FEC code with particular settings, and 
since these evaluations considered fixed latency budgets, the choice of sending arrangement affects the 
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choice of parameters which are possible within the latency budget and therefore affects the bandwidth 
requirements of the codes. 


An additional consideration with respect to sending arrangements is whether the resulting data stream 
has a constant bit-rate.  


Annex A describes the sending arrangements proposed in more detail. 


 


B3 Bandwidth costs 
A primary objective of the simulations performed as part of this evaluation exercise was to measure 
the bandwidth overhead required to achieve a target quality of service. Although not the only 
evaluation criteria for AL-FEC, bandwidth consumption represents an ongoing cost of the solution for 
the operator: excessive bandwidth consumption may translate into lower service quality, fewer 
services or a smaller target market. 


In order to assess bandwidth requirements, simulations were performed according to the agreed cases. 
For each case, the simulated time was 96 hours and the mean time between packet loss was measured. 
The minimum bandwidth required was assessed by performing repeated simulations, gradually 
increasing the FEC overhead until the target mean time between packet loss was achieved. Note that in 
the case of the Pro-MPEG code, increasing the bandwidth required that a different code was used – i.e. 
change in the L and D parameters and possibly change in the type of parity packets sent: row, column 
or both.  


 


 


B3.1 Loss models 
Two loss models were used in the simulations, independent random packet loss and a loss model 
based on DSL Repetitive Electrical Impulse Noise (REIN). 


The REIN model results in fixed length (8ms) burst losses which are randomly placed in order to 
achieve an overall loss rate within the 10-6 to 10-3 loss range of interest. As such, the results below for 
the REIN case give a good indication of the code performance in the presence of burst losses. 


B3.2 Multicast case 
For the multicast case, a maximum additional latency of 400ms was used. The graphs below show the 
FEC overhead required to achieve a mean time between packet loss of four hours, plotted against 
packet loss for both independent random packet loss and Repetitive Electrical Impulse Noise 
simulated. The overhead calculation is based on the actual number of bytes sent, including IP and 
other headers, not just the ratio of repair packets to source packets. 


The figures also include a plot for an “Ideal Block Code” – this represents the theoretical lowest 
overhead which could achieve the target quality within the maximum latency using a block FEC code 
and gives a useful guide as to how much of the bandwidth dedicated to FEC is actually needed to 
provide the required FEC protection and how much is overhead due to inefficiency in the FEC code 
itself. 


Note that the overhead scale in each graph may be different, to show the range of interest. 
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B3.2.1 Results with constant sending arrangement 


   
Figure 6: 2Mbit/s MPEG-2 Transport Stream, 400ms latency, Random Loss, constant sending 


 
Figure 7: 6Mbit/s MPEG-2 Transport Stream, 400ms latency, Random Loss, constant sending 
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Figure 8: 2Mbit/s MPEG-2 Transport Stream, 400ms latency, REIN, constant sending 


 
Figure 9: 6Mbit/s MPEG-2 Transport Stream, 400ms latency, REIN, constant sending 


 
B3.2.2 Results with burst sending arrangement 
NOTE: Curves for the “Ideal” block code and Raptor below are for constant rate sending, compared 
with burst sending for Pro-MPEG. 
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Figure 10: 2Mbit/s MPEG-2 Transport Stream, 400ms latency, random loss, burst sending 


 
Figure 11: 6Mbit/s MPEG-2 Transport Stream, 400ms latency, random loss, burst sending 
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Figure 12: 2Mbit/s MPEG-2 Transport Stream, 400ms latency, REIN loss, burst sending 


 
Figure 13: 6Mbit/s MPEG-2 Transport Stream, 400ms latency, REIN loss, burst sending 


 


We note the following from these simulation results: 


• The Raptor code consistently requires close to the minimum possible overhead for a block 
code (as illustrated by the red “ideal” plots). 


• The overhead required for the Raptor code increases smoothly as the loss rate increases 
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• A modest Raptor overhead of 9% provides for FEC protection up to above 10-3 packet loss in  
both the random and REIN loss models 


• The Pro-MPEG COP3 code with constant sending rate performs close to the ideal code 
whenever PLR remains under a threshold value around 10-4.and only in the case of random 
loss this is the case since the Pro-MPEG row code is a simple parity code, which is optimal 
when only one packet of protection data is needed per block). 


• Around 10-4 packet loss rate for the random loss case, the Pro MPEG code requires higher 
overhead – around 34% for the 2Mbit/s stream and 20% for the 6Mbit/s stream. 


• Depending on the sending arrangement, above around 3 x 10-4 packet loss for the REIN case, 
no settings for the Pro-MPEG code which supported the required quality target (measured in 
mean time between packet losses) could be found. Nevertheless, when using a slightly lowest 
quality target (same time but measured in mean time between FEC blocks with errors), it is 
possible to find Pro-MPEG settings to support the required quality target. 


• The burst arrangement for the Pro-MPEG code requires somewhat less overhead at high loss 
rates, although still significantly more than Raptor. 


• The burst sending arrangement for the Pro-MPEG code offers significant improvements in the 
REIN case – in fact improving on the ideal block code (which uses a constant sending 
arrangement). 


• The choice of burst or constant sending arrangement for Raptor makes little difference in the 
required overhead 


• The burst sending arrangement for Pro-MPEG does not allow the quality target to be achieved 
in the REIN case across the whole loss range. It should be noted that simulation based on a 
lower quality target can be met by ProMPEG.  


It should be noted that in the above cases the parameters for the Pro-MPEG code were selected to 
provide the best performance for each particular loss rate and pattern through a wide search of the 
possible parameter set. In practice, we expect loss rates and error patterns to be largely unknown in 
advance.  


In particular, for the REIN cases, the Pro-MPEG column code with a number of columns equal to the 
burst length provides adequate protection so long as events with two error bursts within a protection 
period happen only once every four hours or less.  


This may happen when the overall loss rate is high or when there is strong correlation between bursts. 
Moreover if random single loss errors happen very close to a burst, they may not be corrected neither. 


 
B3.3 Unicast case 
B3.3.1 Stored/buffered content 
In these cases, content is available at the server in advance of sending to the user: for VOD services 
the content is stored in its entirety and for live broadcast in trick modes the content is buffered for at 
least a few hundred ms when the user activates the trick mode by pausing the multicast broadcast. 


In these cases the Raptor code incorporates a fast buffer fill technique (called “faststart” in this paper) 
which allows the protected block size to be gradually increased over the first few seconds of 
transmission. Note that this technique is possible only because of the independence of block size and 
overhead supported by Raptor and the possibility to flexibly vary the overhead in single packet 
increments without impacting the error correction performance of the code. 


As above, repeated 96 hour simulations were performed with the FEC overhead again increased for 
each simulation until the target quality was achieved.  The fast-start procedure is repeated every 10 
minutes during the simulation to model the impact of repeated channel change or use of trick-modes. 
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Figure 14: 2Mbit/s MPEG-2 Transport Stream, 100ms latency (stored/buffered content), random loss 


 


 
Figure 15: 6Mbit/s MPEG-2 Transport Stream, 100ms latency (stored/buffered content), random loss 
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Figure 16: 2Mbit/s MPEG-2 Transport Stream, 100ms latency (stored/buffered content), REIN 


 
Figure 17: 6Mbit/s MPEG-2 Transport Stream, 100ms latency (stored/buffered content), REIN 


 


B3.3.2 Live content 
In the case of unicast delivery of live content (for example in networks which don’t support multicast) 
then the block size for the Raptor code is limited by the requirement of a maximum latency due to 
FEC of 100ms. The following figures show simulation results for this case. 
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B3.3.2.1 Constant sending arrangement 


 
Figure 18: 2Mbit/s MPEG-2 Transport Stream, 100ms latency (live content), random loss, constant 


sending 


 
Figure 19: 6Mbit/s MPEG-2 Transport Stream, 100ms latency (live content), random loss, constant 


sending 
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Figure 20: 2Mbit/s MPEG-2 Transport Stream, 100ms latency (live content), REIN, constant sending 


 
Figure 21: 6Mbit/s MPEG-2 Transport Stream, 100ms latency (live content), REIN, constant sending 


B3.3.2.2 Burst sending 
NOTE: Curves for the “Ideal” block code and Raptor below are for constant rate sending, compared 
with burst sending for Pro-MPEG. 
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Figure 22: 2Mbit/s MPEG-2 Transport Stream, 100ms latency (live content), random loss, burst 


sending 


 
Figure 23: 6Mbit/s MPEG-2 Transport Stream, 100ms latency (live content), random loss, burst 


sending 
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Figure 24: 2Mbit/s MPEG-2 Transport Stream, 100ms latency (live content), REIN loss, burst sending 


 
Figure 25: 6Mbit/s MPEG-2 Transport Stream, 100ms latency (live content), REIN loss, burst sending 


 


As in previous cases, the Raptor code meets the quality target at all error rates with overhead close to 
the minimum possible. The Pro-MPEG code meets the quality target with minimum overhead only in 
cases where the loss rate is below a threshold which is around 10-4 packet loss rate. 


 With the constant sending arrangement, and REIN losses, the Raptor codes requires an overhead 
which is less than or (approximately) equal to the Pro-MPEG overhead for all loss rates. For other 
cases (burst sending and/or random loss) the Pro-MPEG code requires marginally less overhead for 
the loss rates which are below the threshold. 
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For low loss rates and in the presence of random loss, the ProMPEG code is simple a 1D parity code, 
which is well known to be ideal. In these cases ProMPEG achieves lower overhead than Raptor. 


 


B3.4 A note on latency, jitter and traffic shaping 
All the above simulations assume that the sent traffic should maintain a constant bit-rate (although it is 
accepted that the constant–bitrate ProMPEG scheme actually doubles the instantaneous bit-rate each 
time a repair packet is sent, this is only visible as a variation in bit-rate over very short time periods. 
However for the burst sending arrangement, the variation is significant and over a longer period of 
time). 


In order to support legacy receivers in the case of multicast, whenever this is feasible, the use of FEC 
should not introduce significant additional jitter in the source packets. Using the sending arrangement 
proposed for Raptor codes does introduce a small amount of additional jitter to the arrival of source 
packets at the receiver. Using the constant sending arrangement proposed for Pro-MPEG avoids such 
jitter, however using the burst sending arrangement proposed for Pro-MPEG will introduce a small 
amount of additional jitter as the bursts are traffic shaped on the access link. Sending arrangements are 
interchangeable between the codes, so there are many possibilities - See Annex A for more details. 


In the simulations above, the maximum additional jitter in the case of Raptor is around 40ms for the 
400ms latency cases and in most cases significantly less. Finally, “latency” in these simulations has 
been interpreted as the additional latency introduced between the source and the playout due to the use 
of FEC. This is equivalent to the size of the FEC data buffer assumed to exist at the receiver. This 
figure adds directly to the response time for user actions, such as channel change, re-wind, forward-
wind etc. 


In the case of live content, the Raptor scheme as proposed adds a small additional amount to the time 
between the event actually occurring at the sender and the presentation to the user (distinct from the 
response time for user actions, referred to above). In the cases above this is at most around 40ms and 
in general considerably less. Since the overall end-to-end delay is general much higher than 40ms, this 
additional delay is not considered significant, especially since it does not contribute to the response 
time for user actions. The Raptor scheme is sufficiently flexible that this delay could be reduced if 
required. Targets on this end-to-end delivery time have not been discussed and again could be 
included in a further phase of this evaluation if necessary, but again it is unlikely to significantly affect 
the results. 


Finally, the only two latency figures (100ms and 400ms) were tested in these evaluations. It is 
instructive to consider the trade-off involved in selection of an FEC latency figure. Lower latency 
results in shorter channel change time but has a cost in that a higher FEC overhead is required for a 
given level of protection. Conversely, a longer latency budget results in longer channel change time in 
return for a lower FEC overhead. Figure 26 illustrates this trade-off for an “ideal” code and for several 
quality targets (“Mean Time Between Artifacts”). This figure suggests that a significant bandwidth 
saving is available if the latency budget is increased from 100ms to (say) 200ms, but that there is little 
to be gained by increasing the latency above 400ms. In particular, this figure throws doubt on the 
practical validity of the 2MBit/s, 100ms case evaluated above: an operator who was sufficiently 
bandwidth-constrained to use 2Mbit/s encoding would surely also take advantage of the FEC 
bandwidth savings that could be achieved with a 200ms latency budget. 







DVB BlueBook A115 - TM 3783 


Page 22 


Protection Period vs protection amount: Ideal
2000 kbit/s, PLR 0.0001
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Figire 26: latency/FEC bandwidth trade-off 


 


 


B3.5 Summary of simulation results 
We summarise the above results according to the sending arrangement and type of loss: 


Summary for multicast and unicast live video: 


• There is a “loss rate threshold” in each case: below this threshold, the Pro-MPEG 
overhead is very low and close to Raptor (sometimes higher, sometimes lower) and above 
this threshold, the Pro-MPEG overhead is significant (always much higher than Raptor 
overhead). 


• The threshold is around 1e-4 Packet Loss Rate (actually between 5e-5 and 2e-4), 
depending on the case 


Constant sending arrangement, random loss 


• Below the threshold, the Pro-MPEG overhead is slightly less than the Raptor overhead 
and above this threshold, the Raptor overhead is much less than the Pro-MPEG overhead. 


Constant sending arrangement burst (REIN) loss 


• Below the threshold, the Raptor overhead is slightly less than the Pro-MPEG overhead 
and above this threshold, the Raptor overhead is much less than the Pro-MPEG overhead. 
Please note that in this case, Raptor overhead is always the lowest. 


Burst sending arrangement, random loss 
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• Burst sending does not have much effect on results below the threshold. 


• The Pro-MPEG overhead is reduced above the “threshold” compared to constant sending 
arrangement, but is still much greater than the Raptor threshold 


• Burst sending does not have much effect on the Raptor overhead 


Burst sending arrangement, burst (REIN) loss 


• The Pro-MPEG overhead is reduced both above and below the “threshold”, but above the 
threshold is still much greater than the Raptor threshold 


• Below the threshold the Pro-MPEG overhead is slightly less than the Raptor overhead 


• Burst sending does not have much effect on the Raptor overhead 


Summary for unicast stored or buffered content: 


• In the particular case of unicast stored or buffered content, Raptor code can use the 
faststart sending arrangement so as to use significantly less bandwidth than Pro-MPEG in 
all cases.  


• When faststart mechanism is not used, results are the same as multicast and unicast live 
video. 


In all cases, the results plotted above show the overhead required by the “best” configuration 
parameters for the Pro-MPEG COP3 code according to guidelines for setting Pro-MPEG parameters 
and the specification in [3]. These were chosen by searching through the various possible 
configurations (including row packets only, column packets only, both row and column packets and 
different matrix sizes) and reporting only the lowest overhead which achieved the required quality. 
This means that the choice of code was based implicitly on complete knowledge of the loss rates and 
patterns in each case. 


In summary, the requirements on network quality (target end-to-end loss rates) depend significantly on 
the choice of FEC code (Pro-MPEG or Raptor): network quality requirements are much more stringent 
if Pro-MPEG is chosen since it works well only as long as the packet loss rate remains under the 
previously defined threshold (around 1e-4). 
 


B4 Flexibility 
The FEC evaluation criteria for flexibility states: 


”Flexibility: 


• Changing the overhead or/and the block size dynamically (within or between FEC blocks)  


• Range of protection periods 


• Suitability for use with a wide variety of FEC sending strategies “ 


The Raptor code provides complete flexibility in terms of overhead (protection amount) and block size 
(protection period). These parameters can be set independently according to application requirements 
and the error correction performance of the code remains just as close to ‘ideal’ whatever the 
parameter settings. Parameter settings can easily be changed dynamically and protection periods from 
10s to 1000s of milliseconds can be efficiently supported. 


For the Pro-MPEG code, the protection period and protection amount are related and constrained and 
in practice only certain combinations are supported Nevertheless, the possible number of combinations 
is large enough to offer many different levels of protections. 
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B5 Processing and Memory requirements 
The Raptor code has been designed to have very modest computational complexity such that it is easy 
to implement in software on resource constrained devices such as Set-Top Boxes and mobile devices. 
Techniques for efficient hardware implementation for high capacity encoders have also been presented 
and many options exist for hardware-assisted implementations for decoders. 


The Pro-MPEG code has been designed to have very low computational complexity such that it is easy 
to implement it in software or in hardware. 


For both Raptor and Pro-MPEG, the complexity of encoding is comparable with the complexity of 
decoding. For Raptor, both scale linearly with the volume of data to be encoded/decoded, making the 
overall computational requirements proportional the service bit-rate and to a large extent independent 
of the losses or level of protection.  


Raptor encoding complexity for the scenarios considered here is in the region of 2 MIPS per Mbit/s – 
so a 6Mbit/s stream would require ~12 MIPS of processing power to encode, although in practice the 
encode time is also dependent on memory bus speed and cache/DMA availability. For example, 
Digital Fountain has demonstrated an off-the-shelf rack-mounted server with a Pentium processor 
running at 3 GHz performing Raptor encoding at 2Gbit/s – the equivalent of 1000 2Mbit/s video 
streams. Further optimizations for the specific case of video stream encoding and platform-specific 
optimization could be expected to increase this encoding speed significantly. Leading Pro-MPEG 
COP3 processing cards encode at around 400Mbit/s and so similar performance could be easily 
achieved with Raptor with modest processing requirements. 


Hardware optimizations of Raptor codes in the form of hardware assist for XOR operations or 
complete implementation of the code in hardware are also possible and can further improve capacity. 
The application of the Raptor code for streaming has been designed so that for a given stream 
rate/latency the block size and structure from the encoders point of view is the same for every block. 
Thus the sequence of operations required to encode repair packets for a block can be calculated or 
stored in advance and executed quickly (in software or hardware) for each block. This is true even if 
the actual block size (in terms of packets) differs between protection periods.  


The number of primitive symbol XOR operations required for Raptor encoding or decoding for the 
scenarios considered here is around 12-14 operations for each source symbol.  


The number of primitive symbol XOR operations required for Pro-MPEG encoding or decoding for 
the scenarios considered here is 1 operation for each source symbol in Pro-MPEG 1D and 2 operations 
for each source symbol in Pro-MPEG 2D.  


Nevertheless, in practice, for each symbol, these operations are performed on-chip (in cache) and so 
the bottleneck is the speed with which data can be moved between memory and the processor, rather 
than the precise number of XOR operations. All modern processors employ pipelining and so can 
perform the XOR operations on-chip concurrently with moving data for future operations between off- 
and on-chip memory. This means a reduction in XOR operations doesn’t necessarily translate into a 
significant increase in speed of encoding or decoding. 


 With Raptor, minimum memory requirements for data to be encoded/decoded at both encoder and 
decoder are slightly greater than the source block size. At the decoder, received data (which is a mix of 
source data and repair data) may be transformed “in-place” into the recovered source block. Thus, 
these memory requirements are less than 350KB for the largest block size considered in this 
evaluation. 


With Pro-MPEG, the encoder only needs to have buffers so as to store the repair packets of a 
protection block. Since amount of protection is always much lower than the amount of data, it means a 
Pro-MPEG encoder requires memory much smaller than the source block size. On the decoder, Pro-
MPEG only requires enough memory to store the current protection block and its repair packets. 
Therefore it means a Pro-MPEG decoder requires memory slightly greater than the source block size. 
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Note also, that depending on the sequencing arrangement used, the decoder may need more memory. 
For instance, when repair packets are arranged within the block after the one they protect, the decoder 
would need twice as much memory to store the current and following protection blocks. 


Note that for decoders, this memory requirement is still very modest compared to the memory 
required, for example, for storing a single HD frame after decoding. 
 
B6 Support of layered transmission 
The evaluation criteria include “Ability to add or remove FEC correction packets“ and further 
discussions have highlighted interest in layered transmission of FEC data so that unnecessary sending 
of unnecessary FEC data over DSL lines with low error rates can be avoided even in the multicast 
case. 


The Raptor code is capable of generating an effectively unlimited supply of FEC repair packets for 
any given block size. The incremental computational cost for generating additional repair packets is 
very low. Raptor repair packets are generated by a pseudo-random process, meaning that different 
packets are essentially equivalent to receivers in terms of their usefulness for decoding. As a result 
such packets can be distributed amongst IP Multicast groups in an arbitrary fashion and receivers can 
join or leave according to the quantity of repair packets they require. 


The above mechanism cannot be implemented with the same efficiency/flexibility using the Pro-
MPEG code, since repair packets are generated according to a specific simple structure, are limited in 
supply and are sent to the same multicast group. Receivers need to be sent all packets of a given Pro-
MPEG code to achieve the error correction performance illustrated above – listening to only a partial 
transmission will result in much poorer performance compared to listing to a transmission which was 
initially designed with a lower overhead. 
 


 


B7 Additional criteria 
The following additional criteria are included in the evaluation criteria document: 


• Continued functioning of existing STB products in presence of FEC data 


• Option for new STB products to use or ignore FEC data 


• Confirmation of FEC scheme IPR compliance with DVB rules 


• Support of combined protection of different streams (such as when audio and video 
packets are sent in two separate streams) 


Raptor is compliant to all these criteria. 


Pro-MPEG is compliant to the first two criteria and believed to be compliant to the third (IPR 
compliance is currently being clarified by SMPTE). 


The Pro-MPEG code does not support combined protection of different streams – separate protection 
streams are required for each RTP flow. Specifically in the case of audio streams, which have much 
lower bandwidth than the video streams, then high quality protection will be extremely difficult to 
achieve if latency needs to be kept very small. 


In general, combined protection is more efficient than separate protection and in particular separate 
protection of the relatively low bit-rate audio stream can be extremely inefficient. 


Combined protection can also encompass the RTCP packets that provide time synchronisation 
information between the audio and video streams. 
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B8 Content Download 
It has been suggested that the FEC solution chosen for streaming services should also be suitable for 
use in content download applications. It should be noted that it has not yet been agreed, (or even 
discussed in detail), that Forward Error Correction is required for Content download - other solutions 
do exist. An evaluation of these solutions should be carried out by the TM-IPI Content Download 
System (CDS) taskforce. 


However, solutions based on forward error correction have a number of significant advantages over 
other solutions in the multicast case. The Raptor code proposed for DVB-IPI streaming applications is 
highly suitable for content download applications as well (and has been adopted for such applications 
by 3GPP and DVB CBMS). The same code could therefore be used for both streaming and content 
download. 


No description is available of whether and how the Pro-MPEG code could be applied to content 
downloading: it was clearly designed for streaming services in extremely low packet loss cases only. 
The Pro-MPEG code is by nature a short block code and for content downloading a large block code is 
much more efficient if FEC is to be used.  


  
B9 Raptor vs Pro-MPEG Summary  
The table below summarises the results described above. The green font identifies the best result while 
the red font identifies the worst result. When the result between codes is very close, an orange font is 
used to identify the code that only performs slightly less well. 


 


Criteria 
Pro-MPEG 
Constant 


Pro-MPEG 
Burst Raptor Comments 


Bandwidth cost – loss rates >~1e-4     


- SD MPEG-2 TS broadcast (400ms) High High Low  


- HD MPEG-2 TS broadcast (400ms) High High Low  


- SD MPEG-2 TS unicast (100ms) High High Low 


Thanks to its fast-
start mechanism, 
Raptor achieves 
very low overhead 
in case of 
stored/buffered 
content 


- HD MPEG-2 TS unicast (100ms) High High Low 


Thanks to its fast-
start mechanism, 
Raptor achieves 
very low overhead 
in case of 
stored/buffered 
content 


Bandwidth cost – loss rates <~1e-4     


- SD MPEG-2 TS broadcast (400ms) Low Lowest Low  


- HD MPEG-2 TS broadcast (400ms) Low Lowest Low  


- SD MPEG-2 TS unicast (100ms) Modest Lowest Low 


Thanks to its fast-
start mechanism, 
Raptor achieves 
very low overhead 
achieved in case of 
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stored/buffered 
content 


- HD MPEG-2 TS unicast (100ms) Modest Lowest Low 


Thanks to its fast-
start mechanism, 
Raptor achieves 
very low overhead 
achieved in case of 
stored/buffered 
content 


     


Support of target quality for evaluated 
packet loss range/patterns See comment Yes 


Pro-MPEG COP3 
could not provide a 
Mean Time 
Between Packet 
Loss of 4 hours for 
a number of the 
burst loss cases. 
However, a slighty 
weaker target of 
Mean Time 
Between Artifacts 
(visible errors) of 4 
hours could be 
achieved. 


Further packet losses that could occur 
in the core network due to congestion 
and/or the home environment e.g. 
wireless technologies. 


- - Not yet evaluated 


Flexible engineering of code 
parameters 


Yes (but fixed number 
of combinations and 
direct correlation 
between overhead and 
protection block size) 


Yes 
(fully)  


Computational complexity Lowest Modest  


Scalability (e.g. encoding of 1000s of 
streams) Yes Yes  


Memory requirements (encoder) Lowest Modest  


Memory requirements (decoder) Modest Modest  


Visibility of artifacts after FEC decoding - - 
Both codes could 
perform partial 
correction. 


Continued functioning of existing STB 
products in presence of FEC data Yes Yes  


Option for new STB products to use or 
ignore FEC data Yes Yes  


Confirmation of FEC scheme IPR 
compliance with DVB rules Yes Yes 


Pro-MPEG IPR 
compliance is 
currently under 
SMPTE process. 


Efficient support of direct encapsulation 
of audio/video in RTP (as defined in TS 
102.005) : Support of combined 


No Yes 
Raptor can protect 
several RTP and 
RTCP streams 
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protection of audio and video packets together whereas 
Pro-MPEG has to 
consider each RTP 
and RTCP streams 
separately. 


Efficient support of direct encapsulation 
of audio/video in RTP (as defined in TS 
102.005) : support of variable length 
packets 


Yes (but less efficient) Yes  


Suitable for Content Download Service No (much less efficient) Yes  


 
 


B10 Conclusions 
The sending arrangement chosen has a significant impact on the performance / bandwidth cost. 


The comparison of the two codes also differs depending on the packet loss rate. 


In the case that burst sending is used and for loss rates below a threshold (between 5e-5 and 2e-4), the 
Pro-MPEG code requires slightly less bandwidth than Raptor code. 


In the case that burst sending is not used and for loss rates below a threshold (between 5e-5 and 2e-4), 
both Pro-MPEG and Raptor codes requires similar bandwidth overhead although there are differences 
depending on the precise case (see section B3.5). 


For loss rates above a threshold (between 5e-5 and 2e-4), Raptor code requires much less bandwidth 
than Pro-MPEG code. 


The threshold indentified through these simulations depends on quality target, source stream bitrate, 
latency budget and loss patterns. 


When the Raptor fast-start mechanism is used for unicast/buffered content, Raptor requires less 
overhead than Pro-MPEG. 


Regarding implementation aspects (complexity, memory requirements,…), though there are 
differences between codes (see section B9), no significant issues were identified with either code. 


Both codes meet the requirement for backward compatibility with existing equipments. 


The Raptor code support various future requirements which the Pro-MPEG does not (see section B9). 


Since neither of these two codes is optimal in all cases, an hybrid code with performance similar to the 
best of either was defined (see Appendix 1 for simulation results).
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Annex A  Sending arrangements 
A.1 DF Raptor default sending arrangement 
The sending arrangement proposed for the DF Raptor code is illustrated in Figure A1. In this sending 
arrangement the overall sending rate is kept constant and the source packets of each block are sent 
before any of the repair packets of the block. This approach requires that the sending rate of the source 
packets be increased marginally to make space for the repair packets at the end of the block. 


It’s important to note that the sequencing of packets is determined by the FEC procedures which 
operate “below” the RTP layer. The contents of the packets, in particular the RTP timestamps, are not 
modified compared to the contents in the case in which FEC is not applied and therefore the correct 
timing for the packets can be reconstructed with the usual procedures. 


 
Figure A.1: DF Raptor sending arrangement 


Note that while this arrangement ensures a global constant bitrate, it actually modifies the rate at 
which source packets are sent and consequently creates a small amount of additional jitter on the 
transmission. 


Other sending arrangements are also possible for DF Raptor but were not investigated. 


Pros and cons: 


+  global sending rate is constant 


+ full latency budget available for FEC protection 


-  source data sending rate is different from original source data sending rate 


-  insertion of repair packets introduces small amount of jitter on all source packets 


A.2 Pro-MPEG COP3 fully interleaved sending 
arrangement 
Annex C of the Pro-MPEG specification proposes a sending arrangement as illustrated in Figure 2. In 
this sending arrangement the overall sending rate is kept constant and the sending rate of source 
packets is also kept constant. 


Because this sending arrangement distributes repair packets for one block over the entire duration of 
the next block, then the maximum block size is limited to one half of the latency budget. As a result, 
the overhead required by the code is increased. This is illustrated in the “constant sending 
arrangement” results above. 


Original Source packet pattern Time


Sent packet pattern


Source packets Repair packets


Protection Period


Protection Period







DVB BlueBook A115 - TM 3783 


Page 30 


Original Source packet pattern
Time


Sent packet pattern


Source packets Repair packets from 
previous block


Figure A.2: Pro-MPEG COP3 fully interleaved sending arrangement 


 


Pros and cons: 


+ source data sending rate is the same as original source data sending rate 


+ global sending rate is kept constant 


- only half of latency budget is available for FEC protection 


-  insertion of repair packets introduces very small amount of jitter at the beginning when 
total stream bandwidth is close to available channel bandwidth 


 


A.3 Pro-MPEG COP3 burst sending arrangement 
This arrangement is illustrated in Figure A3. In this case, repair packets for one block are interleaved 
with the first few packets of the next block. As a result, the instantaneous sending rate during these 
first few packets is significantly increased. However, the block size may now be set almost as large as 
the latency budget, which reduces the required overhead. This is illustrated in the “burst sending” 
results above. 


Original Source packet pattern
Time


Sent packet pattern


Source packets Repair packets from 
previous block  
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Figure A.3: Pro-MPEG COP3 burst sending arrangement 


Pros and cons: 


+  source data sending rate is the same as original source data sending rate 


+  almost all of latency budget is available for FEC protection 


-  global sending rate is very bursty (and therefore not constant) 


-  insertion of repair packets introduces small amount of jitter at the beginning when 
total stream bandwidth is close to available channel bandwidth 


 


A.4 Concurrent Interleaved sending  
In the case of Video on Demand, or if additional latency at the encoder is acceptable, a sending 
arrangement as depicted in Figure A4 is possible. In this case, repair packets are interleaved within the 
block that they protect. This is possible in the Video on demand case because the data to be protected 
is available for FEC calculations to be performed slightly in advance of sending the data. 
Alternatively, a live stream can be buffered at the encoder for long enough for the FEC calculations to 
be performed before beginning to send the source packets of the block. 


This sending arrangement could also be used for live content with a penalty that buffering equal to the 
block size would be required at the sender. This buffering contributes additional end-to-end delay to 
the playout of live streams i.e. the delay between a live event occurring and being presented on the 
user’s screen. However it would not contribute additional channel change delay. This option may be 
important if there is existing equipment which is affected by changes in the timing of source packets. 
The procedures for timing recovery specified in TS102 034 Annex A allow MPEG 2 timing to be 
recovered even in the presence of significant IP packet arrival jitter – however, if these procedures 
have not been correctly implemented then equipment may be adversely affected by the additional jitter 
introduced by some of the other sending arrangements described here. 


This sending arrangement has the desirable properties that both the source packet data rate and the 
total data rate are constant. However, in the Pro-MPEG case, unlike the constant data rate arrangement 
in 9.2, the whole latency budget can be used for a single source block. 


New simulation results are presented for this sending arrangement in Annex B. Note that only the Pro-
MPEG column code was tested, not the 2D code. 


For random loss, the results are similar to the comparison between Raptor with constant sending and 
Pro-MPEG with burst sending – i.e. Pro-MPEG uses slightly less overhead below the loss rate 
threshold than Raptor does. However, for burst loss, the Pro-MPEG code is significantly affected by 
interleaving of repair packets with the source packets they protect. For the 2Mbit/s stream, this pushes 
the threshold where Pro-MPEG performs well down to 1e-5 or below. For the 6Mbit/s stream, the 
quality target was not achievable: it is easy to see why, since a burst loss of 6 source packets will often 
hit a repair packet as well, and it is not possible with only 6 repair packets per block to avoid that the 
burst hits a source packet that is protected by that repair packet. 
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Original Source packet pattern
Time


Sent packet pattern


Source packets Repair packets from 
this block  


Figure A.4: Interleaved sending for VoD 


Pros and cons: 


+  source data sending rate is the same as original source data sending rate 


+  all of latency budget is available for FEC protection 


-  global sending rate is kept constant 


-  insertion of repair packets introduces very small amount of jitter at the beginning 
when total stream bandwidth is close to available channel bandwidth 


-  not resilient to burst losses for the Pro-MPEG FEC. 
 


A.5 DF Raptor faststart sending for stored/buffered 
content 
An additional sending arrangement for stored or buffered content (i.e. VoD and trick modes on live 
content) was proposed and simulated for DF Raptor. This sending arrangement is illustrated in Figure 
A5. In this arrangement, source data is sent slightly faster than the nominal stream rate at the start of 
the session or when trick modes are used. This allows the buffering period to be gradually increased 
without introducing additional channel change latency. 


Two variants of this approach were simulated: 


- “faststart with constant rate sending” – in which the additional source data bandwidth is obtained by 
reducing the FEC bandwidth at the beginning of the stream. As a result the total stream rate remains 
constant, but stream quality is reduced for these few initial seconds. 


- “faststart with variable rate sending” – in which the overall stream rate at the beginning of the stream 
is somewhat higher than the nominal stream rate (e.g. 20% higher) for the initial few seconds of the 
stream, but as a result the stream quality is maintained. 


The second variant provided the best results. 
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Original Source packet pattern
Time


Sent packet pattern (first source block)


Source packets Repair packets 
from this block


Playout can begin here


Protection Period


Time available to 
increase next 


protection period


 
Figure A.5: DF Raptor faststart sending arrangement 


Pros and cons: 


+  FEC protection period can be increased to much greater than the latency budget 


-  only applicable to unicast/buffered content for Raptor 
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Annex B: Concurrent interleaving results 
This Annex presents simulation results for the sending arrangement described in A.4 in which both the 
source packet rate and the total stream rate are kept constant, whilst also allowing the full latency 
budget to be used for the FEC block. 


Note that, due to lack of time, these results do not include the Pro-MPEG 2D code. It might be 
expected that in some of the cases where a result is not shown with the 1D code then the 2D code 
could provide the target quality, but at a relatively high overhead. 
 


 
Figure B.1: 2Mbit/s MPEG-2 Transport Stream, 400ms latency, Random Loss, concurrent interleaving 


 
Figure B.2: 6Mbit/s MPEG-2 Transport Stream, 400ms latency, Random Loss, concurrent interleaving 
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Figure B.3: 2Mbit/s MPEG-2 Transport Stream, 400ms latency, REIN Loss, concurrent interleaving 


 
Figure B.4: 6Mbit/s MPEG-2 Transport Stream, 400ms latency, REIN Loss, concurrent interleaving 
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Figure B.5: 2Mbit/s MPEG-2 Transport Stream, 100ms latency, Random Loss, concurrent interleaving 


 
Figure B.6: 6Mbit/s MPEG-2 Transport Stream, 100ms latency, Random Loss, concurrent interleaving 
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Figure B.7: 2Mbit/s MPEG-2 Transport Stream, 100ms latency, REIN Loss, concurrent interleaving 


 
Figure B.8: 6Mbit/s MPEG-2 Transport Stream, 100ms latency, REIN Loss, concurrent interleaving 
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Appendix 1 : Hybrid code 
A hybrid of the Pro-MPEG 1D column code and the Raptor code was proposed in order to provide a 
single scalable FEC solution with performance similar to the best of either the Pro-MPEG or Raptor 
codes in any given case. 
 
Hybrid code results 
This Annex presents results for the Hybrid code. The hybrid cases are denoted “Raptor P<n>” where 
<n> is the number of parity packets used. The value of <n> chosen in each case is the smallest such 
that the quality target can be achieved with Pro-MPEG packets alone at loss rates of 1e-5 and lower. 


The sending arrangement of Annex A section A.1 was used for these simulations. 
 


 
Figure 1.1: 2Mbit/s MPEG-2 Transport Stream, 400ms latency, Random Loss, constant sending 







DVB BlueBook A115 - TM 3783 


Page 39 


 
Figure 1.2: 6Mbit/s MPEG-2 Transport Stream, 400ms latency, Random Loss, constant sending 


 
Figure 1.3: 2Mbit/s MPEG-2 Transport Stream, 400ms latency, REIN Loss, constant sending 
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Figure 1.4: 6Mbit/s MPEG-2 Transport Stream, 400ms latency, REIN Loss, constant sending 


 
Figure 1.5: 2Mbit/s MPEG-2 Transport Stream, 100ms latency, Random Loss, constant sending 
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Figure 1.6: 6Mbit/s MPEG-2 Transport Stream, 100ms latency, Random Loss, constant sending 


 
Figure 1.7: 2Mbit/s MPEG-2 Transport Stream, 100ms latency, REIN Loss, constant sending 
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Figure 1.8: 6Mbit/s MPEG-2 Transport Stream, 100ms latency, REIN Loss, constant sending 
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 1 Scope 
The present document is an updated release of DVB BlueBook 086 “Transport of MPEG-2 TS Based Services over IP 
Based Networks”; it is referred to as DVB-IP phase 1.3 and provides extensions to the first set of standardized 
specifications published by DVB for deployments of DVB services over bi-directional IP networks.  



Specifically, it adds support for the following new features: 



• signalling of Logical Channel Numbers; the logical channel number is a number associated with a DVB-IP 
service indicating the ordering preferred by the Service Provider for presentation in a service list 



• signalling of availability of DVB-IP services based on the region in which the Home Network End Device is 
located 



• UDP only transport of DVB-IP services 



• optional Application Layer Forward Error Correction for DVB-IP services carried over RTP transport 



As in previous releases of DVB BlueBook A086 work is limited to DVB services [1] encapsulated in MPEG-2 TS [58] 
and covers both Live Media Broadcast services (i.e. TV or radio styles) Media Broadcast with Trick Modes and Content 
on Demand services (CoD) (see also clause 6.2). These specifications define the mechanisms required in order for a 
consumer to be able to buy a standard DVB Home Network End Device, take it home, plug it into an IP network, 
choose and consume DVB services available over the IP network. Clause 4 describes the architectural framework 
defined for this set of specifications and introduces a Home Network reference model. The contents of the remaining 
clauses are described below. 



1.1 Scope of the present document 



1.1.1 What is within the scope 
The present document provides specifications to be supported on the interface to the HNED defined as IPI-1 in clause 4 
and is based on IP version 4. 



It provides a set of technical specifications which covers the following areas: 



• The delivery of DVB MPEG-2 TS based services over bi-directional IP networks, both for Live Media 
Broadcast services (i.e. TV or radio styles) and Content on Demand services. Clause 7 on transport covers the 
encapsulation of MPEG-2 TS services for delivery over IP and the protocols to be used to access such 
services. Quality of Service is covered, based on Differentiated Services (DiffServ). 



• The Service Discovery and Selection (SD&S) mechanism for DVB based A/V services over 
bi-directional IP networks. Clause 5 on SD&S defines the service discovery information, its data format and 
the protocols to use for carriage of this information. Both push and pull models of delivery are supported. 
Binarisation encoding of SD&S information is specified and can optionally be used if required. Support for 
advanced codecs, logical channel numbering and signalling regional DVB-IP services is provided. 



• The use of command and control application-level protocol RTSP to control CoD services and optionally to 
join multicast services. This is covered in clause 6. 



• Clause 8 deals with the assignment of an IP Address to a Home Network End Device (HNED) to get onto the 
network. The specification is based on DHCP and is restricted to the scenarios where an HNED has a single 
interface onto the home network and there is a single Delivery Network Gateway (DNG) per home network 
segment. 



• Clause 9 covers an identification agent for the HNED. This agent provides a simple identification of the 
HNED to signal its existence to the Network Service Provider if requested. 



• Network provisioning. Clause 10 covers an optional network management and provisioning agent. This agent 
allows a Network Service Provider to automatically provision the end device with additional functionalities.. 
This clause will be deprecated in a future version of the present document when the DVB-IP Remote 
Management System specification becomes available. 
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• Discovery of Broadband Content Guides (inc. third party). The Broadband Content Guide itself is provided as 
a separate specification [69] 



• Annex E defines an optional protocol for Application Layer FEC (AL-FEC) protection of streaming media for 
DVB-IP services carried over RTP transport. This AL-FEC protocol is a layered protocol with a base layer and 
an enhancement layer. The base layer is a simple packet-based interleaved parity code based on a subset of 
[76]. The base layer shall be used wherever AL-FEC is used. The enhancement layer is a Raptor code, as 
defined in [73] and [74] and may optionally be used to provide further packet loss protection. 



1.1.2 What is out of the scope 
The following subjects are not covered in the present document: 



• Support for non MPEG-2 TS based services. 



• Specific support for Conditional Access or Content Protection. 



• Network security and authentication. 



• Trick modes (i.e. Pause, Fast Forward, etc.) for Live Media Broadcast services over multicast, e.g. network 
PVR services. 



• IP version 6. 



• Configuration of current retail routers and DNGs. 



1.1.3 Additional Specifications for Home Network  
The present document does not cover home networking. DVB is currently developing a separate specification for home 
networking. The Home Network Reference Model developed for this purpose is described in [70]. 



1.1.4 DTDs and XML Schemas 
The normative DTDs and XML schemas referenced by the present document are attached as separate files contained in 
archive ts_102034v010301p0.zip which accompanies the present document. The DTDs and XML schemas included in 
the present document are informative. 



2 References 
The following documents contain provisions which, through reference in this text, constitute provisions of the present 
document. 



• References are either specific (identified by date of publication and/or edition number or version number) or 
non-specific. 



• For a specific reference, subsequent revisions do not apply. 



• For a non-specific reference, the latest version applies. 



Referenced documents which are not found to be publicly available in the expected location might be found at 
http://docbox.etsi.org/Reference. 



[1] ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (SI) 
in DVB systems". 



[2] ETSI ETR 211: "Digital Video Broadcasting (DVB); Guidelines on implementation and usage of 
Service Information (SI)". 



[3] ETSI ETR 162: "Digital Video Broadcasting (DVB); Allocation of Service Information (SI) codes 
for DVB systems". 



NOTE: ETSI ETR 162 is expected to be replaced with ETSI TR 101 162 (see bibliography). 





http://docbox.etsi.org/Reference
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3 Definitions, abbreviations and notations 



3.1 Definitions 
For the purposes of the present document, the following terms and definitions apply: 



bridge component: OSI layer 2 connecting component, that connects two or more link layer components, not 
necessarily using different technologies 



NOTE: A bridge is usually called either a hub or a (layer 2) switch, where a hub typically forwards all the data 
coming in on one of the ports to all the other ports and a switch provides some additional functionality 
such as forwarding packets only to a specific port. 



component: specific set of functionalities 



NOTE: It can offer this functionality to other components in the same device. 



connecting component: component which is used to connect link layer components with each other 



content provider: entity that owns or is licensed to sell content or content assets 



Content on Demand (CoD): program provided at the request of the end user for direct consumption (real-time 
streaming) or storage 



NOTE: The user could be a person or a PVR or some other entity. 



Content Service Provider (CSP): A Content Service Provider acquires/licenses content from Content Providers and 
packages this into a service. 



Delivery Network (DN): network connecting the delivery network gateway and service providers 



Delivery Network Gateway (DNG): device that is connected to one or multiple delivery networks and one or multiple 
home network segments 



DVB-IP service: DVB service provided over IP or content on demand over IP 



DVB Service: as defined by DVB, a sequence of programmes under the control of a broadcaster which can be 
broadcast as part of a schedule 



event: grouping of elementary broadcast data streams with a defined start and end time belonging to a common service 



EXAMPLE: First half of a football match, News Flash, first part of an entertainment show. 



gateway component: connecting component that connects two or more link layer components of typically different 
technologies together (it can function at OSI layers 4 through 7) 



Home Network End Device (HNED): device that is connected to a home network and which typically terminates the 
IP based information flow (sender or receiver side) 



Home Network Segment (HNS): consists of a single link layer technology and provides a layer 2 connection between 
home network end devices and/or connecting components 



Internet Service Provider (ISP): party offering an Internet access service to the end-user 



link layer component: OSI layer 2 component consisting of link layer technology and which is used to provide 
connectivity between devices 



EXAMPLES: Ethernet, DVB-RC, IEEE 802.11. 



MPEG-2: Refers to ISO/IEC 13818-1. Systems coding is defined in Part 1 [58]. The real time interface specification is 
defined in Part 9 [61]. 



package: collection of DVB services marketed as a single entity 



program: collection of program elements. Program elements may be elementary streams. Program elements need not 
have any defined time base; those that do, have a common time base and are intended for synchronized presentation. 
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NOTE: Taken from ISO/IEC 13818-1 [58]. 



router component: OSI layer 3 connecting component which connects two or more link layer components to each 
other, not necessarily of the same type 



NOTE: A router is able to select among multiple paths to route packets through the network based on a 
destination address available in the packet. The only OSI layer 3 type considered is IP. 



Service Provider (SP): entity providing a service to the end-user 



NOTE: See clause 4 on architecture. In the context of the present document, SP will mean a Service Provider 
providing DVB-IP services. 



SP offering: set of streams or services a Service Provider proposes to the end-user 



transport stream: data structure defined in ISO/IEC 13818-1 [58] 



TS Full SI: transport stream with embedded service information as defined by DVB in EN 300 468 [1] with the 
exception of the network information table NIT 



NOTE: This table may be omitted as it has no meaning in the context of IP services. 



TS - Optional SI: transport stream with MPEG PSI (PAT and PMT tables) as defined in ISO/IEC 13818-1 [58], all 
other MPEG-2 and DVB tables are optional 



3.2 Abbreviations 
For the purposes of the present document, the following abbreviations apply: 



A/V Audio/Video 
ABNF Augmented Backus-Nauer Form  
ASM Any Source Multicast 
BCG  Broadband Content Guide 
BiM Binary MPEG Format for XML 
BNF Backus-Nauer Form 
CoD Content on Demand 
CoS Class of Service 
CPU Central Processing Unit 
CSP Content Service Provider 
DHCP Dynamic Host Configuration Protocol 
DNG Delivery Network Gateway 
DNS Domain Name System  
DSCP Differentiated Services CodePoint 
DTD Document Type Declaration 
DTH Direct To Home 
DVB Digital Video Broadcasting 
DVB-RC Digital Video Broadcasting - Return Channel 
DVB-S Digital Video Broadcasting - Satellite 
DVBSTP DVB SD&S Transport Protocol  
HN Home Network  
HNED Home Network End Device 
HNN Home Network Node 
HNS Home Network Segment 
HTC Head-end Time Clock 
HTTP Hyper Text Transfer Protocol 
IANA Internet Assigned Numbers Authority 
ICMP Internet Control Message Protocol 
ID IDentifier 
IEEE Institute of Electrical and Electronics Engineers 
IETF Internet Engineering Task Force 
IGMP Internet Group Management Protocol 
IP Internet Protocol 
IPI Internet Protocol Infrastructure 
IPv4 Internet Protocol version 4 
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ISO International Organization for Standardization 
ISP Internet Service Provider 
LMB Live Media Broadcast 
MAC Media Access Control 
MBwTM Media Broadcast with Trick Modes 
MHP Multimedia Home Platform 
MIME Multipurpose Internet Mail Extension 
MPEG Moving Pictures Expert Group 
MPTS Multiple Program Transport Stream 
MTS MPEG-2 Transport Stream 
MTU Maximum Transmission Unit 
NTP Network Time Protocol 
OSI Open Systems Interconnection  
PAT Program Association Table 
PCR (MPEG-2) Program Clock Reference 
PLL Phased Locked Loop 
PMT Program Map Table 
QoS Quality of Service 
RFC Request For Comments 
RTCP Real-time Transport Control Protocol 
RTP Real-time Transport Protocol 
RTSP Real Time Streaming Protocol 
SD&S Service Discovery and Selection 
SI Service Information  
SNTP Simple Network Time Protocol 
SOHO Small Office/Home Office 
SP Service Provider 
SSM Source Specific Multicast 
STC (MPEG-2) System Time Clock 
TCP Transmission Control Protocol 
TLS Transaction Layer Security 
ToS Type of Service 
TS Transport Stream 
T-STD (MPEG-2) Transport Stream System Target Decoder 
TV TeleVision 
UDP User Datagram Protocol 
URI Uniform Resource Indentifier 
URL Uniform Resource Locator 
UTC Coordinated Universal Time 
UTF Unicode Transformation Format 
VCR Video Cassette Recorder 
VOD Video On Demand 
WWW World Wide Web 
XML eXtensible Markup Language 



3.3 Notations 



3.3.1 Augmented Backus-Nauer Form (ABNF) 
The present document uses the Augmented Backus-Nauer Form (ABNF) conform to RFC 2234 [29], for syntax 
specification. 



3.3.1.1 General rules 



The following general rules are defined: 



host            = domainName / ipAddress 
domainName      = *(domainNameLabel '.') topLabel ['.']           ; E.g www.example.org  
domainNameLabel = label / aceLabel 
label           = ALPHANUM *('-' / ALPHANUM) ALPHANUM             ; E.g. legal-label6 
topLabel        = ALPHA *('-' / ALPHANUM) ALPHANUM                ; E.g. com 
name            = ALPHA *(('-' ALPHANUM) / ALPHANUM)              ; E.g. legal-name6 
aceLabel        = acePrefix punnyCode                             ; Internationalized Domain Name 
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acePrefix       = 'x' 'n' '-' '-'                                 ; E.g. 'xn--' or 'XN--' 
punnyCode       = *('-' / ALPHANUM)  
ipAddress       = dottedDecimal / 1*10(DIGIT)                     ; E.g. 80.78.123.11 or 1347320587 
dottedDecimal   = 1*3(DIGIT) '.' 1*3(DIGIT)'.' 1*3(DIGIT)'.' 1*3(DIGIT) 
version         = 1*3(DIGIT) '.' 1*3(ALPHANUM)                    ; E.g. 1.2A 
version         =/ 1*3(DIGIT) '.' 1*3(ALPHANUM) '.' 1*3(ALPHANUM) ; E.g. 1.11C.32 
deviceID        = manufacturer '/' [model] '/' clientID 
manufacturer    = name / 'DVB-IPI P1 Generic' 
model           = name 
clientID        = 1*(HEXDIGIT) 
 



3.3.1.2 Core rules 



The following set of ABNF core rules derived from [29] are defined: 



ALPHA   =  %x41-5A / %x61-7A    ; A-Z / a-z 
BIT     =  "0" / "1" 
CHAR    =  %x01-7F              ; any 7-bit US-ASCII character, excl. NUL 
CR      =  %x0D                 ; carriage return 
CRLF    =  CR LF                ; Internet standard newline 
CTL     =  %x00-1F / %x7F       ; control characters 
DIGIT   =  %x30-39              ; 0-9 
ALPHANUM=  ALPHA / DIGIT        ; A-Z / a-z / 0-9 
DQUOTE  =  %x22                 ; " (Double Quote) 
HEXDIG  =  DIGIT / %x41-46 / %x61-66 ; 
HTAB    =  %x09                 ; horizontal tab 
LF      =  %x0A                 ; linefeed 
LWSP    =  *(WSP / CRLF WSP)    ; linear white space (past newline) 
OCTET   =  %x00-FF              ; 8 bits of data 
SP      =  %x20                 ; space 
VCHAR   =  %x21-7E              ; visible (printing) characters 
WSP     =  SP / HTAB            ; white space 
 



NOTE 1: The rules for constructing domainName is aligned with RFC 1035 [13], RFC 1101 [15] (First mention 
of labels starting with digits), RFC 1738 [20] (URL), RFC 2181 [28] (Clarifications), RFC 2396 [34] 
(Including the optional trailing dot), RFC 2486 [38] (URI) and ICANN agreements with domain registrars 
(www.icann.org/tlds/agreements/pro/registry-agmt-appc-26aug03.htm and 
www.icann.org/tlds/agreements/name/registry-agmt-appc-13-03jul01.htm). 



NOTE 2: ABNF is used on several places throughout the present document. 



4 Architecture 



4.1 System structure 
In order to describe the complex system that is necessary for the delivery of DVB-services over IP-based networks, the 
two following clauses describe the inherent functionality. By using these descriptions all elements and interfaces are 
explained including their interaction in the system. 



The Layer Model shows a general overview over the number of interfaces between the domains. The Home Network 
Reference Model (see figure 2) shows details of the interfaces between the access network, the home network segment 
and the home network end devices. Clause 4.1.3 shows the relations of the protocols specified and used by the present 
document to the general TCP/IP- protocol suite. 



The prime target for standardization by DVB is the interface to the home network end devices, to enable high-volume 
low-cost equipment. The suite of standards should be complete from layer 1 up to and including the application layer. 
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4.1.1 Layer model 
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Figure 1: Layer model 



The four communicating domains are briefly described as follows: 



• Content Provider: the entity that owns or is licensed to sell content or content assets. Although the Service 
Provider is the primary source for the client at Home, a direct logical information flow may be set up between 
Content Provider and Home client e.g. for rights management and protection. This flow is shown in the 
layered model. 



• Service Provider: the entity providing a service to the end-user. Different types of service provider may be 
relevant for DVB services on IP, e.g. simple Internet Service Providers (ISPs) and Content Service Providers 
(CSPs). In the context of DVB services on IP, the CSP acquires/licenses content from Content Providers and 
packages this into a service. In this sense the service provider is not necessarily transparent to the application 
and content information flow. 



• Delivery Network: the entity connecting clients and service providers. The delivery system usually is 
composed of access networks and core or backbone networks, using a variety of network technologies. The 
delivery network is transparent to the IP traffic, although there may be timing and packet loss issues relevant 
for A/V content streamed on IP. 



• Home: the domain where the A/V services are consumed. In the home a single terminal may be used for 
service consumption, but also a network of terminals and related devices may be present for this purpose. 



As mentioned above the Service Provider entity covers various kinds of Service Provider types, especially broadband 
ISPs and CSPs. It should be noted that although we treat these two business roles separately, a single company could 
very well act in both roles. In such a case the end user could be offered a single subscription covering both the ISP and 
the CSP service offerings (see below). 



It is noted that today's Internet business models often involve so called virtual SPs, which means that the SP relies on 
some other party, typically a wholesale IP network operator, to implement and run all (or parts) of the service 
production platform. However, in the present document we do not distinguish any virtual SP roles - whether the SP 
owns the service production platform or "out-sources" the platform is irrelevant for this model since we simply look at 
the services and functions of each domain. It is also noted that in some countries, the access provider and the ISP may 
be different parties. In this context, however, those are not treated separately, but the ISP is the only party covered. The 
"access provider" could for example provide the end device with the IP address. However, in order to simplify the 
description we cover such potential access provider services/functions under the ISP role. 
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4.1.2 Home Network Reference Model 
The architecture of the DVB home network shall support the following (non-exhaustive) list of possible scenarios taken 
from TM3422 (see bibliography): 



1) A home network can be simultaneously connected to multiple and heterogeneous delivery networks. 



 As an example, in a typical scenario ADSL and DVB-S are both available at the home. Load balancing may be 
possible between the different delivery networks in order to optimize the utilization and throughput of the 
networks and to minimize the delay. 



2) End users can choose the service provider. 



 As an example, the ISPs and the CSPs may be independent from each other. 



3) Different end users in the same home network can select different service providers. 



4) End users can access a DVB content from several devices in the home. 



5) End users can remotely access the home network for the scheduling of recording sessions. 



Based on these scenarios a reference model for DVB home network can be constructed. This reference model is 
depicted in the Home Network Reference Model document [70] In the present document only the delivery of DVB-IP 
services over broadband delivery networks to DVB-IP HNEDs is defined as shown in figure 2. The advanced home 
network functionality depicted in the Home Network Reference model [70] will be defined in a separate specification. 
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Figure 2: Home Network Reference Model 



The Home Network Reference Model considered in the present document, as depicted in figure 2, consists of the Home 
domain of the Layer Model. Furthermore, it shows the interconnection with the Delivery Network domain. This Home 
Network Reference Model shows the elements that can be present in the home and their mutual relation. Based on the 
fact that this is just a reference model, elements can be removed or added as long as the connection between a home 
network end device and the delivery network is still possible. The collection of all these home network elements forms 
the Home Network (HN). 



The elements present in the Home Reference Model are described as follows: 



• Delivery Network Gateway (DNG): the device that is connected to one or multiple delivery networks and one 
or multiple home network segments. It contains one or more connecting components so that it can interconnect 
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the delivery network(s) with the home network segment(s) on any of the OSI layers. This means, that it can be 
a so-called "null" device, a wire interconnecting the networks on OSI layer 1; that it can function as a bridge or 
router interconnecting different link layer technologies; or that it can act as a gateway also providing 
functionality on the OSI layer 4 and above. 



• Home Network Segment (HNS): this element consists of a single link layer technology and provides a layer 2 
connection between home network end devices and/or connecting components. The connecting components 
are not part of a home network segment. So, each home network segment is connected to another home 
network segment via a connecting component. All HNS form the Home Network, a Home Network is a single 
“IP-subnet”.. A home network segment can be wired or wireless. 



 Due to the fact, that various network technologies can be used by home network segments, the network 
technology specific name is used to distinguish between them. 



It is of 
type HNS   



Network technology 
specific name



Home network technology name: x - HNS 



 



Some examples: Ethernet - HNS, Wireless LAN - HNS. 



An Ethernet HNS is based on 100BASE-T as specified in IEEE 802.3 [8]. 



A Wireless LAN HNS is based on IEEE 802.11 as specified in [71]. 



NOTE: Alternative legacy Ethernet Frame formats (e.g. DIX) are not supported by the present document due to 
the need to support IEEE 802 framing for QoS. 



 



• Home Network Node (HNN): this device, which contains one or more connecting components, connects two 
or more home network segments with each other and functions as a bridge. The specification for a HNN that 
interconnects IEEE 802 [5] LANs (below the MAC service boundary) in a bridged format is defined in IEEE 
802.1Q [6]. The present document shall apply to connection between 2 or more 100BASE-T Ethernet HNSs 
(e.g. an Ethernet switch or hub) and shall apply also to bridging between a 100BASE-T Ethernet HNS and 
another HNS based on the IEEE 802 MAC layer e.g. a wireless HNS. The HNN shall provide support for QoS 
via IEEE 802.1p [68] (see clause 7.4.2). 



• Home Network End Device (HNED): the device that is connected to a home network and which typically 
terminates the IP based information flow (sender or receiver side). This does not imply that this home network 
end device needs to be the end point of the non-IP based information flow. So, it can still serve as an 
application level gateway to other non-IP based network technologies. For instance, a DVB stream over IP can 
be converted to a DVB stream directly over IEEE 1394. This convertion is out of scope of this document. 



• In case the delivery network gateway is a "null" device, there is no actual home network. So, in that case the 
home network end device is directly connected to the delivery network. 



The mutual relations presented in the Home Network Reference Model can be described by means of interfaces, which 
are provided in the figure by using the following naming principle: 



 Consecutively numbered 



It is an  
IPI interface



Interface name: IPI - x 



 



Currently, four interfaces have been defined. Of these interfaces, the IPI-1 interface, as depicted in figure 2, is the 
primary target for standardization in the present document. The interface description will be independent from the 
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physical layer and link layer technologies used in the home network. The other three interfaces are not specified in the 
present document but they are taken into account into the Home Network Reference Model document [70]. 



All IP-based traffic shall be carried transparently over a HNS. Therefore, the interfaces IPI-1, IPI-2 and IPI-3 on a HNS 
shall comply to the IETF specification RFC 1042 [14]. The Address Resolution Protocol as defined in RFC 826 [11] 
shall be used. 



For the configuration (e.g. IP address)  of Home Network End Devices (HNED) DHCP client functionality shall be 
supported as defined in clause 8. HNED shall also implement Auto IP as defined by the UPnP Device Architecture v1.0 
[72] specification so that if a DHCP server is not present on the home network, a link-local network address may be 
automatically acquired. Each HNED should be uniquely identified by its MAC address (48 bit Ethernet address). 



 



4.1.3 Diagram of the DVB-IP Protocol Stack 
Figure 3 is a logical diagram of the high-level protocols on the IPI-1 interface, specified in the present document for 
enabling DVB services over IP-based networks. The organization of this protocol stack is according to the ISO/OSI 
layering convention. The top layer of this stack signifies the service offering intended by the Service Provider. This 
consists of programs, information about programs, multicast- and/or unicast IP addresses; in short, the essential items 
needed to enable a DVB service over an IP network. 



The present document specifies the protocols required for transport of elements of the service offering via IP 
networking, in principle independent of the physical layers below the IP networking layer.. 



The HNED is an IP compliant device; on its IPI-1 interface it supports the requirements laid down in RFC 1122 [16]. 
HTTP, TCP, UDP and IP are available to the HNED as networking and transport protocols.  



The following clauses mention the protocols and protocol-related markings, usage of which is specified in the clauses of 
the present document. To enhance clarity, the protocols of each clause are shown with a specific fill colour. 



Information for service discovery and selection services is assembled according to the SD&S protocol, specified in 
clause 5. The SD&S protocol for multicast (push) services is transported in IP packets according to the DVBSTP 
transport protocol, also specified in clause 5. For unicast (pull) services the SD&S information is transported via HTTP. 
An SD&S entry point can be implemented using a DNS mechanism, specified in clause 5. 



The Real-Time Streaming Protocol (RTSP) is used for control of the delivery of broadcast TV and audio (radio) 
programs as well as for on-demand delivery. The specification of this usage can be found in clause 6. 



The Audio and Video streams and the Service Information are multiplexed into a valid MPEG-2 Transport Stream, 
according to [58]. The resulting MPEG-2 packets are encapsulated directly in UDP or in RTP\UDP, with DSCP packet 
markings for quality of service. Transport of MPEG-2 TS on IP is specified in clause 7. The use of RTCP, e.g. to send 
information to receivers about transmission statistics, and of IGMP to join and leave multicast streams, is also specified 
in clause 7. 



The DHCP protocol is used to configure the HNED with an IP address. The detailed mechanisms and the options for 
this and related other functions are specified in clause 8. Real time clock services or accurate network time services are 
implemented using respectively SNTP or NTP protocol. 



An identification agent is specified in clause 9. This agent uses HTTP on TCP.  



The present document specifies an optional Network Provisioning protocol in clause 10. This protocol is carried on 
HTTP or secure HTTP over SSL. Since Network Provisioning is optional, HTTPs is also optional on the client 
interface. 
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Figure 3: Diagram of the protocol stack for DVB-IP services 



4.2 Phase 1 scenarios 
The present document does not attempt to cover every possible scenario for the HNED. The aim is to cover the main 
possibilities in use today and likely in the near future, whilst making it simple to implement. The next clauses cover 
scenarios allowed by the specification: 



All scenarios are using DHCP mechanisms to assign IP addresses and other parameters to a HNED. IP traffic is routed 
on OSI Layer 3 via the DNG to the HNED. HNEDs with static IP addresses are not covered and will be supported by 
future versions of DVB-IPI specifications. 



4.2.1 Single delivery network gateway scenario 



HNED



Simple Case
Single Home Network
Single/Multiple Service provider
Single DNG
Single/Multiple HNEDs



Service Provider



DNG



Single Home NetworkSingle Home Network



 



Figure 4: Single home network 



In the "Single Delivery Network Gateway" scenario, the home has a single DNG and a single home network. There can 
be multiple devices on the home network all communicating with each other and via the DNG to the outside world. The 
use of multiple service providers is allowed, however, the Service Provider that is connected to the DNG routes the 
packet in the appropriate manner.  
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4.2.2 Multiple Delivery Network Gateways (DNG) 



HNED A



Multiple Home Networks
One DNG per Home Network
Home Networks not connected
Single/Multiple Service providers
Single/Multiple HNEDs per DNG



Service Provider B



DNG B



Two Two DNGsDNGs & Two Home Networks& Two Home Networks



Service Provider A



DNG A



HNED B  



Figure 5: Multiple Delivery Network Gateways (DNG) 



In the "Multiple Delivery Network Gateways" scenario the home has multiple Delivery Network Gateways (DNGs) but 
each DNG has its own private and separate home network. The separation of the home networks does not mean that the 
two HNEDs in the diagram cannot communicate; it means that any communication shall go via the Service Provider 
networks (shown by the red dotted line). The use of Service Provider A and B also does not limit the user to 2 service 
providers because as in the "Single Delivery Network Gateway" scenario, multiple service providers can be used via the 
DNG owned Service Provider's network. 



4.2.3 Delivery Network Gateway (DNG) and HNED in One Box 
If the Delivery Network Gateways (DNG) and HNED are combined into a single box, with the HNED directly 
connected to the Service Provider's network, then the IP addressing rules described in the present document shall not 
apply as it is treated as a DNG. 



If the combination box has an Ethernet port to allow other devices to be attached to it, then the addressing rules in the 
present document do apply. 



5 Service discovery 



5.1 Overview 
The present document covers the mechanisms used for service discovery, service selection and the delivery of service 
discovery information.  



Service discovery is the mechanism enabling the discovery of DVB-IP services available over bi-directional IP 
network. The service discovery results in the presentation of a list of services with sufficient information for the user to 
make a choice and access the chosen service. Selection takes place after the user has made a choice about which service 
to view. 



Live Media Broadcast and Content on Demand services are both covered by the present document. Two types of Live 
Media broadcast services have been identified: broadcast services with DVB SI [1] embedded in the stream (referenced 
as "TS Full SI") and broadcast services without in-band SI except for MPEG PSI (referenced as "TS optional SI").  
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"TS Full SI" is intended for the case where the Service Provider selects traditional DVB broadcast digital TV streams 
(from different sources) and provides them as they are over IP to the end-user, in the same way that DTV operators 
aggregate satellite-received streams over cable. In such a case, the minimum amount of information that the Service 
Provider has to generate specifically for IP delivery is the information needed at the receiver end to be able to locate the 
different transport streams (similar to the information needed for the scanning phase in cable, satellite or terrestrial 
networks). Information on individual services is afterwards acquired from the transport stream itself through classical 
use of service information as defined in DVB-SI [1]. 



"TS - Optional SI" is intended for the more advanced situation where the Service Provider wants to present its offering 
but where it cannot afford or does not want to use bandwidth for usual DVB service description information. In that 
case, the service discovery information has to give the location of the service as well as relevant service information 
about each service.  



Two transport mechanisms are defined to support both push and pull models of delivery for the service discovery 
information. Both unicast and multicast modes are supported and the same information can be carried over both modes. 



The service discovery information shall be represented with and carried as XML records [62] and the XML 
schemas [63] describing their syntax and grammar are specified in annex C. 



5.2 Service Discovery 



5.2.1 Service Identification 
This clause defines the mechanisms used to identify service providers and services in the context of service discovery. 



5.2.1.1 Service Provider 



A Service Provider shall be identified uniquely by the name of the DNS Domain it has registered and controls. The 
organizations administrating the Internet DNS domain names shall be used as a globally unique registration mechanism 
that allows these textual SP identifiers to be globally unique names. 



5.2.1.2 Service name or service ID 



Each service shall be assigned one or more textual identifiers that take the form of an Internet DNS host name under the 
DNS domain that the SP controls. Thus a service can be uniquely identified by a concatenation of a service name 
(managed uniquely by the service provider) and the service provider's domain name. 



The syntax of a textual service identifier is as defined in MHP (clause 14.9 [4]): 



<service_name>"."<service_provider_domain_name> 



where <service_name> is a unique name for the service within the service provider's domain and 
<service_provider_domain_name> is an Internet DNS domain name that the service provider has rights to control. 
The <service_name> field shall follow the rules defined for Internet DNS names so that the whole textual service 
identifier is a valid host name to be used in the Internet DNS as defined in RFC 1035 [13]. 



There are two basic mechanisms for uniquely identifying a service: 



• the triplet of numeric identifiers: original_network_id, transport_stream_id and service_id as defined in DVB 
SI [1]; 



• a textual service identifier, as defined above. 



Either form can be used for identifying a service globally and uniquely.  



It should be noted that the DVB triplet (original_network_id, transport_stream_id and service_id) distinguishes between 
the same service carried by different networks. For example the triplet would consider the channel BBC1 carried by 
BskyB and by Freeview as two separate services. 



For example, the SP CANAL+ is identified by the domain name "canal-plus.com" and a service can be assigned the 
name "canalplussport.canal-plus.com". 
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5.2.2 Fragmentation of SD&S Records 



5.2.2.1 SD&S Information data types 



Different types of SD&S information have been identified. 



Currently the following types of SD&S information are identified but new ones could be defined as and when needed. 



• SD&S information relating to a service provider; and 



• four types of SD&S information relating to the service offering of a service provider. 



This is to cover the different types of service offering a service provider may have. A Service Provider Offering can be 
made of services of type Live Media Broadcast ("TS Full SI" or "TS Optional SI") or Content on Demand. The Service 
Provider can also reference services provided by another service provider or define a package if it chooses to group 
several services and present them as a single entity. 



These different types of SD&S information shall be identified by an 8-bit value called payload ID. 



Table 1 lists the different types of SD&S information a service provider may use and give the associated value the 
payload ID takes. 



Table 1: Payload ID values 



Payload ID value SD&S record carried 
0x00 Reserved 
0x01 Service Provider Discovery Information 
0x02 Broadcast Discovery Information 
0x03 COD Discovery Information 
0x04 Services from other SPs 
0x05 Package Discovery Information 
0x06 BCG Discovery Information 
0x07 to 0xEF Reserved 
0xF0 to 0xFF User Private 



 



5.2.2.2 Fragmentation of SD&S records 



The SD&S XML records may be of a substantial size, but only part of them are needed by an HNED at any one time. 
Also, changes to the SD&S records may be localized to part of the records. For these reasons segments shall be 
supported to allow an SD&S record to be managed as a collection of smaller units. Segments are defined in the context 
of a single type of SD&S information, i.e. segments are defined for a declared payload ID. 



Each segment shall be assigned a segment Id to identify a segment of data for the declared SD&S data type (payload 
ID). The segment Id shall be a 16-bit value. A segment shall be a well formed and valid XML record. 



An 8-bit value shall be used to define the current version of a segment, this version shall be keyed on payload ID 
together with segment Id. Thus when the data within a segment changes, its version number called segment version 
shall be incremented. The segment versions of the unchanged segments do not need to change. The segment version is 
modulo 256, and wraps round. 



Records containing service provider discovery information (i.e. PayloadID 0x01) shall not be segmented when using the 
"pull mode". In all other cases, the XML records shall be segmented. Note that a record may be divided into a single 
segment. 



Guidelines on how XML records should be divided into segments are provided with the XML definitions of the records 
in annex C. 



Figure 6 illustrates the relationship between segments, payload ID and records. 
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Segment_id, 
Version 



Record 



Segment 



 



Figure 6: Relationship between records, payload IDs and segments 



5.2.2.3 Maximum cycle time 



The length of time required to transmit all the segments making up the full set of SD&S Information for a Service 
Provider is called the Cycle Time. The Maximum Cycle Time shall be set to 30 s. 



5.2.3 Steps in service discovery 
The service discovery process begins with the discovery of service providers offering DVB-IP services over the IP 
network and continues with the discovery of available services from each service provider. The SD&S data model can 
be found in the informative annex B. 



The service discovery process shall bootstrap itself by determining the entry point(s) of the discovery information. This 
will be specified in clause 5.2.4. 



The discovery of Service Providers offering DVB-IP services is done via the acquisition of the Service Provider 
Discovery Information specified in clause 5.2.5. Service Providers will publish their offering via the service discovery 
information as specified in clause 5.2.6. 



Figure 7 summarizes the steps of the Service Discovery process. Each step is further described in separate clauses 
below. 



1 – Find Service Discovery entry points 



2 – For each Service Discovery entry point 
collect SP discovery information 



3 – For each SP collect DVB-IP service 
discovery information 



Service Discovery 



 



Figure 7: Steps in service discovery 
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5.2.4 Service discovery entry points 
The service discovery process shall bootstrap itself by determining the entry point(s) of the discovery information. The 
SD&S entry points can be one of the following: 



• A well known multicast address registered with IANA that is 224.0.23.14 (DvbServDisc). 



• A list of SD&S entry points addresses may be acquired via DNS according to the service location 
RFC 2782 [43]. The service name is _dvbservdsc, the protocol may be tcp or udp, while the rest of the name is 
the domain name maintained by DVB for service discovery; this domain name is set to services.dvb.org. So 
the lookup shall be either _dvbservdsc._tcp.services.dvb.org or _dvbservdsc._udp.services.dvb.org. This 
requires that the HNED support an SRV cognizant DNS client and according to the specification in 
RFC 2782 [43]. The DVB organization will maintain the services.dvb.org domain name for service discovery 
and new service providers should register with DVB to add them to the DNS SRV list. HTTP servers will be 
found via the tcp protocol method whilst the multicast addresses will be found via the udp protocol method. 



• When the HNED connects to the network to request its own address (e.g. during DHCP) it may be provided 
with domain names via DHCP option 15. A list of SD&S entry points addresses is then acquired via DNS 
according to the service location RFC 2782 [43] as described above. The service name is _dvbservdsc, the 
protocol may be tcp or udp, while the rest of the name is the domain name provided via DHCP Option 15. For 
example the lookup could be _dvbservdsc._tcp.example.com. This requires that the HNED support an SRV 
cognizant DNS client according to the specification in RFC 2782 [43]. 



• The HNED can be provided with entry points as part of the configuration data received on a provisioned 
network. The addresses of the entry points will be specified in the element sdEntry of the configuration DTD 
see clause 10.2.6. 



NOTE: The DNS mechanism as described in RFC 2782 [43] may be used in a recursive fashion, i.e. the domain 
names returned can include ones starting with _dvbservdsc in which case further DNS SRV methods are 
required to locate the final domain names. 



If no portnumber is specified, the default portnumber shall be 3937 (dvbservdscport) as assigned by IANA. 



The HNED shall look for SD&S entry points in the priority order defined below. When one of the steps below provides 
at least one entry point then the HNED shall stop searching for new entry points: 



1) If the Networked Provisioning option is implemented then the SD&S entry point(s) should come from the 
Configuration DTD element(s) sdEntry. If the element is null then no entry points have been provisioned so 
the HNED shall go to the next step. 



2) The domain names returned by DHCP option 15 shall be used in conjunction with the DNS mechanism 
defined above. If the method does not resolve to one or more valid domain names or returns an error, then the 
HNED shall go to the next step. 



3) The DVB constructed DNS method defined above shall be used, if it does not resolve to one or more valid 
domain names or returns an error, then the HNED shall go to the next step. 



4) The HNED joins the IANA registered multicast address; if no valid DVBSTP packets are received within a 
minimum period of 2 cycles of SD&S Information delivery (maximum cycle period specified in 
clause 5.2.2.3) then the HNED shall go to the next step. 



5) If no entry point has been found through the steps above there shall be the option for the user to enter the 
URL [20] or an IP address and optional portnumber of an entry point manually. 



5.2.5 Service Provider discovery information 
The first stage in the service discovery is the Service Provider discovery phase. This enables the discovery of  
Service Providers offering DVB-IP services on the network and the acquisition of the location information of the 
various Service Providers' offering(s). 



This Service Provider Discovery Record shall be carried in a record containing the information listed in table 2. The 
Service Provider Discovery Information may be multicast (push model) or retrieved on request (pull model). One or 
both models shall be supported by the server. Both models shall be supported by the client. 
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A Service Provider Discovery Information record may aggregate discovery information on several service providers. 
This is intended to be useful when minimizing the number of records acquired, such as when the act of acquiring a 
record has an overhead associated with it. For example, a single HTTP request could retrieve the complete list of 
service providers providing DVB-IP services on the network. 



Table 2: Service Provider(s) discovery record 



Element / Attribute Name Element / Attribute Description Mandated/ 
Optional/ 



Conditional 
ServiceDiscovery type: /ServiceDiscovery 
@Version Version of this record. A change in this value indicates a 



change in one of the ServiceProviderDiscovery Records. 
O 



ServiceProvider type (one entry 
per service provider): 



/ServiceDiscovery/ServiceProviderDiscovery/ServiceProvider 



@DomainName An internet DNS domain name registered by the Service 
Provider that uniquely identifies the Service Provider 



M 



@Version Version of the Service Provider(s) Discovery record; the 
version number shall be incremented every time a change in 
any of the records that comprise the service discovery 
information for this Service Provider occurs.  



M 



@LogoURI Pointer to a Service Provider logo for potential display. The 
pointer shall be a URI [19]. 



O 



Name Name of the Service Provider for display in one or more 
languages; one Service Provider name is allowed per 
language code, and at least one language shall be provided 
(though not necessarily more than one). 



M 



Description Description of the Service Provider for potential display in one 
or more languages; one description is allowed per language 
code. 



O 



OfferingListType type (one 
entry per offering): 



/ServiceDiscovery/ServiceProviderDiscovery/ServiceProvider/Offering 



Push@Source 
Push@Address 
Push@Port 



Port number and IP address of the multicast location of the 
DVB IP Offering Records which describe the offerings that the 
Service Provider makes available. This element is optional. 



O 
M (see note 



1) 
M (see note 



1) 
Pull@Location This URI [19] encodes the location of the DVB IP Offering(s) 



Records which describe the offerings that the Service 
Provider makes available. 



O 



PayloadList type (one 
entry per payload ID): 



/ServiceDiscovery/ServiceProviderDiscovery/ServiceProvider/Offering/Pull/P
ayloadId 
/ServiceDiscovery/ServiceProviderDiscovery/ServiceProvider/Offering/Push/
PayloadId 



PayloadId@Id Indicates the type of service discovery information available at 
the DVB-IP offering location. For example, this can be of type 
broadcast discovery or CoD discovery. The different values of 
this field are set out in table 1 in clause 5.2.2.1. 



O 



Segment@ID Indicates which segment carries service discovery information 
of type PayloadId@Id for this service provider. 



C 
(see note 2) 



Segment@Version Version number of the segment identified by Segment@ID. O 
 



This record implements both the Service Provider Discovery Information and the Service Provider components of the 
Data Model presented in annex B. 



NOTE 1: The Mandatory here means that if the Optional parent element is transmitted, then this field shall be 
present.  



NOTE 2: The list of segment Ids and version number is provided to inform the HNED of the segments making up 
the DVB-IP offering discovery record. This list is mandatory when SD&S information is provided on 
request (i.e. "pull mode") as this is the only way for the HNED to know what segments to request. This 
list is optional when multicasting the SD&S information ("push" mode). 



The location of the DVB-IP offering is optional to enable a Service Provider to signal its presence even when it is not 
transmitting any service. 
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5.2.6 DVB-IP service discovery information 



5.2.6.1 DVB-IP Offering Record 



The DVB-IP Offering record shall contain at least the fields defined in table 3 followed by fields relating to the actual 
SP offering. A Service Provider Offering is made of services of type Live Media Broadcast ("TS Full SI" or "TS 
Optional SI") or Content on Demand. The Service Provider can also reference services provided by another service 
provider. The discovery information relating to these referenced services such as the location of the service will need to 
be acquired directly from the service provider providing the service. A Service Provider can also define a package if it 
chooses to group several services and present them as a single entity. 



This DVB-IP Offering (OfferingBase XML type) record will not be used, except where it is inherited by one of the 
subsequent records. 



Table 3: DVB-IP Offering Record 



 Element / Attribute Name Element / Attribute Description Mandated/ 
Optional/ 



Conditional 
@DomainName An internet DNS domain name registered by the Service 



Provider that uniquely identifies the Service Provider. 
M 



@Version Version of the DVB-IP Offering record, the version number 
shall be incremented every time a change in the DVB-IP 
Offering record is made. 



 
C (see note) 



NOTE: The version number of the DVB-IP offering record is mandatory when the record is provided on request 
(i.e. "pull mode") and is optional when the record is multicasted (i.e. "push mode"). 



 



This record implements the DVB-IP Offering component of the Data Model. 



5.2.6.2 Broadcast discovery record 



5.2.6.2.1 Broadcast discovery record - TS Full SI 



The "TS Full SI" Broadcast Discovery Information Record (BroadcastOffering XML type) is derived from the DVB IP 
Offering Record. It provides all the necessary information to find available live media broadcast services which have 
embedded SI. Information on individual services is afterwards acquired from the transport stream itself through 
classical use of service information as defined in DVB-SI. This record implements the Broadcast Discovery Information 
[TS Full SI] and the linked Service(s) Location and Service(s) Description Location, and by inheritance the DVB-IP 
Offering components of the Data Model in annex B. This record shall include all attributes in table 3, and in addition 
shall contain the following fields. 



Table 4: "TS Full SI" Discovery Information 



 Element / Attribute Name Element / Attribute Description Mandated/ 
Optional 



BroadcastOffering type: /BroadcastDiscovery 
IPServiceList type (one per 
service list): 



/BroadcastDiscovery/ServiceList 



ServicesDescriptionLocation If present, this shall contain the identifier(s) of the BCG 
Record(s) for the BCG Discovery element that carries the 
information on this offering. 



O 



ServicesDescriptionLocation
@preferred 



If present and set to true, specifies that this location contains 
the preferred BCG. The default value for this attribute is false. 
There shall be only one preferred BCG. 



O 



 IPService type (one entry per 
service): 



/BroadcastDiscovery/ServiceList/SingleService 



TextualIdentifier@DomainName An internet DNS domain name registered by the Service 
Provider that uniquely identifies the Service Provider. If this is 
not present, then the DNS domain name from the DVB IP 
Offering record is used. 



O 



TextualIdentifier@ServiceName A unique host name for the service within the service provider's 
domain. 



M 



DVBTriplet@OrigNetId Identifies the network Id of the originating delivery system. M 
DVBTriplet@TSId Identifies the Transport Stream. M 
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DVBTriplet@ServiceId Identifies a service from any other service within theTS. The 



service Id is the same as the program number in the 
corresponding program map table. 



M 



MaxBitrate Specifies the maximum bitrate (in kbits/s) of the overall stream 
carrying the service. 



O 



ServiceLocation type (one entry 
per service location): 



/BroadcastDiscovery/ServiceList/SingleService/Service Location 
At least one of IPMulticastAddress or RTSPURL shall be present. 



IPMulticastAddress Signals the use of IGMP to access the service and provides 
the multicast address at which the service may be accessed. 



O 



IPMulticastAddress@S
ource 



Optionally the IP unicast address of the source of the TS may 
be provided. 



O 



IPMulticastAddress@A
ddress 



Provides the multicast address at which the service may be 
accessed. 



M (see note) 



IPMulticastAddress@P
ort 



Provides the port  at which the service may be accessed. M (see note) 



IPMulticastAddress@S
treaming 



Optionally indicates RTP or direct UDP streaming. In case the 
parameter is not provided, RTP streaming is assumed. 



O 



FECBaseLayer Contains the multicast address and port of the AL-FEC stream. 
This element shall be present if the FECEnhancementLayer 
element is present. 



O 



FECBaseLayer
@Address 



IP Multicast Address for FEC Base Layer (SMPTE-2002-1). 
If the IP multicast address is omitted, then the FEC flow is 
assumed to be on the same multicast address as the original 
data. 



O 



FECBaseLayer
@Port 



UDP port for FEC Base Layer. M (see note) 



FECEnhancementLaye
r 



Contains the multicast address and port of the AL-FEC 
enhancement stream(s). This element shall only be present if 
the FECBaseLayer element is present. 



O 



FECEnhanceme
ntLayer@Addres
s 
 



IP Multicast Address for FEC Enhancement Layer (Raptor) – 
may be repeated for multiple layers. If the IP multicast address 
is omitted, then the FEC flow is assumed to be on the same 
multicast address as the original data 



O 



FECEnhanceme
ntLayer@Port 



UDP port for FEC Enhancement Layer. M (see note) 



IPMulticastAddress@F
ECMaxBlockSizePacke
ts 



This indicates the maximum number of stream source packets 
that will occur between the first packet of a source block (which 
is included) and the last packet for that source block (source or 
repair). 



O 



IPMulticastAddress@F
ECMaxBlockSizeTime 



The maximum transmission duration of any FEC Block (source 
and repair packets) 



O 



IPMulticastAddress@F
ECObjectTransmissionI
nformation 



The FEC Object Transmission Information for the Raptor code 
If an FECEnhancementLayer element is included then this 
element SHALL be included. 



O 



RTSPURL Signals the use of RTSP to access the service and provides 
the URL at which the service may be accessed. 



O 



AudioAttributes Signals details of the audio coding algorithms and purpose that 
the service may use. This shall take the form of the 
AudioAttributtes element defined in clause 6.3.5 of 
TS 102 822-3-1 [66] and used in TS 102 323 [65]. The 
classification scheme used for the Coding element shall either 
be defined by TS 102 323 [65], or provided by the present 
document. If this element is omitted, then the default value of 
MPEG-1 or MPEG-2 layer 2 backwards compatible, mono or 
stereo shall be used ; specifically this shall be the legacy value 
from TS 101 154 [64]. 



O 



VideoAttributes Signals details of the video coding that may be used by the 
service. This shall take the form of the VideoAttributes element 
defined in clause 6.3.5 of TS 102 822-3-1 [66] and used in 
TS 102 323 [65]. The classification scheme used for the 
Coding element shall either be defined by TS 102 323 [65], or 
provided by the present document. If this element is omitted, 
then the default value of MPEG-2 coded video, operating at 
MP@ML at a frame rate of 25Hz shall be used; specifically this 
shall be the legacy value from TS 101 154 [64]. 



O 



ServiceAvailability This element provides support for regionalization. It allows 
each service to have a list of “cells” (regions) with which the 
service is associated. By default, all the single services are 
available everywhere. 



O 
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There shall be at most one ServiceAvailability element for each 
CountryCode. 



CountryCode This element indicates the country for which the availability is 
being defined. 



M 



@Availability This flag indicates whether the service is available in the 
country specified by CountryCode. The default is TRUE. 
When TRUE, the service is available in the specified country 
with the exception of those regions identified by Cells. 
When FALSE, the service is not available in the specified 
country with the exception of those regions identified by Cells. 



O 



Cells A list of string identifiers representing geographical regions in 
the country identified by CountryCode. The Cells listed 
represent the exception to the value supplied by the flag, i.e. 
the negation of the Availability flag applies to any listed cells. 



O 



NOTE: The Mandatory here means that if the Optional parent element is transmitted, then this field shall be 
present.  



 



5.2.6.2.2 Broadcast discovery record - TS Optional SI 



The "TS - Optional SI" Broadcast Discovery Information Record is derived from the DVB IP Offering Record. It 
provides all the necessary information to create a list of available services with sufficient information for the user to 
make a choice and gives the necessary information on how to access the service. The "TS Optional SI" Broadcast 
Discovery Information implements the Broadcast Discovery Information [TS Optional SI] and the linked Service(s) 
Location and Service Description Location, and by inheritance the DVB-IP Offering, components of the Data Model in 
annex B. The record shall include all attributes in table 3, and in addition shall contain the following fields. 



NOTE: The "TS - Optional SI" Broadcast Discovery Information Record is the same as the "TS Full SI" 
Broadcast Discovery Information Record except for the addition of the SI element. 



Table 5: "TS - Optional SI" discovery information 



Element / Attribute Name Element / Attribute Description Mandated/
Optional 



BroadcastOffering type: /BroadcastDiscovery 
IPServiceList type (one per 
service list): 



/BroadcastDiscovery/ServiceList 



ServicesDescriptionLocation If present, this shall contain the identifier(s) of the BCG 
Record(s) for the BCG Discovery element that carries the 
information on this offering. 



O 



ServicesDescriptionLocation
@preferred 



If present and set to true, specifies that this location contains the 
preferred BCG. The default value for this attribute is false. There 
shall be only one preferred BCG. 



O 



 IPService type (one entry per 
service): 



/BroadcastDiscovery/ServiceList/SingleService 



TextualIdentifier@DomainName An internet DNS domain name registered by the Service 
Provider that uniquely identifies the Service Provider. If this is 
not present, then the DNS domain name from the DVB IP 
Offering record is used. 



O 



TextualIdentifier@ServiceName A unique host name for the service within the service provider's 
domain 



M 



DVBTriplet@Original Network Id Identifies the network Id of the originating delivery system M 
DVBTriplet@TS Id Identifies the Transport Stream M 
DVBTriplet@Service Id Identifies a service from any other service within the TS. The 



service Id is the same as the program number in the 
corresponding program map table. 



M 



MaxBitrate Specifies the maximum bitrate (in kbits/s)  of the overall stream 
carrying the service 



O 



ServiceLocation type (one entry 
per service location): 



/BroadcastDiscovery/ServiceList/SingleService/Service Location 
At least one of IPMulticastAddress or RTSPURL shall be present. 



IPMulticastAddress Signals the use of IGMP to access the service and provides the 
multicast address at which the service may be accessed. 
At least one of IPMulticastAddress or RTSPURL shall be 
present. 



O 



IPMulticastAddress@Source Optionally the IP unicast address of the source of the TS may be 
provided. 



O 











 



DVB BlueBook A086 Rev. 4 



30
Element / Attribute Name Element / Attribute Description Mandated/



Optional 
IPMulticastAddress@Addres
s 



Provides the multicast address at which the service may be 
accessed. 



M (see 
note) 



IPMulticastAddress@Port Provides the port  at which the service may be accessed. M (see 
note) 



IPMulticastAddress@Str
eaming 



Optionally indicates RTP or direct UDP streaming. In case the 
parameter is not provided, RTP streaming is assumed. 



O 



FECBaseLayer Contains the multicast address and port of the AL-FEC stream. 
This element shall be present if the FECEnhancementLayer 
element is present. 



O 



FECBaseLayer@Addre
ss 
 



IP Multicast Address for FEC Base Layer (SMPTE-2002-1). 
If the IP multicast address is omitted, then the FEC flow is 
assumed to be on the same multicast address as the original 
data. 



O 
 



FECBaseLayer@Port 
 



UDP port for FEC Base Layer.  
 



M (see 
note) 



 
FECEnhancement
Layer 



Contains the multicast address and port of the AL-FEC 
enhancement stream(s). This element shall only be present if 
the FECBaseLayer element is present. 



O 



FECEnhancement
Layer@Address 
 



IP Multicast Address for FEC Enhancement Layer (Raptor) – 
may be repeated for multiple layers. If the IP multicast address is 
omitted, then the FEC flow is assumed to be on the same 
multicast address as the original data. 



O 



FECEnhancement
Layer@Port 



UDP port for FEC Enhancement Layer. M (see 
note) 



IPMulticastAddress 
@FECMaxBlockSi
zePackets 



This indicates the maximum number of stream source packets 
that will occur between the first packet of a source block (which 
is included) and the last packet for that source block (source or 
repair). 



O 



IPMulticastAddress 
@FECMaxBlockSizeTi
me 



The maximum transmission duration of any FEC Block (source 
and repair packets). 



O 



IPMulticastAddress 
@FECObjectTransmissi
onInformation 



The FEC Object Transmission Information for the Raptor code 
If an FECEnhancementLayer element is included then this 
element SHALL be included. 



O 



RTSPURL Signals the use of RTSP to access the service and provides the 
URL at which the service may be accessed. 
At least one of IPMulticastAddress or RTSPURL shall be 
present. 



O 



SI type: /BroadcastDiscovery/ServiceList/SingleService/SI 
SI@ServiceType Specifies the type of service; it shall be coded as per DVB SI 



standard 1. Examples are digital television service, digital radio 
sound service, mosaic service, data broadcast service, DVB 
MHP service, etc. 



M (see 
note) 



SI@PrimarySISource Indicates which source of service information to give priority 
(XML record or DVB SI) in case DVB SI tables are present. 



O 



Name Name of the service for display in one or more languages; one 
Service name is allowed per language code, and at least one 
language shall be provided (though not necessarily more than 
one). 



M 



Description Description of the service for potential display in one or more 
languages; one description per language code maximum. 



O 



ServiceDescriptionLocation If present, this shall contain the identifier(s) of the BCG 
Record(s) for the BCG Discovery element that carries the 
information on this service. If this element is present, it shall be 
used in preference to the ServicesDescriptionLocation. 



O 



ServiceDescription 
Location@preferred 



If present and set to true, specifies that this location contains the 
preferred BCG. The default value for this attribute is false. There 
shall be only one preferred BCG. 



O 



ContentGenre Indicates one or more genre of the service (not individual 
programmes). For example movie/drama channel or 
news/current affairs channel. This shall use the first level coding 
defined by DVB 1 as content_nibble_level_1. 



O 



CountryAvailability Gives a list of countries and/or groups of countries where the 
service is intended to be available, and/or a list of countries 
and/or groups where it is not. This field is deprecated and 
Service Availability should be used instead. 



Deprecated 
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Element / Attribute Name Element / Attribute Description Mandated/



Optional 
AnnouncementSupport The announcement support element identifies the type of 



spoken announcements that are supported by the service (for 
example emergency flash, road traffic flash, etc.). Furthermore, 
it informs about the transport method of the announcement and 
gives the necessary linkage information so that the 
announcement stream can be monitored. 



O 



Replacement Service Identifies a service replacement service which may be selected 
automatically by the HNED when the service being decoded 
fails.  



O 



MosaicDescription The mosaic description element identifies the elementary cells of 
a mosaic service, groups different elementary cells to form 
logical cells, and establishes a link between the content of all or 
part of the logical cell and the corresponding service or package 
information.  



O 



AudioAttributes Signals details of the audio coding algorithms and purpose that 
the service may use. This shall take the form of the 
AudioAttributtes element defined in clause 6.3.5 of 
TS 102 822-3-1 [66] and used in TS 102 323 [65]. The 
classification scheme used for the Coding element shall either 
be defined by TS 102 323 [65], or provided by the present 
document. If this element is omitted, then the default value of 
MPEG-1 or MPEG-2 layer 2 backwards compatible, mono or 
stereo shall be used ; specifically this shall be the legacy value 
from TS 101 154 [64]. 



O 



VideoAttributes Signals details of the video coding that may be used by the 
service. This shall take the form of the VideoAttributes element 
defined in clause 6.3.5 of TS 102 822-3-1 [66] and used in 
TS 102 323 [65]. The classification scheme used for the Coding 
element shall either be defined by TS 102 323 [65], or provided 
by the present document. If this element is omitted, then the 
default value of MPEG-2 coded video, operating at MP@ML at a 
frame rate of 25Hz shall be used; specifically this shall be the 
legacy value from TS 101 154 [64]. 



O 



ServiceAvailability This element provides support for regionalization. It allows each 
service to have a list of “cells” (regions) with which the service is 
associated. By default, all the single services are available 
everywhere. 
There shall be at most one ServiceAvailability element for each 
CountryCode. 



O 



CountryCode This element indicates the country for which the availability is 
being defined. 



M 



@Availability 
 



This flag indicates whether the service is available in the country 
specified by CountryCode. The default is TRUE. 
When TRUE, the service is available in the specified country 
with the exception of those regions identified by Cells. 
When FALSE, the service is not available in the specified 
country with the exception of those regions identified by Cells. 



O 



Cells A list of string identifiers representing geographical regions in 
the country identified by CountryCode. The Cells listed represent 
the exception to the value supplied by the flag, i.e. the negation 
of the Availability flag applies to any listed cells. 



O 



NOTE: The Mandatory here means that if the Optional parent information is transmitted, then this field shall be 
present. 



 



By default, the IP Service Discovery Information shall take precedence over the DVB SI tables when present in the 
transport stream . 



5.2.6.3 Content on demand discovery record 



Note that the use of this Record is deprecated and should not be used. The Broadband Content Guide Record 
(clause 5.2.6.6) should be used instead. This record is retained solely for legacy reasons.  



The Content on Demand Discovery Record provides all the necessary information to discover the CoD servers available 
on the network and the location of their catalogue of contents. It does not provide any information on individual 
contents. The Content on Demand Discovery Record implements the CoD Discovery Information and Content 
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Description Location, and by inheritance the DVB-IP Offering, components of the Data Model in annex B. The 
component Content Location is deliberately not implemented; it is intended that this information is retrieved from the 
provider, possibly after negotiation. The record shall include all attributes in table 3, and in addition shall contain the 
following fields. 



Table 6: Content on demand discovery record 



Element / Attribute Name Element / Attribute Description Mandated/
Optional 



CoDOffering type: /CoDDiscovery 
Catalogue@Id Identifies a Content on Demand Provider/Server; This Id is 



allocated by the Service Provider. 
M 



Name Name of the Content on Demand offering catalogue for display 
in one or more languages; one name is allowed per language 
code, and at least one language shall be provided (though not 
necessarily more than one). 



M 



Description Description of the Content on Demand general offering 
catalogue for potential display in one or more languages; one 
description per language code. 



O 



Locator One or more URI [19] where the aggregated content 
descriptions can be found (catalogue/metadata). 



M 



 



An HTTP request on the " Locator" URI [19] shall return a record compliant to a schema that will be specified in a later 
revision of the present document. 



5.2.6.4 "Service From other Services Providers" record 



A Service Provider can reference individual services or a complete offering provided by another service provider. 
Supplying its textual service identifier references a service. Supplying the service provider's DNS domain name without 
a service list references an entire service provider's offering. Discovery information relating to a service, or service 
provider, such as the location of the service will need to be acquired directly from the service provider providing the 
service, and is not "pointed to" from this record. 



The "Services From other Service Providers" Record implements the Services From other Service Providers and linked 
Service Id, and by inheritance the DVB-IP Offering, components of the Data Model in annex B. The record shall 
include all attributes in table 3, and in addition shall contain the following fields. 



Table 7: Services from other Service Providers record 



 



Element / Attribute Name Element / Attribute Description Mandated/ 
Optional 



ReferencedServices type: /ServicesFromOtherSP 
@Domain An internet DNS domain name registered by the referenced 



Service Provider that uniquely identifies the service provider 
being referenced. 



M 



Service@Name A unique host name for the service within the referenced service 
provider's domain for each service from the referenced provider. 
Not required if the entire set of offerings from the service provider 
is referenced. 



O 



 



5.2.6.5 Package discovery record 



The Package Discovery Record provides a means for a collection of services to be marketed as, or grouped into, a 
single entity. 



The Package Discovery Record implements the Package Discovery Information, linked Service Id and Description 
Location, and by inheritance the DVB-IP Offering, components of the Data Model in annex B. The record shall include 
all attributes in table 3, and in addition shall contain the following fields. 
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Table 8: Package discovery information 



Element / Attribute Name Element / Attribute Description Mandated/
Optional 



Packaged Services type: /PackageDiscovery 
Package@Id Identifies a package; this ID is allocated by the Service Provider M 
Package@Visible A Boolean which indicates in combination with the 



PackageAvailability element, whether this package shall be 
presented to the user. The default value is true. 



O 



PackageName Name of the package for display in one or more languages; one 
name per language code maximum. 



M 



PackageDescription  If present, this shall contain the identifier(s) of the BCG 
Record(s) for the BCG Discovery element that carries the 
information on this package. 



O 



PackageDescription@pref
erred 



If present and set to true, specifies that this location contains the 
preferred BCG. The default value for this attribute is false. There 
shall be only one preferred BCG. 



O 



CountryAvailability Gives a list of countries and/or groups of countries where the 
package is intended to be available, and/or a list of countries 
and/or groups where it is not. This field is deprecated and 
Package Availability should be used instead. 



Deprecated 



PackageReference This shall be the Id(s) of package(s) that are included in the 
current package. 



O 



Service List of services forming the package, comprising: M 
TextualID@ DomainName An internet DNS domain name registered by the Service 



Provider that uniquely identifies the Service Provider. If this is 
omitted the Service Provider Domain Name from the inherited 
DVB-IP Offering is used. 



O 



TextualID@ServiceName A unique host name for the service within the service provider's 
domain. 



M 



DVBTriplet The DVB triplet by which the service may be known. O 
DescriptionLocation The URI [19] of additional service description provided in the 



context of a package; this is not required to acquire a service. 
O 



LogicalChannelNumber The logical channel number of the service. O 
PackageAvailability This element provides support for regionalization. It allows each 



package to have a list of “cells” (regions) with which the package 
is associated. By default, the package is available everywhere. 
There shall be at most one PackageAvailability element for each 
CountryCode. 



O 



CountryCode This element indicates the country for which the availability is 
being defined. 



M 



CountryCode@Avail
ability 



This flag indicates whether the package is available in the 
country specified by CountryCode. The default is TRUE. 
When TRUE, the package is available in the specified country 
with the exception of those regions identified by Cells. 
When FALSE, the package is not available in the specified 
country with the exception of those regions identified by Cells . 



O 



Cells A list of string identifiers representing geographical regions in the 
country identified by CountryCode. The Cells listed represent the 
exception to the value supplied by the flag, i.e. the negation of 
the Availability flag applies to any listed cells. 



O 



 



A service may belong to more than one package. A service does not have to be part of any package. 



The package discovery information does not enable the discovery of new services. Discovery information relating to a 
service, or service provider, such as the location of the service will need to be acquired directly from the service 
provider providing the service, and is not "pointed to" from this record. 



Additional information on services can optionally be provided in the context of a package. 



Where the PackageAvailability element is used, there may be multiple packages transmitted, each one corresponding to 
a specific set of regions. However, for any given HNED there shall only be a single package that both has the Visible 
attribute set to true and that has the PackageAvailability element that match the values held by the HNED. 



NOTE: This means that once an HNED has found a visible package that matches the CountryCode, and if present Cell, 
values, the HNED has found the package it should use. 
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A package may include another package using the PackageReference element, in which case the Visible attribute of the 
referenced package shall be ignored. 



5.2.6.6 Broadband content guide record 



The Broadband Content Guide Record provides a means to discover the locations of guides listing the content that is 
available, either live (e.g. through a Broadcast Offering) or via content on demand. A provider discovered through this 
shall offer a service as described in TS 102 539 [69]. 



Table 9: Broadband content guide discovery record 



Element / Attribute Name Element / Attribute Description Mandated/
Optional 



BCGOffering type: /BCGDiscovery 
BCG BCG record M 



BCG@Id Identifies a Broadband Content Guide Provider/Server; this Id is 
allocated by the Service Provider 



M 



BCG@Version Version of this record. A change in this value indicates a change 
in one of the BCG Records. 



O 



Name Name of the Broadband Content Guide offering for display in 
one or more languages; one name is allowed per language 
code, and at least one language shall be provided (though not 
necessarily more than one). 



M 



Description Description of the Broadband Content Guide for potential display 
in one or more languages; one description per language code. 



O 



Logo A pointer to an optional logo for the content guide. O 
Type This indicates if the content guide relates to live programs, 



content on demand, both, or some other form of content. The 
extensible classification scheme provided in the present 
document shall be used. 



O 



TargetProvider The domain name of the provider whose content is described by 
this BCG (for example Canal+). The domainName shall be the 
same as a domain name present in the ServiceList. 



O 



TransportMode The location where the broadband content guide may be found. M 
DVBSTP Specifies the location at which the content guide is available 



using the DVBSTP protocol, and details the relevant segments 
that are being transmitted. 



O 



http@Location Specifies the location at which the guide may be found. M (if the http 
element is 



used) 
http@SOAP Indicates if the guide may be queried using the SOAP protocol 



rather the mechanism outline in clause 5.4.2. The default value 
of this attribute is "false". 



O 



BCGProviderName The name of the BCG provider (for example “Telerama”). This 
field shall be identical to the textual string of the Publisher 
attribute of the TVAMain element in the BCG metadata 



O 



 



There are two means for locating the BCG of a given Service (typically the current broadcast channel being watched by 
the user):  



• by finding the BCG ID in the ServiceList or SingleService element where the current service is located (using 
the ServicesDescriptionLocation or ServiceDescriptionLocation field). 



• by finding the ServiceProvider domainName of the current service and parsing all BCGs in BCGDiscovery to 
find a matching TargetProvider. 



In the case where there are several references to BCGs in the ServiceList or SingleService, the preferred BCG is 
optionally signalled using a boolean attribute ”preferred”. 



5.2.6.7 HNED Cell ID Discovery 



An HNED is located geographically in a region which is identified by the Service Provider using a string identifier 
which is unique within a country (i.e. the location of the HNED can be defined using the country code and cell ID 
together). This is used, in conjunction with a country code, in the PackageAvailability and ServiceAvailability elements 
to indicate to the HNED which package and services can be received by the HNED. 
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The way in which the HNED determines the cell ID and country code for the region where it is located is not defined. 
This mechanism will be defined in a later release of the present document. 



5.3 Service Selection 
A service may be accessed by an individual HNED in the following ways: 



• using RTSP; 



• using IGMP. 



Live Media Broadcast services are delivered over IP multicast; they are streamed continuously and do not need to be 
initiated by each HNED. End devices can join and leave multicast services simply by issuing the appropriate IGMP 
messages. The element "Service Location" in the service discovery records gives all the information required to issue 
the appropriate IGMP message. No control of the stream, for example pause or fast-forward, is allowed. 



Optionally for Live Media Broadcast services, service providers may choose to require the HNED to engage in explicit 
set up and tear down phases (possible reasons include accounting, conditional access, etc.). In such systems, the 
higher-layer session protocol, RTSP [33], shall be used. The element "Service Location" in the service discovery record 
signals the use of RTSP and gives all the information necessary to issue the appropriate RTSP method. Parameters 
required for the IGMP message will be acquired via the SETUP method from RTSP. See clause 6 on RTSP for the 
specification of the DVB-IP RTSP profile. 



Media Broadcast with Trick Mode services are similar to Live Media Broadcast but delivered over IP unicast to enable 
control of the stream.  



Content on Demand Services and Media Broadcast with Trick Mode Services are delivered using IP unicast and are 
intended for a specific user and need to be initiated explicitly by the end device. RTSP shall be used to access such 
services. Clause 6 on RTSP specifies which methods to use. 



5.4 Transport mechanisms 
This clause specifies the protocols that are used to transport the Service Provider Discovery Information and the Service 
Discovery Information. Two mechanisms are defined, one for multicast and one for unicast. 



DVB defined a new protocol for the delivery of XML records over multicast. This protocol is called DVB SD&S 
Transport Protocol (DVBSTP) and is specified in clause 5.4.1. It shall be used to transport the SD&S information over 
multicast.  



The protocol HTTP [42] shall be used to transport the SD&S information over unicast.  



The two transport mechanisms shall be interchangeable in all steps and carry the same content encoded in the same 
way. 



5.4.1 Protocol for multicast delivery of SD&S information 
When the service discovery information is transmitted using multicast UDP packet, the protocol DVBSTP defined in 
this clause shall be used. All values defined below shall be transmitted in normal IP network byte order (most 
significant byte first). 
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5.4.1.1 Syntax 



    0                   1                   2                   3    



    0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1  



   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



   |Ver|Resrv|Enc|C|              Total_Segment_Size               | 



   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



   | Payload ID    | Segment ID                    |Segment_Version| 



   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



   | Section_Number        | Last Section Number   |Compr|P|HDR_LEN| 



   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



   |                  (Conditional) ServiceProviderID              | 



   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



   :                       (Optional) Private Header Data          : 



   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



   |                                                               | 



   :                            payload                            : 



   |                                               +-+-+-+-+-+-+-+-+ 



   |                                               |(Optional) CRC | 



   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



   |       (Optional)      CRC (Cont)              | 



   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



 
Figure 8: Syntax SD&S multicast delivery protocol 



5.4.1.2 Semantics 



Protocol Version (Ver): The protocol version. This 2 bit field shall have the value "00". 



Reserved (Resrv): These 3 bits are reserved and shall take the value "000". 



Encryption (Enc): This 2 bit field shall be used to signal the presence of encryption. It shall take the value "00" to 
indicate that the payload is not encrypted. The syntax, semantics, behaviour and meaning of other values are not 
defined. 



CRC flag (C): If the value is "1", this indicates the presence of a 32-bit CRC at the end of the packet. This flag may 
only be set on the final packet in a segment, i.e. when section_number is the same as last_section_number. 



Total segment size: A 24 bit field that specifies a size in bytes. For uncompressed data (i.e. Compression is "000"), this 
is the cumulative size of all the payloads of all the sections comprising the segment (i.e. ignoring headers and CRC, if 
present).  



For compressed data that is usable in the compressed form (e.g. BiM), this is the cumulative size of all the payloads of 
all the sections (see also clause 5.4.1.3.1) comprising the segment (i.e. ignoring headers and CRC, if present) - this is 
referred to as the "transmitted size". For compressed data that shall be decompressed before use (e.g. zlib), this is the 
size of the segment once decompressed by the specified algorithm (note that this may not be the same size as that of the 
original XML) - this is referred to as the "decompressed size". The definition of the compression field value shall also 
define which of these two interpretation of total segment size shall apply. 



Payload ID: A 8 bit value used to identify the type of data being carried within the payload. The values this may take 
are set out in table 1. 



Segment ID: A 16 bit value used to identify a segment of data for the declared payload type (Payload ID) (see note). 



NOTE: For example, you may have multiple Broadcast Discovery Information records, and each one will be 
assigned a unique Id. 











 



DVB BlueBook A086 Rev. 4 



37
Segment version: An 8 bit value used to define the current version of the segment being carried. I.e. version is keyed 
on Payload ID together with Segment ID. Thus when the data within a segment changes, the segment version fields of 
all packets that comprise that segment ID and payload ID change. No other payload version fields are necessarily 
changed. The segment version is modulo 256, and wraps round. 



The segment version should only change at the start of a segment. However, to handle packet loss, a receiver should 
cope with the segment version changing at any point in the segment. 



Section number: A 12 bit field identifying the number of this section. The first section in a segment shall be 0. 



Last Section number: A 12 bit field which specifies the last section number (the one with the highest section number) 
in a segment. 



Compression (Compr): A 3 bit field used to indicate the compression scheme, if any, used on the payload. All 
segments of a given payload ID shall share the same compression value. The meanings of these values are given in 
table 10. 



Table 10: Compression values 



Compression value Meaning Total Segment Size Meaning 
000 No Compression Transmitted Size 
001 BiM (as defined in the 



present document) 
Transmitted Size 



010 to 110 Reserved  
111 User Private User Defined 



 



ProviderID Flag (P): Flag signalling if the ServiceProviderID field is present. The value "1" defines the presence of 
the ServiceProviderID field in the header. 



Private Header Length (HDR_LEN): A 4 bit field counting the number of 32 bit words in the header immediately 
following the header length field, or the Provider ID field if present. This is used to signal the presence of private header 
data. If no additional header data is sent, then this shall have the value "0000". The Provider ID field is not considered 
part of the private header, and so is not counted by the Private Header Length field. 



ServiceProvider ID: A 32-bit number that is used to identify the service provider. This number shall be an IPv4 
address, as detailed in clause 5.4.1.3. It is the responsibility of the Service Provider to ensure that this address is 
appropriately maintained with the appropriate authorities and maintains a unique value within the scope it is used. Note 
that the ServiceProvider ID is only for use by HNED and not for any network filtering.  



A Service Provider ID field is mandatory unless the provider knows that no other Service Providers can use the same 
multicast address. 



Private Header Data: This is private data. The meaning, syntax, semantics and use of this data is outside the scope of 
the present document. This field shall be a multiple of 4 bytes. 



Payload: The payload of the packet, which is an integral number of bytes. The size of the payload can be calculated 
from the size of the received packet minus the size of the header (including the optional ProviderID field, if present and 
any optional private header data present) and the CRC (if present). Note that the payload may be zero bytes in length. 



CRC: An optional 32-bit CRC. The standard CRC from 13818-1 [58], annex A, shall be used. It shall be applied to the 
payload data of all sections comprising a segment. This field is not necessarily aligned with a 32 bit boundary. 



5.4.1.3 Usage 



5.4.1.3.1 Use of sections 



The size of segments may be substantially larger than that supported by the underlying network. To allow efficient 
delivery of data, it is necessary to be able to divide the segments into smaller units for delivery. The section mechanism 
provides this functionality. 



Each section shall be sent in exactly one UDP datagram, and each UDP datagram shall carry exactly one section. 



To assemble the entire segment, an HNED collects the payload from all the sections and orders them based on their 
section numbers. Only after an entire segment has been assembled can the CRC, if present, be checked. 
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Figure 9 illustrates the relationship between sections, segments and records. 
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Figure 9: Relationship between records, segments and sections 



5.4.1.3.2 Maximum section size 



The amount of data that can be encapsulated in each UDP packet, and therefore the potential size of a section, is limited 
by the maximum size of the IP datagram (65 535 octets for IPv4), minus the UDP and multicast protocol header sizes. 
To avoid network fragmentation, it is recommended to set the maximum size such that the underlying Maximum 
Transmission Unit (MTU) of the network is not exceeded. 



Exceeding the network's MTU will lead to IP fragmentation, which significantly increases the effective loss rate of a 
network. This is because if one fragment is lost, the remaining fragments will need to be discarded by the receiver. It 
also puts additional load on the routers performing fragmentation and on the end-systems re-assembling the fragments. 



For an IEEE Ethernet-based network, with an MTU of 1 492, the maximum section size should be limited to a 
maximum of 1 452 bytes. Where additional IP, UDP or multicast protocol options are used, then this value should be 
reduced by the appropriate amount. 



If the section size is set such that fragmentation occurs, any end devices that do not support fragmentation will be 
unable to receive the SD&S payload. It is therefore recommended that SPs set the DF (Do not Fragment) bit in the IP 
header. With this bit set, routers will return an ICMP "fragmentation needed and DF set" message if the packet length 
exceeds the destination network's MTU. The SP can adjust the payload size, if such messages are received. IP 
(RFC 791 [10]) requires that all hosts shall be prepared to accept datagrams of at least 576 octets. 



5.4.1.3.3 Use of ProviderID field 



Filtering packets on the basis of the source IP address of a packet limits the transmission of packets to sources whose IP 
addresses is constant and known to the HNED. The ProviderID field overcomes this limitation. It allows an HNED to 
filter the packets without inspecting or decompressing them. It is expected that the ProviderID field will only be used 
with Service Provider Discovery records, i.e. when PayloadID is 0x01, since the discovery process will thereafter 
ensure that only multicast addresses of interest will be received. 



If a provider does not have, and is not able to get, a suitable IPv4 address that is unique within the needed scope (that of 
the network carrying the UDP packets), then the "original_network_id" defined in ETR 162 [3] may be used. This is 
mapped into the IPv4 address range using the bottom section of the special 0.0.0.0/8 address range (the "this" network), 
i.e. 0.0.0.0/16. As an example, an original_network_id of 0x1234 would be represented as 0.0.18.52. 



5.4.1.3.4 Repetition rates 



The population of receiving devices (HNEDs) will be dynamically changing. It is not assumed that any HNED stores 
the SD&S data permanently, so the data shall be continually retransmitted. This also provides a degree of reliability, as 
any corrupted or lost data can be received on the next repetition. To provide flexibility, different segments within a 
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record (payload id) may be repeated more frequently if desired (e.g. to support faster access to some parts of the 
record). Similarly, different records may be repeated at different rates. 



The full cycle to transmit all the segments of the SD&S records for a SP shall not exceed the Maximum Cycle Time 
defined in clause 5.2.2.3. A segment may be transmitted several times as required during the cycle and different 
segments may be transmitted at different rates. 



This means that an HNED can assume that the complete SD&S information set of a SP has been transmitted after the 
Maximum Cycle Time. 



5.4.2 Protocol for unicast delivery of SD&S Information 
In the pull model of delivery of SD&S information, HTTP [42] Protocol shall be used for all communication between 
the HNED and the SD&S server(s). 



When the HNED requests SD&S information, it shall use the following format: 



'GET /dvb/sdns' request ' HTTP/1.1' CRLF 
 'Host: ' host CRLF 
 
where request = sp_discovery_request / service_discovery_request. 



<request> is used to identify the specific type of request. Two requests have been defined: 



• sp_discovery_request for a request for discovery information relating to service providers; or 



• service_discovery_request for a request for discovery information relating to the service offering of a service 
provider 



For the sp_discovery_request <host> is the IP address of the SD&S server obtained as specified in clause 5.2.4. For 
the service_discovery_request <host> is the address specified in the field "Location of the SP Discovery Record" as 
defined in clause 5.2.5. 



The request may contain other header fields conforming to the RFC 2616 [42]. 



The response to the HTTP requests above shall return the appropriate XML records defined in clause 5.2.6 unencrypted. 
The HNED should evaluate the message returned from the SD&S server simply to ensure that it contains a 200 series 
success status. If a 200 series success status is not returned then a retry should occur according to the congestion 
avoidance mechanism defined in clause 9.2. 



The maximum size of data returned through unicast delivery shall be bounded by the maximum size of the multicast 
delivery segment, as defined in clause 5.1.4.2. 



After receiving a 200 series success status, the TCP connection is closed. 



The HTTP client and server should negotiate a suitable compression using the Accept-Encoding header in the following 
way: both the client and server SHALL support the Accept-Encoding header (as defined in HTTP/clause 1.1 [42]). 



In addition to this, clients and servers that choose to transfer SD&S data in a BiM encoded form SHALL signal BiM 
encoded content with a proper Content-Encoding header upon transmission, and SHALL NOT change the 
Content-Type corresponding to their content. 



The content coding token corresponding to the BiM encoding shall be x-bim. 



In case the transferred data is encoded in the BiM format, the client SHALL have acquired the DVB-TVA-init prior to 
acquiring the SD&S segments. 



5.4.2.1 SP Discovery request 



The sp_discovery_request shall return the SP discovery record as defined in clause 5.2.5 for one or all service providers 
operating on the network. The request has one parameter which can take the value ALL to request discovery 
information relating to all service providers or the domain name of a specific service provider to request discovery 
information relating to the specified service provider. When using the "pull mode", records containing service provider 
discovery information (i.e. Payload ID 0x01) shall not be segmented. This service provider discovery record shall exist 
in two forms, as a single XML record with the list of discovery information for the complete set of service providers 
operating on the network and as a collection of XML records, one per service provider. 
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The sp_discovery_request shall comply with the following format: 



sp_discovery_request  = sp_discovery?id='ALL'/SPId 
 
where  



SPId = domainName as defined in clause 3.3 



This leads to the following two possible requests: 
 
'GET /dvb/sdns/sp_discovery?id=ALL HTTP/1.1' CRLF 
 'Host: ' host CRLF 
 
and 



'GET /dvb/sdns/sp_discovery?id=DomainName HTTP/1.1' CRLF 
 'Host: ' host CRLF 
 
The host contains the IP address of the SD&S entry point(s) acquired as described in clause 5.2.4. The 
sp_discovery_request shall not be issued more than once per Maximum Cycle Time. 



5.4.2.2 Service Discovery request 



The service_discovery_request shall return the service discovery record as defined in clause 5.2.6 describing the service 
offering of a specific service provider. The request has three mandatory parameters which take the domain name of the 
service provider, the type of service offering (i.e. payload ID) and the segment ID. Optionally a segment version may be 
specified in the request, this will indicate to the server the current version of the segment that the HNED has. 



When the segment version is specified, the response to the request shall return the service discovery record for the 
specified segment only if a new version is available. The version number of the returned segment can be found in the 
XML record. If the segment has not changed then the server shall return status code "204" as per the RFC 2616 [42] to 
indicate that the request has been processed successfully but that there is no entity-body to return. 



When the segment version is not specified, the response to the request shall return the service discovery record for the 
specified segment. 



When a record is not found, the server shall return status code "404" as per the RFC 2616 [42]; the HNED will then 
need to issue the appropriate sp_discovery_request to check whether the segment Id is still valid. 



The HNED should only issue a service_discovery_request for the valid segment Ids as listed in the SP discovery record. 



The service_discovery_request shall comply with the following format: 



service_discovery_request= service_discovery?id='SPId 
'&Payload='PayloadId'&Segment=SegmentItem 
 
SPId is a domain name as defined above in clause 5.4.2.1. 



PayloadId       = OCTET; any hex number from 0x00 to 0xff 
SegmentId       = 4*4 HEXDIG;any hex number from 0x0000 to 0xffff 
SegmentItem     = SegmentId 0*1('&'VersionNumber) 
 
SegmentItem is a SegmentId with an optional field for the version number. 



VersionNumber = OCTET; any hex number from 0x00 to 0xff 
 
For example the following request can be constructed to request the service discovery information relating to the 
broadcast offering of a service provider with DomainName as identifier:  



'GET /dvb/sdns/service_discovery?id=DomainName&Payload=02&Segment=0001 HTTP/1.1' CRLF 
 
 'Host: ' host CRLF 
 
The host contains the IP address of the service discovery server of the service provider; this address is obtained by 
resolving the URL contained in the field "PullURL" as documented in clause C.2.15 of the present document. The 
service_discovery_request should be used for the first acquisition of the SD&S information and then only when a 
change is detected in one of the segments. 
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5.4.3 Signalling of changes 
Changes in the service provider offering or the service provider discovery information shall be signalled by 
incrementing the version number of the SP discovery information.  



The Service Discovery Information describing the offering of a SP is divided up into segments per type of service 
discovery information. A change in the offering will translate to a change in the associated segment. Any change in the 
data carried in a segment shall be signalled by incrementing the segment version of a segment. 



The HNED shall monitor the SP discovery record(s) on a regular basis to detect any change in version numbers. Upon 
detection of a new version of the SP discovery record, the HNED shall check if the SP description needs updating and 
then shall check if there is any change in the service offering. The HNED will determine which part of the service 
offering has changed by checking the segment version number of each segment the HNED wants to monitor. The 
HNED shall then only acquire the segments which have changed. 



When using the pull mode, the SP discovery record shall not be checked more than once per Maximum Cycle Time. 



In the case where the list of segments is provided in the SP discovery record (mandatory in the "pull" mode, optional in 
the "push" mode), the addition or removal of segments shall be detected by looking at the list of valid segment Ids for a 
Service Provider. 



When using the "push" mode, in the case where the list of segments is not provided in the SP discovery record and the 
SP discovery information changes without a change in the offering, it is accepted that the HNED will also check the 
version number of all the segment Ids it wants to monitor by joining the appropriate multicast address even though there 
has not been a change in the offering. 



In the push mode, in the case where the list of segments is not provided in the SP discovery record, a segment shall be 
considered as deleted if no packet has been received for this segment for a minimum period of twice the Maximum 
Cycle Time. 



As the DVB-IP offering record does not contain any information on the segment it forms (i.e. Segment Id), it is 
recommended that the HNED should keep a record of the Segment Id together with the relevant DVB-IP offering 
record. 



5.5 Encoding 



5.5.1 Introduction 
SD&S segments may be encoded with BiM [67]. However, the network provider shall also make accessible 
non-encoded SD&S segments either in the PULL or the PUSH mode, or both, so that HNEDs without a BiM 
implementation can still obtain non-encoded SD&S segments. In the case where one encoded and one non-encoded 
multicast stream are delivered, the HNED may discriminate between the streams according to the "compression" flag of 
the DVBSTP header. 



NOTE:  If the Service Provider delivers a BCG, then the HNED is expected to support BiM encoding. In this case, 
it is recommended to use compression of SD&S. 



5.5.2 Usage of BiM 



5.5.2.1  Introduction 



The format is compatible with the BiM format used in TS 102 323 [65] for the transport of TV-Anytime information. 



5.5.2.2  DVB-TVA-Init and InitialDescription 



In DVB, the DVB-TVA-init (see table 42 in [65]) is used to configure parameters required for the decoding of the 
binary Access Units and to transmit the initial state of the decoder (DecoderInit message). 



The EncodingVersion parameter in the DVB-TVA-Init SHALL be set to "0xF0". 











 



DVB BlueBook A086 Rev. 4 



42
In the DecoderInit field, at least one schema URN shall be transmitted. Consequently, the field NumberOfSchemas of 
the DecoderInit shall be greater or equal to 1 and the field SchemaURI[0] of the DecoderInit shall be set to 
urn:dvb:ipi:sdns:2006. DVBContextPath of additional schemas are specified by the ContextPathCode in [67]. 



As each SD&S segment is a valid stand-alone XML document tree, no initial description is required. Therefore, the 
InitialDescription() field of the DecoderInit message shall be empty. 



5.5.2.3  BiM Access Unit 



Each SD&S segment is transported in a DVBBiMAccessUnit as defined in [65] (clause 9.4.2.3) with the following 
constraints: 



1) as each segment is transported independently, NumberOfFUU should be equal to 1. 



2) The table 55 in [65]  is updated with the following values. 



Value Description EquivalentStartType 
0x0030 serviceDiscovery sdns:ServiceDiscovery type 



 



where: sdns = urn:dvb:ipi:sdns:2006 



5.5.2.4  Codec 



The BiM decoder used to decode SD&S segments SHALL use by default the Zlib codec, as defined in TV-Anytime 
(see clause 4.2.4.4 in [66]), for decoding string data. This will be signalled in the DecoderInit using the 
ClassificationScheme "urn:tva:metadata:cs:CodecTypeCS:2004" defined in [79]. 



6 RTSP Client 



6.1 Usage of RTSP in DVB 
In this clause the use of the Real Time Streaming Protocol (RTSP) [33] for a playback capable HNED is specified. 



NOTE: A recording capable HNED is not specified, as DVB-IPI has decided to address playback only for 
Phase 1. 



RTSP is an application-level protocol for control over the delivery of data with real-time properties. Here the use of 
RTSP for a classical broadcast like type of delivery of video (TV) and audio (radio) and as well as for on-demand 
delivery of video and audio is specified. 



6.1.1 Service selection 
The Service Discovery and Selection process as described in clause 5 shall provide the HNED with the RTSP URL for 
accessing the RTSP based service in question. As an example the HNED listens to a multicast address and port number 
to get the SD&S description, which is presented to the user and from which subsequently the user can make a selection. 
When the service is selected, the HNED can use the associated URL to access the service. The URL indicates whether 
the session control is based on RTSP. When this is the case, the HNED shall use RTSP to access the service in question. 



6.1.2 Session transport 
DVB compliant HNEDs should use a persistent TCP connection for exchanging RTSP messages with the RTSP server. 
It is recommended to use a persistent TCP connection; otherwise there is no reliable way for the RTSP server to reach 
an HNED that is behind a firewall. For example, the server can use the persistent connection to send asynchronously 
RTSP ANNOUNCE messages (see table 11) to the HNED. 



Multimedia streams, encapsulated as described in clause 7, can be transmitted from the RTSP server in either unicast or 
multicast mode. However, in multicast mode trick mode operation like pause, fast forward and similar can obviously 
not be done. 
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6.1.3 Service information 
The HNED uses service information to inform the user about the kind - and availability of services, to locate and to 
access them. This information needs to be kept up-to-date. 



Where possible, the RTSP server can send asynchronously service information to the HNED by using the ANNOUNCE 
method (see table 11). Or, the HNED can also poll the server with the aid of a DESCRIBE method (see table 11) to 
detect whether the service information is updated. This can be used e.g. in the case a transient connection is used 
between the HNED and the RTSP server. 



The ANNOUNCE and DESCRIBE methods use the XML description as described in clause 5 for conveying the service 
information to the HNED. 



6.1.4 Security considerations 
As this DVB specification is based on RTSP and HTTP, the same security considerations apply as with these protocols 
(see related RFCs). 



NOTE: DVB-IPI has decided not to specify security and authentication for Phase 1. 



6.2 Profiles 



6.2.1 Profile definitions 
This DVB specification defines the following three RTSP profiles: 



• Live Media Broadcast (LMB). 



• Media Broadcast with Trick Modes (MBwTM). 



• Content on Demand (CoD). 



Each profile contains a subset of the methods and headers defined in the RTSP protocol. The relationship between the 
profiles is such that the "Live Media Broadcast" profile is a subset of the "Media Broadcast with Trick Modes", which 
is in turn a subset of the "Content on Demand" one. 



6.2.2 Live media broadcast 
The Live Media Broadcast Profile is characterized as the equivalent of the traditional broadcast like TV and radio. The 
actual media streams are delivered in multicast mode only. This means that the presentation is linear and that there is no 
support for trick mode operation like pause, fast forward and similar. The presentation is available as part of a 
continuous flow of events and not on demand. 



6.2.3 Media broadcast with trick modes 
The Media Broadcast with Trick Modes Profile is characterized as the equivalent of the Live Media Broadcast one with 
the addition of support for trick mode operation like pause, fast forward and similar. Therefore the actual media streams 
are delivered in unicast mode only. The presentation is available as part of a continuous flow of events. The difference 
with Content on Demand Profile is that the user cannot initiate it. 



6.2.4 Content on demand 
The Content on Demand Profile adds to the Media Broadcast with Trick Modes the ability to initiate the start (and stop) 
of a presentation as an isolated event. This means that this profile supports pause, fast forward and similar as well as the 
possibility to access media on a time of the user"s choosing. Therefore the actual media streams are delivered in unicast 
mode only. 



NOTE: The RTSP profile used depends on the application and on whether the service in question is delivered in 
unicast or multicast mode. Only the LMB is delivered in multicast mode. 
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6.3 RTSP methods 
For unicast mode of delivery, table 11 specifies for each profile the RTSP methods to be supported by the IPI-1 
interface. 



Table 11: RTSP methods for unicast mode 



RTSP Method Direction: 
H = HNED; 
S = Server; 



IETF DVB Requirement 



   LMB MBwTM and CoD 



ANNOUNCE H→S MAY MAY MAY 
ANNOUNCE S→H MAY SHOULD SHOULD 
DESCRIBE H→S SHOULD SHOULD SHOULD 
GET_PARAMETER H→S MAY SHOULD SHOULD 
GET_PARAMETER S→H MAY MAY MAY 
OPTIONS H→S SHALL SHALL SHALL 
OPTIONS S→H MAY MAY MAY 
PAUSE H→S SHOULD N.A. SHALL 
PLAY H→S SHALL SHALL SHALL 
REDIRECT S→H MAY SHALL SHALL 
SETUP H→S SHALL SHALL SHALL 
TEARDOWN H→S SHALL SHALL SHALL 
NOTE 1: The column IETF presents the methods required to be supported according to 



the IETF RTSP specification: RFC 2326 [33]. The DVB requirement columns 
present the methods required to be supported for each given DVB profile. 



NOTE 2: The key words in bold indicate where the DVB specification differs from the 
IETF. 



NOTE 3: The RTSP methods RECORD and SET_PARAMETER are not supported. 
 



6.3.1 DVB specific usage of RTSP methods 



6.3.1.1 ANNOUNCE 



The ANNOUNCE method can be used to update asynchronously the service information at the HNED. This can be 
used for example in a LMB to update the service name. 



The DVB RTSP client is required to support the reception of descriptions in XML format as described in clause 5.2.6 
for the broadcast profiles (LMB and MBwTM) and clause 5.2.6.3 for CoD. For the broadcast profiles the ANNOUNCE 
method shall contain the BroadcastOffering XML complex structure (see clause C.4.1). 



The MIME Type in the Content-Type header (see table 13) for such message shall be text/xml and the content of the 
Content-Encoding header and XML description shall be UTF-8. See RFC 3023 [50] on XML Media Types. The HNED 
shall always include text/xml in the Accept header.  



6.3.1.2 DESCRIBE 



The DVB RTSP client is required to support the reception of descriptions in XML format as described in clause 5.2.6 
for the broadcast profiles (LMB and MBwTM) and clause 5.2.6.3 for CoD. For the broadcast profiles the DESCRIBE 
method shall contain the BroadcastOffering XML complex structure (see clause 5.2.6). 



The MIME Type in the Content-Type header for such a message shall be text/xml and the content of the 
Content-Encoding header and XML description shall be UTF-8. See RFC 3023 [50] on XML Media Types. The HNED 
shall always include text/xml in the Accept header. 
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6.3.1.3 GET_PARAMETER 



The MIME Type in the Content-Type header of a GET_PARAMETER request or response shall be 
text/parameters and the content of the Content-Encoding header shall be UTF-8. 



In the request, each parameter name is followed by a colon (":") and is separated by white space, and may be on 
separate lines or all on the same line. Parameter in the response are expected to be returned one per line in the form: 



parameter = name ":" *(VCHAR) CR 
 
See also clause 3.3 for correct notation. 



Table 12 defines the minimal set of GET_PARAMETER parameters that shall be supported by the IPI-1 interface, in 
the case the GET_PARAMETER method is supported. 



Table 12: GET_PARAMETER parameters 



GET_PARAMETER 
parameter 



Result Description 



Stream-state <current stream state> This parameter retrieves the current stream state. 
Possible returned values are: 
playing 
paused 
stopped 



position NPT This parameter retrieves the current time position in a 
CoD multimedia session. The position is the number of 
seconds from the beginning of the multimedia session in 
NPT format. This can be used for indication by the HNED 
to the user how far the presentation of the current session 
has advanced in time. 
E.g. the result of a GET_PARAMETER request with the 
parameter "position" can be: 
 
position: npt=12:05:35.3- 
 
This parameters is undefined for LMB and MBwTM 
multimedia sessions. 



 



6.3.1.4 SETUP 



The HNED should not issue a SETUP request more than once for the same stream or multimedia session before issuing 
a TEARDOWN request. 



6.3.2 Headers 



6.3.2.1 RTSP request header fields 



Table 13 presents the RTSP header fields that are generated by the HNED and are either mandatory or recommended 
for the IPI-1 interface. 
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Table 13: RTSP headers generated by the HNED 



RTSP Request 
Header 



IETF DVB 
requirement 



Remarks on usage for DVB 



Accept MAY SHOULD At least the media type: text/xml shall be supported. Other 
presentation description content types are optional. 



Accept-Language MAY SHOULD  
Bandwidth MAY SHOULD  
Content-Encoding SHALL SHALL  
Content-Length SHALL SHALL  
Content-Type SHALL SHALL The content types: text/xml and text/parameters shall be 



supported. 
Cseq SHALL SHALL The sequence number shall fit within an unsigned 32-bit number. 
Timestamp MAY N.A. for LMB 



SHOULD for 
CoD 



 



If-Modified-Since MAY SHOULD  
Proxy-Required SHALL SHALL  
Range MAY SHOULD  
Require SHALL SHALL  
Scale MAY N.A. for LMB 



SHOULD for 
CoD. 



At least the following scale factors should be supported: 
-4: fast rewind 
-2: rewind 
0: pause 
1:  normal play 
2: forward 
4: fast forward 



Session SHALL SHALL  
Transport SHALL SHALL The HNED may supply multiple transport options from which the 



RTSP server may choose. The HNED shall support 
RTP/AVP/UDP transport for RTP streaming. It shall support 
MP2T/H2221/UDP and RAW/RAW/UDP for direct UDP streaming. 
The following transport configuration parameters should be 
provided by the HNED to help configuring intermediaries: 
unicast, multicast and client_port 
For additional transport parameters to support AL-FEC see 
section 6.3.2.2 below. 



User-Agent MAY SHOULD The following format for the User-Agent header is 
recommended: 
 
User-Agent = "User-Agent" ":" deviceID " HNED 
V1.0" 
See also clause 3.3. E.g.: User-Agent: 
PHILIPS-CE/HN3200/A6743ABCD201 HNED V1.0 



NOTE 1: The column IETF presents the request headers required to be supported according to the IETF RTSP 
specification: RFC 2326 [33]. The DVB requirement columns present the request headers required to be 
supported for DVB. 



NOTE 2: The key words in bold indicate where the DVB specification differs from the IETF. 
NOTE 3: The HNED may generate RTSP request headers that are not listed in table 13. 



 



Table 14 presents the RTSP header fields that are supported by the HNED (either mandatory, or recommended) on the 
IPI-1 interface. 
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Table 14: RTSP headers parsed and understood by the HNED 



RTSP Response Header IETF DVB requirement Remarks on usage for DVB 
Allow MAY SHOULD  
Connection SHALL SHALL  
Content-Encoding SHALL SHALL  
Content-Language SHALL SHALL  
Content-Length SHALL SHALL  
Content-Type SHALL SHALL  
Cseq SHALL SHALL It is expected that the server 



generates sequence numbers 
that fit within an unsigned 32-bit 
number.  



Expires MAY SHOULD  
Last-Modified MAY SHOULD  
Location SHALL SHALL  
Public MAY SHOULD  
Range MAY MAY  
RTP-Info SHALL SHALL  for RTP streaming 



N.A. for UDP streaming 
 



Scale MAY N.A. for LMB 
SHOULD for MBwTM and 



CoD. 



At least the following scale 
factors should be supported: 
-4: fast rewind 
-2: rewind 
0: pause 
1:  normal play 
2: forward 
4: fast forward 



Retry-After MAY SHOULD  
Server MAY SHOULD The content of this header is left 



to the implementation of the 
RTSP server. 



Session SHALL SHALL It is expected that the RTSP 
server uses the timeout 
parameter with this header. 



Transport SHALL SHALL RTP/AVP/UDP transport shall be 
supported for RTP streaming. 
MP2T/H2221/UDP and 
RAW/RAW/UDP shall be 
supported for direct UDP 
streaming.. 
Furthermore, the HNED should 
support (and the server is 
expected to provide) at least the 
following transport configuration 
parameters: unicast, 
multicast, destination, 
port, client_port, source 
and server_port. These 
parameters can help 
intermediaries in forwarding the 
multimedia stream in question. 
For additional transport 
parameters to support AL-FEC 
see section 6.3.2.2 below. 



Timestamp MAY SHOULD  
Unsupported SHALL SHALL  
NOTE 1: The column IETF presents the response headers required to be supported according to the IETF RTSP 



specification: RFC 2326 [33]. The DVB requirement columns present the response headers required to 
be supported for each given DVB profile. 



NOTE 2: The key words in bold indicate where the DVB specification differs from the IETF. 
NOTE 3: The HNED may ignore RTSP response headers that are not listed in table 14. 
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6.3.2.2 Transport header extensions 



The following additional value sets for the Transport header transport-protocol/profile/lower protocol parameters are 
defined for UDP streaming: 



MP2T/H2221/UDP or RAW/RAW/UDP 



This indicates that an MPEG2 transport stream is used and transported directly over UDP (without RTP). 



The following additional options within the Transport header are defined for Application Layer FEC: 



dvb_fec_base_address (optional) 



In the multicast case, this option may be included in messages from server to client. It indicates the IP 
Multicast address on which the base AL-FEC layer may be found. If not included then the base AL-FEC layer 
is sent on the same multicast address as the source data.  



dvb_fec_base_port (optional) 



This option may be included in messages from server to client and from client to server. It indicates the UDP 
destination port for the base AL-FEC layer. When included in a message from client to server, it indicates that 
AL-FEC is supported by the client and specifies the destination UDP port that should be used for the AL-FEC 
base layer. When included in a message from server to client, it indicates the UDP destination port that the 
server will use for the AL-FEC base layer. In the multicast case, if this option is specified but the 
dvb_base_fec_address is not, then the AL-FEC layer is assumed to be available on the same multicast address 
as the main stream. If this header is not specified then AL-FEC is not provided and the dvb_fec_base_address 
shall not be present. This header shall be present if the dvb_fec_enhance_port header is present. 



dvb_fec_enhance_address (optional) 



In the multicast case, this option may be included in messages from server to client. It indicates the IP 
Multicast address on which an enhancement AL-FEC layer may be found. This option may be repeated to 
specify multiple enhancement layers. 



dvb_fec_enhance_port (optional) 



This option may be included in messages from server to client and from client to server. It indicates the UDP 
destination port for the enhancement AL-FEC layer. When included in a message from client to server, it 
indicates that the AL-FEC ienhancement layer is supported by the client and specifies the destination UDP port 
that should be used for the AL-FEC enhancement layer. When included in a message from server to client, it 
indicates the UDP destination port that the server will use for the AL-FEC enhancement layer. In the multicast 
case, if this option is specified but the dvb_enhance_fec_address is not, then the AL-FEC enhancement layer is 
assumed to be available on the same multicast address as the main stream. If this header is not specified then 
AL-FEC enhancement is not provided and the dvb_fec_ enhance _address shall not be present. This header 
shall only be present if the dvb_fec_base_port header is present. 



dvb_fec_max_block_size (optional) 



This indicates the maximum number of stream source packets that will occur between the first packet of a 
source block (which is included) and the last packet for that source block (source or repair). 



dvb_fec_max_block_time (optional) 



This indicates the maximum sending duration of any AL-FEC block in milliseconds. 



dvb_fec_oti (optional) 



This indicates the FEC Object Transmission Information for the Raptor AL-FEC layer(s). 



These parameters are defined as an extension to the Transport header as follows (extensions are in bold): 



   Transport           =    "Transport" ":" 



                            1\#transport-spec 



   transport-spec      =    transport-protocol/profile[/lower-transport] 



                            *parameter *dvb-parameter 
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   transport-protocol  =    "RTP" | "RAW" | "MP2T" 



   profile             =    "AVP" | "RAW" | "H2221" 



   lower-transport     =    "TCP" | "UDP" 



 



   dvb-parameter       =    ";" "dvb-fec-base-address" "=" address 



                       |    ";" "dvb-fec-base-port" "=" port 



                       |    ";" "dvb-fec-enhance-address" "=" address 



                       |    ";" "dvb-fec-enhance-port" "=" port 



                       |    ";" "dvb-fec-max-block-size" "=" 1*5DIGIT 



                       |    ";" "dvb-fec-max-block-time" "=" 1*5DIGIT 



                       |    ";" "dvb-fec-oti" "=" *BASE64DIGIT 



 



   BASE64DIGIT         =    ALPHA | DIGIT | "+" | "/" | "=" 
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6.4 Status codes in response to requests 
Table 15 lists the RTSP and HTTP status codes that the RTSP enable HNED shall be able to interpret. 



Table 15: RTSP response codes 



Status Code Description 
200 "OK" 
275 "OK - Request forwarded" 
300 "Multiple Choices" 
301 "Moved Permanently" 
302 "Moved Temporarily" 
304 "Not Modified" 
400 "Bad Request" 
401 "Unauthorized" 
403 "Forbidden" 
404 "Not Found" 
405 "Method Not Allowed" 
406 "Not Acceptable" 
408 "Request Time-out" 
410 "Gone" 
411 "Length Required" 
412 "Precondition Failed" 
413 "Request Entity Too Large" 
414 "Request-URI Too Large" 
415 "Unsupported Media Type" 
451 "Parameter Not Understood" 
453 "Not Enough Bandwidth" 
454 "Session Not Found" 
455 "Method Not Valid in This State" 
456 "Header Field Not Valid for Resource" 
457 "Invalid Range" 
459 "Aggregate operation not allowed" 
460 "Only aggregate operation allowed" 
461 "Unsupported transport" 
462 "Destination unreachable" 
463 "Destination required" 
500 "Internal Server Error" 
501 "Not Implemented" 
503 "Service Unavailable" 
505 "RTSP Version not supported" 
551 "Option not supported" 



NOTE 1: Particular response codes will be raised with a 
particular profile only. 



NOTE 2: The HNED shall use the most significant digit of the 
status code to identify its severity, in the case that the 
given status code is unknown to the HNED. 



 



6.5 The use of RTSP with multicast 
Optionally, it is possible to use RTSP for joining multicasts of Live Media Broadcasts. 



NOTE 1: In principle a multicast does not support trick mode operation, therefore it cannot be used with the 
MBwTM and CoD RTSP profiles. 
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Using RTSP for joining multicast gives intermediaries the opportunity to inspect the nature of the multimedia session. 
Specifically, firewalls will be able to ascertain the incoming port being used i.e. this will allow them to open the ports 
and do any necessary port forwarding. Furthermore, it can be useful if the RTSP server wishes to count the number of 
receivers "tuned-in". 



IGMP shall be used (next to RTSP) to signal to IP network to forward the multicast in question, when the media 
streams are delivered in multicast mode. During the set up of the multimedia session, an IGMP JOIN message shall be 
issued by the HNED for joining the given multicast. Furthermore, the HNED shall issue an IGMP LEAVE message, 
when it leaves the multicast. 



NOTE 2: It is mandatory that IGMP version 3 [53] is used for all such messages on the IPI-1 interface. 



The transport configuration parameters: destination and source (see table 14) shall be used by IGMP. The 
former shall signal the multicast address, the latter can be used by IGMP version 3 to signal the source address of the 
multicast for Source-Specific Multicast (SSM) (see RFC 3376 [53]). 



NOTE 3: RFC 2326 [33] specifies that by default a multimedia stream is delivered in multicast mode, when no 
indication is given by RTSP whether the mode of delivery is unicast or multicast. See also the transport 
configuration parameters: unicast and multicast in table 14. 



For multicast mode of delivery, table 16 presents the RTSP methods to be supported by the IPI-1 interface. 



Table 16: RTSP methods for multicast mode 



RTSP Method Direction: 
H = HNED; 
S = Server; 



DVB 
Requirement 



Remark 



ANNOUNCE H→S MAY  
ANNOUNCE S→H SHOULD The multicast server can use this method 



to update asynchronously the service 
information. 



DESCRIBE H→S SHOULD  
GET_PARAMETER H→S SHOULD  
GET_PARAMETER S→H MAY  
OPTIONS H→S SHALL The HNED can use this method to request 



from the RTSP server which methods it 
supports. 



PAUSE H→S N.A.  
PLAY H→S SHALL This method can be used to signal to the 



intermediaries that the delivery of the 
multicast is about to start. 
The Range and Scale request headers 
should not be used (see tables 13 and 14). 



REDIRECT S→H SHALL The multicast server can use this method 
for load balancing. 



SETUP H→S SHALL This method can be used by the 
intermediaries to allocate resources, open 
ports, etc. 
The SETUP method will have no effect on 
the multicast RTSP server's state. 
The server can use this method to count 
the number of HNEDs "listening". 



TEARDOWN H→S SHALL This method can be used by the 
intermediaries to reverse the effect of the 
SETUP method i.e. close ports, de-allocate 
resources, etc. 
The TEARDOWN method will have no 
effect on the multicast RTSP server's state.
The server can use this method to count 
the number of HNEDs "listening". 



NOTE 1: The keywords in bold indicate where the DVB specification differs from the IETF. 
NOTE 2: The RTSP methods RECORD and SET_PARAMETER are not supported. 
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7 Transport of MPEG-2 TS 
The present document covers the delivery of DVB services over IP networks, as described in clause 4. The initial 
registration and configuration of the end-device (including IP address assignment), and the means of discovering and 
choosing a DVB service are covered in other clauses of the present document. This clause concentrates on the format of 
the service as it appears on the IP network and the requirements on that network for correct and timely delivery of the 
service. In accordance with clause 4, clause 7 pertains to the interface IPI-1 of the home network end device. 



The present document has been designed to meet the requirements of direct-to-home (DTH) content delivery via IP, as 
specified in clause 4. 



7.1 Transport stream encapsulation 
The present document can be used to encapsulate any TS 101 154 compliant MPEG-2 Transport Stream (MTS) [64], 
whether containing single or multiple programs. Those transport streams that contain multiple Program Clock 
References (PCRs) shall, by definition, be constant bitrate streams. Transport streams containing a single clock 
reference may be constant or variable bitrate. 



NOTE: However, in the case of variable bitrate, the bitrate between PCRs is constant as defined by MPEG-2. 



The Content Service Provider (CSP) may receive transport streams (e.g. from a satellite feed) that contain multiple 
programs. The CSP may choose to decompose these transport streams and generate separate single program transport 
streams (SPTSs) for each program, or to transmit the Multiple Program Transport Stream (MPTS) in its entirety. This is 
an operational decision. 



All transport streams shall be TS 101 154 compliant [64], and shall be encapsulated either in RTP  
(Real-time Transport Protocol) according to RFC 3550 [21] in conjunction with RFC 2250 [32] or directly in UDP 
(User Datagram Protocol) according to ITU-T H.610 [78].  



7.1.1 Real-time Transport Protocol (RTP) encapsulation 
RTP always uses an even UDP port number (see RFC 3550 [21]). If the end device is supplied with an odd number for 
use as the RTP port, it should replace this number with the next lower (even) number. The corresponding RTCP stream 
uses the next higher (odd) port number. 



Each IP packet [10] is made up of the standard IP header, a UDP header, an RTP header and an integer number of 
188-byte MPEG-2 transport stream packets. See figure 10. There is no requirement for every RTP packet in a stream to 
contain the same number of transport stream packets. The receiver should use the length field in the UDP header to 
determine the number of transport stream packets contained in each RTP packet. 



IP
20 bytes



UDP
8 bytes n * 188 bytes



40 + n * 188 bytes



RTP
12 bytes



 



Figure 10: Minimal packet format (IPv4) for RTP encapsulation 



The number of transport stream packets that can be encapsulated in each IP packet is limited by the maximum size of 
the IP datagram (65 535 octets for IPv4). Care should be taken not to exceed the underlying maximum transmission unit 
of the network. Exceeding the network's MTU will lead to IP fragmentation, which significantly increases the effective 
loss rate of a network. This is because if one fragment is lost, the remaining fragments will need to be discarded by the 
receiver. It also puts additional load on the routers performing fragmentation and on the end-systems re-assembling the 
fragments. 



For any Ethernet-based network, with an MTU of 1 492 bytes (IEEE 802.3 [8] frame with LLC) or 1 500 bytes 
(IEEE 802.3 [8] frame without LLC, see IEEE 802.3 [8] and IEEE 802.2 [7]), the number of MPEG packets per IP 
packet should be limited to seven (giving a maximum packet length of 1 356 bytes). Where IP or RTP header options 
are used the number of MTS packets per IP packet may need to be less than seven to stay within the MTU. 











 



DVB BlueBook A086 Rev. 4 



53
If the RTP payload is set such that fragmentation occurs, any end devices that do not support fragmentation will be 
unable to receive the stream. It is therefore recommended that CSPs set the DF (Do not Fragment) bit in the IP header. 
With this bit set, routers will return an ICMP "fragmentation needed and DF set" message if the packet length exceeds 
the destination network's MTU. The CSP can adjust the payload size if such messages are received. IP (RFC 791 [10]) 
requires that all hosts shall be prepared to accept datagrams of at least 576 octets. 



The CSP may choose not to calculate the UDP checksum and set this value to zero (as per RFC 768 [9]). 



The RTP header is shown in figure 11. 



Sequence Number



Timestamp



First Contributing Source (CSRC)



nth Contributing Source (CSRC)



Payload TypeMV P X CSRC
count



V  =  Version (RTP = 2)
P  =  Padding
X   =  Extended Header
M  =  Marker bit



Sync Source (SSRC)



32 bits



 



Figure 11: RTP header format 



The payload type shall be set to MP2T (33), as specified in RFC 1890 [22]. 



The 16-bit sequence count in the RTP header should be used by the receiver to reorder out-of-order packets, delete 
duplicates, and detect packet loss. 



The 32-bit timestamp in the RTP header is derived from a 90 kHz clock source that may be, but is not required to be, 
locked to the clock reference of one of the programs in the transport stream. This clock shall conform to the accuracy 
and slew constraints for MPEG-2 system clocks as defined in ISO/IEC 13818-1 [58]. 



Other fields are completed as per RFC 3550 [21] and RFC 2250 [32]. Optional CSRC fields should be ignored by the 
end device. 



For most streams, the RTP/UDP/IP overhead of 40 bytes per RTP packet will be low (for example 3 % with a 
1 316 byte payload). Although header compression could be beneficial in certain low bit rate applications, the additional 
complexity at the receiver is not justified. As such, header compression (such as RFC 2508 [39]) shall not be used. 



7.1.1.1 Real-time Transport Control Protocol (RTCP) 



The RTP specification defines a second protocol - the Real-time Transport Control Protocol (RTCP). It is intended to 
provide feedback on the network reception quality from each participant and is also used to enable participants to 
determine the other participants in a session. 



The associated RTP stream will always use an even UDP port number (see RFC 3550 [21]). The RTCP stream uses the 
next higher (odd) port number. 



RTCP defines two separate message sets. Sender Reports are sent by the sender to each receiver and are used to inform 
receivers about transmission statistics (number of packets and bytes sent). Receiver Reports are sent periodically from 
each receiver back to the sender to inform the sender about reception statistics (e.g. delay and jitter). 



The IPI-1 interface shall not generate Receiver Reports. This decision is based on scalability. For large-scale 
deployments, receiver reports can generate a large volume of traffic at the sender. 



The IPI-1 interface shall accept Sender Reports. CSPs are recommended to send Sender Reports to enable HNEDs to 
synchronize independent transport streams accurately (for picture in picture or other applications). If CSPs choose to 
send Sender Reports the time between repeat transmissions shall not exceed 10 seconds. 
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For two-way applications the RTCP specification allows senders to include Receiver Report fields within Sender 
Reports. These fields shall not be included in Sender Reports generated by CSPs. 



An HNED may have the capability to receive and decode multiple transport streams simultaneously (picture in picture 
for example). The problem here is how to synchronize the two streams given that they are independently timed from 
independent clocks that have arbitrary values. For this application, sender reports should be used to convey the 
relationship between the RTP timestamp values and real time. Each sender report contains two timestamps taken at the 
same instance, one of the RTP clock source and the other of the wall clock time as determined by the Network Time 
Protocol (NTP) [18]. 



The sender reports allow the end device to calculate at what offset the two streams need to run to keep them in 
synchronization. The end device does not need to support NTP to synchronize multiple streams. The CSPs should use 
NTP in order to generate their sender reports. To enable correct synchronization at the receiver, CSPs should 
synchronize their NTP clocks to within 20 ms of each other (either by deriving them from a common clock or by some 
other means). 



7.1.2 Direct User Datagram Protocol (UDP) encapsulation 
In case of managed IP networks that can provide guarantees concerning packet loss, jitter and packet routing (e.g. no 
packet re-ordering), the transport stream may be directly encapsulated in UDP as defined in ITU-T H.610 [78].  



Each IP packet [10] is made up of the standard IP header, a UDP header, and an integer number of 
188-byte MPEG-2 transport stream packets. See Figure 12. There is no requirement for every UDP packet in a stream to 
contain the same number of transport stream packets. The receiver should use the length field in the UDP header to 
determine the number of transport stream packets contained in each UDP packet. 



IP
20 bytes



UDP
8 bytes



n * 188 bytes



28 + n * 188 bytes
 



Figure 12: Minimal packet format (IPv4) for UDP encapsulation 



The number of transport stream packets that can be encapsulated in each IP packet is limited by the maximum size of 
the IP datagram (65 535 octets for IPv4). Care should be taken not to exceed the underlying maximum transmission unit 
of the network. Exceeding the network's MTU will lead to IP fragmentation, which significantly increases the effective 
loss rate of a network. This is because if one fragment is lost, the remaining fragments will need to be discarded by the 
receiver. It also puts additional load on the routers performing fragmentation and on the end-systems re-assembling the 
fragments. 



For any Ethernet-based network, with an MTU of 1 492 bytes (IEEE 802.3 [8] frame with LLC) or 1 500 bytes 
(IEEE 802.3 [8] frame without LLC, see IEEE 802.3 [8] and IEEE 802.2 [7]), the number of MPEG packets per IP 
packet should be limited to seven (giving a maximum packet length of 1 356 bytes). Where IP header options are used 
the number of MTS packets per IP packet may need to be less than seven to stay within the MTU. 



If the UDP payload is set such that fragmentation occurs, any end devices that do not support fragmentation will be 
unable to receive the stream. It is therefore recommended that CSPs set the DF (Do not Fragment) bit in the IP header. 
With this bit set, routers will return an ICMP "fragmentation needed and DF set" message if the packet length exceeds 
the destination network's MTU. The CSP can adjust the payload size if such messages are received. IP (RFC 791 [10]) 
requires that all hosts shall be prepared to accept datagrams of at least 576 octets. 
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Destination PortSource Port



32 bits



ChecksumLength



0 15 16 31



 



Figure 13: UDP header format 



Setting of the source port is optional. If not used the CSP shall set it to zero. The CSP may choose not to calculate the 
UDP checksum and set this value to zero (as per RFC 768 [9]). 



 



7.1.3 Detection and Usage of RTP and direct UDP encapsulation 
(Informative) 



The use of  RTP or direct UDP encapsulation is signaled by SD&S (see section 5.2.6.2) for multicast and RTSP (see 
section 6.3.2) for unicast streaming. In addition it is possible for a device to detect the use of RTP or direct UDP 
encapsulation. This shall be done by looking for the value 0x47 in the first byte after the UDP header. In case of  direct 
UDP encapsulation this is the first byte of a 188 byte MPEG2-TS packet which always has the value 0x47 
(synchronization byte of transport stream header). In case of RTP encapsulation this is the first byte of the RTP header. 
Its value is always different from 0x47. So in case the byte has the value 0x47 then direct UDP encapsulation is used, 
whilst if it has any other value then RTP encapsulation is used. 



 



7.1.4 Embedded Service Information (SI) 
For transport streams with optional SI (TS - optional SI), all MPEG-2 [58] and DVB [1] tables other than those required 
by TS 101 154 [64] are optional. 



TS - optional SI transport streams are intended for the more advanced situation where the service provider wants to 
present its offering but where it cannot afford or does not want to use bandwidth for usual DVB service description 
information. 



Where transport streams with SI (TS - Full SI) are transported over IP, they shall be compliant with EN 300 468 [1] and 
ETR 211 [2] and contain all necessary DVB SI with the exception of the network information table NIT. This table may 
be omitted as it has no meaning in the context of IP services. 



7.2 Network requirements 
The IP network shall comply with the mandatory network requirements to guarantee successful delivery and decoding 
by compliant HNEDs. 



7.2.1 Mandatory constraints 



7.2.1.1 Packet Jitter 



MAXIMUM 40 ms peak-to-peak 



Packet jitter is defined as the variation in delay between the source of the stream and the end device. The peak-to-peak 
jitter, J, implies that the deviation in network delay, d, is bounded by -J/2 ≤ d ≤ +J/2. To be more precise, the HNED 
shall comply with the MPEG-2 Real Time Interface Specification (ISO/IEC 13818-9 [61]) with 
t_jitter = 20 ms. 
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7.2.1.2 Direct User Datagram Protocol (UDP) Packet Reordering 



If the HNED is using direct user datagram protocol (UDP) then the network shall not allow packet reordering. 



7.2.2 Recommended constraints 
The recommended constraints are given for information only. They are provided as typical values that users might 
consider acceptable. Failure to meet these recommendations will not prevent the system operating successfully, but may 
significantly degrade the user's experience. 



7.2.2.1 Packet loss 



MAXIMUM one noticeable artefact per hour 



The IP packet error rate that results in this quality level depends on the transport stream bit rate. For a 4 Mb/s transport 
stream with seven transport stream packets per IP packet, one error per hour is equivalent to an IP packet error rate of 
less than 1 × 10-6. 



When AL-FEC is used according to Annex E then the acceptable IP packet loss rate may be considerably higher. 



7.2.2.2 Multicast timing 



 LEAVE time: MAXIMUM 500 ms 
JOIN time:  MAXIMUM 500 ms 



These constraints are intended to bound the time taken to join and leave multicast groups. The use of IGMPv3 joins and 
leaves is defined in clause 7.3.1. The "LEAVE time" is the maximum time that should elapse between an end device 
emitting an IGMP multicast LEAVE and it receiving any further packets of the associated flow. The "JOIN time" is the 
maximum time that should elapse between an end device emitting an IGMP multicast JOIN and the first packet of that 
flow arriving at the end device. 



7.3 Service initiation and control 
The present document supports the delivery of DVB services either to a single user (using IP unicast), or to many users 
simultaneously (using IP multicast). These two delivery mechanisms are intended to support different types of service - 
multicast will be used to deliver "traditional" broadcast DVB services, whereas unicast can be used for personalized 
DVB services such as video on demand. 



7.3.1 Multicast services 
Multicast-capable networks will typically restrict the distribution of multicast streams until such time that an end device 
signals that it is interested in receiving the stream. This signalling is achieved using the 
Internet Group Management Protocol (IGMP). The IPI-1 interface shall support IGMP version 3 as defined in 
RFC 3376 [53]. 



IGMP version 3 adds support for "source filtering"; that is, the ability for a system to report interest in receiving packets 
only from specific source addresses (or from all but specific source addresses) sent to a particular multicast address. 
This facility eases the allocation of IPv4 multicast addresses. 



To receive a service, the HNED shall perform a group JOIN according to IGMPv3. The JOIN shall include the list of 
valid source addresses returned by the Service Discovery mechanism. 



To terminate reception of a service, the HNED shall perform a group LEAVE according to IGMPv3. 



Services delivered over IP multicast are streamed continuously and do not need to be initiated by each end device. 
HNEDs can join and leave multicast services simply by issuing the appropriate IGMP messages. However, service 
providers may choose to require the end device to engage in explicit set up and tear down phases (possible reasons 
include accounting, conditional access, etc.). In such systems, a higher-layer session protocol, such as RTSP, would be 
used. When a session protocol is used, the IGMP JOIN and LEAVE messages shall be issued when appropriate (for 
example when the set up and tear down phases are completed). 
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7.3.2 Unicast services 
Services delivered using IP unicast are intended for a specific user and need to be initiated explicitly by the end device. 
Once the flow is established, many applications will require stream control from the end device (typically VCR-like 
controls for a VOD service). 



Unicast services will be initiated and controlled using the DVB profile of the Real Time Streaming Protocol (RTSP) as 
defined in clause 6. 



7.4 Quality of Service 
For the network to provide the required Quality of Service (QoS) to the end user there shall be a method for determining 
the type of data contained in each datagram and a mechanism for prioritizing the traffic based on this classification. 



The method of classification will follow the Differentiated Services model described in RFC 2475 [36]. IP packets 
passing over the IPI-1 interface shall be appropriately marked at the originating source, as described in the next clause. 



NOTE: It is assumed that other guideline documents will be needed to recommend good practice within both the 
home and the Service Provider(s) domain. 



7.4.1 DSCP packet marking 
The Differentiated Services marking uses the 8-bit Type of Service field in the IP header and is described in 
RFC 2474 [35]. Networks compliant with RFC 2474 [35] use 6 bits of this ToS field to contain the differentiated 
services codepoint - a numeric value used within the network to manage queuing policies. Networks not compliant with 
RFC 2474 [35] use a 3-bit field within the ToS to determine precedence. 



Within IP networks designed to carry DVB services, the markings detailed in table 17 shall be used. It is recommended 
that the full DSCP value be used. 



Table 17: DSCP markings 



Traffic Type IP DSCP Value Corresponding 
IP Precedence 



Voice Bearer 
(see note 1) 



0b110000 0b110 



Video Bearer 
(high priority) 
(see note 2) 



0b100010 0b100 



Video Bearer 
(lower priority) 
(see note 3) 



0b100100 0b100 



Voice and Video Signalling 0b011010 0b011 
Best effort data 0b000000 0b000 



NOTE 1: The voice bearer is listed here to ensure that there is no interference with 
DVB-IP services. 



NOTE 2: Normal marking for video. 
NOTE 3: Use of this marking is application dependent. It is intended to allow a CSP 



to suggest that some video packets are less important than others. 
 



7.4.2 Ethernet Priority 
The interfaces IPI-1, IPI-2 and IPI-3 on an Ethernet MAC based HNS shall support IEEE 802.1Q [6], with defined user 
priority classes. The IEEE 802.1p [68] field shall be supported in an IEEE 802.1Q [6] compliant Ethernet frame. The 
marking shall be based on the DiffServ CodePoint (DSCP) marking method [47] as described in clause 7.4.1. 
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Table 18: DSCP Values and corresponding Ethernet IEEE 802.1p marking 



Traffic type IP DSCP value Corresponding IEEE 802.1p 
User Priority value  



Voice bearer (see note) 0b110000 0b110 
Video bearer (high priority) 0b100010 0b100 
Video bearer (lower priority) 0b100100 0b100 
Video signalling 0b011010 0b011 
Best effort data 0b000000 0b000 
NOTE: The voice bearer is listed here to ensure that there is no interference with 



DVB-IP services. 
 



For a HNS based on Ethernet MAC these DSCP values are used to map a traffic type onto the corresponding IEEE 
802.1p [68] priority codes. Packets shall be marked using the Layer 2 Class of Service (CoS) settings in the User 
Priority bits of the 802.1p [68] portion of the 802.1Q header. These can be mapped to the IP Precedence/DSCP bits in 
the Type of Service (ToS) byte of the IPv4 header. Note that the 802.1Q header adds an additional 4 bytes of data into 
an Ethernet frame header. The 802.1p [68] priority field is one of the fields in the 802.1Q header, and is a 3 bit field. 
Any switching device that implements the IEEE 802.1Q [6] specification can use the user-priority field to determine the 
scheduling class a packet belongs to. 



Note that mapping the IP precedence field is easy, as it can be copied to the user-priority field directly, as both the fields 
are 3 bits long. To map the DSCP field to the user-priority field, the DSCP shall be shifted right by 3 bits, i.e. the user-
priority field is the first 3 bits of the DSCP field. To map the user-priority field to the DSCP field, the user-priority field 
shall be tested for values that match the user-priority value in Column 3. If the user-priority value does not match any of 
the values shown in Column 3, the packet shall be marked with a DSCP value which is the user-priority shifted left by 3 
bits. 



8 IP Address allocation and network time services 



8.1 IP Addressing and routing 



8.1.1 IP Address assignment 
The HNED requires one IP address per interface, which will be obtained from a DHCP server. The DHCP server can 
provide other information as detailed in clause 8.1.1.4. 



8.1.1.1 Dynamic Addressing only 



The IP address, subnet mask, DNS Server address(es), default gateway, gateway and, if necessary, WINS/NetBIOS 
servers shall only be allocated dynamically via DHCP.  



Static addressing using whatever method is not recommended. 



8.1.1.2 Dynamic Host Configuration Protocol (DHCP) 



DHCP is defined in a number of RFCs of which the main ones are RFC 2131 [26] and RFC 2132 [27]. The protocol 
consists of a number of messages that have the same fixed format as shown in figure 12. 
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0                7  8                15 16             23   24                31 



op Htype hlen Hops 
Xid 



Secs Flags 
Ciaddr 
Yiaddr 
Siaddr 
Giaddr 



chaddr (16 bytes) 
Osname (64 bytes) 



File (128 bytes) 
Options (variable) 



 
Figure 14: DHCP Format 



The messages contain a variable size options part that allows the message to carry additional information other than the 
IP address. The present document divides the specification of the DHCP client in the HNED into the messages and 
options. 



8.1.1.3 DHCP messages 



The DHCP client shall support all the messages of RFC 2131 [26] and RFC 2132 [27]. 



The modifications to allow DHCP client reconfiguration in RFC 3203 [52] (the "FORCERENEW" message) shall be 
implemented to allow the server to reconfigure the IP address of the HNED as part of Network Provisioning. If the IP 
address is changed by the server using RFC 3203 [52] (as stated in clause 2.2 of the RFC) then the HNED treats this as 
the same as initial booting for network provisioning. 



NOTE: The HNED reconfiguration may disrupt running services to the HNED. 



DHCP requires a client identifier, which is the MAC address in Ethernet or Ethernet like products 
(RFC 2131 [26]/RFC 2132 [27]). This identifier shall be unique. 



8.1.1.4 DHCP options 



The DHCP option number space (1 to 254) is split into two parts. The site-specific option codes (128 to 254) are 
defined as "Private Use", and are implementation dependent. 



The public option codes (0 to 127, 255) are defined by a range of RFCs in addition to RFC 2132 [27] and are detailed in 
table 19. 
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Table 19: DHCP options table 



Option description Reference (RFC 2132 [27] 
unless otherwise stated) 



Option 
number 



Support on IPI-1 



Pad Option 3.1 0 Mandatory  
End Option 3.2 255 Mandatory 
Subnet Mask 3.3 1 Mandatory 
Time Offset 3.4 2 Not required 
Router Option 3.5 3 Mandatory 
Time Server Option 3.6 4 Mandatory 
Name Server Option 3.7 5 Not required 
Domain Name Server Option 3.8 6 Mandatory 
Log Server Option 3.9 7 Not required  
Cookie Server Option 3.10 8 Not required 
LPR Server Option 3.11 9 Not required 
Impress Server Option 3.12 10 Not required 
Resource Location Server Option 3.13 11 Not required 
Host Name Option 3.14 12 Not required 
Boot File Size Option 3.15 13 Not required 
Merit Dump File 3.16 14 Not required 
Domain Name 3.17 15 Mandatory 
Swap Server 3.18 16 Not required 
Root Path 3.19 17 Not required 
Extensions Path 3.20 18 Not required 
IP Forwarding Enable/Dizble Option 4.1 19 Not required 
Non-Local Source Routing Option 4.2 20 Not required 
Policy Filter Option 4.3 21 Not required 
Max. Datagram Reassembly Size 4.4 22 Not required 
Default IP TTL 4.5 23 Not required 
Path MTU Aging Timeout 4.6 24 Not required 
Path MTU Plateau Option 4.7 25 Not required 
Interface MTU Option 5.1 26 Not required 
All Subnets are Local Option 5.2 27 Not required 
Broadcast Address Option 5.3 28 Not required 
Perform Mask Discovery Option 5.4 29 Not required 
Mask Supplier Option 5.5 30 Not required 
Perform Router Discovery Option 5.6 31 Not required 
Router Solicitation Address Option 5.7 32 Not required 
Static Route Option 5.8 33 Not required 
Trailer Enacapsulation Option 6.1 34 Not required 
ARP Cache Timeout 6.2 35 Not required 
Ethernet Encapsulation Option 6.3 36 Not required 
TCP Default TTL Option 7.1 37 Not required 
TCP Keepalive Interval Option 7.2 38 Not required 
TCP Keepalive Garbage Option 7.3 39 Not required 
Network Information Service Domain 
Option 



8.1 40 Not required 



Network Information Servers Option 8.2 41 Not required 
Network Time Protocol Servers Options 8.3 42 Mandatory if NTP 



used 
Vendor Specific Info 8.4 43 Not required 
NetBIOS over TCP/IP Name Server 
Option.  



8.5 44 Not required 



NetBIOS over TCP/IP Datagram 
distribution server option 



8.6 45 Not required 



NetBIOS over TCP/IP Node Type Option 8.7 46 Not required 
(see clause 8.1.1.4.2) 



NetBIOS over TCP/IP Scope Option 8.8 47 Not required 
(see clause 8.1.1.4.2) 



X Window System Font Server Option 8.9 48 Not required 
X Window System Display Manager 
Option 



8.10 49 Not required 



Network Information Service+ Domain 
Option 



8.11 64 Not required 



Network Information Service+ Servers 
Option 



8.12 65 Not required 



Mobile IP Home Agent Option 8.13 68 Not required 











 



DVB BlueBook A086 Rev. 4 



61
Option description Reference (RFC 2132 [27] 



unless otherwise stated) 
Option 
number 



Support on IPI-1 



SMTP Server Option 8.14 69 Not required 
POP3 Server Option 8.15 70 Not required 
NNTP (News) Server Option 8.16 71 Not required 
Default WWW Server Option  8.17 72 Not required 
Default Finger Server Option 8.18 73 Not required 
Default IRC Server Option 8.19 74 Not required 
StreetTalk Server Option 8,20 75 Not required 
StreetTalk Directory Assistance Server 
Option 



8.21 76 Not required 



Requested IP Address 9.1  50 Mandatory 
IP Address Lease Time 9.2 51 Mandatory 
Option Overload 9.3 52 Mandatory 
TFTP Server Name 9.4 66 Not required 
Bootfile Name 9.5 67 Not required 
DHCP Message Type 9.6 53 Mandatory 
Server Identifier 9.7 54 Mandatory 
Parameter Request List 9.8 55 Mandatory 
Message 9.9 56 Mandatory 
Max DHCP Message Size 9.10 57 Mandatory if DHCP 



message size exceeds 
378bytes, otherwise 



Not required  
Renewal (T1) Time Value 9.11 58 Mandatory 
Rebinding (T2) Time Value 9.12 59 Mandatory 
Vendor class identifier 9.13 60 Not required 
Client-identifier 9.14 61 Mandatory 
NDS Servers  RFC 2241/2.0 [30] 85 Not required 
NDS Tree Name RFC 2241/3.0 [30] 86 Not required 
User Authentication Protocol List RFC 2485 [37] 98 Not required 
Autoconfigure RFC 2563/2.0 [40] 116 Mandatory that this 



option is not 
implemented 



SLP (Service Location Protocol) Directory 
Agent  



RFC 2610/3.0 [41] 78 Not required 



SLP Service Scope Option RFC 2610/4.0 [41] 79 Not required 
Name Service Search (Search order)  RFC 2937 [46] 117 Not required 
User Class RFC 3004/4.0 [48] 77 Mandatory  
Subnet Selection  RFC 3011/2.0 [49] 118 Mandatory 
Relay Agent Information RFC 3046/2.0 [51] 82 Not required 



 



8.1.1.4.1 Max DHCP message size 



The maximum DHCP message size option is mandatory when the DHCP message size exceeds 378 bytes, however 
under 378 bytes it is not required. 



8.1.1.4.2 NetBIOS over TCP/IP options 



The NetBIOS over TCP/IP options shall be implemented if the HNED requires connectivity to servers that use 
NetBIOS over TCP/IP. If there is no requirement to connect to a NetBIOS/WINS server then these options shall not be 
implemented.  



8.1.1.4.3 DHCP user class option (RFC 3004) 



This shall be implemented in the DHCP client. It is not possible for the user to change these class names, however the 
Network Provisioning process may change the class name. Following are the class IDs currently defined.  
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The class designator should be: 



Table 20: Class Designators 



Class Name Description 
dvb-ip-stb-video HNED that is using the IP address for decoding standard DVB video streams 
dvb-ip-stb-voice HNED that is using the IP address for voice over IP 
dvb-ip-stb-data HNED that is using the IP address for non-specific data such as web pages 
Vendor defined class names Subject to registration with DVB 



 



8.1.1.4.4 DHCP relay agent information 



There should be no need to implement the DHCP Relay Agent Option (RFC 3046 [51]) in the HNED. 



8.1.1.5 DHCP server unavailable 



If the remote DHCP server is unavailable for some reason, then products on the home network should still be able to 
communicate. The method desired is to use RFC 3927 [54]. 



8.1.1.6 Multiple DHCP servers 



The scenarios currently do not allow multiple DHCP servers on the same home network whether internal or external to 
the DNG.  



8.1.1.7 DNS Server allocation and default gateway 



DNS server allocation shall happen via DHCP. A default gateway shall be specified by DHCP. 



8.1.1.8 Universal plug and play 



Currently there is no need to implement any aspect of Universal Plug and Play in the HNED but it can be added as an 
option. 



8.2 Network time services 
The HNED will require network time services for a real-time clock, logging and optionally for the transport stream. 
These services divide into two: 



1) Network time services for applications such as a real-time clock with accuracy of 100 ms. 



2) Network time services for the transport stream with accuracy better than 50 ms. 



It should be noted that both services can co-exist simultaneously. 



8.2.1 Real-Time Clock or other applications with an accuracy of 100 ms 
The real time clock in the HNED should be implemented using RFC 2030 [25], Simple Network Time Protocol (SNTP) 
Version 4 for IPv4, IPv6 and OSI. The addresses of the SNTP servers should come from the Time Server DHCP 
option (4).  



8.2.2 Accurate time services for the transport stream 
As an option, Network Time Protocol (Version 3) as detailed in RFC 1305 [18] should be implemented when time 
services with an accuracy of 1 ms to 50 ms are needed. The IP addresses of the time servers should come from the 
Network Time Server DHCP option (42). The Network Time Protocol should be tried first and only on failure shall 
Simple Network Time Protocol be used. A null Network Time Server DHCP option (42) means no server is available 
and Simple Network Time Protocol should be used. 
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9 Identification Agent for the transport of DVB Services 
over IP based networks 



This clause covers the mandatory identity agent that allows a service provider provisioning system to recognize a Home 
Network End Devices (HNED). 



9.1 Data sent at startup or reset 
On startup of the device, the device shall check the DHCP next server "siaddr" field. If the "siaddr" field is set to 0 or is 
an invalid IP address then there is no provisioning server and no data shall be sent. 



If there is a valid IP address then the following shall be sent according to the congestion avoidance mechanism in 
clause 9.2 and according to the requirements of version 1.1 of the HTTP specification [42]: 



'GET /dvb/boot?DeviceID=' deviceId '&Version=' version 
 '&RAM=' ram '&Flash=' flash ' HTTP/1.1' CRLF 
'Host: ' HOST CRLF 
 
deviceID = manufacturer "/" [model] "/" clientID   
ram = 1*(DIGIT)      ; in KBytes e.g.: 262144 (256 MBytes)  
flash = 1*(DIGIT)     ; in KBytes e.g.: 8192  
 
 
See clause 3.3. 



 
<deviceId> is used to identify which HNED is requesting this information: 



• <manufacturer> is the unique name of the manufacturer. If the manufacturer does not want to use a name 
then "DVB-IPI P1 Generic" shall be used by default. If the manufacturer does use a name then it shall be the 
same name used across different models made by the same manufacturer. 



• <model> is the unique model name of the particular HNED. 



• <clientid> is the MAC address of the Ethernet interface connected to the network management system. 



<version> is a vendor defined string which uniquely describes the software image running in the HNED. 



<ram> is the amount of RAM memory installed in this device. If ram is zero then the HNED contains the model default 
amount of RAM. This shall be in kilobytes. 



<flash> is the amount of flash or read-only memory installed in this device. If flash is zero then the HNED contains the 
model default amount of flash or read-only memory. This shall be in kilobytes. 



<HOST> is the IP address of the provisioning server, obtained from the DHCP siaddr field. 



The HNED should evaluate the message returned from the Event Gateway simply to ensure that it contains a 200 series 
success status. If a 200 series success status is not returned then a retry should occur according to the congestion 
avoidance mechanism. 



After receiving a 200 series success status, the TCP connection is closed (no data is returned). It is then up to the 
provisioning server and other systems to evaluate what to do next, for example, upgrade the software within the HNED 
to a Provisioned Profile software load. 



9.2 Congestion avoidance mechanism 
A congestion avoidance mechanism is required in case of a power cut or other failure that causes a large number of 
HNEDs to send data at startup so overloading the Network Service Provider servers. 



Each time the HNED attempts to contact the server, a Backoff timer shall be initialized to a value of 2 seconds. 
Immediately before each attempt to establish a connection, a random delay of between Backoff and 2×Backoff seconds 
shall be imposed. Upon failure to establish this connection, the Backoff timer shall be doubled and the connection will 
be retried. When doubling of the Backoff timer results in an arithmetic overflow (just before the 16th attempt when 
Backoff is a 16 bit unsigned integer), retry attempts should be abandoned. 











 



DVB BlueBook A086 Rev. 4 



64



10 Network provisioning (optional) 



10.1 Network management and provisioning agent 
The network management and provisioning chapter documents the way the HNED network configuration shall be 
provisioned and the HNED shall be managed over an IP network if the option is implemented. This clause will specify 
the protocols and XML DTDs used rather than the rationale. The normative DTDs are supplied as attached files. The 
DTDs included in the present document are informative. 



10.2 HTTP and HTTPS protocol 
There are two options dependent on the need for an encrypted connection: 



• HTTP [42] Protocol shall be used for all communication in the clear between the HNED and the remote 
system. 



• HTTPS [44] Protocol with TLS [31] shall be used for all encrypted communication between the HNED and 
the remote system. This is strongly encouraged for any communications of any security related information 
e.g. the passwords in the GET requests. 



There are only two HTTP commands used: GET and POST, which use a standard format, as defined in the next clauses. 



10.2.1 Event gateway IP address and turning off network provisioning 
The IP address of the event gateway of the network management system is discovered via the DHCP [26] next server 
"siaddr" field returned by the DHCP server. If the DHCP next server "siaddr" field is 0 then network 
provisioning/management events should not occur. 



10.2.2 HTTP GET format 
When the HNED requests that XML [62] be generated on its behalf, it shall use the format: 



'GET /dvb/' request '?deviceID=' deviceID 
 '&Password=' [password] ' HTTP/1.1' CRLF 
 'Host: ' host CRLF 
 
request = 'configure' | 'event' | 'boot' 
password = 1*24(VCHAR) 
 
See also clause 3.3. 



<request> is used to identify the specific type of request. This will be: 



• configure for a request for configuration information. 



• event for a request for an event. 



• boot special form of event used once after start-up or reboot. 



<deviceId> is used to identify which HNED is requesting this information: 



• <manufacturer> is the unique name of the manufacturer. If the manufacturer does not want to use a name 
then "DVB-IPI P1 Generic" should be used by default. If the manufacturer does use a name then it shall be the 
same name used across different models made by the same manufacturer. 



• <model> is the unique model name of the particular HNED. 



• <clientid> is the MAC address of the Ethernet interface connected to the network management system. 



<password> is used to authenticate this HNED. If no password has been configured, it may be omitted.  



NOTE: The deviceId production will contain the "/" character; the processing of these requests should take this 
into account. 
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The results will be delivered via the XML DTD appropriate to the request: A configure request will return a configure 
XML element, a boot and an event request returns an event XML element. 



The GET request may contain other headers conforming to RFC 2616 [42]. 



EXAMPLE: 



GET /dvb/boot?DeviceID=Cisco/IP100/010203040506&Password=SomeSecret HTTP/1.1 
Host: provisioneer.sp.net 
Content-type: text/xml 
 



10.2.3 HTTP POST format 
Whenever the HNED generates XML without being requested to do so, it will use this format: 



'POST /dvb/' report '?deviceID=' deviceID 
 '&Password=' [password] ' HTTP/1.1' CRLF 
 'Host: ' host CRLF 
 'Content-type: text/xml; charset=ISO-8859-1' CRLF 
 
report = 'configure' | 'inventory' | 'status' | 'event' 
password = 1*24(VCHAR) 
 
See clause 3.3. 



<report> is used to identify a change. This will either be: 



• configure for a configuration change; 



• inventory for an inventory change; 



• status for a status change; 



• event for an event change. 



<deviceId> is used to identify which HNED is requesting this information: 



• <manufacturer> is the unique name of the manufacturer; 



• <model> is the unique model name of the particular HNED; 



• <clientid> is the MAC address of the Ethernet interface connected to the network management system. 



<password> is used to authenticate this HNED. If no password has been configured, it may be omitted.  



NOTE: The deviceId production will contain the "/" character; the processing of these requests should take this 
into account. The data will be delivered via the XML DTD appropriate to the request, for example a 
configure request will return a configure XML element. 



The POST Request may contain other headers conforming to RFC 2616 [42]. 



EXAMPLE: 



POST /dvb/configure?DeviceID=Cisco/IP100/010203040506&Password=Secret HTTP/1.1 
Host: provisioneer.sp.net 
Content-type: text/xml 
<?xml version="1.0" encoding="UTF-8"?> 
<configure action="apply"> 
 <identifier>030500-1330</identifier> 
 <timestamp>2002-09-26 18:35:39 UTC</timestamp> 
 <configuration> 
  <password>NewSecret</password> 
 </configuration> 
</configure> 
 



10.2.4 Event polling 
After boot up, the HNED will issue one special boot form of the HTTP GET event, in order to allow the management 
system to adjust the default start-up behaviour of the HNED. This shall follow a congestion avoidance mechanism so 
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that a power cut or other failure does not cause a large number of HNEDs to send data at boot up so overloading the 
Network Service Provider servers. 



Each time the HNED attempts to send the special boot form of HTTP GET to the server, a Backoff timer shall be 
initialized to a value of 2 seconds. Immediately before each attempt to establish a connection, a random delay of 
between Backoff and 2*Backoff seconds shall be imposed. Upon failure to establish this connection, the Backoff timer 
shall be doubled and the connection will be retried. When doubling of the Backoff timer results in an arithmetic 
overflow (just before the 16th attempt when Backoff is a 16 bit unsigned integer), retry attempts should be abandoned. 



If the response action is "none" then the HNED will HTTP GET a configuration before it begins the regular event 
polling, otherwise the HNED follows the actions until the response action is "none" and regular event polling begins. 



The HNED shall send an HTTP GET event on a regular basis, with a time as set in configuration XML DTD. The 
events returned will be processed and another HTTP GET will be issued until the HNED receives an action = "none". 
The polling interval shall commence from the reception of the HTTP GET with the event action = "none" and after that 
interval has passed, this process will repeat. 



If the network management system does not receive an event in 3 polling intervals, then the network management 
system shall consider the HNED to be "missing" and react appropriately. 



10.2.5 Event XML DTD 
When the HNED GETs an event, it shall receive it in the XML [62] format shown below: 



<?xml version="1.0" encoding="UTF-8"?> 
 
<!-- This is the embedded version of the DTD --> 
 
<!DOCTYPE event [ 
<!ELEMENT identifier (#PCDATA)> 
<!ELEMENT timestamp (#PCDATA)> 
<!ELEMENT deviceId (#PCDATA)> 
<!ELEMENT event (identifier, timestamp?, deviceId, configuration?)> 
<!ATTLIST event action (none | configure | inventory | status | update | boot) #REQUIRED> 
]> 
 
<!-- 
The event action attribute is used to indicate the nature of this event. 
 A value of "none" indicates that there are no events for this HNED. 
 A value of "configure" is used to indicate that the HNED should report its current configuration. 
 A value of "inventory" indicates that the HNED should generate an inventory report. 
 A value of "status" indicates that the HNED should generate a status report. 
 A value of "update" tells the HNED to update its configuration, either using the configuration 
element enclosed or, if none was included, to request a configuration normally. 
 A value of "boot" indicates that the HNED should initiate a reboot. 
 
The identifier element is copied to any XML required to further process this event. 
 
An optional ISO 8601 format timestamp [57] may be used to indicate when this XML was generated. 
 
The deviceId element is used to further identify this device. 
--> 
 
<!-- This is an example of using the DTD above --> 
<event action="none"> 
 <identifier>030500-1330</identifier> 
 <timestamp>2002-09-26 18:35:40 UTC</timestamp> 
 <deviceId>Cisco/IP100/010203040506</deviceId> 
</event> 
 



10.2.6 Configuration XML DTD 
When configuration data is sent to the HNED for processing, it shall use this format. The HNED shall also use this 
format to report its currently running configuration, either in response to a "configure" event or to report that the 
configuration has been changed by some other means. When the HNED reports configuration using this format, the 
action attribute shall not be used. 



<?xml version="1.0" encoding="UTF-8"?> 
 
<!-- This is the embedded version of the DTD --> 
 
<!DOCTYPE configure [ 
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<!ELEMENT identifier (#PCDATA)> 
<!ELEMENT timestamp (#PCDATA)> 
<!ELEMENT errorMessage (#PCDATA)> 
<!ELEMENT deviceId (#PCDATA)> 
<!-- Allows the SP to change the automatically generated deviceId --> 
<!ELEMENT timezone (#PCDATA)> 
<!-- ISO 8601 format timezone (e.g. +0100 in France) --> 
<!ELEMENT country (#PCDATA)> 
<!-- E.164 country code (e.g. 44 in England) --> 
<!ELEMENT hostname (#PCDATA)> 
<!ELEMENT interval (#PCDATA)> 
<!-- Period between event polls (see clause 10.2.4 Event Polling) --> 
<!ELEMENT sdEntry (#PCDATA)> 
<!-- Service Discovery entry points --> 
 
<!-- For each non-wireless interface, the following parameters can be configured --> 
<!ELEMENT dhcpClientId (#PCDATA)> 
<!-- The client-id of the DHCP client --> 
<!ELEMENT dhcpHwAddress (#PCDATA)> 
<!-- The hardware address of the DHCP client --> 
<!ELEMENT dhcpUserClass (#PCDATA)> 
<!-- The user-class used by the DHCP client --> 
<!ELEMENT interface (dhcpClientId?, dhcpHwAddress?, dhcpUserClass?)> 
<!ATTLIST interface name CDATA #REQUIRED> 
 
<!-- In addition, the following parameters can be configured on wireless interfaces --> 
<!ELEMENT dhcpClientName (#PCDATA)> 
<!-- Wireless client name --> 
<!ELEMENT ssid (#PCDATA)> 
<!ATTLIST ssid index CDATA #REQUIRED> 
<!-- index range is 1-3 (there can be up to 3 of these) --> 
<!ELEMENT mode (#PCDATA)> 
<!-- AdHoc or Infrastructure --> 
<!ELEMENT channel (#PCDATA)> 
<!-- Channel number 1-11 (limited by national regulations) --> 
<!ELEMENT power (#PCDATA)> 
<!-- Transmit power, 0-100mW (limited by national regulations) --> 
<!ELEMENT headers (#PCDATA)> 
<!-- Radio Headers, short or long --> 
<!ELEMENT encrypt (#PCDATA)> 
<!-- WEP or none --> 
<!ELEMENT wepKey (#PCDATA)> 
<!-- Hex string, index range is 1-4, length is 40 or 128 (bits) --> 
<!ATTLIST wepKey index CDATA #REQUIRED length CDATA #REQUIRED > 
<!ELEMENT wpaKey (#PCDATA)> 
<!-- Hex string, length is 40 or 128 bits --> 
<!ATTLIST wpaKey length CDATA #REQUIRED > 
<!ELEMENT mixedCells (#PCDATA)> 
<!-- Access point authentication --> 
<!ELEMENT authType (#PCDATA)> 
<!-- None, WEP-open, WEP-shared, LEAP, EAP-SIM, EAP-TLS --> 
<!ELEMENT username (#PCDATA)> 
<!ELEMENT password (#PCDATA)> 
<!ELEMENT domain (#PCDATA)> 
<!ELEMENT certificate (#PCDATA)> 
<!-- The TLS certificate to use for authentication --> 
<!ELEMENT apAuth (authType?, username?, password?, domain?, certificate?)> 
<!ELEMENT wireless (dhcpClientId?, dhcpHwAddress?, dhcpUserClass?, dhcpClientName?, ssid*, mode?, 
channel?, power?, headers?, encrypt?, wepKey*, wpaKey?, mixedCells, apAuth?)> 
<!ATTLIST wireless name CDATA #REQUIRED> 
 
<!-- Access List Configuration 
The order in which an accessEntry is added to an accessList is important. When an accessList is 
evaluated, each accessEntry within that list is evaluated in order, from the first to the last, 
until a match is found. Once that match is found, each remaining accessEntry in the accessList will 
be ignored. --> 
<!ELEMENT action (#PCDATA)> 
<!-- permit, drop or deny --> 
<!ELEMENT protocol (#PCDATA)> 
<!-- 0-255 or one of the following keywords: 
ip, gre, icmp, igmp, ip, ipinip, nos, pim, tcp, or udp --> 
<!ELEMENT srcAddress (#PCDATA)> 
<!-- source IP address (e.g. 32.1.0.0) --> 
<!ELEMENT srcWild (#PCDATA)> 
<!-- source wildcard mask (e.g. 0.0.255.255) --> 
<!ELEMENT srcPort (#PCDATA)> 
<!-- source port range (e.g. 0-65535 for any port) 
either a single port number or a range of two --> 
<!ELEMENT dstAddress (#PCDATA)> 
<!-- destination IP address (e.g. 32.1.0.0) --> 
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<!ELEMENT dstWild (#PCDATA)> 
<!-- destination wildcard mask (e.g. 0.0.255.255) --> 
<!ELEMENT dstPort (#PCDATA)> 
<!-- destination port range (e.g. 0-65535 for any port) 
either a single port number or a range of two --> 
<!ELEMENT accessEntry (action, protocol, srcAddress, srcWild, srcPort?, dstAddress?, dstWild? , 
dstPort?)> 
<!ELEMENT accessList (accessEntry*)> 
<!ATTLIST accessList name CDATA #REQUIRED > 
 
<!-- VPN Tunnel Configuration --> 
<!ELEMENT peer (#PCDATA)> 
<!-- IP address or DNS name and port number of the IPsec peer --> 
<!ELEMENT natIp (#PCDATA)> 
<!-- IP address or DNS name and port number if using NAT --> 
<!ELEMENT voice (natIp?, port*)> 
 
<!ELEMENT accessListName (#PCDATA)> 
<!-- Name of the list to use to control which packets are to be encrypted into the tunnel --> 
<!ELEMENT authentication (#PCDATA)> 
<!-- esp-sha, esp-md5-hmac, ... --> 
<!ELEMENT keyExchange (#PCDATA)> 
<!-- izkmp, ... --> 
<!ELEMENT sharedKey (#PCDATA)> 
<!-- key to use for authentication, if required --> 
<!ELEMENT encryption (#PCDATA)> 
<!-- esp-des, esp-3des, ... --> 
<!ELEMENT tunnel (peer, accessListName, authentication, keyExchange?, certificate?, sharedKey?, 
encryption)> 
<!ATTLIST tunnel name CDATA #REQUIRED> 
 
<!-- Remote Control Configuration --> 
<!ELEMENT rcType (#PCDATA)> 
<!-- Type of remote control: (RC5, RC6, NRC17, ...) --> 
<!ELEMENT button (#PCDATA)> 
<!-- Button number on the remote control --> 
<!ELEMENT code (#PCDATA)> 
<!-- Program code to be used by the button --> 
<!ELEMENT speed (#PCDATA)> 
<!-- Programming speed: slow, medium or fast --> 
<!ELEMENT remoteControl (rcType, button, code, speed)> 
<!ATTLIST remoteControl name CDATA #REQUIRED> 
 
<!-- Simple voice messaging over IP configuration using SIP. --> 
<!-- For each individual voice device --> 
<!ELEMENT uid (#PCDATA)> 
<!-- The identifier used to register this device with the SIP registrar --> 
<!ELEMENT registrar (#PCDATA)> 
<!-- The IP address or DNS name of the SIP registrar --> 
<!ELEMENT ttl (#PCDATA)> 
<!-- The TTL to use for all SIP and RTP packets --> 
<!ELEMENT renew (#PCDATA)> 
<!-- How often in seconds SIP registration is renewed --> 
<!ELEMENT proxy (#PCDATA)> 
<!-- The IP address or DNS name of the SIP proxy server --> 
<!ELEMENT rtpPort (#PCDATA)> 
<!-- Port the HNED uses to receive RTP packets if NAT is used --> 
<!ELEMENT tos (#PCDATA)> 
<!-- The TOS bits to use on all voice packets (e.g. 5) range 0-5 --> 
<!ELEMENT rxcodec (#PCDATA)> 
<!-- A list of CODECs to use to encode received analog data. CODECs include G.711, G.729, G.723 and 
GSM. Each CODEC is followed by a to indicate a-law or u for u-law (e.g. G711a, G729a) --> 
<!ELEMENT txcodec (#PCDATA)> 
<!-- A list of CODECs to use to decode received Voice data. CODECs include G.711, G.729, G.723 and 
GSM. Each CODEC is followed by a to indicate a-law or u for u-law (e.g. G711u, G729u, G723u) --> 
<!ELEMENT port (uid?, username?, password?, registrar?, ttl?, renew?, proxy?, rtpPort?, tos?, 
rxcodec?, txcodec?)> 
<!ATTLIST port name CDATA #REQUIRED> 
<!-- The name of this voice device (Voice 0) --> 
 
<!ELEMENT config (#PCDATA)> 
<!ELEMENT otherEntity (config*)> 
<!ATTLIST otherEntity name CDATA #REQUIRED> 
<!-- A name that uniquely identifies this entity (i.e. "Gizmo") --> 
 
<!ELEMENT configuration (deviceId?, timezone?, country?, hostname?, interval?, sdEntry?, interface*, 
wireless*, accessList*, tunnel*, remoteControl?, voice*, otherEntity*)> 
 
<!ELEMENT configure (identifier, timestamp?, errorMessage?, configuration?)> 
<!ATTLIST configure action (wait | apply | save) #IMPLIED> 
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]> 
 
<!-- This is an example of using the DTD above --> 
<configure action="apply"> 
 <identifier>030500-1330</identifier> 
 <timestamp>2002-09-26 18:35:39 UTC</timestamp> 
 <configuration> 
  <hostname>ThisIsMySTB</hostname> 
  <interval>00:05:00</interval> 
  <otherEntity name="Gizmo1"> 
   <config>$MUMBLE=Fritz,$SOME=thing,$RETRY=3</config> 
  </otherEntity> 
  <otherEntity name="Gizmo2"> 
   <config>TFTP://32.1.2.3/full/path/filename.ext</config> 
  </otherEntity> 
 </configuration> 
</configure> 
 



10.2.7 Failure XML DTD 
When the HNED needs to report an error that occurred during the processing of XML it received, it shall use this 
format. 



<?xml version="1.0" encoding="UTF-8"?> 
 
<!-- This is the embedded version of the DTD --> 
 
<!DOCTYPE failure [ 
<!ELEMENT identifier (#PCDATA)> 
<!ELEMENT timestamp (#PCDATA)> 
<!ELEMENT deviceId (#PCDATA)> 
<!ELEMENT errorMessage (#PCDATA)> 
<!-- 
errorMessage = errorCode "-" [errorItem] "-" errorText 
errorCode = [ "+" | "-" ] DIGIT DIGIT DIGIT 
errorItem = TAG 
errorText = *255(ALPHA|DIGIT) 
 
Example: 123-timestamp-Value is not valid (0000-13-32 25:61:61 XXX) 
   (Note: each sub-field within this timestamp is illegal) 
--> 
<!ELEMENT failure (identifier, timestamp?, deviceId, errorMessage)> 
]> 
 
<!-- 
The identifier element is copied from the XML that was being processed. 
 
An optional ISO 8601 format timestamp may be used to indicate when this XML was generated. 
 
The deviceId element is used to further identify this device. 
 
The errorMessage element will contain a text string describing the problem. 
--> 
 
<!-- This is an example of using the DTD above --> 
<failure> 
 <identifier>030500-1330</identifier> 
 <timestamp>2002-09-26 18:35:40 UTC</timestamp> 
 <deviceId>Cisco/IP100/010203040506</deviceId> 
 <errorMessage>123--Incomplete command</errorMessage> 
</failure> 
 



10.2.8 Success XML DTD 
When the HNED processes XML it received correctly, it shall use this format to report success. 



<?xml version="1.0" encoding="UTF-8"?> 
 
<!-- This is the embedded version of the DTD --> 
 
<!DOCTYPE success [ 
<!ELEMENT identifier (#PCDATA)> 
<!ELEMENT timestamp (#PCDATA)> 
<!ELEMENT deviceId (#PCDATA)> 
<!ELEMENT success (identifier, timestamp?, deviceId)> 
]> 
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<!-- 
The identifier element is copied from the XML that was being processed. 
 
An optional ISO 8601 format timestamp may be used to indicate when this XML was generated. 
 
The deviceId element is used to further identify this device. 
--> 
 
<!-- This is an example of using the DTD above --> 
<success> 
 <identifier>030500-1330</identifier> 
 <timestamp>2002-09-26 18:35:40 UTC</timestamp> 
 <deviceId>Cisco/IP100/010203040506</deviceId> 
</success> 
 



10.2.9 Inventory XML DTD 
Inventory information shall be delivered using this format, either in response to an "inventory" event, to report an 
inventory change (SIM card inserted) or upon boot up ensure that any hardware changes which occurred during the 
power down are reported. 



<?xml version="1.0" encoding="UTF-8"?> 
 
<!-- This is the embedded version of the DTD --> 
 
<!DOCTYPE inventory [ 
<!ELEMENT identifier (#PCDATA)> 
<!ELEMENT timestamp (#PCDATA)> 
<!ELEMENT deviceId (#PCDATA)> 
<!ELEMENT vendor (#PCDATA)> 
<!ELEMENT model (#PCDATA)> 
<!ELEMENT serial (#PCDATA)> 
<!ELEMENT name (#PCDATA)> 
<!ELEMENT type (#PCDATA)> 
<!ELEMENT speed (#PCDATA)> 
<!ELEMENT size (#PCDATA)> 
<!ELEMENT version (#PCDATA)> 
<!ELEMENT checksum (#PCDATA)> 
<!ELEMENT hardware (vendor, model, serial?, name?, type, speed?, size?)> 
<!ELEMENT software (name, version, size, checksum)> 
<!ELEMENT inventory (identifier, timestamp?, deviceId, hardware*, software*)> 
<!ATTLIST inventory report (full | add | change | remove) #REQUIRED> 
]> 
 
<!-- 
The inventory element shall be used to report on the current contents of the HNED. 
 
The report attribute is used to designate if this XML represents the 
 A value of "full" represents all components of this box 
 A value of "add" represents only the component(s) added 
 A value of "remove" represents only the component(s) removed 
 A value of "change" represents only the component(s) that changed 
 
The identifier element is copied from the XML that was being processed. 
 
An optional ISO 8601 format timestamp may be used to indicate when this XML was generated. 
 
The deviceId element is used to further identify this device. 
 
The hardware element is used to describe the attributes of the hardware components of this HNED. 
 
The software element is used to describe the attributes of the software components of this HNED. 
 
Within the hardware element, an element for each interface will be included. This will include the 
name of the device (which coincides with the configuration) and the type of the device. This will 
optionally (as applicable) indicate the speed in bps of that interface (e.g. 100000000 for 100 Mbps 
ethernet) and/or the size in bytes (e.g. 90000000000 for a 90GB disk drive). 
 
The software element is used to report on the name, version, size and checksum of each software 
image currently running on the HNED. 
--> 
 
<!-- This is an example of using the DTD above --> 
<inventory report="full"> 
 <identifier>030500-1330</identifier> 
 <timestamp>2002-09-26 18:35:39 UTC</timestamp> 
 <deviceId>Cisco/IP100/010203040506</deviceId> 
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 <hardware> 
  <vendor>stbRus</vendor> 
  <model>XYZ-2000</model> 
  <serial>123456789</serial> 
  <type>chassis</type> 
 </hardware> 
 <hardware> 
  <vendor>ramCo</vendor> 
  <model>NV-100M</model> 
  <type>nvram</type> 
  <size>65536</size> 
 </hardware> 
 <hardware> 
  <vendor>ethCo</vendor> 
  <model>USB-100</model> 
  <serial>123456789</serial> 
  <name>eth0</name> 
  <type>ethernet</type> 
  <speed>100000000</speed> 
 </hardware> 
 <software> 
  <name>stbOS</name> 
  <version>1.0.0</version> 
  <size>32768</size> 
  <checksum>12345</checksum> 
 </software> 
</inventory> 
 



10.2.10 Status XML DTD 
Status information shall be delivered using this format, either in response to a "status" event or to report a status change 
(such as a new IP address delivered via DHCP). 



<?xml version="1.0" encoding="UTF-8"?> 
 
<!-- This is the embedded version of the DTD --> 
 
<!DOCTYPE status [ 
<!ELEMENT identifier (#PCDATA)> 
<!ELEMENT timestamp (#PCDATA)> 
<!ELEMENT deviceId (#PCDATA)> 
<!ELEMENT clock EMPTY> 
<!ATTLIST clock sync (lost | ntp | sntp) #REQUIRED> 
 
<!ELEMENT ipAddress (#PCDATA)> 
<!ELEMENT ipMask (#PCDATA)> 
<!ELEMENT ipGateway (#PCDATA)> 
<!ELEMENT timeServer (#PCDATA)> 
<!-- The IP address or DNS name of time server(s) 
 Up to three of these may be reported--> 
<!ELEMENT ntpServer (#PCDATA)> 
<!-- The IP address or DNS name of NTP server(s) 
 Up to three of these may be reported--> 
<!ELEMENT domain (#PCDATA)> 
<!ELEMENT dnsServer (#PCDATA)> 
<!-- The IP address of the DNS server(s) 
 Up to three of these may be reported--> 
<!ELEMENT dhcpServer (#PCDATA)> 
<!ELEMENT leaseRenew (#PCDATA)> 
 
<!--Selected item from RFC 1213 (mib-2) [17]--> 
<!ELEMENT sysUpTime (#PCDATA)> 
 
<!--Selected items from RFC 2863 (interfaces) [45]--> 
<!ELEMENT ifDescr (#PCDATA)> 
<!ELEMENT ifType (#PCDATA)> 
<!ELEMENT ifMtu (#PCDATA)> 
<!ELEMENT ifSpeed (#PCDATA)> 
<!ELEMENT ifPhysAddress (#PCDATA)> 
<!ELEMENT ifAdminStatus (#PCDATA)> 
<!ELEMENT ifOperStatus (#PCDATA)> 
<!ELEMENT ifLastChange (#PCDATA)> 
<!ELEMENT ifInOctets (#PCDATA)> 
<!ELEMENT ifInUcastPkts (#PCDATA)> 
<!ELEMENT ifInDiscards (#PCDATA)> 
<!ELEMENT ifInErrors (#PCDATA)> 
<!ELEMENT ifInUnknownProtos (#PCDATA)> 
<!ELEMENT ifOutOctets (#PCDATA)> 
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<!ELEMENT ifOutUcastPkts (#PCDATA)> 
<!ELEMENT ifOutDiscards (#PCDATA)> 
<!ELEMENT ifOutErrors (#PCDATA)> 
 
<!--Selected items from RFC 2011 (ip) [23]--> 
<!ELEMENT ipForwarding (#PCDATA)> 
<!ELEMENT ipDefaultTTL (#PCDATA)> 
<!ELEMENT ipInReceives (#PCDATA)> 
<!ELEMENT ipInHdrErrors (#PCDATA)> 
<!ELEMENT ipInAddrErrors (#PCDATA)> 
<!ELEMENT ipForwDatagrams (#PCDATA)> 
<!ELEMENT ipInUnknownProtos (#PCDATA)> 
<!ELEMENT ipInDiscards (#PCDATA)> 
<!ELEMENT ipInDelivers (#PCDATA)> 
<!ELEMENT ipOutRequests (#PCDATA)> 
<!ELEMENT ipOutDiscards (#PCDATA)> 
<!ELEMENT ipOutNoRoutes (#PCDATA)> 
<!ELEMENT ipReasmTimeout (#PCDATA)> 
<!ELEMENT ipReasmReqds (#PCDATA)> 
<!ELEMENT ipReasmOKs (#PCDATA)> 
<!ELEMENT ipReasmFails (#PCDATA)> 
<!ELEMENT ipFragOKs (#PCDATA)> 
<!ELEMENT ipFragFails (#PCDATA)> 
<!ELEMENT ipFragCreates (#PCDATA)> 
<!ELEMENT ipNetToMediaPhyAddress (#PCDATA)> 
<!ELEMENT ipNetToMediaNetAddress (#PCDATA)> 
<!ELEMENT ipNetToMediaType (#PCDATA)> 
 
<!--Selected items from RFC 2011 (icmp) [23]--> 
<!ELEMENT icmpInMsgs (#PCDATA)> 
<!ELEMENT icmpInErrors (#PCDATA)> 
<!ELEMENT icmpInDestUnreachs (#PCDATA)> 
<!ELEMENT icmpInTimeExcds (#PCDATA)> 
<!ELEMENT icmpInParmProbs (#PCDATA)> 
<!ELEMENT icmpInSrcQuenchs (#PCDATA)> 
<!ELEMENT icmpInRedirects (#PCDATA)> 
<!ELEMENT icmpInEchos (#PCDATA)> 
<!ELEMENT icmpInEchosReps (#PCDATA)> 
<!ELEMENT icmpInTimestamps (#PCDATA)> 
<!ELEMENT icmpInTimestampsReps (#PCDATA)> 
<!ELEMENT icmpInAddrMasks (#PCDATA)> 
<!ELEMENT icmpInAddrMaskReps (#PCDATA)> 
<!ELEMENT icmpOutMsgs (#PCDATA)> 
<!ELEMENT icmpOutErrors (#PCDATA)> 
<!ELEMENT icmpOutDestUnreachs (#PCDATA)> 
<!ELEMENT icmpOutTimeExcds (#PCDATA)> 
<!ELEMENT icmpOutParmProbs (#PCDATA)> 
<!ELEMENT icmpOutSrcQuenchs (#PCDATA)> 
<!ELEMENT icmpOutRedirects (#PCDATA)> 
<!ELEMENT icmpOutEchos (#PCDATA)> 
<!ELEMENT icmpOutEchosReps (#PCDATA)> 
<!ELEMENT icmpOutTimestamps (#PCDATA)> 
<!ELEMENT icmpOutTimestampReps (#PCDATA)> 
<!ELEMENT icmpOutAddrMasks (#PCDATA)> 
<!ELEMENT icmpOutAddrMaskReps (#PCDATA)> 
 
<!--Selected items from RFC 2013 (udp)  [24]--> 
<!ELEMENT udpInDatagrams (#PCDATA)> 
<!ELEMENT udpNoPorts (#PCDATA)> 
<!ELEMENT udpInErrors (#PCDATA)> 
<!ELEMENT udpOutDatagrams (#PCDATA)> 
<!ELEMENT udpLocalAddress (#PCDATA)> 
<!ELEMENT udpLocalPort (#PCDATA)> 
<!ELEMENT udpEntry (udpLocalAddress, udpLocalPort)> 
<!ATTLIST udpEntry index CDATA #REQUIRED> 
<!ELEMENT udpTable (udpEntry*)> 
 
<!--Selected items from RFC 2863 (ifMIB)[45]--> 
<!ELEMENT ifInMulticastPkts (#PCDATA)> 
<!ELEMENT ifInBroadcastPkts (#PCDATA)> 
<!ELEMENT ifOutMulticastPkts (#PCDATA)> 
<!ELEMENT ifOutBroadcastPkts (#PCDATA)> 
<!ELEMENT ifLinkUpDownTrapEnable (#PCDATA)> 
<!ELEMENT ifHighSpeed (#PCDATA)> 
<!ELEMENT ifPromiscuousMode (#PCDATA)> 
<!ELEMENT ifConnectorPresent (#PCDATA)> 
<!ELEMENT ifAlias (#PCDATA)> 
<!ELEMENT ifCounterDiscontinuityTime (#PCDATA)> 
 
<!ELEMENT freeSpace (#PCDATA)> 
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<!-- The current amount of free space, in bytes, on the HNED non-volatile store --> 
<!ELEMENT display (#PCDATA)> 
<!-- The current contents of the LCD display on the HNED (if any) --> 
<!ELEMENT temperature (#PCDATA)> 
<!-- The current temperature of the HNED (if instrumented) --> 
 
<!ELEMENT snmp (sysUpTime?, ifDescr?, ifType?, ifMtu?, ifSpeed?, ifPhysAddress?, ifAdminStatus?, 
ifOperStatus?, ifLastChange?, ifInOctets?, ifInUcastPkts?, ifInDiscards?, ifInErrors?, 
ifInUnknownProtos?, ifOutOctets?, ifOutUcastPkts?, ifOutDiscards?, ifOutErrors?, ipForwarding?, 
ipDefaultTTL?, ipInReceives?, ipInHdrErrors?, ipInAddrErrors?, ipForwDatagrams?, 
ipInUnknownProtos?, ipInDiscards?, ipInDelivers?, ipOutRequests?, ipOutDiscards?, 
ipOutNoRoutes?, ipReasmTimeout?, ipReasmReqds?, ipReasmOKs?, ipReasmFails?, ipFragOKs?, 
ipFragFails?, ipFragCreates?, ipNetToMediaPhyAddress?, ipNetToMediaNetAddress?, 
ipNetToMediaType?, icmpInMsgs?, icmpInErrors?, icmpInDestUnreachs?, icmpInTimeExcds?, 
icmpInParmProbs?, icmpInSrcQuenchs?, icmpInRedirects?, icmpInEchos?, icmpInEchosReps?, 
icmpInTimestamps?, icmpInTimestampsReps?, icmpInAddrMasks?, icmpInAddrMaskReps?, icmpOutMsgs?, 
icmpOutErrors?, icmpOutDestUnreachs?, icmpOutTimeExcds?, icmpOutParmProbs?, 
icmpOutSrcQuenchs?, icmpOutRedirects?, icmpOutEchos?, icmpOutEchosReps?, icmpOutTimestamps?, 
icmpOutTimestampReps?, icmpOutAddrMasks?, icmpOutAddrMaskReps?, udpInDatagrams?, udpNoPorts?, 
udpInErrors?, udpOutDatagrams?, udpTable?, udpLocalAddress?, udpLocalPort?, ifInMulticastPkts?, 
ifInBroadcastPkts?, ifOutMulticastPkts?, ifOutBroadcastPkts?, ifLinkUpDownTrapEnable?, 
ifHighSpeed?, ifPromiscuousMode?, ifConnectorPresent?, ifAlias?, ifCounterDiscontinuityTime?)> 
 
<!ELEMENT dhcp (ipAddress?, ipMask?, ipGateway?, timeServer*, ntpServer*, domain?, dnsServer*, 
dhcpServer?, leaseRenew?)> 
<!ELEMENT interface (dhcp, snmp?)> 
<!ATTLIST interface name CDATA #REQUIRED> 
<!ELEMENT status (identifier, timestamp?, deviceId, clock?, interface*, freeSpace?, display?, 
temperature?)> 
]> 
 
<!-- 
The status element is used to report on the current status of the HNED. 
 
The identifier element is copied from the XML that was being processed. 
 
An optional ISO 8601 format timestamp may be used to indicate when this XML was generated. 
 
The deviceId element is used to further identify this device. 
 
The clock element is used to describe the synchronization status of the clock of this HNED. 
 
The dhcp element is used to describe the status of the dhcp client(s). 
Within the dhcp element, an element for each interface may be included. 
This will include the name of the device (which coincides with the configuration) and the parameters 
most recently received from the DHCP server for that interface. 
--> 
 
<!-- This is an example of using the DTD above --> 
<status> 
 <identifier>030500-1330</identifier> 
 <timestamp>2002-09-26 18:35:41 UTC</timestamp> 
 <deviceId>Cisco/IP100/010203040506</deviceId> 
 <clock sync="sntp"/> 
 <interface name="eth0"> 
  <dhcp> 
   <ipAddress>1.2.3.4</ipAddress> 
   <ipMask>255.255.255.0</ipMask> 
  </dhcp> 
 </interface> 
</status> 
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 Annex A (informative): 
MPEG2 Timing Reconstruction 



This annex describes one way in which RTP timestamps can be used to reconstruct an MTS that is encapsulated in RTP 
packets using RFC 2250 [32] and transported over a jitter-inducing network e.g. IP or Ethernet. This description is for 
information only and is not a normative part of the present document. 



The Transport Stream System Target Decoder (T-STD) is defined fully in ISO/IEC 13818-1 [58]. It is a conceptual 
decoder model used to define terms precisely and to model the decoding process. The input to the T-STD is a MTS. A 
MTS may contain multiple MPEG programs with independent time bases. However, the T-STD decodes only one 
program at a time. 



Data from the MTS enters the T-STD at a piecewise constant rate. The ith byte enters at time t(i). The time at which this 
byte enters the T-STD can be recovered from the input stream by decoding the input PCR fields, encoded in the MTS 
packet adaptation field of the program to be decoded and, by counting the bytes in the complete MTS between the 
successive PCRs of the program to be decoded. The value encoded in the PCR field indicates the time t(i), where i 
refers to the byte containing the last bit of the PCR. 



For all other bytes the input arrival time t(i) is computed from PCR(i") and the transport rate at which the MTS arrives. 
The transport rate is determined as the number of bytes in the MTS between the bytes containing the last bit of two 
successive PCR fields of the same program plus one, divided by the difference between the time values encoded in 
these same two PCR fields (see also figure A.1): 
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Where: 



i is the index of any byte in the MTS for i" <  i  <  i'. 
i'' is the index of the byte containing the last bit of the most recent PCR field applicable to the 



program being decoded. 
PCR(k-1) is the time encoded in the PCR field in units of the 27 MHz system clock. 
R(i) is the transport rate which is calculated as follows: 
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Where: 



i' is the index of the byte containing the last bit of the immediately following PCR applicable to the 
program being decoded. 



and i" <  i  ≤  i'. 



Note that equation A.2 assumes that the transport rate between two successive PCRs is constant, but that the transport 
rate may change at any PCR. Note furthermore that the transport rate for multi-program transport streams is typically 
constant, but that the transport rate of a single-program transport stream may vary within the piece-wise constant rate 
concept defined by equation A.2. (See also ISO/IEC 13818-1 [58]). 



A tolerance is specified for the PCR values. The PCR tolerance is defined as the maximum inaccuracy allowed in 
received PCRs. This inaccuracy may be due to imprecision in the PCR values or to PCR modification during 
remultiplexing. Note that it does not include errors in packet arrival time due to network jitter or other causes. The PCR 
tolerance is ±500 ns. In the T-STD model, the inaccuracy will be reflected as an inaccuracy in the calculated transport 
rate R(i) of equation A.2. 
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A.1 Clock recovery in a RTP receiver 
It is assumed that a jitter-smoothing network adapter is inserted between a network's output and an MPEG-2 decoder. 
The network adapter exploits the RTP timestamps to achieve jitter smoothing. The MPEG-2 decoder is assumed to 
conform to the real-time MPEG-2 interface specification [61]. This interface requires an MPEG-2 decoder with more 
jitter tolerance than the idealized decoder of the STD. The network adapter processes the incoming jittered bit stream 
and outputs a system stream whose actual byte delivery schedule conforms to the real-time specification. 



Note that for immediate decoding the network adapter approach may not be necessary or cost effective. Instead a single 
stage of clock recovery can be used. 



According to RFC 2250 [32], each RTP packet contains a timestamp derived from the sender's 90 KHz clock reference. 
This timestamp is the target transmission time of the first byte of the RTP payload i.e. the "ideal" time that the packet 
should be fed into the IP network. It is assumed that the time between the last byte put in the RTP packet and the time 
value inserted as the RTP timestamp into the packet is constant. In this way the RTP timestamp is the time of the last 
byte that entered the RTP packet plus some constant delay. Note that the boundary of the IP network may still be 
somewhat vague and this may affect the jitter process i.e. the transmitter can also add some (scheduling and processing) 
jitter to the packet before it appears on the (IP) network. However, the receiver should be able to handle this additional 
jitter adequately. 



In this regard, the difference between the (RTP) target transmission time and the (MPEG) target delivery time is a time 
constant plus the (constant) delay imposed on the delivery of the MTS to the RTP receiver. Both can be ignored, 
because they are constant, and hence for the RTP receiver the target transmission time is functionally equivalent to the 
target delivery time. 
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Figure A.1: Timing 



In terms of the MPEG-2 system time clock, the first byte of the payload of RTP Packet (n+1), referred to as RTPP(n+1) 
in figure A.1, enters the T-STD at time t(n+1). Time t(n+1) can be recovered as follows: 
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where: 



n+1 is the index of the RTP packet i.e. the value n+1 in RTPP(n+1). 
k is the index of the first PCR in RTPP(n+1). 
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p is the number of bytes preceding the byte that contains the last bit of PCR(k). 
PCR(k) is the time encoded in the first PCR of the MPEG program that is selected as reference to 



reconstruct the MTS. 
R(i) is the transport rate of the transport stream between PCR(k-1) and PCR(k) of the MPEG program 



that is selected as reference to reconstruct the MTS, as calculated by equation A.2. 



The target transmission time RTP(n) plus a constant delay, expressed in units of the 90 kHz Head-end Time Clock 
(HTC) of the sender corresponds to time value t(n+1) of the first byte of RTPP(n+1). Time value t(n+1) is expressed in 
units of the 27 MHz MPEG-2 STC. In many, if not all cases, it is reasonable to assume that the drift between the HTC 
and the STC can be ignored for the duration of the transport stream contained in one RTP packet and between two 
consecutive RTP packets. 



Therefore, if desired, it is also possible to map the value of any contained PCR to a 90 kHz value of the sender, as 
follows: 
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The mapping information between the STC and the 90 kHz clock of the sender can be used to reconstruct the MPEG-2 
transport stream at the receiver. 



Note that there is an uncertainty of about 11 μs (1/90 kHz), due to the 90 kHz resolution of the RTP time stamps. This is 
perceived by the receiver as delivery jitter and conforms to the MPEG-2 real-time interface specification [61]. 
A well-constructed 27 MHz STC PLL should be able to remove this jitter. 



Note that the RTP timestamps can be derived from an arbitrary 90 kHz HTC, which may be, but is not required to be, 
locked to the STC of one of the programs in the MTS. 



A.2 Recommendation 
To use this two-stage MTS reconstruction method based on RTP timestamps, it is recommended that the time between 
putting the last byte in the RTP packet and inserting the RTP timestamp value into the RTP packet is constant. 
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Annex B (informative): 
SD&S data model 



Figure B.1 provides a graphic representation of the DVB-IP service discovery model. 



The boxes in bold are the components required to establish the list of DVB-IP services available from different Service 
Providers. 
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Figure B.1: Proposed data model for DVB-IP service discovery information 



The Service Provider Discovery Information enables the discovery of Service Providers offering DVB-IP services. 
Service Providers publish their offer via the service discovery information. A Service Provider offer is made of services 
of type broadcast or content on demand.  



The "TS - Full SI broadcast discovery information" component is used when full DVB SI is available in-band. 



The "TS - Optional SI broadcast discovery information" component is used when complete service description is not 
available in-band.  
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The "CoD discovery information" is used for Service Providers that would like to describe their Content on Demand 
offer. 



The model allows SPs to reference individual services or a complete offering from another SP which it has a 
commercial agreement with. 



The "Package discovery information" is used by Service Providers that would like to group several services and present 
them as a single entity. The package information does not enable the discovery of new services; the package discovery 
information references services which have to be discovered via the two other components in the model called 
Broadcast and CoD Discovery Information. Additional information on services can optionally be provided in the 
context of a package. 



Using the data model above, the HNED first builds the list of DVB-IP Service Providers operating on the network, then 
in a second stage the list of DVB-IP services is established by acquiring the service discovery information for each SP.  



The model allows the entry point to the service discovery and selection mechanism to be a specific SP, in this case the 
information relating to the SP and the list of services for this SP may be acquired from the same location. 



This model might be easily extended by adding new types of discovery information if new types of SP offers are 
identified. 
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Annex C (normative): 
Schemas 



C.1 XML schemas 
The following sections work through the various types and elements that are used in the XML schema which represents 
the service discovery information. The full normative XML schema is available as the file sdns3r6.xsd in archive 
ts_102034v010301p0.zip) which accompanies the present document. 



C.1.1 Namespace 
The namespace the service discovery schema is urn:dvb:ipi:sdns:2006. 



C.2 Simple types 



C.2.1 DescriptionLocation 
<xsd:simpleType name="DescriptionLocation"> 
 <xsd:restriction base="xsd:anyURI"/> 
</xsd:simpleType> 
 
A URI that specifies the location of further information. 



C.2.2 DomainType 
<xsd:simpleType name="DomainType"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:pattern value="((.|\n|\r)*)?(\.(.|\n|\r)*)+"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
This type describes a "domain name" type. It is recommended that domains names comply with the "preferred name 
syntax" of clause 3.5, RFC 1034 [12]. 



C.2.3 Genre 
<xsd:simpleType name="Genre"> 
 <xsd:restriction base="xsd:byte"> 
  <xsd:minInclusive value="0"/> 
  <xsd:maxInclusive value="15"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
This type describes the content genre, which is encoded as a number in the range 0 to 15, as detailed in the 
content_nibble_level_1 field of the content_descriptor, as in table 26 in EN 300 468 [1]. 



C.2.4 Hexadecimal3bit 
<xsd:simpleType name="Hexadecimal3bit"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:pattern value="[0-7]"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
A 3 bit number represented as a single hexadecimal digit. 
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C.2.5 Hexadecimal4bit 
<xsd:simpleType name="Hexadecimal4bit"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:pattern value="[0-9a-fA-F]"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
A 4 bit number represented as a single hexadecimal digit. 



C.2.6 Hexadecimal8bit 
<xsd:simpleType name="Hexadecimal8bit"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:pattern value="[0-9a-fA-F]{1,2}"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
An 8 bit number, represented as one or two hexadecimal digits. 



C.2.7 Hexadecimal16bit 
<xsd:simpleType name="Hexadecimal16bit"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:pattern value="[0-9a-fA-F]{1,4}"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
A 16 bit number represented as between one and four hexadecimal digits. 



C.2.8 Integer6bit 
<xsd:simpleType name="Integer6bit"> 
 <xsd:restriction base="xsd:unsignedShort"> 
  <xsd:minInclusive value="0"/> 
  <xsd:maxInclusive value="63"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
A 6 bit decimal number in the range 0 to 63. 



C.2.9 IPorDomainType 
<xsd:simpleType name="IPOrDomainType"> 
 <xsd:union memberTypes="dvb:IPType dvb:DomainType"/> 
</xsd:simpleType> 
 
Either an IP address (see IPType), or a domain name (see DomainType). 



C.2.10 IPType 
<xsd:simpleType name="IPType"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:pattern 
value="((([1-9]?[0-9])|(1[0-9][0-9])|(2[0-4][0-9])|(25[0-5]))\.){3}(([1-9]?[0-9])|(1[0-9][0-9])|(2[0
-4][0-9])|(25[0-5]))"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
An IPv4 dotted address of the form a.b.c.d. All four components are mandatory and in decimal. 
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C.2.11 ISO-3166-List 
<xsd:simpleType name="ISO-3166-List"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:pattern value="\c\c\c(,\c\c\c)*"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
A comma separated list of one or more country codes as defined in ISO 3166 [55]. 



C.2.12 ISO 639-2 
<xsd:simpleType name="ISO639-2"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:pattern value="\c\c\c"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
A three letter language code, as defined in ISO 639-2 [56]. 



C.2.13 OrigNetId 
<xsd:simpleType name="OrigNetId"> 
 <xsd:restriction base="xsd:unsignedShort"/> 
</xsd:simpleType> 
 
The original_network_id, as defined in ETR 162 [3], which also specifies the management of this number space. This 
value shall be in decimal. 



C.2.14 PrimarySISource 
<xsd:simpleType name="PrimarySISource"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:enumeration value="Stream"/> 
  <xsd:enumeration value="XML"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
This type is used to indicate if the specified SI is the primary (with the value "XML") or in the stream (with the value 
"Stream"). 



C.2.15 PullURL 
<xsd:simpleType name="PullURL"> 
 <xsd:restriction base="xsd:anyURI"> 
  <xsd:pattern value=".*/dvb/sdns/.*"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
This is used to specify the location from which information can be pulled.  



C.2.16 RTSP 
<xsd:simpleType name="RTSP"> 
 <xsd:restriction base="xsd:anyURI"> 
  <xsd:pattern value="rtsp://.*"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
This type is describes an RTSP URL. 



C.2.17 Service 
<xsd:simpleType name="Service"> 
 <xsd:restriction base="xsd:string"> 
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  <xsd:pattern value="(.|\n|\r)+"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
This is the name of a service, as specified in TS 101 812 [4], clause 14.9. It is recommended that this follows the rules 
for an internet DNS name as specified in RFC 1035 [13] and subsequent updates. 



C.2.18 ServiceID 
<xsd:simpleType name="ServiceId"> 
 <xsd:restriction base="xsd:unsignedShort"/> 
</xsd:simpleType> 
 
The service_id, as defined in EN 300 468 [1]. This value shall be in decimal. 



C.2.19 ServiceType 
<xsd:simpleType name="ServiceType"> 
 <xsd:restriction base="dvb:Hexadecimal8bit"/> 
</xsd:simpleType> 
 
An eight bit hexadecimal value (see Hexadecimal8bit) encoding the "type" of a service. The values and meanings are 
defined in EN 300 468 [1], table 72. 



C.2.20 StreamingType 
<xsd:simpleType name="StreamingType"> 
 <xsd:restriction base="xsd:string"> 
  <xsd:enumeration value="rtp"/> 
  <xsd:enumeration value="udp"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
This type is used to indicate if RTP (with the value "rtp") or direct UDP (with the value "udp") streaming is used. 



C.2.21 TSId 
<xsd:simpleType name="TSId"> 
 <xsd:restriction base="xsd:unsignedShort"/> 
</xsd:simpleType> 
 
The transport_stream_id as defined in EN 300 468 [1]. This value shall be in decimal. 



C.2.22 Version 
<xsd:simpleType name="Version"> 
 <xsd:restriction base="xsd:integer"> 
  <xsd:minInclusive value="0"/> 
  <xsd:maxInclusive value="255"/> 
 </xsd:restriction> 
</xsd:simpleType> 
 
A number conveying the version of a table or record. This value will increase with changes to the table or record, 
modulo 256. This value shall be in decimal. 



C.3 Complex types and attribute groups 



C.3.1 AnnouncementSupport 
<xsd:complexType name="AnnouncementSupport"> 
 <xsd:sequence> 
  <xsd:element name="Announcement" maxOccurs="unbounded"> 
   <xsd:complexType> 
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    <xsd:choice minOccurs="0"> 
     <xsd:element name="TextualIdentifier" type="dvb:TextualIdentifier"/> 
     <xsd:element name="DVBTriplet" type="dvb:DVBTriplet"/> 
    </xsd:choice> 
    <xsd:attribute name="Type" type="dvb:Hexadecimal4bit" use="required"/> 
    <xsd:attribute name="ReferenceType" type="dvb:Hexadecimal3bit" use="required"/> 
    <xsd:attribute name="ComponentTag" type="dvb:Hexadecimal8bit" use="optional"/> 
   </xsd:complexType> 
  </xsd:element> 
 </xsd:sequence> 
 <xsd:attribute name="SupportIndicator" type="dvb:Hexadecimal16bit" use="required"/> 
</xsd:complexType> 
 



 



Figure C.1: AnnouncementSupport 



 
This is an XML representation of the Announcement Support Indicator in EN 300 468 [1]. The meanings and values of 
attributes and elements are defined in EN 300 468 [1]. 



C.3.2 CountryAvailabilty 
<xsd:complexType name="CountryAvailability"> 
 <xsd:attribute name="Countries" type="dvb:ISO-3166-List" use="required"/> 
 <xsd:attribute name="Available" type="xsd:boolean" default="true"/> 
</xsd:complexType> 
 
This is an XML representation of the Country availability descriptor in EN 300 468 [1]. The meanings and values of 
attributes and elements are defined in EN 300 468 [1]. 



C.3.3 DVBTriplet 
<xsd:complexType name="DVBTriplet"> 
 <xsd:attribute name="OrigNetId" type="dvb:OrigNetId" use="required"/> 
 <xsd:attribute name="TSId" type="dvb:TSId" use="required"/> 
 <xsd:attribute name="ServiceId" type="dvb:ServiceId" use="required"/> 
</xsd:complexType> 
 
This is a representation of the identifier for a service in a classic DVB system. 



C.3.4 IPService 
<xsd:complexType name="IPService"> 
  <xsd:sequence> 
   <xsd:element name="ServiceLocation" type="dvb:ServiceLocation"/> 
   <xsd:element name="TextualIdentifier" type="dvb:TextualIdentifier"/> 
   <xsd:element name="DVBTriplet" type="dvb:DVBTriplet"/> 
   <xsd:element name="MaxBitrate" type="xsd:positiveInteger" minOccurs="0"/> 
   <xsd:element name="SI" type="dvb:SI" minOccurs="0"/> 
   <xsd:element name="AudioAttributes" type="tva:AudioAttributesType" minOccurs="0" 
maxOccurs="unbounded"/> 
   <xsd:element name="VideoAttributes" type="tva:VideoAttributesType" minOccurs="0" 
maxOccurs="unbounded"/> 
   <xsd:element name=”ServiceAvailability” type=”dvb:ServiceAvailability” minOccurs=”0” 
maxOccurs=”unbounded”/> 
  </xsd:sequence> 
 </xsd:complexType> 
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Figure C.2: IPService 



This provides information on a single IP service, giving the location(s) at which it may be found, and the identifiers by 
which it is referred to. Optionally it may also include SI information about the service. The MaxBitrate field describes 
the peak bitrate at which the service will operate. 



Table C.1: IP Service Fields 



Name Definition 
TextualIdentifier The Textual identifier by which the service is known. If the domain name is missing, 



it is taken from the context. 
DVBTriplet The DVB Triplet by which the service is known. This will match the service details 



inside the transport stream. 
ServiceLocation The locations at which the service can be found. 
MaxBitrate The peak bitrate (in kbits/s) at which the transport stream carrying the service will 



operate. 
SI Service information about the service carried. 
VideoAttributes Each instance of this value specifies a way of coding the video that may be used at 



some point during the operation of the service. If this element is missing, then the 
default value of MPEG-2 coded video, operating at MP@ML at a frame rate of 25Hz 
shall be used; specifically this shall be the legacy value from TS 101 154 [64]. The 
format of this type is defined in Section 6.3.5. of TS 102 822-3-1 [66]. The values 
carried in the href attribute of the Coding element shall be defined by the 
classification specified in the file VideoCodecCS.xml (and by reference MPEG7 
VisualCodingFormatCS.xml) included in ts_102034v010301p0.zip, or, preferably, as 
defined by TS 102 323 [65]. 



AudioAttributes Each instance of this value specifies a way of coding the audio that may be used at 
some point during the operation of the service. If this element is missing, then the 
default value of MPEG-1 or MPEG-2 layer 2 backwards compatible, mono or stereo 
shall be used; specifically this shall be the legacy value from TS 101 154 [64]. The 
format of this type is defined in Section 6.3.5 of  TS 102 822-3-1 [66]. The values 
carried in the href attribute of the Coding element shall be defined by the 
classification specified in the file AudioCS.xml (and by reference MPEG7 
AudioCS.xml) included in ts_102034v010301p0.zip, or, preferably. as defined by 
TS 102 323 [65]. 



ServiceAvailabilty Defines the geographical regions in which this service is available, or not available. 
 



C.3.5 IPServiceList 
<xsd:complexType name="IPServiceList"> 
 <xsd:sequence> 
  <xsd:element name="ServicesDescriptionLocation" type="dvb:DescriptionLocationBCG" 
minOccurs="0" maxOccurs="unbounded"/> 
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  <xsd:sequence> 
   <xsd:element name="SingleService" type="dvb:IPService" maxOccurs="unbounded"/> 
  </xsd:sequence> 
 </xsd:sequence> 
</xsd:complexType> 
 



 



Figure C.3: IPServiceList 



This type represents a list of IP services that are grouped together with a single, optional DescriptionLocation. 



Note that an instantiation of this type is also used within the RTSP specification as the data returned by the DESCRIBE 
and ANNOUNCE messages for a multicast service (see clause 6.3). 



C.3.6 McastType 
<xsd:complexType name="McastType"> 
 <xsd:attributeGroup ref="dvb:MulticastAddressAttributes"/> 
 <xsd:sequence minOccurs="0"> 
  <xsd:element name="FECBaseLayer" type="dvb:FECLayerAddressType" maxOccurs="1" /> 
  <xsd:element name=”FECEnhancementLayer" type="dvb:FECLayerAddressType" minOccurs="0" 
maxOccurs="unbounded" /> 
 </xsd:sequence> 
</xsd:complexType> 
 
This is used to hold a multicast address and optionally AL-FEC layer information. This supports source specific 
multicast (SSM) addressing if the Source attribute is specified. Otherwise it supports any source multicast (ASM) 
addresses. 



C.3.7 MulticastAddressAttribute 
<xsd:attributeGroup name="MulticastAddressAttributes"> 
 <xsd:attribute name="Source" type="dvb:IPOrDomainType" use="optional"/> 
 <xsd:attribute name="Address" type="dvb:IPOrDomainType" use="required"/> 
 <xsd:attribute name="Port" type="xsd:unsignedShort" use="required"/> 
 <xsd:attribute name="Streaming" type="dvb:StreamingType" use="optional"/> 
 <xsd:attribute name="FECMaxBlockSize" type="xsd:unsignedShort" use="optional"/> 
 <xsd:attribute name="FECMaxBlockTime" type="xsd:unsignedShort" use="optional"/> 
 <xsd:attribute name="FECOTI" type="xsd:base64Binary" use="optional"/> 
</xsd:attributeGroup> 
 
This supports Source Specific Multicast (SSM) addressing if the Source attribute is specified. Otherwise it supports Any 
Source Multicast (ASM) addresses. 



C.3.8 MosaicDescription 
<xsd:complexType name="MosaicDescription"> 
 <xsd:sequence maxOccurs="unbounded"> 
  <xsd:element name="LogicalCell"> 
   <xsd:complexType> 
    <xsd:sequence> 
     <xsd:sequence maxOccurs="unbounded"> 
      <xsd:element name="ElementaryCell"> 
       <xsd:complexType> 
        <xsd:attribute name="CellId" type="dvb:Integer6bit" use="required"/> 
       </xsd:complexType> 
      </xsd:element> 
     </xsd:sequence> 
     <xsd:element name="AudioLink" minOccurs="0" maxOccurs="unbounded"> 
      <xsd:complexType> 
       <xsd:attribute name="Language" type="dvb:ISO639-2" use="optional"/> 
       <xsd:attribute name="ComponentTag" type="dvb:Hexadecimal8bit" 
use="required"/> 
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      </xsd:complexType> 
     </xsd:element> 
     <xsd:choice minOccurs="0"> 
      <xsd:element name="TextualId" type="dvb:TextualIdentifier"/> 
      <xsd:element name="DVBTriplet" type="dvb:DVBTriplet"/> 
      <xsd:element name="PackageId"> 
       <xsd:complexType> 
        <xsd:simpleContent> 
         <xsd:extension base="dvb:Hexadecimal16bit"> 
          <xsd:attribute name="Domain" type="dvb:DomainType" 
use="optional"/> 
         </xsd:extension> 
        </xsd:simpleContent> 
       </xsd:complexType> 
      </xsd:element> 
     </xsd:choice> 
    </xsd:sequence> 
    <xsd:attribute name="CellId" type="dvb:Integer6bit" use="required"/> 
    <xsd:attribute name="PresentationInfo" type="dvb:Hexadecimal3bit" use="required"/> 
    <xsd:attribute name="LinkageInfo" type="dvb:Hexadecimal8bit" use="required"/> 
    <xsd:attribute name="EventId" type="dvb:Hexadecimal16bit" use="optional"/> 
   </xsd:complexType> 
  </xsd:element> 
 </xsd:sequence> 
 <xsd:attribute name="EntryPoint" type="xsd:boolean" default="true"/> 
 <xsd:attribute name="HorizontalCellsNumber" type="dvb:Hexadecimal3bit" use="required"/> 
 <xsd:attribute name="VerticalCellsNumber" type="dvb:Hexadecimal3bit" use="required"/> 
</xsd:complexType> 
 



 



 



Figure C.4: MosaicDescription 



An implementation of the Mosaic descriptor from EN 300 468 [1]. All fields are defined in EN 300 468 [1]. 



The AudioLink field allows a tag and language to be associated with each logical cell of the mosaic. This enables a 
different audio stream to be associated with each logical cell. 



C.3.9 MultilingualType 
<xsd:complexType name="MultilingualType"> 
 <xsd:simpleContent> 
  <xsd:extension base="xsd:string"> 
   <xsd:attribute name="Language" type="dvb:ISO639-2" use="required"/> 
  </xsd:extension> 
 </xsd:simpleContent> 
</xsd:complexType> 
 
Used to specify an element containing a textual message, which has a Language attribute specifying the language of the 
string, using the ISO 639-2 [56] three letter language code. 
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C.3.10 OfferingBase 
<xsd:complexType name="OfferingBase"> 
 <xsd:attribute name="DomainName" type="dvb:DomainType" use="required"/> 
 <xsd:attribute name="Version" type="dvb:Version" use="optional"/> 
</xsd:complexType> 
 
The base type from which all offerings should be derived. It provides the required Domain Type attribute, and the 
optional version field required when HTTP protocol ist used.. 



C.3.11 OfferingListType 
<xsd:complexType name="OfferingListType"> 
 <xsd:choice maxOccurs="unbounded"> 
  <xsd:element name="Push" type="dvb:DVBSTPTransportModeType"/> 
  <xsd:element name="Pull"> 
   <xsd:complexType> 
    <xsd:complexContent> 
     <xsd:extension base="dvb:PayloadList"> 
      <xsd:attribute name="Location" type="dvb:PullURL" use="required"/> 
     </xsd:extension> 
    </xsd:complexContent> 
   </xsd:complexType> 
  </xsd:element> 
 </xsd:choice> 
</xsd:complexType> 
 



 



 



 



Figure C.5: OfferingListType 



This type is used to convey the locations at which an offering can be found. It allows an unlimited list of either push or 
pull locations at which the specified service or information can be found. Note that the Pull element shall contain 
Segment Ids and version numbers. 



Note the Pull element is deliberately not of type HTTPTransportModeType as there is no defined SOAP support for the 
SD&S information. 



C.3.12 PayloadList 
<xsd:complexType name="PayloadList"> 
 <xsd:sequence minOccurs="0" maxOccurs="unbounded"> 
  <xsd:element name="PayloadId"> 
   <xsd:complexType> 
    <xsd:sequence minOccurs="0" maxOccurs="unbounded"> 
     <xsd:element name="Segment"> 
      <xsd:complexType> 
       <xsd:attribute name="Version" type="dvb:Version" use="optional"/> 
       <xsd:attribute name="ID" type="dvb:Hexadecimal16bit" use="required"/> 
      </xsd:complexType> 
     </xsd:element> 
    </xsd:sequence> 
    <xsd:attribute name="Id" type="dvb:Hexadecimal8bit" use="required"/> 
   </xsd:complexType> 
  </xsd:element> 
 </xsd:sequence> 
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</xsd:complexType> 



 



 



Figure C.6: PayloadList 



This type describes a list of payload IDs (as described in clause 5.2.2.1) and optional SegmentIDs (similiarily described 
in clause 5.2.2.1). 



C.3.13 ReplacementService 
<xsd:complexType name="ReplacementService"> 
 <xsd:choice> 
  <xsd:element name="TextualIdentifier" type="dvb:TextualIdentifier"/> 
  <xsd:element name="DVBTriplet" type="dvb:DVBTriplet"/> 
 </xsd:choice> 
 <xsd:attribute name="ReplacementType" type="dvb:Hexadecimal8bit" use="optional" default="5"/> 
</xsd:complexType> 
 



 



Figure C.7: Replacement Service 



This is an XML representation of the replacement service functionality of the Linkage descriptor in EN 300 468 [1]. 
The service indicated by either the DVB triplet or the textual identifier may be used when the specified service (as 
derived from the context) fails. 



C.3.14 ServiceLocation 
<xsd:complexType name="ServiceLocation"> 
 <xsd:choice maxOccurs="unbounded"> 
  <xsd:element name="IPMulticastAddress" type="dvb:McastType"/> 
  <xsd:element name="RTSPURL" type="dvb:RTSP"/> 
 </xsd:choice> 
</xsd:complexType> 
 



 



Figure C.8: ServiceLocation 



This describes the location(s) at which a service may be found, either a multicast location or via an RTSP server. 











 



DVB BlueBook A086 Rev. 4 



89



C.3.15 SI 
<xsd:complexType name="SI"> 
 <xsd:sequence> 
  <xsd:element name="Name" type="dvb:MultilingualType" maxOccurs="unbounded"/> 
  <xsd:element name="Description" type="dvb:MultilingualType" minOccurs="0" 
maxOccurs="unbounded"/> 
  <xsd:element name="ServiceDescriptionLocation" type="dvb:DescriptionLocationBCG" 
minOccurs="0" maxoccurs="unbounded"/> 
  <xsd:element name="ContentGenre" type="dvb:Genre" minOccurs="0" maxOccurs="unbounded"/> 
  <xsd:element name="CountryAvailability" type="dvb:CountryAvailability" minOccurs="0" 
maxOccurs="unbounded"/> 
  <xsd:element name="ReplacementService" type="dvb:ReplacementService" minOccurs="0" 
maxOccurs="unbounded"/> 
  <xsd:element name="MosaicDescription" type="dvb:MosaicDescription" minOccurs="0"/> 
  <xsd:element name="AnnouncementSupport" type="dvb:AnnouncementSupport" minOccurs="0"/> 
 </xsd:sequence> 
 <xsd:attribute name="ServiceType" type="dvb:ServiceType" use="required"/> 
 <xsd:attribute name="PrimarySISource" type="dvb:PrimarySISource" use="optional" default="XML"/> 
</xsd:complexType> 
 



  



Figure C.9: SI 



This type describes the service information traditionally provided in a stream as DVB descriptors. 



Table C.2: SI Fields 



Name Definition 
Name The text form of the name by which the service is known to the user. 
Description A textual description of the service. 
ContentGenre The (primary) genre of the service. 
CountryAvailability The list of countries in which the service is, or is not, available. 
AnnouncementSupport The announcements supported by the service, and linkage information as to 



their location. 
ReplacementService Details the linkage to a service that can be used in case of a failure of the 



service to which this SI record refers. 
MosaicDescription Details of the services, or service packages, which are displayed in a mosaic 



stream. 
ServiceDescriptionLocation The identifier(s) of the BCG Record(s) for the BCG Discovery element that 



carries the information on this offering. 
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@ServiceType An attribute that is an eight-bit number encoding the type of the service, using 



traditional DVB values. 
@PrimarySISource An attribute indicating whether the XML record, or SI in the transport stream 



takes precedence. 
 



C.3.16 TextualIdentifier 
<xsd:complexType name="TextualIdentifier"> 
 <xsd:attribute name="DomainName" type="dvb:DomainType" use="optional"/> 
 <xsd:attribute name="ServiceName" type="dvb:Service" use="required"/> 
</xsd:complexType> 
 
A service can be identified in a textual fashion. This identifier is comprised of the domain name of the service provide 
and the textual service name. The domain name may be omitted where it can be inferred from the context. The Textual 
Identifier is the means of uniquely identifying an IP service. 



This is an implementation of the textual service identifier, as specified in TS 101 812 [4], clause 14.9.1. 



C.3.17 Package 
<xsd:complexType name="Package"> 
 <xsd:sequence> 
  <xsd:element name="PackageName" type="dvb:MultilingualType" maxOccurs="unbounded"/> 
  <xsd:element name="CountryAvailability" type="dvb:CountryAvailability" minOccurs="0" 
maxOccurs="unbounded"/> 
  <xsd:element name="PackageDescription" type="dvb:DescriptionLocationBCG" minOccurs="0" 
maxOccurs="unbounded"/> 
  <xsd:element name="Service" type=”dvb:PackagedServiceType” maxOccurs="unbounded"/> 
  <xsd:element name="PackageReference" minOccurs="0" maxOccurs="unbounded"> 
   <xsd:complexType> 
    <xsd:attribute name="Id" type="dvb:Hexadecimal16bit"/> 
   </xsd:complexType> 
  </xsd:element> 
  <xsd:element name="PackageAvailability" type="dvb:ServiceAvailabilityType" minOccurs="0" 
maxOccurs="unbounded"/> 
 </xsd:sequence> 
 <xsd:attribute name="Id" type="dvb:Hexadecimal16bit" use="required"/> 
 <xsd:attribute name="Visible" type="xsd:boolean" use="optional" default="true"/> 
</xsd:complexType> 
  



 



Figure C.10: Package 



This provides a means to group services together into a "package" that the service provider can offer or refer to as a 
unit. 
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The attribute "Id" of a Package is an identifier used to identify a package, and service providers shall ensure that it is 
unique within the scope of their services. 



The attribute "Visible" of a Package is used to indicate if a package should not be displayed to the user and is present 
simply to provide efficient grouping of common packages. 



Table C.2: Package Fields 



Name Definition 
PackageName The textual name of the package. 
Service One or more services which comprise the package 
CountryAvailability The countries within which the package is, or is not, available. This 



field is deprecated. 
PackageDescription A link to a BCG that provides a description of the content available 



in the package. 
PackageReference Allows inclusion of packages within other packages. 
PackageAvailability Structure which defines the geographical availability of the package. 



 



C.3.18 TransportModeType 
<xsd:complexType name="TransportModeType"> 
 <xsd:choice maxOccurs="unbounded"> 
  <xsd:element name="DVBSTP" type="dvb:DVBSTPTransportModeType"/> 
  <xsd:element name="HTTP" type="dvb:HTTPTransportModeType"/> 
 </xsd:choice> 
</xsd:complexType> 
 



 



Figure C.11: TransportModeType 



This type is used to indicate both the mechanism used to carry BCG information, and the payloadIds and segmentIds of 
the relevant information. 



C.3.19 DVBSTPTransportModeType 
<xsd:complexType name="DVBSTPTransportModeType"> 
 <xsd:complexContent> 
  <xsd:extension base="dvb:PayloadList"> 
   <xsd:attributeGroup ref="dvb:MulticastAddressAttributes"/> 
  </xsd:extension> 
 </xsd:complexContent> 
</xsd:complexType> 



 



Figure C.11: DVBSTPTransportModeType 



 



C.3.20 HTTPTransportModeType 
<xsd:complexType name="HTTPTransportModeType"> 
 <xsd:complexContent> 
  <xsd:extension base="dvb:PayloadList"> 
   <xsd:attribute name="Location" type="dvb:PullURL" use="required"/> 
   <xsd:attribute name="SOAP" default="false"/> 
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  </xsd:extension> 
 </xsd:complexContent> 
</xsd:complexType> 



 



Figure C.12: HTTPTransportModeType 



C.3.21 DescriptionLocationBCG 
 
<xsd:complexType name="DescriptionLocationBCG" mixed="true"> 
 <xsd:simpleContent> 
  <xsd:extension base="dvb:DescriptionLocation"> 
   <xsd:attribute name="preferred" type="xsd:boolean" use="optional"/> 
  </xsd:extension> 
 </xsd:simpleContent> 
</xsd:complexType> 
 
A URI that specifies the location of BCG information with an optional boolean attribute for signaling the preferred 
BCG. There shall be no more than one instance of preferred set to true in each relevant scope. 



C.3.22 ServiceAvailabilityType 
<xsd:complexType name="ServiceAvailabilityType"> 
 <xsd:sequence> 
  <xsd:element name="CountryCode" type="dvb:PackageAvailabilityCountryCodeType"/> 
  <xsd:element name="Cells" type="xsd:string" minOccurs=”0” maxOccurs="unbounded"/> 
 </xsd:sequence> 
</xsd:complexType> 



 



Figure C.13: ServiceAvailabilityType 



 
 



Table C.2: Service Availability Fields 



Name Definition Mandatory/Op
tional 



CountryCode This element indicates the country for which the availability is 
being defined. 



M 



@Availability This flag indicates whether the service is available in the 
country specified by CountryCode. The default is TRUE. 
When TRUE, the service is available in the specified country 
with the exception of those regions identified by Cells. 
When FALSE, the service is not available in the specified 
country with the exception of those regions identified by Cells. 



O 



Cells A list of string identifiers representing geographical regions in 
the country identified by CountryCode. The Cells listed 
represent the exception to the value supplied by the flag, i.e. 
the negation of the Availability flag applies to any listed cells. 



O 
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C.3.23 PackagedServiceType 
<xsd:complexType name="PackagedServiceType"> 
 <xsd:sequence> 
  <xsd:element name="TextualID" type="dvb:TextualIdentifier"/> 
  <xsd:element name="DVBTriplet" type="dvb:DVBTriplet" minOccurs="0"/> 
  <xsd:element name="DescriptionLocation" type="dvb:DescriptionLocationBCG" minOccurs="0"/> 
  <xsd:element name="LogicalChannelNumber" type="xsd:positiveInteger" minOccurs="0"/> 
 </xsd:sequence> 
</xsd:complexType> 



 



Figure C.14: PackagedServiceType 



 



C.3.24 FECLayerAddressType 
<xsd:complexType name="FECLayerAddressType"> 
 <xsd:attribute name="Address" type="dvb:IPOrDomainType" use="optional"/> 
 <xsd:attribute name="Port" type="xsd:unsignedShort" use="required"/> 
</xsd:complexType> 
 



C.3.25 PackageAvailabilityCountryCodeType 
<xsd:complexType name="PackageAvailabilityCountryCodeType"> 
 <xsd:simpleContent> 
  <xsd:extension base="xsd:string"> 
   <xsd:attribute name="Availability" type="xsd:boolean" default="true"/> 
  </xsd:extension> 
 </xsd:simpleContent> 
</xsd:complexType> 
 



C.4   Element Types 



C.4.1 BroadcastOffering 
<xsd:complexType name="BroadcastOffering"> 
 <xsd:complexContent> 
  <xsd:extension base="dvb:OfferingBase"> 
   <xsd:sequence> 
    <xsd:element name="ServiceList" type="dvb:IPServiceList" maxOccurs="unbounded"/> 
   </xsd:sequence> 
  </xsd:extension> 
 </xsd:complexContent> 
</xsd:complexType> 
 



 



Figure C.13: Broadcast offering 
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This element is used where the service provider is offering a range of "broadcast" services, which are continuously 
streamed MPEG-2 transport streams. The services provided are grouped in ServiceLists (which may contain only a 
single service), which is represented by an instantiation of the complex type IPServiceList. 



C.4.2 CoDOffering 
<xsd:complexType name="CoDOffering"> 
 <xsd:complexContent> 
  <xsd:extension base="dvb:OfferingBase"> 
   <xsd:sequence> 
    <xsd:element name="Catalogue" maxOccurs="unbounded"> 
     <xsd:complexType> 
      <xsd:sequence> 
       <xsd:element name="Name" type="dvb:MultilingualType" 
maxOccurs="unbounded"/> 
       <xsd:element name="Description" type="dvb:MultilingualType" 
minOccurs="0" maxOccurs="unbounded"/> 
       <xsd:element name="Locator" type="dvb:DescriptionLocation" 
maxOccurs="unbounded"/> 
      </xsd:sequence> 
      <xsd:attribute name="Id" type="dvb:Hexadecimal16bit" use="required"/> 
     </xsd:complexType> 
    </xsd:element> 
   </xsd:sequence> 
  </xsd:extension> 
 </xsd:complexContent> 
</xsd:complexType> 
 



 



 



Figure C.14: Content on Demand 



This element is used where the service provider is offering "content on demand" services. 



Name Definition 
Catalogue A catalogue, that consists of: 
 Name The name of the catalogue. 
 Description A description of the catalogue. 
 Locator One or more URI(s) specifying where the catalogue can be found. 
 @Id A 16 bit Id used to refer to the catalogue. 



 



Note that use of this element is now deprecated. 



C.4.3 PackagedServices 
<xsd:complexType name="PackagedServices"> 
 <xsd:complexContent> 
  <xsd:extension base="dvb:OfferingBase"> 
   <xsd:sequence> 
    <xsd:element name="Package" type="dvb:Package" maxOccurs="unbounded"/> 
   </xsd:sequence> 
  </xsd:extension> 
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 </xsd:complexContent> 
</xsd:complexType> 



 



Figure C.15: Packaged services 



C.4.4 ReferencedServices 
<xsd:complexType name="ReferencedServices"> 
 <xsd:complexContent> 
  <xsd:extension base="dvb:OfferingBase"> 
   <xsd:sequence> 
    <xsd:element name="ReferencedServiceProvider" maxOccurs="unbounded"> 
     <xsd:complexType> 
      <xsd:sequence> 
       <xsd:element name="Service" minOccurs="0" maxOccurs="unbounded"> 
        <xsd:complexType> 
         <xsd:attribute name="Name" type="dvb:Service" use="required"/> 
        </xsd:complexType> 
       </xsd:element> 
      </xsd:sequence> 
      <xsd:attribute name="Domain" type="dvb:DomainType" use="required"/> 
     </xsd:complexType> 
    </xsd:element> 
   </xsd:sequence> 
  </xsd:extension> 
 </xsd:complexContent> 
</xsd:complexType> 
 



 



Figure C.16: Referenced services 



This provides a means for a service provider to list services provided by other service providers from within his own 
service discovery information. 



Name Definition 
ReferencedServiceProvider A group of one or more service from a different service provider to which the 



service provider of the current context wishes to refer. 
 Service A list of one or more referenced services. 
  @Name The name of the each referenced service. 
 @Domain The domain component of the textual service identifier of the service provider 



which is referred to. 
 



C.4.5 ServiceProvider 
<xsd:complexType name="ServiceProvider"> 
 <xsd:sequence> 
  <xsd:element name="ServiceProvider" maxOccurs="unbounded"> 
   <xsd:complexType> 
    <xsd:sequence> 
     <xsd:element name="Name" type="dvb:MultilingualType" maxOccurs="unbounded"/> 
     <xsd:element name="Description" type="dvb:MultilingualType" minOccurs="0" 
maxOccurs="unbounded"/> 
     <xsd:element name="Offering" type="dvb:OfferingListType" minOccurs="0"/> 
    </xsd:sequence> 
    <xsd:attribute name="DomainName" type="dvb:DomainType" use="required"/> 
    <xsd:attribute name="Version" type="dvb:Version" use="required"/> 
    <xsd:attribute name="LogoURI" type="xsd:anyURI" use="optional"/> 
   </xsd:complexType> 
  </xsd:element> 
 </xsd:sequence> 
</xsd:complexType> 
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Figure C.17: Service Provider 



This element is used in the first stage of service discovery. It is sent by service providers and is used as a link to their 
own service discovery information. 



An aggregating service provide may send multiple ServiceProvider elements in a single document. 



If the element Offering is missing, then the ServiceProvider is not currently providing any services, but simply 
announcing its presence. 



Name Definition 
ServiceProvider A service provider consists of: 
 Name The textual name of the service provider. 
 Description An optional description of the service provider. 
 Offering The location of where details of the service providers offering may be found. 
 @DomainName The domain name of the service provider. 
 @Version The version of the service providers record. 
 @LogoURI A URI for a logo for the service provider. 



 



C.4.6 BCGDiscovery 
<xsd:complexType name="BCGOffering"> 
 <xsd:complexContent> 
  <xsd:extension base="dvb:OfferingBase"> 
   <xsd:sequence> 
    <xsd:element name="BCG" maxOccurs="unbounded"> 
     <xsd:complexType> 
      <xsd:sequence> 
       <xsd:element name="Name" type="dvb:MultilingualType" 
maxOccurs="unbounded"/> 
       <xsd:element name="Description" type="dvb:MultilingualType" 
minOccurs="0" maxOccurs="unbounded"/> 
       <xsd:element name="TransportMode" type="dvb:TransportModeType"/> 
       <xsd:element name="Logo" type="xsd:anyURI" minOccurs="0"/> 
       <xsd:element name="Type" type="tva:ControlledTermType" minOccurs="0"/> 
       <xsd:element name="TargetProvider" type="dvb:DomainType" minOccurs="0" 
maxOccurs="unbounded"/> 
       <xsd:element name="BCGProviderName" type="dvb:MultilingualType" 
minOccurs="0" maxOccurs="unbounded"/> 
      </xsd:sequence> 
      <xsd:attribute name="Id" type="tva:TVAIDType" use="required"/> 
      <xsd:attribute name="Version" type="dvb:Version" use="optional"/> 
     </xsd:complexType> 
    </xsd:element> 
   </xsd:sequence> 
  </xsd:extension> 
 </xsd:complexContent> 
</xsd:complexType> 
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Figure C.18: BCGOffering 



This element is used to discover BCG (Broadcast Content Guide) Offerings. 



Name Definition 
BCGOffering A BCG Offering consists of several BCG elements 
 BCG A BCG consists of: 
  @Id A unique textual identifier for the BCG. 
  @Version Version of the BCG. 
  Name The name of the BCG. 
  Description An optional description of the BCG. 
  TransportMode The location of where the BCG offering may be found. 
  Logo A URI for a logo for the BCG. 
  Type Optional element indicating the type of the BCG. The type is 



tva:ControlledTermType. The different values of the BCG type are 
defined in the following extensible ClassificationScheme. 



  TargetProvider The service provider whose content is described by this BCG (for 
example Canal+). The domainName shall be the same as a 
domain name present in the ServiceList. 



  BCGProviderName The name of the BCG provider (for example "Telerama"). This field 
shall be identical to the textual string of the Publisher attribute of 
the TVAMain element in the BCG metadata. 



 
The classification scheme for the Type element is as follows: 



<ClassificationScheme uri="urn:dvb:ipi:sdns:cs:BCGTypeCS:2006"> 
 <Term termID="1"> 
  <Name xml:lang="en">Live</Name> 
  <Definition xml:lang="en">BCG for live TV programs</Definition> 
 </Term> 
 <Term termID="2"> 
  <Name xml:lang="en">CoD</Name> 
  <Definition xml:lang="en">BCG for Content on Demand programs </Definition> 
 </Term> 
 <Term termID="3"> 
  <Name xml:lang="en">Downloadable Content</Name> 
  <Definition xml:lang="en">BCG for downloadable content</Definition> 
 </Term> 
</ClassificationScheme> 
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C.5 Schema 
<?xml version="1.0" encoding="UTF-8"?> 
<xsd:schema targetNamespace="urn:dvb:ipi:sdns:2006" xmlns:xsd="http://www.w3.org/2001/XMLSchema" 
xmlns:dvb="urn:dvb:ipi:sdns:2006" xmlns:tva="urn:tva:metadata:2005" elementFormDefault="qualified" 
attributeFormDefault="unqualified"> 
 <xsd:import namespace="urn:tva:metadata:2005" schemaLocation="./tva_metadata_3-1_v131.xsd"/> 
 <xsd:element name="ServiceDiscovery"> 
  <xsd:complexType> 
   <xsd:choice> 
    <xsd:element name="BroadcastDiscovery" type="dvb:BroadcastOffering" 
maxOccurs="unbounded"/> 
    <xsd:element name="CoDDiscovery" type="dvb:CoDOffering" maxOccurs="unbounded"/> 
    <xsd:element name="ServicesFromOtherSP" type="dvb:ReferencedServices" 
maxOccurs="unbounded"/> 
    <xsd:element name="PackageDiscovery" type="dvb:PackagedServices" 
maxOccurs="unbounded"/> 
    <xsd:element name="ServiceProviderDiscovery" type="dvb:ServiceProvider" 
maxOccurs="unbounded"/> 
    <xsd:element name="BCGDiscovery" type="dvb:BCGOffering" maxOccurs="unbounded"/> 
   </xsd:choice> 
   <xsd:attribute name="Version" type="dvb:Version" use="optional"/> 
  </xsd:complexType> 
 </xsd:element> 
…… 
</xsd:schema> 
 



 



Figure C.19: Service discovery 



Figure C.19 shows the structure of a service offering. Each service offering shall contain only one of the "Element 
Types" as described in clause 5.2.6, but may have multiple instances of this type. 



The version attribute is used as described in clause 5.2.6. It is used to carry the version number of the XML document 
within the XML. Note that this is distinct from the version number carried in the ServiceProviderDiscovery record. 



The Version attribute of the root element (ServiceDiscovery) shall be present when XML is delivered via the pull mode 
(HTTP). It is recommended that the version attribute is not present when the XML is delivered via push mode 
(multicast). 
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C.6 Multicasting XML documents 
Where multicast is used to distribute the service discovery information, the protocol defined in clause 5.4.1 shall be 
used. The following clauses define how the XML shall be mapped into the protocol. 



C.6.1 XML records and payload ID 
XML records shall be constructed such that each record only contains elements of one of the types from clause C.4. The 
payloadId field of the multicast protocol header shall be set to reflect the type of record contained within the transmitted 
multicast packets. Thus any XML record shall contain the root element (ServiceDiscovery) which contains only an 
arbitrary number of BroadcastDiscovery elements, or only an arbitrary number of CoDDiscovery elements, or only an 
arbitrary number of ServicesFromOtherSP elements, or only an arbitrary number of PackageDiscovery elements, or 
only an arbitrary number of ServiceProviderDiscovery elements. 



C.6.2 Segmentation of records 
Records containing service provider discovery information (i.e. Payload ID 0x01) shall not be segmented when using 
the "pull mode". 



All other cases, the XML records shall be segmented, that is divided up into smaller units, to enable easier processing in 
the HNED, or variable access times. Note that a record may be divided into a single segment. 



Each segment shall contain a complete root element (ServiceDiscovery) which comprises of an integral number of child 
elements (BroadcastDiscovery, or CoDDiscovery, or ServicesFromOtherSP, or PackageDiscovery, or 
ServiceProviderDiscovery), as defined in clause C.4 (specifically, a segment shall not contain part of a child element). 
A segment shall not contain more than one type of child element (i.e. it shall be in accordance with clause C.6.1). 



Each segment shall be valid and well formed. 



Each segment shall have a segment ID that is unique within the scope of the service provider and the payload ID. For a 
shared multicast address the service provider shall be signalled by the conditional Provider ID field of the DVB-STP 
header (see clause 5.4.1). For a multicast address carrying only a single service provider, this information is inferred 
from the multicast address. With HTTP, the service provider is included in the request (see clause 5.4.2). 



Segment Ids need not be contiguous. 











 



DVB BlueBook A086 Rev. 4 



100



Annex D (informative): 
Bibliography 



• ETSI TR 101 162: "Digital Video Broadcasting (DVB); Allocation of Service Information (SI) codes for DVB 
systems". 



• IEEE 802.11 Handbook: "A Designer's Companion". 



• ISO/IEC 15802-3:1998: "Information technology - Telecommunications and information exchange between 
systems - Local and metropolitan area networks Common specifications - Part 3: Media Access Control 
(MAC) Bridges". 



• IETF RFC 2597: "Assured Forwarding PHB Group". 



• IETF RFC 3246: "An Expedited Forwarding PHB (Per-Hop Behavior)". 



• IETF RFC 3454: "Preparation of Internationalized Strings ("stringprep")". 



• XML Schema Part 0: "Primer" http://www.w3.org/TR/2001/REC-xmlschema-0-20010502. 



• XML Schema Part 1: "Structures" http://www.w3.org/TR/2001/REC-xmlschema-1-20010502. 



• XML Schema Part 2: "Datatypes" http://www.w3.org/TR/2001/REC-xmlschema-2-20010502. 



• TM3422: “DVB-HN Commercial Requirements Phase 1” 



• ETSI TS 102 539: " Digital Video Broadcasting (DVB); Carriage of Broadband Content Guide (BCG) 
information over Internet Protocol (IP) 





http://www.w3.org/TR/2001/REC-xmlschema-0-20010502


http://www.w3.org/TR/2001/REC-xmlschema-1-20010502


http://www.w3.org/TR/2001/REC-xmlschema-2-20010502








 



DVB BlueBook A086 Rev. 4 



101



Annex E (normative): Application Layer Forward Error 
Correction 



E.1 Introduction 
This Annex defines an optional protocol for Application Layer FEC (AL-FEC) protection of streaming 
media for DVB-IP services. This AL-FEC protocol is a layered protocol based on a combination of the 
following two forward error correction codes: 



• a simple packet-based interleaved parity code, equivalent to a subset the code defined in [76] 



• the Raptor code, as defined in [73] and [74] 



Note that the code defined in [76] is only applicable to the case of media carried within a single RTP flow. In 
this case, FEC repair packets may be sent in one (or more) layers, the first layer containing packets generated 
by the interleaved parity code and the optional second and subsequent layers containing packets generated by 
the DF Raptor code. Receivers process only packets from the layer or layers they support. A key property of 
the code defined in this specification is that simultaneous support of multiple layers is possible and FEC 
packets from these multiple layers can be combined at the receiver to achieve error correction performance 
which is better than any single layer alone. 



Section E.3 of this Annex defines the first layer, based on [76]. 



Section E.4 of this Annex defines the subsequent layers, based on [73] and [74]. 



Section E.5 of this Annex describes hybrid decoding procedures which can make use of packets from all 
layers of the code. 



Finally, Section E.6 of this Annex defines complete FEC protocols for multicast and unicast video with both 
MPEG-2 Transport Stream encapsulation and direct transport of audio and video over RTP, constructed 
using the components described in the previous sections. 
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E.2 Terms and Acronyms 



Term/Acronym Definition/Description 



Bundle Collection of Streams (a.k.a. Flows) that are collected into a 
single Source Block, and used to generate a single stream of 
Repair Symbols. For example, a low-bitrate audio stream might 
be bundled with a high-bitrate stream, providing better FEC 
protection than if it hadn’t been bundled. 



Flow Another term for “Stream”, used in the context of Bundles. 



Intermediate Block A block of data derived from the original Source Block data in 
the case of DF Raptor Encoder or the combination of Received 
Source Symbols and Repair Symbols in the case of DF Raptor 
Decoder. 



Repair Symbol A Symbol generated by the DF Raptor Encoder that is derived 
from Source Symbols. 



Source Block A block of source data over which the DF Raptor Encoder 
provides FEC repair information. 



Source Symbol The unit of data from a Source Block. All Source Symbols 
within a source block are the same size. 



FEC Forward Error Correction 



Encoding Symbol A source symbol or a repair symbol 



Source Packet Information 
(SPI) 



Information included in a source block related to or from a 
source packet 



FEC Streaming 
Configuration Information 



Information which controls the operation of the FEC Streaming 
Framework. 



FEC Payload ID See [75] 



Source FEC Payload ID See [75] 



Repair FEC Payload ID See [75] 



FEC Object Transmission 
Information 



See [75]  



FEC Encoding ID See [75] 



Content Delivery Protocol See [75] 



Table E.1 - Terms and Acronyms 
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E.3 SMPTE 2022-1-based code 
SMPTE 2022-1 [76] based coding MAY be applied for streams which meet the requirements of [77]. 



All requirements of [76] and [77] shall apply, with the modifications and exceptions as shown in Table E.2 
below. Modifications/exceptions are classified as follows: 



(R) Additional requirement (normative) 



(E) Exception (normative) 



(N) Note (informative) 



Table E.2: Modification/exceptions to [76] and [77] 
Section from [76] and [79] Modification/exception 



[76] 6.1 RTP/UDP/IP layer (R) The SSRC SHALL have the same value in every packet of the 
stream 



[76] 7 FEC scheme (N) The term “FEC Scheme” used here does not have the same 
meaning as “FEC Scheme” in the present document or in [73]. 



[76] 7.1 FEC packet arrangement 
(E) When used with multiple layers, then the L * D block of packets 
protected by one or more FEC packets SHALL be wholly contained 
within a single source block of the Raptor code. 



[76] 7.1 FEC packet arrangement (E) Only the first FEC stream shall be supported 



[76] 6.1 FEC buffer overhead and 
latency implications 



(E) The limits defined in this section SHALL NOT apply. Receivers 
SHALL support values of L and D within the restrictions L*D <= 
400 and L <= 40 (L is the burst size). Receivers MAY also support 
values of L and D outside this range. 



[76] 7.4 FEC header format (R) The D bit SHALL be set to 0 



[76] 7.4 FEC header format (R) The SNBase ext bits SHALL NOT be used 



[76] 7.5 FEC traffic shaping issues (E) The requirements of this section SHALL NOT apply. 



[76] 8 System Configuration (E) In the case of multicast, the FEC Stream MAY use a separate 
IP multicast destination address to support layered sending  



Annex B Non block aligned FEC 
arrangement 



(E) The sending arrangement described in this Annex SHALL NOT 
be used. 
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E.4 Raptor code 



E.4.1 Introduction 



The FEC Building Block [75] defined by the IETF Reliable Multicast working group describes an approach 
to the specification of protocols using FEC but separates the definition of the protocol from the specification 
of the FEC code itself. In the language of the FEC Building Block, separate specifications are provided for 
“Content Delivery Protocols” and for “FEC Schemes”, the former defining the protocols and the latter 
defining the actual FEC codes. The FEC Building Block describes rules that both kinds of specification shall 
follow so that they can be used together and so it provides the “glue” between Content Delivery Protocols 
and FEC Schemes. 



Following this approach, this section is organized as a number of modular components. These are then 
combined to form complete protocols suitable for the DVB-IP services. These components include: 



• An FEC Streaming Framework, equivalent to that defined in [73], which provides an overall protocol 
framework for the application of FEC to media streams. This is described in Section E.4.2. 



• A number of FEC Schemes, which define protocol components according to the IETF FEC Building 
Block [75] suitable for various classes of application and which define how the Raptor FEC code is 
applied for streaming applications. These are defined in Section E.4.3. 



Complete protocol specifications for multicast and unicast video with both MPEG-2 Transport Stream 
encapsulation and direct transport of audio and video encapsulated in RTP are then described in Section E.5. 
In both cases, the construction is based on the building blocks described above.  
 



E.4.2 FEC Streaming Framework 



E.4.2.1 Introduction 



This section defines a framework for the definition of CDPs, in the sense of the FEC Building Block, which 
provides for FEC protection of streamed data flows over UDP. This section does not define a complete 
Content Delivery Protocol, but rather defines only those aspects that are expected to be common to all 
Content Delivery Protocols that support streaming data over UDP.  



The framework defined in this section is not specific to a single streaming application protocol. The 
framework provides FEC protection for application protocol flows over UDP and for combined protection of 
multiple such flows. For example, multiple RTP flows may be protected together with the associated RTCP 
flows and potentially also other related flows such as security protocol packets. 



Content Delivery Protocols which use this framework shall provide for communicating two kinds of 
information from sender to receiver: 



• FEC Streaming Configuration Information 



• FEC Object Transmission Information 



FEC Streaming Configuration Information is information independent of the FEC Scheme being used that is 
needed by the FEC Streaming Framework, e.g. the definition of the UDP flows that are protected by the FEC 
Streaming Framework. The FEC Streaming Configuration Information is defined in this section and the 
means to transport it (for example with Service Discovery Information) shall be defined by each Content 
Delivery Protocol. 



FEC Object Transmission Information is information which is specific to a particular FEC Scheme. The FEC 
Object Transmission Information is defined by each FEC Scheme. Content Delivery Protocols shall define a 
means to transport the FEC Object Transmission Information from sender to receiver. 
The architecture outlined above is illustrated in Figure E.1. 
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+ - - - - - - -- - - - - - - - - - - - - - - - - + 
|                                                | 
  +--------------------------------------------+ 
| |                                            | | 
  |               Application                  | 
| |                                            | | 
  +--------------------------------------------+ 
| +---------------------------------+     |      | 
  |    Application/                 |     | 
| | Transport Protocol (e.g. RTP)   |     |      | 
  |                                 |     |-Configuration/Coordination 
| +---------------------------------+     |      | 
                     ^                    | 
|                    |  UDP flows         |      | 
                     v                    v 
| +--------------------------------------------+ |    +----------------+ 
  |                                            |      |                | 
| |  FEC Streaming Framework (this section)    |------|   FEC Scheme   | 
  |                                            |      |                | 
| +--------------------------------------------+ |    +----------------+ 
                     ^ 
|                    |  UDP flows                | 
                     v 
| +--------------------------------------------+ | 
  |                                            | 
| |                   UDP                      | | 
  |                                            | 
  +--------------------------------------------+ 
| +--------------------------------------------+ | 
  |                                            | 
| |                  IP                        | | 
  |                                            | 
| +--------------------------------------------+ | 
 Content Delivery Protocol 
+ - - - - - - - - - - - - - - -  - - - - - - - - + 
 



Figure E.1: FEC Streaming Framework Architecture 



E.4.2.2   Procedural overview 



E.4.2.2.1 General 



The mechanism defined in this section consists of three components:  



(i) construction of a 'source block' from source media packets belonging to one or several UDP 
packet flows. The UDP flows MAY include, for example, RTP and RTCP packets and also other 
protocols related to the stream.  



(ii) optional extension of source packets to indicate the source block and the position within the 
source block occupied by the data from and related to the source packet.  



(iii) definition of repair packets, sent over UDP, which can be used by the FEC decoder to 
reconstruct missing portions of the source block.  



The protected data may be from several different UDP flows that are protected jointly. In general, multiple 
source blocks will be constructed for a stream; each source block is constructed from different sets of source 
packets. For example, each source block may be constructed from those source packets related to a particular 
segment of the stream in time.  



A receiver supporting this streaming framework SHALL support the packet format for FEC Source packets 
and SHALL also support the packet format for FEC Repair packets.  
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This section does not define how the sender determines which source packets are included in which source 
blocks. A specific Content Delivery Protocol MAY define this mapping or it MAY be left as implementation 
dependent at the sender, possibly including some memory constraints at receivers. However, a CDP 
specification SHALL define how a sender communicates to the receiver themaximum length of time that the 
sender will allow between a source packet and a repair packet that protects that source packet.  



At the sender, the mechanism processes original UDP packets to create:  



(i) a stored copy of the original packets in the form of one or more 'source block(s)'. The source 
block is a logical block of data to which the FEC code will subsequently be applied. It is constructed 
by concatenating 'Source Packet Information' (SPI) for each source packet. Generally, the SPI for a 
packet contains a short identifier for the flow the packet belongs to, a length indicator for the packet, 
the UDP payload and possible padding bytes.  



(ii) FEC Source packets for transmission to the receiver.  



The FEC Streaming Framework uses the FEC encoder specified by the FEC Scheme in use to generate the 
desired quantity of repair symbols from a source block. These repair symbols are then sent using the FEC 
repair packet format to the receiver. The FEC Repair packets are sent to a UDP destination port different 
from any of the original UDP packets' destination port(s) as indicated by the FEC Streaming Configuration 
Information.  



The receiver recovers original source packets directly from any FEC Source packets received. The receiver 
also uses the received FEC Source Packets to construct a stored copy of the original packets in the same 
source block format as constructed at the sender.  



If any FEC Source packets related to a given source block have been lost, then this copy of the source block 
at the receiver will be incomplete. If sufficient FEC source and FEC Repair packets related to that source 
block have been received, the FEC Framework may use the FEC decoding algorithm defined by the FEC 
Scheme to recover a (hopefully, but not necessarily, complete) copy of the source block. The SPI for the 
missing source packets can then be extracted from the completed parts of the source block and used to 
reconstruct the source packets to be passed to the application.  



The receiver of FEC Source packets SHALL be able to identify the source block and the position within the 
source block occupied by the SPI derived from each packet. This information is know as FEC Source Packet 
Identification Information and may be communicated in several ways. The FEC Source Packet Identification 
Information  MAY be encoded into a specific field within the FEC Source packet format defined in this 
Annex, called the Source FEC Payload ID field. The exact contents and format of the Source FEC Payload 
ID field are defined by the FEC Scheme. Alternatively, the FEC Scheme or CDP MAY define how the FEC 
Source Packet Identification Information is derived from other fields within the source packets. This section 
defines the way that the Source FEC Payload ID field, if used, is appended to source packets to form FEC 
Source packets.  



The receiver of FEC Repair packets SHALL also be able to identify the source block and the relationship 
between the contained repair data and the original source block. This information is known as FEC Repair 
Packet Identification information. This information SHALL be encoded into a specific field, the Repair FEC 
Payload ID field, the contents and format of which are defined by the FEC Scheme.  



Any FEC Schemes to be used in conjunction with this framework SHALL be a systematic FEC Scheme and 
SHALL be based on source blocks. The FEC Scheme MAY define different FEC Payload ID field formats 
for FEC Source packets and FEC Repair packets.  



E.4.2.2.2 Sender Operation 



It is assumed that the sender has constructed or received original data packets for the session. These may be 
RTP, RTCP or other UDP packets. The following operations describe a possible way to generate compliant 
FEC Source packet and FEC repair packet streams:  



1. A source block is constructed as specified in Section E.4.2.3.2, by concatenating the SPI for each 
original source packet. In doing so, the Source FEC Packet Identification Information of the FEC 
Source packet can be determined and included in the Source FEC Payload ID field, if used. In the 
SPI the identity of the packet's UDP flow is marked using a short 'UDP flow ID', defined in this 
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Annex. The association of UDP flow specifications to UDP flow IDs is defined by the FEC 
Streaming Configuration Information.  



2. The FEC Source packet is constructed according to Section E.4.2.3.3. The identity of the original 
flow is maintained by the source packet through the use of the same UDP ports and IP addresses 
which have been advertised by the Content Delivery Protocol (for example using DVB Service 
Discovery), as carrying FEC Source packets generated from an original stream of a particular 
protocol (e.g. RTP, RTCP, etc.). The FEC Source packet generated is sent according to normal UDP 
procedures.  



3. The FEC encoder generates repair symbols from a source block and the FEC Streaming 
Framework places these symbols into FEC Repair packets, to be conveyed to the receiver(s). These 
repair packets are sent using normal UDP procedures to a unique destination port to separate them 
from any of the source packet flows. The ports to be used for FEC Repair packets are defined in the 
FEC Streaming Configuration Information.  



E.4.2.2.3 Receiver Operation 



The following describes a possible receiver algorithm, when receiving an FEC source or repair packet:  



1. If an FEC Source packet is received (as indicated by the UDP flow on which was received):  



a. The original source packet is reconstructed by removing the Source FEC Payload ID, if 
used. The resulting packet MAY be buffered to allow time for the FEC repair. 



b. The Source FEC Packet Identification Information is determined, either from the Source 
FEC Payload ID, if used, or by other means.  



c. The SPI for the resulting packet is placed into the source block according to the Source 
FEC Packet Identification Information and the source block format described in 
Section E.4.2.3.2. The IP addresses and UDP ports the packet was received on/sent from are 
used to determine the UDP flow ID within the SPI.  



2. If an FEC Repair packet is received (as indicated by the UDP flow on which it was received), the 
contained repair symbols are associated with a source block according to the Repair FEC Payload 
ID.  



3. If at least one source packet is missing and at least one repair packet has been received for a 
source block then FEC decoding may be desirable. The FEC decoder determines if the source block 
constructed in step 1 plus the associated repair symbols received in step 2 contains enough symbols 
for decoding of any or all of the missing source symbols in the source block and, if so, performs a 
decoding operation.  



4. Any SPI that was reconstructed during the decoding operation is then used to reconstruct the 
missing source packets and these are buffered as normal received source packets (see step 1a above).  



Note that the above procedure may result in a situation in which not all original source packets are recovered.  



E.4.2.3   Protocol Specification 



E.4.2.3.1 General 



This section specifies the protocol elements for the FEC Streaming Framework. The protocol consists of 
three components which are described in the following sections:  



1. Construction of a source block from source packets. The FEC code will be applied to this source 
block to produce the repair data.  



2. A format for packets containing source data.  



3. A format for packets containing repair data.  



The operation of the FEC Streaming Framework is governed by certain FEC Streaming Configuration 
Information. This configuration information is also defined in this section. A complete protocol specification 
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that uses this framework SHALL specify the means to determine and communicate this information between 
sender and receiver. 



E.4.2.3.2 Structure of Source Block 



This clause defines the layout of the source block. A source block consists of the concatenation of SPI for at 
least one original source UDP packet.  



Let  



n be the number of UDP packets in the source block. n MAY be determined dynamically 
during the source block construction process.  



T be the source symbol size in bytes. Note: this information is provided by the FEC Scheme as 
defined in SectionE.4.2.3.6. 



i the index to the ( i+1)-th UDP packet to be added to the source block, 0 <= i < n. 



R[i] denote the number of octets of the UDP payload of the i-th UDP packet.  



l[i] be a length indication associated with the i-th UDP packet – the nature of the length 
indication is defined by the FEC Scheme  



L[i] denote two octets representing the value of l[i] in network byte order (high order octet first)  
of the i-th UDP packet. 



f[i] denote an integer 'UDP flow ID' identifying the UDP flow from which the i-th packet was 
taken  



F[i] denote a single octet representing the value of f[i]  



s[i] be the smallest integer such that s[i]*T >= (l[i]+3). Note s[i] is the length of SPI[i] in units of 
symbols of size T bytes.  



P[i] denote s[i]*T-(l[i]+3) zero octets. Note: P[i] are padding octets to align the start of each 
UDP packet with the start of a symbol.  



SPI[i] be the concatenation of F[i] ,L[i], R[i] and P[i].  



Then, the source block is constructed by concatenating SPI[i] for i = 0, 1, 2, ... n-1. The source block size, S, 
is then given by sum {s[i]*T, i=0, ..., n-1}.  



Source blocks are identified by integer Source Block Numbers and symbols within a source block by integer 
Encoding Symbol IDs. This section does not specify how Source Block Numbers are allocated to source 
blocks. Symbols are numbered consecutively starting from zero within the source block. Each source packet 
is associated with the Encoding Symbol ID of the first symbol containing SPI for that packet. Thus, the 
Encoding Symbol ID value associated with the j-th source packet, ESI[j], is given by  



ESI[j] = 0, for j=0  



ESI[j] = sum{s[i], i=0,...,(j-1)}, for 0 < j < n  



The Source FEC Packet Identification Information consists of the identity of the source block and the 
Encoding Symbol ID associated with the packet. 



A UDP flow is uniquely defined by an IP source and destination address and UDP source and destination 
port values. The assignment of UDP flow ID values to UDP flows is part of the FEC Streaming 
Configuration Information.  



E.4.2.3.3 Packet format for FEC Source packets 



The packet format for FEC Source packets SHALL be used to transport the payload of an original source 
UDP packet. As depicted in Figure E.2, it consists of the original UDP packet, followed, optionally, by the 
Source FEC Payload ID field, if used.  



 
+------------------------------------+ 
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|             IP header              | 



+------------------------------------+ 



|            UDP header              | 



+------------------------------------+ 



|       Original UDP Payload         | 



+------------------------------------+ 



|  Source FEC Payload ID (optional)  | 



+------------------------------------+ 



Figure E.2: Structure of FEC Source Packets 



The IP and UDP header fields SHALL be identical to those of the original source packet. The Original UDP 
Payload field SHALL be identical to the UDP payload of the original source packet. The UDP payload of the 
FEC Source packet SHALL consist of the Original UDP Payload followed by the Source FEC Payload ID 
field.  



The Source FEC Payload ID field, if present, contains information required for the operation of the FEC 
algorithm, in particular for the derivation of the Source FEC Packet Identification Information. The format of 
the Source FEC Payload ID and the derivation of the Source FEC Packet Identification Information are 
defined by the FEC Scheme. Note that the FEC Scheme or CDP may define a means to derive the Source 
FEC Packet Identification Information from other information in the source packet (for example the RTP 
Sequence number).In this case the Source FEC Payload ID field described here is not appended to the packet 
and the Source FEC packet is identical in every way to the original Source packet.  



E.4.2.3.4 Packet Format for FEC Repair packets 



The packet format for FEC Repair packets is shown in Figure E.3. The UDP payload consists of a Repair 
FEC Payload ID field and one or more repair symbols generated by the FEC encoding process.  



 
+------------------------------------+ 



|             IP header              | 



+------------------------------------+ 



|            UDP header              | 



+------------------------------------+ 



|       Repair FEC Payload ID        | 



+------------------------------------+ 



|          Repair Symbols            | 



+------------------------------------+ 



Figure E.3: FEC Repair packet format 



The Repair FEC Payload ID field contains information required for the operation of the FEC algorithm. This 
information is defined by the FEC Scheme. The format of the Repair FEC Payload ID field is defined by the 
FEC Scheme.  



Any number of whole repair symbols may be contained within an FEC Repair packet, subject to packet size 
restrictions or other restrictions defined by the FEC Scheme. The number of repair symbols within a packet 
can be determined from the symbol length and the packet length. Partial repair symbols SHALL NOT be 
included in FEC repair packets.  
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E.4.2.3.5 FEC Streaming Configuration Information 



The FEC Streaming Configuration Information is information that the FEC Streaming Framework needs in 
order to apply FEC protection to the UDP flows. A complete Content Delivery Protocol specification for 
streaming that uses the framework specified here SHALL include details of how this information is derived 
and communicated between sender and receiver.  



The FEC Streaming Configuration Information includes identification of a number of UDP packet flows. 
Each UDP packet flow is uniquely identified by a tuple { Source IP Address, Destination IP Address, Source 
UDP port, Destination UDP port }.  



A single instance of the FEC Streaming Framework provides FEC protection for all packets of a specified set 
of source UDP packet flows, by means of one or more UDP packet flows containing repair packets. The FEC 
Streaming Configuration Information includes, for each instance of the FEC Streaming Framework:  



1. Identification of the UDP packet flow(s) carrying FEC Repair packets, known as the FEC repair 
flow(s).  



2. For each source UDP packet flow protected by the FEC repair flow(s):  



a. Identification of the UDP packet flow carrying source packets.  



b. An integer identifier, between 0 and 255, for this flow. This identifier SHALL be unique 
amongst all source UDP packet flows which are protected by the same FEC repair flow.  



3. The FEC Scheme that is to be applied 



Multiple instances of the FEC Streaming Framework, with separate and independent FEC Streaming 
Configuration Information, may be present at a sender or receiver. A single instance of the FEC Streaming 
Framework protects all packets of all the source UDP packet flows identified in (2) above i.e. all packets on 
those flows SHALL be FEC Source packets as defined in Section E.4.2.3.3. A single source UDP packet 
flow SHALL NOT be protected by more than one FEC-SF instance.  



A single FEC repair flow provides repair packets for a single instance of the FEC-SF. Other packets SHALL 
NOT be sent within this flow i.e. all packets in the FEC repair flow SHALL be FEC repair packets as 
defined in Section E.4.2.3.4 and SHALL relate to the same FEC Streaming Framework instance.  



The FEC Streaming Framework SHALL be informed of the symbol size to be used for each source block. 
This information MAY be included in the FEC Streaming Configuration Information or it MAY be 
communicated by other means, for example within the FEC Repair Payload ID field. A complete Content 
Delivery Protocol specification SHALL specify how this information is communicated between sender and 
receiver.  



E.4.2.3.6 FEC Scheme requirements 



In order to be used with this framework, an FEC Scheme SHALL:  



- adhere to the requirements of [75]. 



- be systematic  



- be based on source blocks which are non-overlapping and contiguous within the stream 



- specify how the Source Block Number and Encoding Symbol ID associated with a source packet 
are derived or communicated from sender to receiver (for example, within the Source FEC Payload 
ID field)  



- specify how the symbol length is derived or communicated from sender to receiver (for example, as 
part of the FEC Object Transmission Information). 



- specify how the length indication, l[i], included in the Source Packet Information, is derived from a 
UDP packet. 



- specify how the Source Packet Information length, s[i], is derived from a UDP packet. 
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E4.3 FEC Schemes for streaming 



E.4.3.1  Raptor FEC Scheme for arbitrary packet flows 



This clause defines an FEC Scheme for Raptor protection of arbitrary packet flows over UDP.  



E.4.3.1.1 Formats and Codes 



E.4.3.1.1.1 FEC Object Transmission Information 



This FEC Object Transmission Information elements for this FEC Scheme and their value ranges are as 
follows: 



Maximum Source Block Length 



A non-negative integer less than 216, in units of symbols 



Encoding Symbol Size 



A non-negative integer less than 216, in units of bytes  



An encoding format for this information in a 4 octet field is defined in Figure E.4 below: 
                     1                   2                   3 



 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



|       Symbol Size (T)         |   Max. Source Block Length    | 



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



Figure E.4: Encoded Common FEC Object Transmission Information for Raptor FEC Scheme for arbitrary 
packet flows 



E.4.3.1.1.2 FEC Payload ID 



E.4.3.1.1.2.1 Source FEC Payload ID 



The Source FEC payload ID is composed as follows: 
                        1                   2                   3 



0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



|   Source Block Number (SBN)   |   Encoding Symbol ID (ESI)    | 



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



Figure E.5: Source FEC Payload ID format for Raptor FEC Scheme for arbitrary packet flows 
 



Source Block Number (SBN), (16 bits): An integer identifier for the source block that the source 
data within the packet relates to. 



Encoding Symbol ID (ESI), (16 bits): The starting symbol index of the source packet in the source 
block. 



The interpretation of the Encoding Symbol Identifier is defined by the FEC Streaming Framework (See 
SectionE.4.2). 











 



DVB BlueBook A086 Rev. 4 



113
E.4.3.1.1.2.2 Repair FEC Payload ID 



The structure of the Repair FEC Payload ID is defined in Figure E.6 below: 
                     1                   2                   3 



 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



|   Source Block Number (SBN)   |   Encoding Symbol ID (ESI)    | 



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



|   Source Block Length (SBL)   | 



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



Source Block Number (SBN), (16 bits): An integer identifier for the source block that the repair symbols 
within the packet relate to. 



Encoding Symbol ID (ESI), (16 bits): integer identifier for the encoding symbols within the packet. 



Source Block Length (SBL), (16 bits): The number of source symbols in the source block. 



Figure E.6: Repair FEC Payload ID 



The interpretation of the Source Block Number, Encoding Symbol Identifier and Source Block Length is 
defined by the FEC Code Specification. 



E.4.3.1.2 Procedures 



This FEC Scheme uses the procedures of the framework defined in Section E.4.2.2 to construct a source 
block to which the FEC code can be applied. The sender SHALL allocate Source Block Numbers to source 
blocks sequentially, wrapping around to zero after Source Block Number 216-1. 



During the construction of the source block as per Section E.4.2.3.2, 
- The length indication, l[i], included in the Source Packet Information for each packet shall be the 



UDP payload length. 
- The value of s[i] in the construction of the Source Packet Information for each packet shall be 



the smallest integer such that s[i]*T >= (l[i]+3).  



E.4.3.1.3 FEC Code specification 



The Raptor FEC encoder defined in Section E7 SHALL be used. The source block passed to the Raptor FEC 
encoded SHALL consist of the Source Block constructed according to Section E.4.2.3.2 extended with zero 
or more padding symbols such that the total number of symbols in the source block is equal to the Maximum 
Source Block Length signaled in the FEC Object Transmission Information. Thus the value of the parameter 
K used by the FEC encoded is equal to the Maximum Source Block Length for all blocks of the stream. 
Padding symbols shall consist entirely of bytes set to the value zero. 



The symbol size, T, to be used for source block construction and the repair symbol construction are is equal 
to the Encoding Symbol Size signaled in the FEC Object Transmission Information. The parameter T shall 
be set such that the number of source symbols in any source block is at most KMAX = 8192.   



The Maximum Source Block Length parameter – and hence the number of symbols used in the FEC 
Encoding and Decoding operations - SHALL be set to one of the values specified in Section E.7. 
Recommended derivation of other parameters is presented in section E.4.3.1.6. 



E.4.3.1.4 Encoding packet construction 



As described in section E.4.2.3.4, each repair packet contains the following information: 



- Source Block Number (SBN) 



- Encoding Symbol ID (ESI) 
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- Source Block Length (SBL) 



- repair symbol(s) 



The number of repair symbols contained within a repair packet is computed from the packet length. The ESI 
value placed into a repair packet is given by the following formula: 



ESIrepair = Irepair + K 



Where Irepair is the index of the repair symbol in the sequence of repair symbols generated according to 
Section  E.7, where the first repair symbol has index 0, the second index 1 etc. and K is the number of source 
symbols (equal to the Maximum Source Block Length parameter). 



The Source Block Length field of the Repair FEC Payload ID field SHALL be set to the number of symbols 
included in the Source Packet Information of packets associated with the source block i.e. before padding to 
the Maximum Source Block Length. 



E.4.3.1.5 Transport 



This sub-clause describes the information exchange between the Raptor encoder/decoder and any transport 
protocol making use of Raptor forward error correction for streaming. 



The Raptor encoder for streaming requires the following information from the transport protocol for each 
source block: 



- The symbol size, T, in bytes 



- The number of symbols in the source block, K 



- The Source Block Number (SBN) 



- The source symbols to be encoded 



The Raptor encoder supplies the transport protocol with encoding packet information consisting, for each 
repair packet, of: 



- Source Block Number (SBN)  



- Encoding Symbol ID (ESI) 



- Source Block Length (SBL) 



- repair symbol(s) 



The transport protocol shall communicate this information transparently to the Raptor decoder. 



A suitable transport protocol is defined in this specification. 



E.4.3.1.6 Example parameters 



E.4.3.1.6.1 Parameter derivation algorithm 



This section provides recommendations for the derivation of the transport parameter T. This recommendation 
is based on the following input parameters: 



- B the maximum source block size, in bytes. For further explanation, see below. 



- A the symbol alignment factor, in bytes, i.e. symbol size T is a multiple of A. 



- P the maximum repair packet payload size (not including Repair FEC Payload ID), in bytes, 
which SHALL be multiple of A 



-     KMAX the maximum number of source symbols per source block. As defined in Section E.7, KMAX = 
1281. 



- KMIN a minimum target on the number of symbols per source block 



- GMAX  a maximum target number of symbols per repair packet 
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A requirement on these inputs is that ceil(B/P) ≤ KMAX.  Based on the above inputs, the transport parameter T 
is calculated as follows: 



 Let, 



 G = min{ceil(P·KMIN/B), P/A, GMAX} - the approximate number of symbols per packet 



T = floor(P/(A·G))·A 



The value of T derived above should be considered as a guide to the actual value of T used. It may be 
advantageous to ensure that T divides into P, or it may be advantageous to set the value of T smaller to 
minimize wastage when full size repair symbols are used to recover partial source symbols at the end of lost 
source packets (as long as the maximum number of source symbols in a source block does not exceed KMAX).  
Furthermore, the choice of T may depend on the source packet size distribution, e.g., if all source packets are 
the same size then it is advantageous to choose T so that the actual payload size of a repair packet P’, where 
P’ is a multiple of T, is equal to (or as few bytes as possible larger than) the number of bytes each source 
packet occupies in the source block. 



Recommended settings for the input parameters, A, KMIN  and GMAX are as follows: 



 A = 16   KMIN = 640   GMAX = 10 



E.4.3.1.6.2 Examples 



The above algorithm leads to transport parameters as shown in Table E.3 below, assuming the recommended 
values for A, KMIN and GMAX and P = 1424: 



Table E.3: Example parameters settings 
Max source 
block size B G Symbol 



size T G·T 



16KB 10 128 1280 



32KB 10 128 1280 



128KB 7 192 1344 



256KB 4 352 1408 



E.4.3.2  Raptor FEC Scheme for a single sequenced packet flow 
 



This section defines an FEC Scheme for FEC protection of a single packet flow in which source packets each 
carry a unique sequence number. We call such a packet flow a “sequenced flow”. A primary example would 
be FEC protection of an RTP flow containing an MPEG-2 Transport Stream within which all data for the 
service is multiplexed. In this case the RTP Sequence Numbers can be used to derive the Source FEC Packet 
Identification Information. 



Compared to the FEC Scheme defined in Section E.4.3.1, the primary advantage of this scheme is that it 
does not modify source packets in any way. As a result this FEC scheme can be used in the presence of 
legacy equipment which would not recognize source packets which had been modified according to the 
schemes defined in Section E.4.3.1. 



In this FEC Scheme, the role played by the Source FEC Payload ID in the scheme of Section E.4.3.1 is 
replaced by the sequence number. The sequence numbers of packets within each flow to be protected 
SHALL be incremented by one for each packet in the stream. 



The size of the Source Packet Information within a given Source Block for each packet within a given 
sequenced flow SHALL be the same and is derived from the size of the FEC Repair packets, which SHALL 
also all be the same size for a given source block.  
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E.4.3.2.1 Formats and Codes 



E.4.3.2.1.1 FEC Object Transmission Information 



See Section E.4.3.1.1.1 



E.4.3.2.1.2 FEC Payload ID 



E.4.3.2.1.2.1 Source FEC Payload ID 



The Source FEC Payload ID field is not used by this FEC Scheme. Source packets are not modified by this 
FEC Scheme. 
E.4.3.2.1.2.2 Repair FEC Payload ID 



The Repair FEC Payload ID format for this FEC Scheme is shown in Figure E.7 below: 
                     1                   2                   3    



 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1  



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



|    Initial Sequence Number    |      Encoding Symbol ID       | 



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



|      Source Block Length      | 



+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 



Figure E.7: Repair FEC Payload ID format 



Initial Sequence Number (Flow i ISN) – 16 bits 



This field specifies the lowest 16 bits of the sequence number of the first packet to be included in 
this sub-block. If the sequence numbers are shorter than 16 bits then the received Sequence Number 
SHALL be logically padded with zero bits to become 16 bits in length respectively. 



Encoding Symbol ID (ESI) – 16 bits 



This field indicates which repair symbols are contained within this repair packet. The ESI provided 
is the ESI of the first repair symbol in the packet. 



Source Block Length (SBL) – 16 bits 



This field specifies the length of the source block in symbols. 



E.4.3.2.2 Procedures 



This FEC Scheme uses the procedures of the framework defined in Section E.4.2 to construct a source block 
to which the FEC code can be applied. The sender SHALL allocate Source Block Numbers to source blocks 
sequentially, wrapping around to zero after Source Block Number 216-1. 



During the construction of the source block as per Section E.4.2.3.2, 
- The length indication, l[i], included in the Source Packet Information for each packet shall be 



dependent on the protocol that is carried. Rules for RTP are specified below in Section 
E.4.3.2.2.3. 



- The value of s[i] in the construction of the Source Packet Information for each packet shall be 
equal to the number of repair symbols placed in each repair packet, which SHALL be the same 
for all repair packets of a block. 











 



DVB BlueBook A086 Rev. 4 



117



E.4.3.2.2.1 Derivation of Source FEC Packet Identification Information 



The Source FEC Packet Identification Information for a source packet is derived from the sequence number 
of the packet and information received in any Repair FEC packet belonging to this Source Block. Source 
blocks are identified by the sequence number of the first source packet in the block. This information is 
signaled in all Repair FEC packets associated with the source block in the Initial Sequence Number field. 



The length of the Source Packet Information (in bytes) for source packets within a source block is equal to 
length of the payload containing encoding symbols of the repair packets (i.e. not including the Repair FEC 
Payload ID) for that block, which SHALL be the same for all repair packets. The Source Packet Information 
Length (SPIL) in symbols is equal to this length divided by the Encoding Symbol Size (which is signaled in 
the FEC Object Transmission Information). 



The set of source packets which are included in the source block is determined from the Initial Sequence 
Number (ISN) and Source Block Length (SBL) as follows: 



Let, 



I be the Initial Sequence Number of the source block 



LP be the Source Packet Information Length in symbols 



LB be the Source Block Length in symbols 



Then, source packets with sequence numbers from I to I +LB/LP-1 inclusive are included in the 
source block. 



Note that if no FEC Repair packets are received then no FEC decoding is possible and it is unnecessary for 
the receiver to identify the Source FEC Packet Identification Information for the source packets. 



The Encoding Symbol ID for a packet is derived from the following information: 



The sequence number, Ns, of the packet 



The Source Packet Information Length for the source block, LP 



The Initial Sequence Number of the source block, I 



Then the Encoding Symbol ID for packet with sequence number Ns is determined by the following formula: 



PLINsESI ⋅−= )(  



Note that all repair packet associated to a given Source Block SHALL contain the same Source Block Length 
and Initial Sequence Number. 



E.4.3.2.2.2 Derivation of repair packet Encoding Symbol IDs 



The Encoding Symbol ID for a repair packet indicates which repair symbols the packet contains. This is 
given directly by the Encoding Symbol ID field of the Repair FEC Payload ID. 



E.4.3.2.2.3 Procedures for RTP flows 



In the specific case of RTP packet flows, then the RTP Sequence Number field SHALL be used as the 
sequence number in the procedures described above. 



The length indication included in the Source Packet Information SHALL be the RTP payload length plus the 
length of the CSRCs, if any, and the RTP padding bytes, if any. Note that this length is always equal to the 
UDP payload length of the packet, minus 12. 



E.4.3.2.3 FEC Code specification 



The requirements of section E.4.3.1 apply. 
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E.4.3.2.4 Example parameters 



E.4.3.2.4.1 Parameter derivation algorithm 



It is recommended that the algorithm of Section E.4.3.1.6.1 is used. 



In the case of RTP streams carrying MPEG-2 Transport Streams, then the maximum repair packet size 
should be set to 



P = ceil((n·188 + 15)/A)·A 



Where n is the nominal number of 188 byte TS packets per IP Source packet. 



The maximum source block size is determined by application configuration at the sender. 



E.4.3.2.4.2 Examples 



The above algorithm leads to transport parameters for MPEG-2 Transport Streams as shown in Table E.4 
below, assuming the recommended values for A, KMIN and GMAX: 



 



Table E.4: Example parameters settings 
Maximum 
packets per 
protection period 



Nominal TS 
packets per IP 
packet 



Maximum Packet 
Size, P 



Maximum 
Source Block 
Size, B 



G Symbol size 
T 



100 7 1344 134400 7 192 



200 7 1344 268800 4 336 



300 7 1344 403200 3 672 



400 7 1344 537600 2 672 
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E.5  FEC Decoder 



E.5.1  Decoder requirements (normative) 



E.5.1.1 Minimum decoder requirements 



FEC decoders that are compliant to this Annex shall support processing of the SMPTE 2022-1 [76] packets. 
This means that whenever: 



(1) an SMPTE 2022-1 FEC packet has been received and  



(2) all but one of the media packets protected by this FEC packet have been received within the 
previous max-block-size source packets and/or within a time window beginning max-block-size-time 
before the current time and 



(3) the time at which the remaining media packet is useful to the media decoder has not passed, 



then, the SMPTE 2022-1 decoding operation shall be applied and the resulting recovered packet 
passed to the media decoder. 



Note that the above requirement applies independently of the arrival time or order of the packets involved. 
The parameters max-block-size  and max-block-size-time are part of the FEC Configuration Information and 
are discussed further in Section E.6. 



E.5.1.2 Enhanced decoder requirements 



FEC decoders may additionally support Raptor FEC packets. In this case, if a receiver receives a 
mathematically sufficient set of encoding packets (which may include both SMPTE 2022-1 FEC packets and 
Raptor FEC packets) for reconstruction of a source block within the previous max-block-size source packets 
and/or within a time window beginning max-block-size-time before the current time then the decoder shall 
recover the entire source block. Note that the example decoder procedures described in Section E.5.2 fulfil 
this requirement and thus a decoder is compliant to this Annex only if it can successfully decode given any 
set of packets with which the example decoder can also decode. 



 



E.5.2. Hybrid decoding procedures (informative) 



E.5.2.1 Outline 



In the case that a receiver receives FEC repair packets from multiple layers, including packets generated 
according to the codes of both sections E.3 and E.4, then combined decoding may be provided. This section 
outlines procedures which may be followed to achieve this. 



Combined decoding proceeds in 3 steps: 



Step 1: SMPTE 2022-1 decoding 



In this step, the packets encoded according to SMPTE 2022-1[76], together with the received source 
packets, are processed as usual to recover zero of more source packets. 



Step 2: Raptor decoding 



In this step, if source packets are still missing, then packets encoded according to Raptor, together 
with the received source packets and any source packets which were recovered in Step 1, are 
processed using standard Raptor decoding procedures (for example as described in [74]) to recover 
zero of more source packets. 
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Step 3: Hybrid decoding 



In this step, if source packets are still missing, then remaining (unprocessed) SMPTE 2022-1 [76]  
packets are converted to a form in which they can be added to the Raptor decoding process, and 
Raptor decoding is then continued. 



Conversion of SMPTE 2022-1 packets and their use in Raptor decoding are described in the following 
sections. 



E.5.2.2 Conversion of SMPTE 2022-1 packets 



The objective of this conversion operation of SMPTE 2022-1 packets is to convert them into a form such that 
they can be included in the Raptor decoding process. According to SMPTE 2022-1, each FEC packet is 
constructed by applying a protection operation, based on the exclusive OR operation (XOR), to a number, D, 
of the source packets (the “protected packets”). The UDP payload of the SMPTE 2022-1 packet contains the 
following data (amongst other fields): 



• An FEC header containing: 



o The Length Recovery field, which is the XOR of the RTP payload lengths of the protected 
packets  



o The XOR of the Payload Type (PT) fields of the RTP headers of the protected packets 



o The XOR of the Timestamp (TS) fields of the RTP headers of the protected packets 



• The XOR of the RTP payloads of the protected packets 



In the first step of the conversion operation, the fields of each received or recovered source packet protected 
by a received SMPTE 2022-1 FEC packet, are XORed into the corresponding fields of the FEC packet. After 
this operation, the fields of the FEC packet are each equal to the XOR of the corresponding fields of the 
remaining (unrecovered) protected packets (which we call the “unrecovered protected packets”). 



In the second step of the conversion operation, for each remaining SMPTE 2022-1 FEC packet, the 
following fields are concatenated to form a ‘virtual’ Raptor repair packet payload: 



• A single zero byte 



• A two byte length indication, which is equal to the XOR of the RTP payload lengths of the 
unrecovered protected packets, taken directly from the SMPTE 2022-1 FEC packet 



• A two-bit field, which is equal to the XOR of the RTP Version fields of the unrecovered protected 
packets. This is equal to zero if the number of unrecovered protected packets is even and 2 
otherwise. 



• Seven (7) zero bits, corresponding to the XOR of the RTP Padding (P), Extension (X), CSRC Count 
(CC) and Marker (M) bits of the unrecovered protected packets, which are all required to be zero 
according to SMPTE 2022-1. 



• A seven (7) bit field equal to the XOR of the RTP Payload Type (PT) fields of the unrecovered 
protected packets (taken directly from the corresponding field of the SMPTE 2022-1 FEC header). 



• A 16-bit field equal to the XOR of the RTP Sequence Number fields of the unrecovered protected 
packets. The Sequence Numbers of the unrecovered protected packets can be explicitly calculated 
based on the SNbase, offset and NA values of the FEC header of the FEC packet as per SMPTE 
2022-1. 



• A 32-bit field equal to the XOR of the RTP Timestamp (TS) fields of the unrecovered protected 
packets (taken directly from the corresponding field of the SMPTE 2022-1 FEC header). 



• A 32-bit field equal to the XOR of the RTP SSRC fields of the unrecovered protected packets. This 
is equal to zero if the number of unrecovered protected packets is even and equal to the SSRC of the 
stream otherwise. 



• The XOR of the RTP payloads of the unrecovered protected packets, taken directly from the 
remainder of the SMPTE 2022-1 FEC packet 
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• A number of zero-valued padding bytes, such that the total length of the “virtual” repair packet 
payload is equal to the length of the other Raptor repair packet payloads (which are required to all be 
the same according to SectionE.4.3.2.5). 



The resulting “virtual” repair packet payload is then equal to the XOR of the Source Packet Information of 
the unrecovered protected packets.  



 



E.5.2.3 Extension of Raptor decoding 



A possible Raptor decoding algorithm is described in Section C.7 of [74] in terms of a Gaussian Elimination 
process upon a matrix A. If decoding is not possible without use of the SMPTE 2022-1 packets, then this 
decoding process will fail during the second phase described in Section C.7 of [74]. At this point, the matrix 
A has less than L non-zero rows (Note, the symbol L here denotes the number of intermediate symbols of the 
Raptor code as defined in [74], not the L value associated with the SMPTE 2022-1 packets). 



Let G be the number of symbols per packet (which can be calculated as the Raptor repair packet payload size 
divided by the symbol size). Then each “virtual” Raptor repair packet constructed above consists of exactly 
G new symbols, each of which is the XOR of exactly Ns source symbols (which we call the “unrecovered 
protected symbols”), where Ns is the number of unrecovered protected packets associated with the SMPTE 
2022-1 FEC packet from which the “virtual” Raptor repair packet was constructed. 



For each such new symbol, a new row is added to the decoding matrix A. This row is constructed as follows: 



• The row is initialized to zero 



• For each of the Ns unrecovered protected symbols, the LTEnc generator is used to determine the set 
of intermediate symbols whose sum is equal to the unrecovered protected symbol. For each such 
intermediate symbol a ‘1’ is XORed into the appropriate position of the new row 



Phase two of the decoding process is then continued with these additional rows and symbols. 
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E.6 FEC Content Delivery Protocols  
This section defines several complete FEC Content Delivery Protocols, making use of the components 
defined in the foregoing sections. 



E.6.1 Multicast MPEG-2 Transport Stream over RTP 



This section defines a Content Delivery Protocol for FEC protected multicast delivery of MPEG-2 Transport 
Streams over RTP. 



E.6.1.1 Control protocols 



FEC Configuration information SHALL be delivered using the DVB Service Discovery mechanisms as 
described in Section 5. The DVB Broadcast Discovery record MAY contain the multicast address(es) and 
port(s) for one or more FEC layers. Receivers may choose which layers to join depending on capability and 
local configuration. 



When the Raptor layer is provided, the Flow ID within the Source Packet Information for the MPEG-2 TS 
flow SHALL be zero. 



E.6.1.2 Transport protocol 



The MPEG-2 Transport Stream shall be transported according to clause 7.1.1. 



FEC protection of the MPEG-2 Transport Stream MAY be provided according to Sections E.3 and E.4 
above. When a Raptor layer is provided, the FEC Scheme defined in E.4.3.2 SHALL be used. 



E.6.2  Unicast MPEG-2 Transport Stream over RTP 



This section defines a Content Delivery Protocol for FEC protected unicast delivery of MPEG-2 Transport 
Streams over RTP. 



E.6.2.1 Control protocols 



The receiver shall indicate in the Transport header of the RTSP SETUP request which FEC layers are 
requested by supplying port numbers that should be used for the FEC repair packets. Only requested FEC 
layers shall be sent to the receiver. 



The server may supply the FEC parameters max-block-size, max-block-size-time and FEC Object 
Transmission Information in the Transport header of the RTSP SETUP response. 



The Flow ID for the MPEG-2 TS flow SHALL be zero. 



E.6.2.2 Transport protocol 



The MPEG-2 Transport Stream shall be transported according to clause 7.1.1. 



FEC protection of the MPEG-2 Transport Stream MAY be provided according to Sections E.3 and E.4 
above. When a Raptor layer is provided, the FEC Scheme defined in E.4.3.2 SHALL be used. 
 



E.6.3 Generic multicast video (informative) 



This section defines a Content Delivery Protocol for FEC protected multicast delivery of arbitrary 
audio/video streams (for example H.264 encapsulated in RTP or MPEG-2 TS encapsulated in UDP). 
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E.6.3.1 Control protocols 



FEC Configuration information SHALL be delivered using the DVB Service Discovery mechanisms as 
described in Section 5. The DVB Broadcast Discovery record MAY contain the multicast address(es) and 
port(s) for one or more FEC layers. Receivers may choose which layers to join depending on capability and 
local configuration. 



E.6.3.2 Transport protocols 



The audio/video stream is assumed to be carried by one or more UDP flows. FEC protection of these UDP 
flows MAY be provided using the procedures of Section E.4.2.2 and in particular the FEC Scheme defined 
in Section E.4.3.1. 



E.6.4 Generic unicast video (informative) 



This section defines a Content Delivery Protocol for FEC protected unicast delivery of arbitrary audio/video 
streams (for example H.264 encapsulated in RTP). This section is provided to describe how FEC can be 
applied to future extensions to the DVB IPI Handbook which address direct encapsulation of audio/video 
streams in RTP. 



E.6.4.1 Control protocols 



The receiver shall indicate in the Transport header of the RTSP SETUP request which FEC layers are 
requested by supplying port numbers that should be used for the FEC repair packets. Only requested FEC 
layers shall be sent to the receiver. 



The server may supply the FEC parameters max-block-size, max-block-size-time and FEC Object 
Transmission Information in the Transport header of the RTSP SETUP response. 



E.6.4.2 Transport protocols 



The audio/video stream is assumed to be carried by one or more UDP flows. FEC protection of these UDP 
flows MAY be provided using the procedures of E.3 and in particular the FEC Scheme defined in Section 
E.4. 
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E.7. Raptor explicit encoding sequences 
 



The Raptor code defined in this Annex is defined in terms of explicit encoding operation sequences which 
shall be applied to generate repair symbols from source symbols. 



Note: The FEC code which results from these encoding sequences is identical to that generated by 
the procedures described in Annex C of [74]. As a results, the example decoder procedures described 
in [74] may be used. 



The Maximum Source Block Size used with the FEC Schemes defined in Section E.4.3 SHALL be one of 
the following values: 



101, 120, 148, 164, 212, 237, 297, 371, 450, 560, 680, 842, 1031, 1139, 1281 



Explicit encoding operation sequences are provided for each of the block sizes indicated above, supporting 
highly efficient implementation of encoders for the Raptor code for these block sizes.  



This section describes the notation used for the encoding sequences. The encoding sequences are provided as 
text files attached to this specification. 



Each text file consists of two parts, a “pre-coding” section and a “repair symbol encoding” section. The two 
sections of the file are separated by a blank line. 



The encoding sequence assumes that the data to be encoded is stored in a (virtual) block of memory. Each 
virtual memory location stores a complete symbol. At the start of the process, the source symbols are 
assumed to be stored consecutively in memory locations 0 to K-1 inclusive, where K is the block size. 



Additional working memory locations are required to be available up to and including memory location L-1, 
where L is given in the following table for each value of K. Note that the L value here is exactly the value of 
L calculated according to Annex C of [74]. The additional working memory shall be initialized to zero. 



K L 
101 127 
120 149 
148 181 
164 197 
212 251 
237 277 
297 337 
371 419 
450 499 
560 613 
680 739 
842 907 



1031 1103 
1139 1213 
1281 1361 



Figure E.8: Total memory requirement in symbols (L) for different block sizes 



Each line of the “pre-coding” section of the text file consists of a series of memory location indices (in 
decimal notation), separated by spaces and each optionally preceded by the character “>”. Each line is 
interpreted as follows: 



Let, 



 A be a working register which stores one symbol 



 n be the number of memory location entries on the line 



 mi be the ith entry of the line, for i = 0, …, n-1 
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 C[x] be the symbol at memory location x 



 0 be the zero symbol (all bits are zero) 



 ⊕ be the bitwise exclusive OR operation 



The following algorithm should be followed for each line in sequence: 



A := 0 



FOR i = 0 to n-1 



 IF mi is preceded by “>” THEN 



  C[mi] := C[mi] ⊕ A 



 ELSE 



  A := A ⊕ C[mi] 



ENDIF 



Each line of the “repair symbol encoding” section of the file lists the memory locations which shall be 
XORed together to produce a repair symbol, the first line providing the list for the repair symbol with ESI K, 
the second for the repair symbol with ESI K+1 etc. 



For example, when included within the pre-coding section of the file, the line: 
4 8 3 5 > 7 6 > 10 



Would result in the following symbol assignments: 



 C[7] := C[7] ⊕ C[4] ⊕ C[8] ⊕ C[3] ⊕ C[5] 



and 



 C[10] := C[10] ⊕ C[6] ⊕ C[4] ⊕ C[8] ⊕ C[3] ⊕ C[5] 
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		  This schema is composed of description tools in the MPEG-7 User Description (UD) Profile that are used by ETSI TS 102 822-3-1 and ETSI TS 102 822-3-3 Metadata Schemas. Constraints on these tools called for by the UD profile have been implemented by removal of restricted elements and attributes. The UserActionType has been extended in the ETSI TS 102 822-3-1 metadata schema. Constraints are indicated by embedded comments. The schema is divided into three modules: Module 1 contains schema components used both for content description and user description; Module 2 contains schema components used for content description only; Module 3 contains schema components for user description only and Module 4 contains datatypes only used by the ETSI TS 102 822-3-3 extended Metadata Schema. 
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		  MODULE 2. MPEG-7 SCHEMA COMPONENTS USED BY TVA FOR CONTENT DESCRIPTION ONLY 
	
	
	
	 
		 
			 
			 
			 
		
	
	
	 
		  MODULE 3. MPEG-7 SCHEMA COMPONENTS USED BY TVA FOR USER DESCRIPTION ONLY 
	
	
	 
		  3A. SIMPLE DATATYPES USED BY TVA FOR USER DESCRIPTION ONLY 
	
	
	 
		 
			 
				 
					 
					 
					 
					 
					 
				
			
			 
				 
			
		
	
	
	 
		 
			 
		
	
	
	 
		 
			 
			 
		
	
	
	 
		 
			 
				 
					 
					 
					 
					 
					 
					 
					 
					 
					 
					 
				
			
			 
				 
			
		
	
	
	 
		 
			 
			 
			 
		
	
	
	 
		  3B. COMPLEX DATATYPES USED BY TVA FOR USER DESCRIPTION ONLY 
	
	
	 
		 
			 
				 
					 
				
			
		
	
	
	 
		 
			 
				 
					 
					 
						 
							 
								 
									 
										 
									
								
							
						
					
				
				 
				 
			
		
	
	
	 
		 
			 
				 
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
								 
							
							 
						
					
					 
						 
							 
								 
									 
								
							
						
					
				
				 
			
		
	
	
	 
		 
			 
				 
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
				
				 
			
		
	
	
	 
		 
			 
				 
					 
					
				
			
		
	
	
	
	
	 
		 
			 
				 
					 
						 
							 
								 
									 
										 
										 
									
								
							
						
					
				
			
			 
			 
			 
		
	
	
	 
		 
			 
				 
					 
					 
					 
					 
					 
				
				 
				 
			
		
	
	
	 
		 
			 
			 
				 
				 
			
		
	
	
	 
		 
			 
				 
					 
					 
					 
					 
					 
					 
						 
							 
								 
									 
									 
									 
									 
								
							
						
					
					 
						 
							 
								 
									 
										 
											 
												 
													 
														 
															 
																 
																	 
																	 
																	 
																	 
																
															
															 
																 
															
														
													
												
											
										
									
								
								 
									 
										 
										 
										 
									
								
								 
									 
										 
										 
										 
										 
										 
											 
												 
													 
													 
												
											
										
									
								
								
							
						
					
					 
						 
							 
								 
								 
									 
										 
											 
												 
												 
												 
												 
												 
											
										
									
								
								 
									 
										 
										 
									
								
								 
									 
										 
											 
												 
													 
													 
													 
												
											
											 
												 
											
										
									
								
								 
							
						
					
					 
					 
					 
					
					
					
				
			
		
	
	
	 
		 
			 
				 
					 
						 
							 
								 
									 
										 
											 
												 
												 
												 
											
										
									
								
							
						
					
					 
						 
							 
								 
									 
										 
											 
												 
												 
												 
											
										
									
								
							
						
					
					 
					 
						 
						 
					
					 
						 
						 
					
					 
						 
						 
					
					 
				
			
		
	
	
	 
		 
			 
				 
					 
						 
							 
								 
									 
										 
											 
												 
												 
												 
											
										
									
								
							
						
					
					 
						 
							 
								 
									 
										 
											 
												 
												 
												 
											
										
									
								
							
						
					
					 
					 
						 
						 
					
					 
						 
						 
					
					 
						 
						 
					
					 
				
			
		
	
	
	
	
	
	 
		 
			 
				 
					 
						 
						 
					
					 
						 
							 
								 
								 
								 
								 
							
						
					
					 
					 
						 
						 
					
					 
					 
					 
				
			
		
	
	
	 
		 
			 
				 
					 
					 
						 
							 
								 
									 
										 
											 
												 
													 
														 
														 
														 
														 
														 
													
												
												 
													 
												
											
										
									
									 
								
							
						
					
				
			
		
	
	
	 
		 
			 
				 
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
				
				 
				 
				 
				 
			
		
	
	
	 
		 
			 
				 
					 
						 
							 
								 
									 
								
							
						
					
					 
						 
							 
								 
									 
								
							
						
					
					 
					 
					 
					 
					 
					 
					 
					 
					 
				
				 
			
		
	
	
	 
		 
			 
				 
					 
					 
				
				 
			
		
	
	
	 
		 
			 
				 
					 
					 
				
				 
			
		
	
	
	 
		 
			 
				 
					 
					 
				
				 
				 
			
		
	
	
	 
		 
			 
				 
					 
						 
							 
								 
								 
							
						
					
					 
					 
				
			
		
	
	
	 
		 
			 
		
		 
	
	
	 
		 
			 
				 
					 
					 
					 
				
				 
			
		
	
	
	 
		 4. DATATYPES USED BY mpeg21_tva.xsd
	
	
	 
		 
	
	
	 
		 
	
	
	 
		 
			 
				 
					 
					 
				
			
		
		 
			 
				 
					 
					 
				
			
		
		 
	
	 
		 
			 
				 
					 
					 
				
			
		
	
	
	 
		 
			 
			 
		
	
	
	 
		 
			 
			 
		
	
	
	 
		 
			 
			 
		
	










VideoCodecCS.xml


 
	 
		 
			 
				 H264
				 ISO/IEC 14496-10 Video Codec. Also known as H.264
				 
					 H264 BaseLine Profile
					 
						 H264 BaseLine Profile @ Level 1
					
					 
						 H264 BaseLine Profile @ Level 1b
						 DVB AVC Capability A - ISO/IEC 14496-10 Video Codec. BaseLine Profile Level 1b with constraint_set1_flag = 1
					
					 
						 H264 BaseLine Profile @ Level 1.1
					
					 
						 H264 BaseLine Profile @ Level 1.2
						 DVB AVC Capability B - ISO/IEC 14496-10 Video Codec. BaseLine Profile Level 1.2 with constraint_set1_flag = 1
					
					 
						 H264 BaseLine Profile @ Level 1.3
					
					 
						 H264 BaseLine Profile @ Level 2
						 DVB AVC Capability C - ISO/IEC 14496-10 Video Codec. BaseLine Profile Level 2 with constraint_set1_flag = 1
					
					 
						 H264 BaseLine Profile @ Level 2.1
					
					 
						 H264 BaseLine Profile @ Level 2.2
					
					 
						 H264 BaseLine Profile @ Level 3
					
					 
						 H264 BaseLine Profile @ Level 3.1
					
					 
						 H264 BaseLine Profile @ Level 3.2
					
					 
						 H264 BaseLine Profile @ Level 4
					
					 
						 H264 BaseLine Profile @ Level 4.1
					
					 
						 H264 BaseLine Profile @ Level 4.2
					
					 
						 H264 BaseLine Profile @ Level 5
					
					 
						 H264 BaseLine Profile @ Level 5.1
					
				
				 
					 H264 Main Profile
					 
						 H264 Main Profile @ Level 1
					
					 
						 H264 Main Profile @ Level 1b
					
					 
						 H264 Main Profile @ Level 1.1
					
					 
						 H264 Main Profile @ Level 1.2
					
					 
						 H264 Main Profile @ Level 1.3
					
					 
						 H264 Main Profile @ Level 2
					
					 
						 H264 Main Profile @ Level 2.1
					
					 
						 H264 Main Profile @ Level 2.2
					
					 
						 H264 Main Profile @ Level 3
						 DVB AVC Capability D - ISO/IEC 14496-10 Video Codec. Main Profile Level 3
					
					 
						 H264 Main Profile @ Level 3.1
					
					 
						 H264 Main Profile @ Level 3.2
					
					 
						 H264 Main Profile @ Level 4
					
					 
						 H264 Main Profile @ Level 4.1
					
					 
						 H264 Main Profile @ Level 4.2
					
					 
						 H264 Main Profile @ Level 5
					
					 
						 H264 Main Profile @ Level 5.1
					
				
				 
					 H264 Extended Profile
					 
						 H264 Extended Profile @ Level 1
					
					 
						 H264 Extended Profile @ Level 1b
					
					 
						 H264 Extended Profile @ Level 1.1
					
					 
						 H264 Extended Profile @ Level 1.2
					
					 
						 H264 Extended Profile @ Level 1.3
					
					 
						 H264 Extended Profile @ Level 2
					
					 
						 H264 Extended Profile @ Level 2.1
					
					 
						 H264 Extended Profile @ Level 2.2
					
					 
						 H264 Extended Profile @ Level 3
					
					 
						 H264 Extended Profile @ Level 3.1
					
					 
						 H264 Extended Profile @ Level 3.2
					
					 
						 H264 Extended Profile @ Level 4
					
					 
						 H264 Extended Profile @ Level 4.1
					
					 
						 H264 Extended Profile @ Level 4.2
					
					 
						 H264 Extended Profile @ Level 5
					
					 
						 H264 Extended Profile @ Level 5.1
					
				
				 
					 H264 High Profile
					 
						 H264 High Profile @ Level 1
					
					 
						 H264 High Profile @ Level 1b
					
					 
						 H264 High Profile @ Level 1.1
					
					 
						 H264 High Profile @ Level 1.2
					
					 
						 H264 High Profile @ Level 1.3
					
					 
						 H264 High Profile @ Level 2
					
					 
						 H264 High Profile @ Level 2.1
					
					 
						 H264 High Profile @ Level 2.2
					
					 
						 H264 High Profile @ Level 3
					
					 
						 H264 High Profile @ Level 3.1
					
					 
						 H264 High Profile @ Level 3.2
					
					 
						 H264 High Profile @ Level 4.0
						 DVB AVC Capability E - ISO/IEC 14496-10 Video Codec. HIgh Profile Level 4
					
					 
						 H264 High Profile @ Level 4.1
					
					 
						 H264 High Profile @ Level 4.2
					
					 
						 H264 High Profile @ Level 5
					
					 
						 H264 High Profile @ Level 5.1
					
				
				 
					 H264 High 10 Profile
					 
						 H264 High 10 Profile @ Level 1
					
					 
						 H264 High 10 Profile @ Level 1b
					
					 
						 H264 High 10 Profile @ Level 1.1
					
					 
						 H264 High 10 Profile @ Level 1.2
					
					 
						 H264 High 10 Profile @ Level 1.3
					
					 
						 H264 High 10 Profile @ Level 2
					
					 
						 H264 High 10 Profile @ Level 2.1
					
					 
						 H264 High 10 Profile @ Level 2.2
					
					 
						 H264 High 10 Profile @ Level 3
					
					 
						 H264 High 10 Profile @ Level 3.1
					
					 
						 H264 High 10 Profile @ Level 3.2
					
					 
						 H264 High 10 Profile @ Level 4
					
					 
						 H264 High 10 Profile @ Level 4.1
					
					 
						 H264 High 10 Profile @ Level 4.2
					
					 
						 H264 High 10 Profile @ Level 5
					
					 
						 H264 High 10 Profile @ Level 5.1
					
				
				 
					 H264 High 4:2:2 Profile
					 
						 H264 High 4:2:2 Profile @ Level 1
					
					 
						 H264 High 4:2:2 Profile @ Level 1b
					
					 
						 H264 High 4:2:2 Profile @ Level 1.1
					
					 
						 H264 High 4:2:2 Profile @ Level 1.2
					
					 
						 H264 High 4:2:2 Profile @ Level 1.3
					
					 
						 H264 High 4:2:2 Profile @ Level 2
					
					 
						 H264 High 4:2:2 Profile @ Level 2.1
					
					 
						 H264 High 4:2:2 Profile @ Level 2.2
					
					 
						 H264 High 4:2:2 Profile @ Level 3
					
					 
						 H264 High 4:2:2 Profile @ Level 3.1
					
					 
						 H264 High 4:2:2 Profile @ Level 3.2
					
					 
						 H264 High 4:2:2 Profile @ Level 4
					
					 
						 H264 High 4:2:2 Profile @ Level 4.1
					
					 
						 H264 High 4:2:2 Profile @ Level 4.2
					
					 
						 H264 High 4:2:2 Profile @ Level 5
					
					 
						 H264 High 4:2:2 Profile @ Level 5.1
					
				
				 
					 H264 HIght 4:4:4 Profile
					 
						 H264 High 4:4:4 Profile @ Level 1
					
					 
						 H264 High 4:4:4 Profile @ Level 1b
					
					 
						 H264 High 4:4:4 Profile @ Level 1.1
					
					 
						 H264 High 4:4:4 Profile @ Level 1.2
					
					 
						 H264 High 4:4:4 Profile @ Level 1.3
					
					 
						 H264 High 4:4:4 Profile @ Level 2
					
					 
						 H264 High 4:4:4 Profile @ Level 2.1
					
					 
						 H264 High 4:4:4 Profile @ Level 2.2
					
					 
						 H264 High 4:4:4 Profile @ Level 3
					
					 
						 H264 High 4:4:4 Profile @ Level 3.1
					
					 
						 H264 High 4:4:4 Profile @ Level 3.2
					
					 
						 H264 High 4:4:4 Profile @ Level 4
					
					 
						 H264 High 4:4:4 Profile @ Level 4.1
					
					 
						 H264 High 4:4:4 Profile @ Level 4.2
					
					 
						 H264 High 4:4:4 Profile @ Level 5
					
					 
						 H264 High 4:4:4 Profile @ Level 5.1
					
				
			
			 
				 VC1
				 SMPTE 421M - VC1 Video Codec.
				 
					 VC1 Simple Profile
					 
						 VC1 Simple Profile @ Level LL
						 DVB AVC Capability A - SMPTE 421M - VC1 Video Codec.
					
					 
						 VC1 Simple Profile @ Level ML
						 DVB AVC Capability B - SMPTE 421M - VC1 Video Codec.
					
				
				 
					 VC1 Main Profile
					 
						 VC1 Main Profile @ Level LL
						 DVB AVC Capability A - SMPTE 421M - VC1 Video Codec.
					
					 
						 VC1 Main Profile @ Level ML
						 DVB AVC Capability B - SMPTE 421M - VC1 Video Codec.
					
					 
						 VC1 Main Profile @ Level HL
					
				
				 
					 VC1 Advanced Profile
					 
						 VC1 Advanced Profile @ Level L0
						 DVB AVC Capability C - SMPTE 421M - VC1 Video Codec.
					
					 
						 VC1 Advanced Profile @ Level L1
						 DVB AVC Capability D - SMPTE 421M - VC1 Video Codec.
					
					 
						 VC1 Advanced Profile @ Level L2
					
					 
						 VC1 Advanced Profile @ Level L3
						 DVB AVC Capability E - SMPTE 421M - VC1 Video Codec.
					
					 
						 VC1 Advanced Profile @ Level L4
					
				
			
		
	










xml.xsd


 

	 
		 This schema defines attributes and an 
  		attribute group that enable schemas such as the ETSI TS 102 822-3-1 V1.3.1 (2005-06) 
		metadata schema and schemas derived from it 
		to allow xml:base, xml:lang or xml:space attributes
        on elements they define.
	
	 
		 See http://www.w3.org/XML/1998/namespace.html and
   http://www.w3.org/TR/REC-xml for information about this namespace.

    This schema document describes the XML namespace, in a form
    suitable for import by other schema documents.  

    Note that local names in this namespace are intended to be defined
    only by the World Wide Web Consortium or its subgroups.  The
    following names are currently defined in this namespace and should
    not be used with conflicting semantics by any Working Group,
    specification, or document instance:

    base (as an attribute name): denotes an attribute whose value
         provides a URI to be used as the base for interpreting any
         relative URIs in the scope of the element on which it
         appears; its value is inherited.  This name is reserved
         by virtue of its definition in the XML Base specification.

    lang (as an attribute name): denotes an attribute whose value
         is a language code for the natural language of the content of
         any element; its value is inherited.  This name is reserved
         by virtue of its definition in the XML specification.
  
    space (as an attribute name): denotes an attribute whose
         value is a keyword indicating what whitespace processing
         discipline is intended for the content of the element; its
         value is inherited.  This name is reserved by virtue of its
         definition in the XML specification.
	

	 
		 This schema defines attributes and an attribute group
        suitable for use by
        schemas wishing to allow xml:base, xml:lang or xml:space attributes
        on elements they define.

        To enable this, such a schema must import this schema
        for the XML namespace, e.g. as follows:
        <schema . . .>
         . . .
         <import namespace="http://www.w3.org/XML/1998/namespace"
                    schemaLocation="http://www.w3.org/2001/03/xml.xsd"/>

        Subsequently, qualified reference to any of the attributes
        or the group defined below will have the desired effect, e.g.

        <type . . .>
         . . .
         <attributeGroup ref="xml:specialAttrs"/>
 
         will define a type which will schema-validate an instance
         element with any of those attributes
	
	 
		 In keeping with the XML Schema WG's standard versioning
   policy, this schema document will persist at
   http://www.w3.org/2004/10/xml.xsd.
   At the date of issue it can also be found at
   http://www.w3.org/2001/xml.xsd.
   The schema document at that URI may however change in the future,
   in order to remain compatible with the latest version of XML Schema
   itself, or with the XML namespace itself.  In other words, if the XML
   Schema or XML namespaces change, the version of this document at
   http://www.w3.org/2001/xml.xsd will change
   accordingly; the version at
   http://www.w3.org/2004/10/xml.xsd will not change.
	
	 
		 
			 Attempting to install the relevant ISO 2- and 3-letter
         codes as the enumerated possible values is probably never
         going to be a realistic possibility.  See
         RFC 3066 at http://www.ietf.org/rfc/rfc3066.txt and the IANA registry
         at http://www.iana.org/assignments/lang-tag-apps.htm for
         further information.
		
	
	 
		 
			 
				 
				 
			
		
	
	 
		 
			 See http://www.w3.org/TR/xmlbase/ for
                     information about this attribute.
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k212



 3 > 6
 6 > 47
 6 > 171
 171 > 76
 6 > 70
 44 > 62
 22 > 77
 58 > 173
 173 > 45
 173 > 119
 173 > 105
 105 > 12
 76 58 > 196
 196 > 83
 62 171 > 195
 195 > 19
 195 > 74
 6 195 > 54
 54 > 179
 132 > 161
 161 > 72
 72 > 15
 15 > 166
 166 > 23
 23 > 53
 23 > 192
 166 > 189
 53 183 > 174
 58 166 > 188
 188 > 137
 192 62 > 191
 77 > 8
 161 > 197
 19 > 201
 201 189 > 178
 178 19 > 155
 86 155 > 120
 120 16 > 46
 7 > 96
 7 > 157
 157 > 90
 90 > 21
 21 > 210
 174 210 > 104
 104 7 > 4
 4 > 103
 17 > 176
 176 > 131
 192 115 > 41
 176 45 > 175
 17 > 24
 197 17 > 56
 56 > 111
 56 > 144
 62 111 > 68
 41 56 > 10
 32 > 95
 32 > 180
 177 > 71
 71 103 > 162
 162 > 100
 131 208 > 63
 122 58 162 > 209
 19 209 > 92
 56 > 36
 36 > 126
 126 > 151
 208 54 196 > 167
 182 189 > 135
 115 135 > 97
 111 97 58 > 38
 38 > 37
 38 > 79
 73 > 200
 148 10 74 > 207
 207 > 124
 207 > 127
 0 > 136
 177 120 41 84 132 54 201 19 > 27
 50 > 109
 22 109 > 31
 44 > 211
 109 84 62 > 172
 172 151 > 75
 136 172 > 130
 130 > 138
 9 > 154
 154 > 18
 18 79 > 25
 25 211 > 91
 9 > 66
 66 > 99
 99 > 194
 25 23 > 117
 59 > 142
 109 59 > 185
 61 209 > 112
 192 60 > 202
 69 > 170
 170 99 16 > 145
 127 198 > 81
 81 > 13
 151 114 112 13 96 79 148 > 14
 65 192 > 29
 165 > 168
 40 8 > 153
 104 201 44 40 69 106 4 59 36 > 110
 110 65 > 87
 110 6 > 186
 155 > 169
 156 200 180 > 11
 158 > 181
 170 > 143
 177 204 > 129
 130 129 > 123
 50 99 81 86 41 143 13 > 199
 19 69 161 87 207 13 156 117 143 > 82
 170 204 91 177 129 198 > 57
 57 > 147
 14 45 147 > 139
 57 13 73 84 144 36 38 162 > 98
 133 93 7 82 135 10 115 97 > 146
 4 145 22 148 7 8 194 167 > 85
 144 85 12 17 104 176 157 198 > 67
 31 68 100 45 170 69 65 183 41 38 67 137 119 3 162 85 143 70 192 202 5 > 230
 182 > 206
 151 17 95 188 79 169 76 202 > 48
 183 36 > 94
 15 189 207 94 147 41 230 > 164
 99 126 94 7 83 202 174 50 132 > 1
 1 54 > 205
 40 184 37 29 127 94 59 179 109 148 > 80
 210 80 > 35
 13 177 69 15 157 132 80 171 > 51
 211 94 156 191 83 117 63 1 > 108
 168 108 90 3 189 154 195 38 208 > 55
 62 4 38 50 207 12 47 > 30
 124 148 97 75 136 68 202 122 25 > 101
 157 > 150
 37 150 > 107
 154 46 177 131 83 150 59 138 68 145 123 144 53 41 198 7 158 186 211 108 > 233
 36 208 182 110 85 161 233 133 86 126 > 190
 126 > 121
 208 121 > 89
 97 > 140
 17 150 114 170 129 151 140 30 > 33
 111 204 103 63 208 131 121 87 > 152
 36 180 65 130 129 152 120 > 160
 131 54 89 60 160 121 73 107 176 > 102
 81 46 175 58 174 230 102 153 > 149
 132 19 67 149 209 107 182 92 > 203
 15 153 122 66 156 200 180 13 103 177 37 203 69 111 154 145 30 82 119 209 > 237
 237 > 116
 18 147 130 104 199 171 124 122 160 140 72 150 157 57 103 29 45 4 144 61 > 240
 171 96 176 125 47 102 157 153 110 132 173 83 80 15 46 190 205 33 166 > 239
 32 146 23 164 208 151 169 202 6 130 239 200 136 115 96 122 132 131 203 196 > 214
 214 152 112 51 125 48 162 174 80 > 118
 117 13 207 161 19 118 125 > 2
 93 124 98 149 214 38 23 53 > 128
 128 16 110 45 142 77 0 125 150 > 163
 76 176 205 186 128 157 191 81 200 > 52
 157 124 195 44 214 15 57 131 184 51 13 106 127 100 123 142 77 > 238
 95 181 41 12 238 173 68 98 17 > 39
 115 6 161 155 56 197 17 18 96 195 66 58 185 206 171 153 177 39 135 25 > 212
 182 160 212 114 206 109 5 163 8 > 193
 199 63 15 193 153 139 137 122 > 113
 113 33 15 > 20
 111 205 112 25 50 186 107 167 113 > 187
 204 53 11 142 104 187 23 31 > 49
 238 203 193 118 96 59 180 > 141
 111 132 140 185 181 86 154 127 190 45 212 138 19 187 67 121 149 91 141 > 235
 86 106 103 173 72 206 94 237 100 205 4 135 59 191 38 193 129 54 > 234
 98 162 38 36 144 8 207 75 230 88 26 186 234 60 48 79 151 197 > 226
 226 207 85 63 193 137 142 12 55 70 114 194 126 76 188 0 208 102 > 224
 126 105 230 2 129 148 113 76 48 24 116 202 95 97 164 56 47 180 99 > 222
 222 187 > 43
 85 25 49 37 171 43 23 48 141 > 42
 143 84 42 155 120 86 240 211 > 134
 117 175 182 186 91 133 97 101 208 165 197 74 1 134 240 214 43 206 > 219
 16 134 71 165 87 115 147 176 44 156 43 181 18 124 110 37 170 235 109 > 213
 88 63 41 > 28
 73 15 124 176 > 34
 53 138 237 190 39 203 51 31 233 191 187 36 82 142 65 210 50 20 88 114 9 139 > 231
 13 57 110 160 58 43 136 111 106 46 29 39 170 86 94 68 49 36 137 148 14 > 236
 59 94 127 29 37 184 80 53 19 49 30 33 31 183 63 2 26 120 194 > 232
 95 76 60 224 143 26 54 14 117 222 178 0 35 151 87 17 189 23 155 125 200 181 10 > 220
 65 233 19 145 205 212 3 210 198 193 121 148 52 152 75 93 167 116 213 128 > 229
 12 107 75 20 7 121 119 126 27 60 182 81 167 192 9 113 175 178 101 71 199 238 40 > 223
 3 183 191 49 123 4 235 52 162 50 63 7 129 149 14 98 207 105 224 81 169 17 11 > 228
 8 152 50 198 67 82 33 226 107 105 93 143 120 211 12 27 118 35 165 172 > 225
 52 210 41 187 30 135 98 152 85 20 2 158 54 91 8 107 55 182 24 92 87 89 > 227
 189 97 0 79 192 194 201 146 134 155 104 47 238 32 6 176 66 140 83 51 168 > 216
 222 188 48 81 70 120 234 74 189 204 164 71 146 161 239 156 185 150 > 218
 52 207 55 48 35 181 40 13 154 68 187 193 158 120 9 117 189 134 176 160 131 170 135 22 3 152 105 182 79 165 47 136 90 15 > 159
 113 27 55 93 88 158 149 95 175 188 118 79 92 169 213 117 133 204 104 136 62 > 221
 36 13 43 178 211 187 163 156 222 120 > 64
 74 133 178 118 24 167 114 211 1 23 56 199 102 201 16 130 44 58 72 80 84 > 217
 65 169 195 112 70 134 2 133 51 38 113 185 68 141 125 106 91 208 157 119 48 105 89 39 162 132 31 116 176 174 23 219 7 222 > 78
 201 1 204 101 35 92 116 9 32 16 161 240 125 180 147 195 160 173 184 69 > 215
 115 > 246 > 244 > 244 > 242 32 > 242 > 241 201 > 243 > 241 > 245 > 243 74 > 247 > 244 > 244 > 242 117 > 242 > 241 95 > 243 > 241 113 > 245 > 242 126 > 242 > 241 12 > 243 > 242 226 > 244 > 241 8 > 242 > 241 98 > 243 > 241 52 > 246 > 243 3 > 244 > 242 65 > 242 > 241 31 > 243 > 241 53 > 245 > 243 59 > 248 > 244 > 244 > 242 86 > 242 > 241 111 > 243 > 241 13 > 245 > 242 15 > 242 > 241 157 > 243 > 242 171 > 244 > 241 18 > 242 > 241 6 > 243 > 241 16 > 246 > 242 146 > 242 > 241 1 > 243 > 242 189 > 244 > 243 133 > 245 > 241 222 > 242 > 241 175 > 243 > 242 76 > 244 > 241 27 > 242 > 241 > 243 > 241 107 > 247 > 243 207 > 244 > 242 152 > 242 > 241 162 > 243 > 241 210 > 245 > 242 183 > 242 > 241 233 > 243 > 242 > 244 > 241 138 > 242 > 241 94 > 243 > 241 154 > 246 > 243 106 > 244 > 242 > 242 > 241 57 > 243 > 241 153 > 245 > 243 124 > 249 > 244 96 > 244 > 242 147 > 242 > 241 161 > 243 > 241 134 > 245 > 242 23 > 242 > 241 204 > 243 > 242 97 > 244 > 241 178 > 242 > 241 188 > 243 > 241 > 246 > 242 60 > 242 > 241 55 > 243 > 242 105 > 244 > 243 75 > 245 > 241 85 > 242 > 241 50 > 243 > 242 > 244 > 241 41 > 242 > 241 191 > 243 > 241 19 > 247 > 242 68 > 242 > 241 237 > 243 > 242 127 > 244 > 243 46 > 245 > 244 103 > 246 > 241 > 242 > 241 110 > 243 > 242 122 > 244 > 243 195 > 245 > 241 176 > 242 > 241 130 > 243 > 242 155 > 244 > 241 > 242 > 241 164 > 243 > 241 101 > 248 > 243 0 > 244 > 242 118 > 242 > 241 48 > 243 > 241 182 > 245 > 242 224 > 242 > 241 93 > 243 > 242 230 > 244 > 241 20 > 242 > 241 63 > 243 > 241 198 > 246 > 242 38 > 242 > 241 187 > 243 > 242 49 > 244 > 243 145 > 245 > 241 100 > 242 > 241 190 > 243 > 242 29 > 244 > 241 177 > 242 > 241 > 243 > 241 132 > 247 > 243 160 > 244 > 242 66 > 242 > 241 44 > 243 > 241 239 > 245 > 242 240 > 242 > 241 56 > 243 > 242 71 > 244 > 241 208 > 242 > 241 35 > 243 > 241 79 > 246 > 243 24 > 244 > 242 81 > 242 > 241 > 243 > 241 143 > 245 > 243 88 > 250 > 244 2 > 244 > 242 7 > 242 > 241 193 > 243 > 241 67 > 245 > 242 36 > 242 > 241 30 > 243 > 242 123 > 244 > 241 205 > 242 > 241 45 > 243 > 241 39 > 246 > 242 37 > 242 > 241 131 > 243 > 242 173 > 244 > 243 140 > 245 > 241 58 > 242 > 241 156 > 243 > 242 214 > 244 > 241 125 > 242 > 241 104 > 243 > 241 > 247 > 242 165 > 242 > 241 151 > 243 > 242 92 > 244 > 243 > 245 > 244 167 > 246 > 241 70 > 242 > 241 > 243 > 242 26 > 244 > 243 158 > 245 > 241 129 > 242 > 241 121 > 243 > 242 137 > 244 > 241 82 > 242 > 241 > 243 > 241 > 248 > 242 4 > 242 > 241 212 > 243 > 242 170 > 244 > 243 203 > 245 > 244 184 > 246 > 245 83 > 247 > 241 72 > 242 > 241 185 > 243 > 242 43 > 244 > 243 200 > 245 > 244 > 246 > 241 47 > 242 > 241 199 > 243 > 242 197 > 244 > 243 87 > 245 > 241 169 > 242 > 241 116 > 243 > 242 192 > 244 > 241 114 > 242 > 241 120 > 243 > 241 186 > 249 > 243 54 > 244 > 242 149 > 242 > 241 148 > 243 > 241 119 > 245 > 242 142 > 242 > 241 33 > 243 > 242 144 > 244 > 241 135 > 242 > 241 235 > 243 > 241 > 246 > 242 69 > 242 > 241 51 > 243 > 242 80 > 244 > 243 150 > 245 > 241 206 > 242 > 241 181 > 243 > 242 136 > 244 > 241 180 > 242 > 241 238 > 243 > 241 102 > 247 > 242 > 242 > 241 17 > 243 > 242 213 > 244 > 243 202 > 245 > 244 9 > 246 > 241 194 > 242 > 241 211 > 243 > 242 234 > 244 > 243 91 > 245 > 241 14 > 242 > 241 25 > 243 > 242 109 > 244 > 241 196 > 242 > 241 > 243 > 241 168 > 248 > 243 84 > 244 > 242 > 242 > 241 219 > 243 > 241 10 > 245 > 242 62 > 242 > 241 99 > 243 > 242 40 > 244 > 241 > 242 > 241 172 > 243 > 241 > 246 > 242 89 > 242 > 241 11 > 243 > 242 128 > 244 > 243 5 > 245 > 241 139 > 242 > 241 > 243 > 242 108 > 244 > 241 > 242 > 241 141 > 243 > 241 > 247 > 243 209 > 244 > 242 77 > 242 > 241 166 > 243 > 241 61 > 241 > 242 > 244 > 246 > 250
 22 > 241
 179 > 242
 112 > 243
 174 > 244
 42 > 245
 73 > 246
 163 > 247
 21 > 248
 90 > 250

 9 56 157 243 34 250 241 247 245 220 229 228 225 227 221 64 215
 27 174 250 249 246 245 242 232 220 229 228 227 216 221
 57 156 128 243 28 250 249 241 247 245 232 220 223 227 218 221 217
 59 165 243 34 250 248 241 247 245 242 236 229 227 216 218 159 221
 164 13 28 34 250 249 241 247 246 245 244 242 232 223 228 227 216 159 78
 93 68 34 250 248 247 245 231 229 223 225 227 216 218 159 64 217 78
 60 30 206 126 19 58 202 53 195 34 249 248 247 246 244 242 231 229 223 216 218 221 78
 122 111 196 34 249 241 231 220 223 228 216 64 78 215
 239 189 17 81 243 250 249 248 247 236 220 227 218 159 64 217 78
 197 212 243 28 34 250 249 248 246 244 242 231 236 220 228 225 227 216 221 78 215
 113 34 241 247 246 231 232 220 229 223 228 225 218 221 217 78
 100 157 34 248 246 245 244 236 232 220 223 225 227 218 221 217 215
 199 85 240 226 147 202 187 90 243 28 34 248 247 246 244 242 236 228 225 227 64 217
 101 243 34 250 249 248 241 246 245 244 242 236 223 227 218 159 221 217 215
 108 99 14 28 34 249 247 246 245 242 231 236 232 223 228 225 227 159 78
 75 135 128 31 161 20 173 192 250 249 248 241 247 245 244 242 236 220 223 227 216 159 78 215
 65 77 243 250 248 246 231 220 229 228 225 221 64 78
 161 239 200 34 250 247 242 228 227 216 159 221 64 217 215
 43 52 243 28 248 241 245 231 220 223 225 216 218 159 78 215
 173 117 7 163 56 100 172 182 196 122 243 28 250 248 247 245 242 231 220 227 78 215
 121 47 28 249 247 246 245 244 242 229 227 218 159 221 64 217 78 215
 115 243 28 250 246 245 236 220 229 223 228 227 218 159 64 217 78
 135 130 243 28 34 248 247 245 244 242 231 229 227 216 159 221 64 217 215
 119 208 243 247 242 232 220 223 225 216 218 217
 45 86 4
 173 156 28 249 246 245 244 242 231 232 220 229 223 216 159 217 78 215
 240 155 134 34 245 244 242 236 232 225 227 216 218
 39 71 63 178 183 171 113 179 243 28 248 247 246 244 242 231 229 228 225 227 216 159 78
 106 71 149 188 36 206 12 237 125 243 28 249 248 246 244 242 229 223 225 227 216 221 78
 240 90 45 31 26 76 47 96 19 243 28 250 249 248 247 245 244 242 236 220 229 227 216 218 159 221 64 217 78 215
 186 248 241 247 246 245 244 231 236 232 220 228 225 227 159 217
 46 118 100 28 34 248 241 247 246 244 231 232 229 223 228 227 216 215
 171 60 243 28 250 245 242 236 225 227 216 159 64 217 78
 141 185 243 34 250 248 247 246 244 242 236 229 223 228 225 216 159 64 217 78 215
 55 224 70 114 194 141 226 107 105 28 248 241 247 242 231 159 221 64 217 215
 172 198 38 243 34 250 241 247 246 231 236 229 223 216 218 64 78
 117 1 243 34 250 248 247 246 236 232 220 223 228 227 218 221 217 215
 81 104 243 28 34 250 249 248 241 247 246 220 228 227 216 221
 201 22 11 28 250 241 247 245 244 231 232 229 223 228 225 159 215
 250 248 247 245 231 229 223 225 227 216 218 159 64 217 78
 180 189 208 250 241 246 245 242 231 232 229 223 227 221 64 78 215
 118 177 243 28 34 248 241 247 246 244 242 231 220 229 225 216 159 221 64 78
 11 10 168 25 211 213 238 206 69 243 28 34 249 248 247 246 242 231 232 229 228 227 215
 214 59 28 250 249 241 242 231 232 229 228 216 159 217 78
 174 68 28 34
 140 112 93 238 57 137 126 239 50 28 248 247 246 242 232 229 228 225 159 221 64 78 215
 126 134 177 137 9 57 187 70 238 28 250 248 241 245 242 236 229 228 159 64 217
 71 53 250 249 246 245 242 232 220 229 228 227 216 221
 205 172 28 34 250 249 241 245 242 231 232 229 228 225 159 221 64 78
 88 16 142 250 249 247 246 244 242 220 229 227 218 159 221 217
 42 210 28 249 241 245 244 220 223 228 225 159 78
 184 194 250 249 241 246 231 236 232 228 225 227 216 218 159 64
 66 35 2 205 34 250 241 245 244 236 225 216 218 159 221 64 215
 243 34 248 247 245 244 242 236 220 229 216 64 217 215
 194 243 248 247 246 245 242 231 232 220 229 228 225 216 218 159 78 215
 212 177 153 115 181 125 164 222 192 249 247 245 242 231 236 232 229 223 228 225 227 216 159 221 217 78 215
 144 155
 130 168 243 34 249 248 241 247 246 242 231 220 225 216 159 217 78 215
 20 194 243 34 249 241 246 245 244 236 232 229 223 228 225 227 216 159 221 64 217 215
 67 128 127 28 34 250 249 246 244 242 231 232 220 223 221 64 215
 203 195 243 28 248 247 246 245 244 236 229 223 225 227 216 64 217 78
 173 195 243 28 34 242 232 220 223 228 225 227 159 221 64 78 215
 47 27 28 250 249 246 245 242 232 220 229 228 227 216 221
 152 170 28 250 241 242 236 232 229 228 225 216 217 215













k237



 32 > 45
 32 > 55
 55 > 7
 7 > 171
 171 > 179
 32 > 146
 55 > 164
 164 > 96
 164 > 152
 55 > 68
 13 > 75
 75 > 103
 103 > 138
 103 > 160
 160 > 187
 187 > 130
 160 > 192
 26 > 97
 97 > 23
 23 > 137
 137 > 154
 154 > 60
 137 > 216
 200 154 > 133
 80 > 186
 186 > 61
 80 > 231
 186 > 74
 133 185 > 219
 96 185 > 79
 21 > 65
 21 > 135
 135 130 > 101
 164 > 121
 21 80 > 12
 12 179 86 > 78
 78 > 148
 148 > 41
 78 > 230
 72 > 165
 165 > 173
 173 > 188
 174 > 5
 216 165 72 > 202
 29 > 99
 29 > 115
 115 > 117
 154 > 33
 33 > 147
 117 137 160 > 213
 203 32 > 119
 32 119 > 70
 119 96 > 124
 124 > 177
 203 5 > 210
 16 13 > 123
 123 > 145
 16 32 > 221
 221 > 229
 115 > 159
 159 > 37
 25 > 208
 208 > 93
 93 > 214
 68 208 > 235
 203 25 > 88
 234 > 113
 26 > 4
 186 113 171 > 112
 111 > 227
 96 > 182
 135 182 > 20
 20 > 107
 220 > 30
 220 > 157
 163 220 > 17
 17 > 232
 177 > 40
 40 22 > 64
 64 > 67
 157 40 > 73
 157 40 > 236
 121 > 172
 115 236 202 > 114
 114 > 110
 110 26 > 183
 17 5 > 143
 143 > 211
 211 > 14
 211 > 84
 227 84 > 90
 90 219 > 66
 79 > 94
 173 97 > 131
 42 91 > 53
 91 45 117 > 209
 209 > 8
 209 37 > 47
 209 45 91 > 223
 77 > 106
 106 187 > 155
 155 > 180
 180 167 164 > 56
 37 99 165 65 155 180 21 216 230 > 108
 91 77 200 14 121 106 8 160 55 > 215
 215 > 150
 112 106 44 > 199
 199 101 > 226
 226 66 115 > 128
 26 > 204
 204 > 207
 61 55 > 168
 168 213 64 > 104
 168 > 116
 203 131 78 116 188 77 186 > 125
 179 > 136
 77 186 > 34
 119 16 73 80 223 64 116 103 37 > 87
 87 > 105
 116 80 87 > 50
 64 88 > 144
 50 172 154 144 209 215 202 96 > 142
 68 142 > 52
 52 > 100
 79 > 0
 52 > 58
 223 152 168 112 97 107 80 158 > 35
 34 > 1
 163 > 169
 41 169 45 > 222
 142 203 58 211 140 235 84 > 39
 39 174 171 > 149
 149 159 39 234 34 136 21 33 115 88 > 205
 90 16 138 128 113 107 157 152 205 > 31
 31 > 89
 72 > 190
 190 22 > 19
 182 86 187 87 33 156 > 118
 91 118 232 > 81
 205 63 > 9
 232 > 51
 203 > 141
 174 141 > 153
 187 153 88 > 224
 86 > 166
 99 > 170
 106 182 170 87 94 166 110 > 134
 166 1 63 60 190 223 > 197
 197 > 175
 7 147 45 1 175 201 157 > 195
 121 183 > 233
 131 224 42 114 104 233 77 149 201 4 > 57
 190 42 51 211 119 172 146 8 175 0 62 32 91 182 86 187 87 58 > 237
 52 > 206
 187 42 141 100 5 > 181
 150 181 149 226 231 235 13 104 188 192 60 233 119 183 121 136 42 116 180 78 118 > 243
 119 243 > 10
 91 8 45 116 209 166 117 183 37 237 229 163 158 173 243 197 14 128 219 216 20 89 > 264
 84 264 > 11
 17 99 264 100 183 106 232 64 > 49
 128 167 > 15
 20 142 15 17 37 187 204 208 > 71
 264 23 142 231 89 > 132
 11 177 47 199 158 132 189 163 99 > 69
 199 > 198
 199 182 206 172 198 26 211 264 > 225
 147 8 225 > 218
 87 124 35 209 218 13 153 > 126
 126 111 264 16 133 195 > 109
 264 237 25 180 114 199 61 221 197 125 182 236 21 112 213 218 132 215 64 68 > 262
 32 44 154 13 64 236 174 > 129
 181 94 202 129 34 172 141 123 170 12 > 24
 24 85 187 78 61 164 206 262 25 > 98
 201 73 50 98 100 86 69 44 > 83
 24 235 137 262 158 126 174 44 221 > 43
 104 133 24 109 144 121 153 81 211 9 117 77 171 7 66 0 142 173 167 > 242
 200 115 235 242 63 186 129 101 119 > 27
 27 226 133 19 222 69 72 34 > 3
 222 133 27 224 77 103 190 129 > 46
 146 73 7 204 9 141 91 83 25 224 169 142 78 57 37 159 125 96 46 50 > 265
 91 265 164 16 42 34 105 227 130 > 92
 115 30 92 83 150 15 72 > 120
 26 42 39 43 107 69 265 140 40 > 36
 60 125 120 31 159 177 181 37 206 131 > 212
 103 123 189 25 140 98 212 205 198 > 228
 61 106 228 187 0 155 98 134 197 > 176
 218 197 163 169 205 126 67 262 74 187 75 92 198 93 3 79 85 55 230 47 > 260
 164 260 57 155 80 125 19 129 234 > 48
 143 93 132 86 21 222 243 207 203 134 79 148 64 39 20 206 177 120 174 27 144 106 108 71 > 256
 256 79 > 122
 71 256 > 194
 264 158 36 51 220 63 68 256 225 > 76
 79 113 226 175 92 3 70 76 > 196
 56 186 204 229 99 69 47 196 173 > 139
 228 139 > 151
 62 92 151 68 190 48 17 65 233 > 162
 162 121 49 90 140 1 35 47 23 > 217
 4 262 60 139 142 106 162 203 45 > 95
 29 27 153 95 199 115 96 192 > 184
 144 73 95 40 49 260 133 87 > 6
 0 143 34 237 230 60 95 171 111 > 38
 154 61 264 31 236 9 230 41 162 > 191
 184 135 165 16 148 111 46 80 124 185 174 115 56 210 70 226 15 129 183 36 > 251
 145 243 251 108 197 186 24 111 > 2
 97 128 251 126 234 196 86 135 61 > 193
 37 83 175 66 189 76 77 264 159 2 107 222 167 221 48 74 11 227 111 39 44 35 > 263
 69 10 134 227 75 105 135 120 191 5 55 225 184 251 208 65 231 63 201 172 110 > 253
 221 159 229 224 0 29 196 218 48 14 96 86 18 154 67 99 52 253 148 228 225 164 > 261
 121 188 31 94 15 63 147 26 113 171 136 194 51 265 166 76 61 22 190 45 169 222 213 > 241
 49 194 81 233 101 34 138 108 73 45 66 180 205 193 146 83 229 236 18 75 > 238
 33 99 74 96 236 107 173 57 143 156 3 253 215 111 216 50 207 10 165 191 145 115 13 26 72 23 > 257
 67 48 125 158 142 62 193 198 99 132 11 128 87 33 156 134 16 139 232 113 123 > 259
 198 262 14 182 2 78 32 33 93 52 227 219 46 143 203 17 122 5 200 56 160 > 258
 79 210 199 143 106 211 37 44 40 188 > 102
 206 203 3 128 187 154 213 69 177 165 122 139 260 228 105 234 124 98 40 242 195 138 100 > 254
 210 251 103 191 139 261 39 50 4 168 65 40 235 144 26 170 43 149 94 155 119 117 61 130 > 249
 212 43 70 65 38 115 232 225 162 181 24 94 202 129 34 172 150 188 153 51 209 114 205 32 95 > 245
 4 97 124 256 5 260 20 170 12 70 152 231 242 147 106 72 88 220 24 6 233 9 76 196 > 248
 207 156 52 11 18 112 167 206 10 17 16 85 261 44 69 135 103 185 38 235 147 214 179 > 255
 105 177 17 79 215 219 87 92 184 234 103 256 145 200 232 230 80 97 168 152 186 34 141 19 > 252
 170 208 185 145 228 44 88 43 84 226 63 195 214 108 212 181 31 60 211 166 199 126 41 > 247
 80 234 120 122 85 64 216 210 97 208 98 38 27 13 113 4 12 84 109 202 101 77 176 > 250
 162 220 84 152 40 27 56 230 150 133 31 6 155 101 141 104 194 204 263 62 57 > 244
 22 136 153 60 155 129 201 214 72 49 190 7 116 263 114 29 126 8 25 163 2 21 154 92 137 > 239
 88 12 168 98 174 200 55 212 220 149 109 15 186 201 138 162 133 192 81 265 189 29 193 223 > 246
 171 192 6 202 186 195 106 22 42 204 209 189 199 196 49 73 175 224 158 107 112 151 > 240
 198 120 189 167 177 152 265 > 178
 262 205 168 20 175 141 16 155 86 104 27 67 39 8 172 17 213 6 58 96 100 38 180 4 64 146 34 10 112 31 14 126 98 118 > 54
 234 96 166 58 264 6 213 212 17 158 172 157 8 39 36 72 67 51 27 104 103 86 76 159 155 55 220 16 141 143 175 > 127
 33 44 85 10 238 200 103 35 144 65 4 138 15 220 77 119 192 100 114 7 22 78 224 91 213 236 197 95 132 39 79 207 225 5 135 113 27 > 161
 183 189 159 115 152 181 110 173 86 52 206 201 233 42 131 64 191 97 160 199 0 67 151 56 231 24 121 243 18 10 35 138 119 > 28
 234 226 265 78 223 33 120 231 9 32 > 82
 128 190 100 242 256 203 142 204 24 4 113 228 227 125 146 110 117 63 185 10 92 116 31 170 55 215 14 91 19 76 186 98 > 59
 49 > 270 > 268 22 > 268 > 266 171 > 267 > 266 121 > 269 > 267 104 > 271 > 269 150 > 273 > 270 162 > 270 > 268 212 > 268 > 266 88 > 267 > 266 170 > 269 > 267 4 > 271 > 268 210 > 268 > 266 80 > 267 > 266 184 > 269 > 266 105 > 268 > 267 69 > 267 > 266 206 > 270 > 267 207 > 268 > 266 143 > 267 > 266 33 > 269 > 267 198 > 272 > 269 67 > 270 > 268 218 > 268 > 266 221 > 267 > 266 264 > 269 > 267 37 > 271 > 269 91 > 274 > 270 146 > 270 > 268 190 > 268 > 266 > 267 > 266 136 > 269 > 267 > 271 > 268 188 > 268 > 266 133 > 267 > 266 181 > 269 > 266 220 > 268 > 267 43 > 267 > 266 12 > 270 > 267 > 268 > 266 97 > 267 > 266 251 > 269 > 267 234 > 272 > 268 135 > 268 > 266 177 > 267 > 266 10 > 269 > 266 203 > 268 > 267 156 > 267 > 266 93 > 270 > 266 99 > 269 > 268 262 > 268 > 267 48 > 267 > 266 197 > 271 > 267 159 > 268 > 266 237 > 267 > 266 83 > 269 > 266 8 > 268 > 267 73 > 267 > 266 42 > 270 > 267 194 > 268 > 266 153 > 267 > 266 192 > 269 > 267 31 > 273 > 269 24 > 270 > 268 149 > 268 > 266 84 > 267 > 266 70 > 269 > 267 168 > 271 > 268 208 > 268 > 266 124 > 267 > 266 103 > 269 > 266 120 > 268 > 267 165 > 267 > 266 17 > 270 > 267 134 > 268 > 266 3 > 267 > 266 52 > 269 > 267 132 > 272 > 269 74 > 270 > 268 14 > 268 > 266 125 > 267 > 266 > 269 > 267 229 > 271 > 269 25 > 275 > 270 175 > 270 > 268 45 > 268 > 266 7 > 267 > 266 51 > 269 > 267 81 > 271 > 268 60 > 268 > 266 6 > 267 > 266 94 > 269 > 266 109 > 268 > 267 226 > 267 > 266 152 > 270 > 267 65 > 268 > 266 98 > 267 > 266 185 > 269 > 267 256 > 272 > 268 191 > 268 > 266 122 > 267 > 266 16 > 269 > 266 79 > 268 > 267 253 > 267 > 266 > 270 > 266 11 > 269 > 268 > 268 > 267 96 > 267 > 266 182 > 271 > 267 > 268 > 266 163 > 267 > 266 224 > 269 > 266 > 268 > 267 66 > 267 > 266 116 > 270 > 267 204 > 268 > 266 211 > 267 > 266 233 > 269 > 267 155 > 273 > 268 202 > 268 > 266 15 > 267 > 266 > 269 > 266 231 > 268 > 267 40 > 267 > 266 38 > 270 > 266 174 > 269 > 268 145 > 268 > 267 5 > 267 > 266 139 > 271 > 266 85 > 270 > 269 148 > 269 > 268 215 > 268 > 267 227 > 267 > 266 128 > 272 > 267 > 268 > 266 86 > 267 > 266 236 > 269 > 266 2 > 268 > 267 158 > 267 > 266 169 > 270 > 266 0 > 269 > 268 180 > 268 > 267 263 > 267 > 266 209 > 271 > 267 265 > 268 > 266 119 > 267 > 266 101 > 269 > 266 129 > 268 > 267 186 > 267 > 266 63 > 270 > 267 242 > 268 > 266 235 > 267 > 266 27 > 269 > 267 115 > 274 > 269 200 > 270 > 268 > 268 > 266 260 > 267 > 266 261 > 269 > 267 64 > 271 > 268 111 > 268 > 266 219 > 267 > 266 > 269 > 266 187 > 268 > 267 18 > 267 > 266 21 > 270 > 267 107 > 268 > 266 > 267 > 266 142 > 269 > 267 > 272 > 268 > 268 > 266 114 > 267 > 266 189 > 269 > 266 166 > 268 > 267 9 > 267 > 266 > 270 > 266 34 > 269 > 268 201 > 268 > 267 195 > 267 > 266 147 > 271 > 267 144 > 268 > 266 13 > 267 > 266 56 > 269 > 266 232 > 268 > 267 55 > 267 > 266 228 > 270 > 267 > 268 > 266 39 > 267 > 266 216 > 269 > 267 46 > 273 > 269 87 > 270 > 268 75 > 268 > 266 154 > 267 > 266 112 > 269 > 267 222 > 271 > 268 173 > 268 > 266 78 > 267 > 266 62 > 269 > 266 205 > 268 > 267 29 > 267 > 266 199 > 270 > 267 76 > 268 > 266 117 > 267 > 266 > 269 > 267 172 > 272 > 269 138 > 270 > 268 214 > 268 > 266 106 > 267 > 266 26 > 269 > 267 > 271 > 269 > 276 > 270 230 > 270 > 268 225 > 268 > 266 > 267 > 266 44 > 269 > 267 20 > 271 > 268 50 > 268 > 266 > 267 > 266 > 269 > 266 92 > 268 > 267 > 267 > 266 213 > 270 > 267 167 > 268 > 266 243 > 267 > 266 57 > 269 > 267 32 > 272 > 268 193 > 268 > 266 126 > 267 > 266 196 > 269 > 266 61 > 268 > 267 77 > 267 > 266 183 > 270 > 266 141 > 269 > 268 > 268 > 267 108 > 267 > 266 72 > 271 > 267 > 268 > 266 113 > 267 > 266 58 > 269 > 266 238 > 268 > 267 137 > 267 > 266 151 > 270 > 267 241 > 268 > 266 > 267 > 266 118 > 269 > 267 > 273 > 268 95 > 268 > 266 223 > 267 > 266 41 > 269 > 266 > 268 > 267 130 > 267 > 266 176 > 270 > 266 36 > 269 > 268 19 > 268 > 267 110 > 267 > 266 100 > 271 > 266 179 > 270 > 269 71 > 269 > 268 23 > 268 > 267 160 > 267 > 266 123 > 272 > 267 47 > 268 > 266 164 > 267 > 266 68 > 269 > 266 35 > 268 > 267 89 > 267 > 266 > 266 > 269 > 271 > 273 > 275 > 276
 217 > 266
 30 > 267
 157 > 268
 1 > 269
 140 > 272
 53 > 273
 90 > 275
 131 > 276

 114 145 229 12 196 55 169 65 48 162 273 276 272 270 269 268 267 102 254 245 248 252 244 178 127 28 82 59
 199 62 222 272 271 266 267 258 102 254 245 248 255 252 250 244 239 246 54 127 82
 107 183 207 276 272 269 266 267 102 249 246 240 127 161 59
 164 94 273 276 272 275 270 269 266 257 267 259 102 249 245 248 255 247 244 239 246 240 178 28
 33 23 273 276 272 275 271 266 257 259 258 254 249 245 248 250 244 239 246 178 127 161
 70 151 2 276 272 275 270 269 266 259 258 102 249 255 239 246 127 161
 113 226 196 276 275 270 269 268 257 259 258 102 249 245 250 239 246 178 54 127 161 28
 134 118 86 91 271 270 269 266 257 259 258 254 245 255 252 250 244 28 82
 118 86 273 276 275 269 266 268 249 245 248 255 252 247 244 239 178 54 127 161
 212 97 273 269 266 267 259 245 248 255 244 239 240 54 127 161 28 59
 27 270 269 266 267 102 254 252 247 246 54 161 28 82 59
 77 159 276 275 268 258 102 255 252 250 239 240 178 127 161
 206 223 29 242 273 276 275 271 270 269 266 268 267 258 102 245 255 252 244 246 240 178 161 28 82 59
 79 202 276 271 270 266 268 267 259 254 249 245 255 252 247 244 239 240 54 28
 37 170 273 276 272 270 269 257 258 254 249 248 250 244 127 161 82 59
 224 276 272 275 271 270 269 257 267 259 249 255 247 250 240 178 54 161 59
 123 276 275 271 266 259 102 254 249 252 239 54 28 59
 181 198 162 71 61 20 76 39 166 273 269 266 259 102 254 249 252 239 127 28 59
 76 9 101 202 273 276 272 269 266 268 257 259 258 249 255 244 239 127 59
 230 273 276 269 268 257 267 258 102 254 248 252 247 250 244 239 240 178 54 127 59
 154 143 273 276 272 269 268 257 267 258 102 254 249 245 255 247 246 240 127 28 82
 220 241 185 264 183 64 7 184 273 276 272 269 266 257 267 259 102 254 244 240 54 127 161 82
 135 13 272 271 266 259 245 248 252 246 240 178 54 161 28 82 59
 215 203 276 270 266 268 102 245 255 247 244 239 246 178 161 28
 113 15 121 273 276 272 275 266 257 102 254 249 247 239 178 127
 221 273 272 271 269 266 102 254 249 247 246 240 178 161 28 59
 175 1 195 45 147 7 144 51 140 13 81 53 56 60 232 6 90 55 94 131 228 109 226 49 39 152 22 216 65 171 46 98 121 87 185 273 272 271 266 268 259 258 254 245 248 255 252 250 240 54 161 82 274
 189 44 276 272 275 266 268 267 258 102 249 245 248 255 252 247 250 244 54 28 82
 8 86 273 276 272 271 266 257 267 259 102 254 252 250 178 54 127 28 59
 140 186 221 195 159 106 229 224 89 0 276 270 269 268 257 267 258 102 249 245 250 244 239 240 178 127 161 28
 142 117 1 37 153 152 139 187 62 183 271 270 268 259 249 248 252 239 54 127 82 59
 179 207 276 270 269 268 254 249 248 255 252 250 244 178 127 28 59
 78 275 271 266 268 267 259 102 249 248 247 250 240 178 161 28 82
 10 91 88 157 176 20 62 147 219 273 276 272 275 257 258 245 248 252 250 239 246 240 178 127 161 28 82 59
 15 86 273 272 275 271 270 257 254 249 245 248 252 247 244 178 54 127 82 59
 153 6 15 242 13 230 151 218 273 272 271 269 257 267 102 254 249 245 248 244 246 54 127 161 28 82
 198 243 101 273 276 272 270 269 266 102 254 245 255 252 250 239 240 178 161 28
 261 207 260 206 69 200 105 115 184 272 271 269 257 267 259 258 249 245 248 247 250 244 239 127 161 82
 147 34 273 276 272 270 257 259 102 249 248 255 252 247 250 246 240 178 54 161 82
 230 205 276 271 268 257 259 102 249 247 250 239 240 54 127 161 82
 233 264 270 257 102 249 245 252 247 239 28 82 59
 87 271 269 259 258 249 245 252 247 178 54 127 28 82
 173 197 216 276 272 259 258 249 255 252 247 244 239 246 240 54 82 59
 181 151 275 270 266 257 258 102 254 250 244 161 28 59
 190 229 86 273 271 267 259 102 254 249 255 252 250 244 239 246 240 178 54 161 59
 169 74 206 108 166 224 262 217 214 265 273 276 272 275 249 245 244 246 240 127 161 82
 260 216 92 130 171 133 84 98 5 64 87 273 276 275 270 269 268 257 267 258 245 248 247 250 239 246 178 127 161 82 59
 76 109 273 276 272 275 271 268 259 258 102 249 255 252 250 244 246 28 59
 197 83 273 275 268 257 267 259 102 245 248 247 244 246 240 54 161 82
 83 169 272 275 271 266 268 257 267 258 102 249 245 248 255 252 250 239 240 161 28
 72 162 276 272 275 269 266 259 258 102 254 252 247 239 246 240 178 59
 264 12 276 271 269 268 259 258 254 249 252 250 244
 33 24 273 276 272 275 270 269 266 268 258 254 245 255 244 239 246 127 161 28 82 59
 137 188 270 267 259 102 254 245 248 252 247 250 244 246 178 161 28
 173 180 81 181 123 106 115 122 156 272 275 266 257 267 249 248 255 252 250 244 240 178
 66 171 272 271 266 268 267 259 249 248 255 247 250 244 240 178 28 59
 170 150 22 273 276 275 269 268 257 267 259 258 102 249 255 252 244 246 240 178 28
 114 51 273 272 275 269 266 257 249 255 250 244 239 240 178 161 28
 116 231 273 271 269 259 254 249 248 239 240 178 54 161 82
 263 173 223 273 271 268 257 259 248 250 239 240 127 161 28 59
 263 107 273 276 272 271 268 259 258 254 249 248 252 247 250 239 246 240 54 161 28 82
 217 57 13 2 152 48 212 199 273 276 271 270 259 255 252 247 244 239 240 54 127 161 28
 86 18 154 276 272 269 268 267 102 239 246 240 178 127 161 59
 265 272 275 270 268 257 258 102 254 248 255 252 250 239 240 178 127 161 59
 201 165 95 180 272 271 270 269 266 257 259 102 245 252 247 250 244 240 59
 172 89 93 114 141 105 52 2 29 123 273 275 271 270 269 266 268 267 259 102 254 247 250 239 246 240 54 161 28 82
 143 57 272 275 270 269 255 239 240 54 127 161 82 59
 133 55 83 138 52 193 185 223 155 30 273 275 271 270 258 254 250 244 239 246 240 54 161 28
 203 98 101 62 223 143 124 202 1 234 109 263 112 105 84 204 107 50 12 81 158 46 238 4 192 224 225 164 133 175 228 72 162 73 276 272 271 266 268 259 254 249 245 248 252 250 239 246 178 54 82
 132 154 276 275 269 268 254 249 255 244 246 240 127 28 82
 273 276 272 275 269 266 268 267 259 258 102 254 245 252 244 240 178 28
 9 21 198 273 272 275 271 270 269 257 259 258 254 245 248 255 247 250 239 246 161 82













k297



 288 > 43
 109 > 162
 162 > 95
 109 > 171
 171 > 183
 109 > 285
 109 > 177
 171 > 284
 284 > 205
 205 > 220
 22 > 64
 64 > 70
 22 > 96
 87 > 243
 243 > 102
 71 > 141
 141 > 256
 256 > 266
 266 > 275
 141 > 267
 177 71 > 176
 31 > 252
 252 > 56
 48 > 97
 183 31 > 144
 171 144 > 216
 216 > 235
 235 > 286
 286 > 279
 286 267 > 74
 74 > 196
 24 > 189
 24 > 292
 220 292 71 > 38
 38 286 183 > 265
 265 > 126
 126 > 106
 25 > 163
 163 > 118
 242 > 55
 17 > 161
 17 > 217
 162 17 > 247
 247 > 262
 6 > 98
 8 > 199
 220 199 > 5
 176 > 34
 281 > 221
 106 221 > 202
 281 217 > 260
 260 > 185
 260 > 231
 260 292 > 261
 243 > 291
 243 202 96 > 107
 109 107 > 264
 264 > 120
 264 > 218
 7 > 296
 202 7 > 105
 105 > 12
 105 > 140
 90 140 > 52
 51 > 79
 79 126 > 78
 78 > 290
 189 120 282 > 213
 264 70 79 > 83
 1 177 > 54
 56 > 15
 54 202 263 > 206
 21 > 215
 21 > 295
 15 71 > 30
 154 172 > 229
 229 > 28
 28 > 131
 218 172 > 61
 147 55 > 203
 271 147 > 249
 93 > 158
 93 > 227
 203 215 83 > 50
 196 30 50 > 84
 84 > 81
 81 > 67
 171 138 > 58
 58 285 > 241
 78 58 > 250
 250 > 165
 30 198 94 > 207
 207 > 153
 65 > 111
 282 65 > 57
 57 207 > 143
 206 38 > 16
 29 > 180
 29 > 192
 25 79 29 > 139
 221 139 > 137
 137 > 273
 296 273 > 72
 72 > 232
 232 243 > 293
 293 50 > 113
 57 139 12 > 135
 135 > 248
 135 198 > 20
 20 > 188
 188 65 > 164
 164 57 262 > 92
 113 92 > 287
 134 93 > 187
 187 > 201
 87 > 10
 187 29 > 254
 254 > 80
 34 80 > 245
 250 254 > 181
 152 > 209
 152 > 223
 291 153 209 > 77
 77 29 > 45
 45 254 > 159
 199 159 > 14
 128 207 > 86
 141 > 116
 116 > 294
 140 12 > 63
 275 61 250 177 63 287 90 92 161 > 32
 95 123 113 273 230 32 221 248 201 > 194
 125 > 197
 125 16 > 157
 279 243 > 238
 61 238 > 149
 129 238 206 > 244
 39 102 25 1 144 217 15 253 188 > 11
 80 71 11 > 280
 40 > 173
 262 39 173 > 276
 276 > 228
 56 228 > 255
 164 255 > 4
 22 255 > 9
 9 > 184
 9 184 285 > 13
 77 13 11 > 167
 164 173 > 145
 145 > 124
 264 243 102 248 128 7 72 184 > 41
 157 101 > 175
 101 255 > 233
 233 48 > 42
 39 281 > 148
 111 177 > 121
 207 121 293 245 159 164 172 28 > 186
 186 64 74 51 4 87 134 137 81 110 > 19
 118 19 > 68
 61 > 150
 186 > 269
 269 149 > 210
 34 > 36
 167 > 200
 200 > 214
 84 96 128 87 171 217 269 205 6 > 142
 7 > 33
 215 33 > 234
 234 > 289
 289 > 225
 289 > 88
 227 225 153 > 69
 69 > 278
 134 278 165 > 226
 226 94 > 91
 91 131 146 269 20 74 151 17 > 268
 268 > 240
 10 86 235 8 41 33 22 196 > 251
 256 97 184 54 215 173 6 181 88 > 236
 173 63 234 79 84 200 265 15 > 53
 247 285 105 91 286 210 252 240 > 170
 170 15 137 235 205 99 293 > 219
 268 162 38 77 147 102 285 78 > 222
 128 222 > 237
 237 > 239
 239 52 > 23
 287 237 81 > 174
 174 255 149 170 101 32 167 173 > 204
 204 256 > 190
 33 152 138 262 190 21 > 103
 196 103 175 70 223 234 > 133
 5 111 285 200 133 276 101 183 > 195
 189 207 233 237 40 116 253 230 > 277
 198 235 195 45 295 275 203 153 241 25 > 122
 122 292 > 208
 52 121 99 14 276 10 208 289 182 > 85
 85 279 > 155
 227 56 147 131 291 289 88 155 20 > 224
 95 4 240 165 155 123 219 40 167 113 > 136
 92 136 200 12 71 209 99 53 120 > 75
 196 75 > 49
 224 221 49 94 128 118 31 > 160
 197 160 63 > 156
 22 183 125 210 232 156 21 33 > 46
 46 > 2
 222 49 46 > 166
 23 90 29 180 46 245 174 > 62
 62 79 152 18 29 75 > 37
 190 147 57 122 67 141 18 62 > 168
 102 46 81 122 16 160 42 293 236 > 26
 119 153 11 136 63 285 171 31 282 264 > 89
 275 135 36 28 128 75 116 279 151 > 179
 179 > 169
 179 196 > 114
 152 53 48 202 290 111 114 > 258
 169 232 226 137 103 29 109 163 285 > 66
 269 162 199 207 242 291 75 275 109 154 > 60
 60 67 32 > 73
 214 263 269 46 123 88 169 98 54 > 35
 158 102 236 162 240 187 75 35 86 > 104
 102 121 93 48 13 236 230 128 229 > 272
 94 156 34 23 31 55 185 244 110 > 212
 152 83 195 64 23 247 179 148 > 100
 100 > 270
 181 145 143 35 158 186 141 231 137 97 164 256 124 208 36 236 220 235 29 183 92 166 169 216 65 > 307
 201 289 138 80 307 244 14 240 > 127
 127 10 > 211
 99 211 208 53 141 120 109 273 > 117
 188 235 117 > 108
 99 276 85 289 86 141 108 26 251 > 76
 140 244 167 168 35 159 92 117 > 259
 61 211 201 92 285 16 19 135 > 112
 112 293 > 130
 233 130 > 0
 86 257 126 242 211 0 175 184 > 191
 86 286 271 262 122 258 191 137 > 44
 265 152 221 55 52 278 307 208 > 27
 140 112 27 278 237 72 279 > 59
 25 138 17 142 27 55 208 237 280 > 178
 264 272 240 273 34 101 130 281 15 74 > 132
 224 13 185 154 95 122 132 116 65 > 115
 171 24 115 111 33 93 129 56 152 235 43 94 265 221 28 42 174 188 136 205 294 66 77 69 272 277 25 > 304
 159 304 226 155 115 142 277 24 252 > 246
 31 188 132 194 88 246 254 203 34 29 > 283
 262 276 62 213 156 84 214 192 74 65 211 155 30 31 144 141 51 7 68 230 147 304 296 11 36 4 > 316
 211 110 48 224 170 248 148 219 272 120 234 249 90 109 60 106 186 0 119 217 57 34 6 222 208 64 52 167 > 315
 49 103 187 78 8 20 254 69 209 262 110 159 104 203 161 231 211 234 268 251 143 72 190 275 113 236 133 > 317
 189 180 101 153 40 66 238 73 75 286 154 269 78 156 248 76 22 239 82 103 48 317 144 60 158 204 149 85 264 196 > 321
 174 210 321 205 179 12 245 > 3
 151 245 244 13 183 289 265 284 64 236 255 81 3 40 99 77 227 65 44 102 178 14 156 292 260 261 161 51 67 > 297
 119 234 30 317 18 233 126 76 223 277 122 217 68 251 165 35 175 204 93 38 127 195 46 145 201 108 256 284 28 105 160 > 313
 26 176 210 29 5 313 208 113 173 264 162 245 17 70 294 12 238 169 50 243 151 177 198 267 84 80 128 194 > 299
 122 7 249 31 104 290 260 299 22 257 195 107 57 230 143 63 207 33 149 232 197 258 130 283 24 164 278 221 266 75 > 312
 155 159 242 83 292 135 285 61 119 7 268 9 206 58 158 247 129 287 122 107 185 280 115 54 124 199 42 27 > 314
 137 215 283 280 147 63 175 247 315 51 307 117 139 278 313 314 64 4 171 152 118 150 252 238 120 226 > 306
 81 71 17 205 150 41 114 221 199 4 44 53 177 153 202 172 138 69 74 120 291 180 212 78 170 233 98 141 0 287 10 > 325
 291 53 3 23 294 252 142 246 266 42 86 180 178 229 267 20 214 219 285 277 189 154 187 224 18 203 186 38 197 91 > 323
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 501 > 727
 416 > 728
 196 > 729
 527 > 730
 478 > 732
 174 > 733
 223 > 734
 630 > 735
 326 > 736
 504 > 737
 396 > 738

 277 247 734 730 729 712 714 711 699 710 697 696 700 698 692 688
 645 360 737 734 732 717 712 703 711 699 706 698 692 687 688 178 623 117 680
 234 467 737 734 733 730 729 715 703 699 710 697 696 698 683 682 623
 516 186 738 737 733 730 727 715 721 717 712 703 711 710 697 696 700 692 687 688 682 684 623 117 681 680
 270 293 738 737 734 732 736 735 728 733 731 729 721 717 714 711 697 696 698 695 687 688 682 684 178 623 117 680
 716 57 738 734 732 735 730 717 712 711 699 706 710 697 700 687 683 684 117 681
 346 627 734 732 735 728 733 730 715 712 703 714 706 697 692 688 684 178 623 681 680
 573 474 492 374 144 90 523 501 571 737 736 728 733 730 727 729 721 711 699 697 696 700 695 687 683 178 623 681 680
 468 43 737 730 731 729 721 717 712 703 714 697 696 700 698 683 688 682
 123 577 693 441 547 330 428 287 49 515 737 734 732 736 735 728 733 730 727 717 712 703 711 699 706 697 698 695 692 687 178 681 680
 724 134 631 738 737 736 735 728 730 729 721 717 703 714 711 706 710 697 695 687 683 684 178 117
 345 328 641 120 522 162 496 594 672 74 738 734 735 733 730 727 731 729 714 711 710 696 695 692 687 682 684 178 117
 436 103 738 737 728 733 712 703 714 711 700 695 683 688
 387 545 738 737 730 727 721 717 712 714 711 699 710 696 700 698 695 682 684 680
 341 466 354 724 625 20 659 264 40 392 208 738 737 728 730 717 712 703 714 711 706 697 700 692 683 688 684 623 117 681 680
 219 479 737 732 733 730 727 729 715 721 717 703 711 699 710 692 683 682 178 681
 179 62 351 738 737 734 732 728 733 730 727 703 714 706 710 697 700 698 695 692 687 683 688 684 623 681
 463 517 33 738 737 734 732 728 730 727 729 717 712 710 697 700 698 692 687 688 684 117 681
 713 444 724 536 738 734 732 735 730 727 731 715 721 711 697 696 695 687 688 682 684 623 117
 46 38 267 338 614 435 95 233 45 644 738 734 736 735 733 727 729 721 717 712 706 710 697 692 683 688 623
 385 666 737 734 735 733 730 727 731 715 717 712 714 711 699 706 696 692 687 688 682 684 680
 515 503 732 735 730 727 731 729 715 717 712 703 699 706 696 700 692 687 688 682 178 117 681
 374 413 606 447 630 196 252 470 738 730 731 729 721 717 714 699 683 688 178
 381 49 737 732 735 730 731 717 711 699 706 696 700 698 695 692 683 688 681 680
 533 84 738 737 734 732 736 733 730 729 721 711 699 697 700 698 683 684 117
 127 290 738 737 734 732 736 735 733 730 727 731 717 714 711 699 700 698 695 692 688 178 623 117
 312 29 738 737 734 732 736 735 733 729 721 717 703 699 710 697 696 700 698 695 692 683 688 684 178 623 117
 310 663 347 738 732 736 728 733 727 729 715 721 717 712 703 711 699 706 710 697 696 700 692 687 688 178 681 680
 415 737 735 728 733 730 731 729 721 717 712 703 711 699 696 698 695 178 680
 582 686 575 455 312 656 471 42 355 81 738 736 735 728 733 727 729 715 721 703 711 699 696 683 684 623 117
 226 262 268 541 318 122 375 668 130 474 735 730 727 721 717 712 699 700 695 687 683 688 682 623 117 680
 676 132 232 568 133 331 347 158 59 660 453 737 728 733 727 731 729 721 703 714 706 710 697 700 698 692 683 682 178 623 117 680
 512 500 738 737 736 735 733 730 731 729 721 706 710 697 692 687 683 688 682 117 681 680
 133 261 738 736 735 733 730 731 715 703 710 696 700 698 683 682 684 178 680
 303 369 737 728 730 727 731 729 715 717 711 697 696 698 695 692 687 688 682 684 623 117 681 680
 93 667 2 738 737 732 735 728 733 730 727 731 721 703 714 710 696 700 698 692 687 683 682 178 623 681 680
 358 239 35 738 737 732 736 728 733 730 727 731 729 715 721 717 710 696 698 695 692 688 682 623 681
 443 160 133 611 534 421 420 262 569 192 493 90 520 391 125 635 381 214 455 238 723 232 189 556 231 524 517 176 6 437 563 608 617 600 671 621 124 738 737 734 736 728 730 727 715 721 717 712 703 711 699 710 697 696 700 683 688 684 623 117 681 680
 562 234 738 734 732 727 729 717 703 714 699 700 698 695 683 688 684 117
 54 48 738 732 736 735 728 733 730 731 729 717 714 699 697 696 700 695 692 687 683 688 684 178 623 117
 508 341 730 727 717 712 711 699 706 696 700 695 692 688 680
 555 603 738 734 732 736 729 717 714 711 706 710 697 696 700 695 688 684 178 117 680
 608 134 580 738 737 732 733 730 731 729 715 721 712 714 711 699 697 696 692 687 683 688 117 681
 229 255 738 736 735 733 729 715 717 712 699 706 710 696 695 692 682 178 623 680
 657 373 737 732 735 728 733 731 729 715 703 711 706 710 696 700 695 683 682 178 623 681 680
 643 17 737 734 732 735 728 733 730 727 717 712 703 714 697 700 692 683 688 684 178 680
 45 344 736 733 730 727 731 729 715 717 712 703 714 711 699 710 697 696 698 692 682 178 623 117 681 680
 378 388 249 180 340 246 430 605 66 142 409 732 729 717 714 711 710 696 700 698 695 684 178 117
 522 163 737 736 731 721 712 711 699 706 710 695 117 681
 282 709 226 433 251 77 719 451 79 562 738 734 733 731 703 711 699 696 698 683 684 623 680
 519 30 734 736 735 728 733 730 727 729 715 721 714 711 699 697 696 700 698 692 683 688 682 684 117 681 680
 282 114 737 736 733 730 727 721 712 703 711 710 700 698 695 692 683 178 623 681
 556 258 719 738 737 733 727 729 710 697 696 700 698 695 692 682 684 178 117
 74 323 675 737 734 736 730 731 715 721 717 712 703 714 699 706 697 695 692 683 688 682 684 623 681
 439 587 485 737 734 732 736 728 733 730 731 729 715 717 703 714 699 696 683 688 178 117
 205 264 738 734 732 736 735 729 715 721 703 699 710 698 695 687 682 178 623 117 681
 719 191 738 734 736 727 731 729 715 712 703 714 699 697 696 698 687 682 684 623
 663 214 737 732 735 729 715 721 703 714 711 706 696 700 695 692 688 682 178 117 681
 513 499 737 734 732 735 728 733 730 727 731 721 712 714 706 697 700 692 688 178 681
 338 734 732 735 728 733 730 727 721 717 712 714 706 710 697 695 687 178
 222 587 592 737 734 732 728 727 731 729 721 712 703 714 711 699 706 697 696 700 698 692 687 683 684 178 117
 644 325 737 734 732 736 733 730 727 721 712 710 695 687 688 623 117
 322 380 60 738 734 732 736 728 733 727 731 729 715 721 717 712 703 714 711 706 695 687 682 178 623
 575 175 738 737 732 733 730 727 721 703 714 711 699 706 710 696 700 698 695 687 683 688 682 178
 589 738 732 736 728 715 721 717 712 714 711 706 710 697 698 692 683 688 682 178 117 681 680
 599 238 738 734 732 736 727 715 703 706 700 692 684 623 117 681 680
 212 305 273 194 738 736 733 730 729 715 721 703 714 699 706 710 697 700 698 692 687 683 688 682 684 117
 183 383 556 318 738 732 735 728 733 727 731 729 721 717 712 714 699 706 710 696 700 692 684 623 680
 253 80 670 142 738 737 736 728 733 730 729 715 721 711 706 710 696 687 682 178 623 681 680
 540 368 737 735 727 731 729 715 712 703 714 711 699 706 687 683 688 684 178 623 117 681 680
 100 690 732 736 735 733 730 727 729 717 703 711 710 696 700 698 687 684 117
 578 107 29 734 732 735 728 730 727 731 729 715 721 712 714 710 697 695 687 683 688 178 623 681 680
 367 159 737 734 732 735 730 727 731 715 721 712 703 714 711 699 706 710 696 700 695 687 682 684 178 117
 323 125 716 737 734 732 736 735 733 727 729 712 703 706 697 695 692 687 178 680
 518 95 115 737 734 736 735 728 733 727 729 715 717 712 703 714 711 706 697 696 687 682 178 680
 129 436 736 728 730 727 715 721 703 711 699 706 710 697 696 698 695 692 687 683 682 178 117
 493 4 738 737 735 728 733 730 717 712 703 699 710 700 695 623
 278 519 355 738 732 735 728 731 715 721 717 703 711 699 696 698 695 692 687 688 682 623 117 681
 502 286 737 732 736 735 728 733 717 698 695 692 683 688 684 681
 90 147 402 452 110 57 214 561 341 390 411 738 737 732 735 730 727 721 717 699 706 710 698 695 692 683 688 682 684 117
 19 514 201 26 160 97 485 398 482 737 736 735 730 715 712 714 710 687 684 178 117 681 680
 438 659 361 103 676 160 168 350 340 669 507 738 737 732 728 730 731 729 717 712 714 711 697 700 698 695 687 683 682 623 117 680
 552 160 737 736 733 727 731 715 721 703 699 710 696 700 698 683 682 684 178 681 680
 297 374 732 733 731 729 715 721 717 712 714 699 706 710 697 698 695 688 682 684 178 623
 720 368 738 737 734 732 735 733 730 731 717 712 714 699 697 687 683 688 682 684 117 680
 43 737 734 728 733 731 729 715 712 703 710 697 696 700 698 692 688 684 178 623 117 681 680
 30 83 545 738 737 732 727 717 712 703 699 706 710 700 682 684 178 117 681
 375 272 461 738 737 734 728 730 727 721 712 703 714 711 699 710 700 684 178
 73 460 737 736 728 733 730 727 731 712 703 714 706 710 700 695 692 683 682 684 178 117 681 680
 601 20 734 735 728 733 727 731 729 715 717 703 714 699 706 710 696 698 683 682 684 623 117 680
 28 165 332 738 734 732 736 735 733 730 727 731 717 703 714 699 696 692 684 623 117
 409 18 734 732 736 735 733 715 721 712 714 699 710 696 700 683 684 178 680
 434 262 24 632 738 735 728 733 727 731 729 717 703 711 699 706 710 697 696 700 698 695 692 178 117 681
 648 134 738 736 735 733 731 715 721 717 712 706 710 697 700 698 695 692 688 682 684 623 681
 394 444 598 671 622 210 525 338 49 503 738 737 732 735 733 729 717 712 714 711 699 710 697 692 688 684 178 681
 387 435 656 292 443 543 186 14 129 92 136 738 737 734 735 730 731 715 721 717 712 703 699 698 688 682 680
 127 502 152 737 735 728 733 731 729 715 711 699 710 697 696 692 688 623 117 681
 640 105 94 738 737 734 732 728 733 727 721 714 706 710 696 688 178 117 680
 472 738 728 730 721 712 703 714 711 699 710 697 696 700 692 687 683 682 178 623 117
 376 664 738 732 736 735 730 727 731 715 712 714 711 710 697 683 681 680
 412 3 737 733 715 703 714 711 706 710 700 698 687 683 688 682 684 178 117 681
 625 214 47 737 732 736 733 727 731 721 717 712 703 714 711 699 700 683 688 682 178 623 681
 422 737 736 731 721 717 714 711 699 697 696 698 695 687 688 682 623
 262 214 176 732 735 729 715 717 714 711 699 698 695 692 683 688 178 623 117 681
 58 571 172 48 15 425 245 438 733 731 715 721 703 697 698 692 687 688 684 623 117 681 680
 524 341 203 192 737 734 735 733 703 711 699 706 710 696 695 687 683 684 178 623 681
 144 620 203 738 734 736 735 728 733 730 731 712 711 706 710 697 696 687 688 682 178 623 117
 631 83 451 738 737 727 731 729 717 703 711 699 706 710 697 683 684 623 117 681
 419 479 737 734 732 735 728 730 727 731 729 715 711 699 706 696 700 698 695 692 688 682 684 178 117 681 680
 369 616 738 736 735 728 733 731 729 717 712 703 714 696 682 117 681 680
 280 390 648 162 556 249 60 525 327 737 732 736 730 729 717 703 696 692 682 684
 93 29 737 734 732 736 728 733 731 715 721 714 700 695 687 683 688 682 178 681
 625 4 738 734 732 735 733 727 731 715 721 717 712 703 714 706 710 700 695 687 688 682 623 117 680
 168 672 732 736 735 728 733 730 731 721 712 703 711 697 696 700 692 687 683 178 680
 75 455 737 734 728 733 729 703 714 699 706 710 696 700 683 688 682 684 178 681 680
 105 23 576 737 734 732 735 728 731 729 721 714 711 699 706 710 697 700 688 684 623
 381 738 737 734 732 728 733 715 717 714 699 706 710 697 700 687
 410 583 738 734 732 728 733 730 727 731 729 715 703 714 699 706 697 696 700 698 687 683 688 682 684 117 680
 502 5 165 737 734 732 736 728 733 731 729 715 721 712 703 714 699 706 710 683 688 682 684 178 117 680
 473 666 158 738 737 735 728 715 721 712 703 714 711 699 706 697 700 692 687 683 688 684 680
 308 258 526 95 734 732 735 728 730 731 721 717 703 699 706 710 697 698 687 688 684 623 117
 109 304 385 40 424 147 356 535 196 737 732 736 728 731 729 717 712 703 699 706 710 696 700 692 687 688 680
 44 254 732 733 727 731 715 717 712 703 714 699 706 710 695 692 683 684 623 117 680
 111 629 738 734 732 736 728 730 727 731 706 696 695 687 683 682 178 680
 348 581 738 737 735 728 730 727 731 729 715 712 700 698 695 688 682
 383 524 378 737 732 736 728 733 730 727 731 712 703 710 700 698 117 681 680
 470 738 735 727 731 721 712 711 700 692 683 684 623 117 681 680
 323 733 730 727 729 721 714 711 710 697 698 687 683 688 684 178 623
 56 718 734 732 736 735 728 730 727 729 715 717 711 699 710 696 698 695 688 682 684 178 623 117 681
 167 87 734 736 728 730 731 729 721 717 712 703 714 711 699 697 700 698 695 692 682 684 178 623 117 681
 76 553 267 734 736 731 715 717 712 703 714 711 696 695 687 682 623 680
 224 553 426 328 154 179 643 441 604 675 737 728 727 731 729 721 717 712 697 695 692 687 683 684 681
 252 105 408 732 735 728 733 727 729 715 721 717 712 711 699 706 700 687 688 682
 433 409 584 155 160 563 480 555 30 235 738 737 734 728 727 731 729 721 712 703 711 699 706 696 698 687 688 117 681
 370 47 599 142 737 734 736 733 727 731 729 715 721 712 703 711 697 700 692 688 682 684 178 681 680
 28 540 503 734 732 736 735 728 730 727 721 714 699 697 700 698 695 692 687 683 688 684 178 623 680
 326 447 738 734 736 735 729 712 714 706 710 697 700 698 692 688 681
 166 701 629 0 737 732 728 730 727 715 717 712 703 706 710 697 696 700 698 687 683 684 623 117 681
 385 514 737 734 736 728 717 703 695 687 682 178 623 117 681
 579 486 738 734 735 727 731 715 712 703 706 696 698 692 688 682 684 681 680
 217 144 605 722 9 689 430 60 150 360 738 737 734 735 728 733 730 731 729 717 703 714 711 699 706 697 700 695 692 687 683 682 623 117 681
 114 734 732 736 733 727 731 717 712 703 699 710 697 696 698 695 687 683 684 117
 376 533 379 738 734 732 735 727 715 717 703 714 706 697 700 695 692 684 178 117
 230 358 738 737 734 732 728 733 730 727 721 703 706 710 697 696 695 692 683 688 682 178 117 680
 199 184 33 737 734 732 736 730 727 731 729 721 717 712 706 696 700 698 695 692 687 683 684 178 681 680
 554 234 428 738 737 732 735 728 730 703 714 711 706 710 697 696 700 698 683 682 623 117 680
 5 595 53 166 402 154 316 207 716 573 738 730 731 715 717 712 703 711 710 697 698 687 683 688 682 684 178 117 681
 402 315 738 737 734 736 733 727 731 715 703 714 699 710 697 695 692 688 682
 22 541 738 737 735 728 733 730 727 731 729 715 712 714 711 710 692 687 688 684 178 623 681
 82 577 738 734 736 735 730 727 715 721 706 710 697 700 695 692 683 688 682 684 681 680
 609 539 737 734 728 733 730 712 711 699 710 697 696 700 698 695 692 687 683 682 623 117 680
 396 43 738 737 734 732 735 728 731 729 721 712 703 699 696 695 688 682 178 117 681 680
 466 539 82 279 304 376 353 184 314 736 728 733 730 717 711 710 695 692 687 683 688 682 178 623 681
 618 127 167 738 737 734 736 728 731 717 703 711 700 695 692 688 684 178 117 681
 75 538 144 737 732 736 728 733 730 729 721 712 703 714 699 710 697 700 695 692 684 178 117
 508 738 735 728 727 731 729 715 721 717 703 711 706 710 697 696 698 695 687 682 178 623
 490 75 737 732 735 728 727 729 721 710 700 692 683 684 178 681
 404 218 439 268 154 516 335 120 10 544 45 134 304 32 444 464 526 460 673 343 434 55 241 6 234 236 158 138 230 299 520 465 102 28 492 578 730 731 729 715 721 712 714 711 699 697 696 700 695 692 687 683 682 681
 398 251 305 387 448 676 7 597 365 249 339 598 309 208 433 293 23 604 350 353 25 158 177 566 231 536 459 266 118 246 226 507 112 490 60 458 518 736 728 730 715 721 712 703 699 706 700 698 687 178 117 681 680
 378 724 397 738 736 735 728 733 727 721 712 699 706 698 687 683 688 682 684 623 681
 609 169 244 363 738 732 736 728 730 721 717 703 699 706 687 683 688 684 623 117
 530 434 562 108 662 484 514 532 737 734 728 727 715 721 712 711 710 697 696 698 695 687 688 682 684 117 680
 524 362 522 316 201 328 206 430 738 734 732 728 727 729 715 721 717 712 703 711 699 706 697 700 695 692 687 688 682 684 623 681
 322 364 737 734 736 733 727 731 729 717 712 703 714 711 699 710 696 695 692 687 688 684 623 681
 283 513 737 736 728 733 715 721 717 712 703 711 706 710 700 695 683 688 682 684 681 680
 634 464 738 737 734 736 735 727 729 715 721 712 703 706 697 687 683 688 682 684 623
 19 510 71 395 158 517 288 75 31 110 737 732 735 733 730 715 717 714 711 699 695 692 687 683 688 684 680
 139 76 135 311 341 550 23 228 254 737 732 736 728 733 730 727 715 721 717 712 714 711 706 710 700 698 695 687 682 623 117 681 680
 224 240 630 215 738 737 733 729 715 712 706 710 696 698 695 692 683 682 178 117 681 680
 522 235 738 732 728 730 731 729 715 721 714 699 706 697 695 688 117
 716 559 737 736 728 730 727 715 721 712 711 699 710 697 696 698 692 682 178 623 117 681
 439 676 594 433 559 566 606 112 674 428 738 734 736 728 733 730 727 731 715 706 697 698 692 687 688 178 117 681 680
 129 647 255 738 734 732 736 727 729 715 717 712 703 714 711 710 697 696 683 682 178 623 681
 376 370 558 180 313 331 29 77 211 533 734 736 735 728 733 730 727 729 717 712 703 714 711 710 696 688 682 684 623 681 680
 196 515 738 732 735 728 727 715 721 717 703 714 711 697 696 700 692 687 178 623 117
 199 346 34 305 321 689 630 224 572 511 339 738 735 730 731 729 721 712 703 711 696 698 695 692 683 684 623 117 681
 460 551 22 663 738 736 727 717 714 711 706 710 697 700 698 692 687 683 682 117
 612 737 734 732 736 728 733 730 729 717 712 703 699 706 710 697 696 700 698 695 692 687 688 682 684 178 623 681 680
 625 429 737 736 735 728 733 730 727 731 721 717 714 710 692 623 117
 611 734 732 736 735 733 715 721 712 714 699 710 696 700 683 684 178 680
 78 252 738 737 734 736 735 730 715 721 697 696 692 687 683 682 178 117 681 680
 616 737 734 728 730 727 731 715 717 703 714 711 699 706 697 696 698 687 682 623
 272 672 86 737 736 735 733 727 731 729 721 712 703 714 706 696 700 698 695 684 178 623 680
 373 489 65 708 738 735 728 733 730 715 721 717 712 710 697 696 700 698 687 688 623 117
 494 358 737 736 728 733 731 729 717 712 703 711 706 697 696 695 688 178 681 680
 323 602 737 734 732 735 728 733 729 717 703 699 706 697 700 698 695 692 684 680
 343 156 732 735 728 733 731 729 715 721 712 703 706 697 696 700 698 692 687 688 682 684 178 623 117 681
 50 179 632 11 199 367 453 454 738 737 734 728 727 731 729 715 721 717 703 714 699 710 697 698 687 688 682 623 680
 423 104 737 728 733 730 727 731 729 715 712 703 711 699 706 710 697 696 700 698 683 688 682 684 178 681
 672 46 65 738 737 734 732 736 733 730 727 715 721 717 712 703 697 698 695 692 687 682 684 178 623 117
 386 263 376 643 738 737 727 729 715 721 712 699 710 697 700 698 692 687 683 682 623 117
 9 702 733 730 715 717 712 703 714 711 699 697 695 692 687 682 684 178 623 680
 70 116 738 728 731 721 717 714 696 698 695 688 682 684 178 623 117 680
 343 99 263 294 732 728 715 717 711 699 710 695 692 683 688 682 623
 606 146 737 734 735 728 727 729 721 703 711 699 710 696 695 687 683 682 117
 629 113 327 738 735 728 730 727 731 729 721 712 703 714 706 710 697 700 695 692 683 117 680
 176 353 637 647 736 735 728 733 727 715 721 717 712 703 699 710 695 687 683 682 684 178 681 680
 670 192 738 737 732 736 735 712 703 711 699 706 710 697 700 695 692 683 178 680
 206 672 738 737 734 736 735 733 730 727 731 729 715 717 711 697 696 695 687 688 684 623 117 681
 507 374 737 728 733 730 731 712 703 714 706 696 683 688 682 684 623 117
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 357 > 895
 624 > 896
 394 > 897
 368 > 898
 318 > 899
 611 > 900
 632 > 901
 412 > 902
 742 > 903
 609 > 904
 51 > 905
 628 > 906

 28 174 906 905 897 898 899 896 895 888 887 883 878 877 876 862 849 848 776 694 339 701 621 426 393 130 280
 644 615 905 903 900 901 898 895 888 889 883 882 879 875 880 878 865 867 870 863 861 864 862 851 849 848 854 847 843 339 701 426 449 393 130 280
 369 506 414 216 253 179 640 613 171 386 777 688 318 381 53 27 475 243 248 242 477 698 374 745 404 219 680 692 103 15 456 751 127 334 623 704 686 30 906 903 902 897 898 896 894 887 884 882 879 875 880 877 871 866 865 867 870 863 861 859 856 860 858 849 848 854 776 843 701 621 426 642 449 130
 325 737 905 902 898 899 896 895 888 883 884 882 875 878 877 871 876 870 863 861 864 862 859 856 860 851 848 854 776 803 573 843 621 642
 233 301 906 902 900 901 897 883 884 878 877 874 871 872 866 867 870 862 856 848 776 803 573 694 701 642 449
 213 192 51 507 464 493 391 349 432 712 906 904 905 902 901 899 896 894 888 882 875 878 877 874 876 872 866 864 862 856 860 858 849 848 845 621 642 280
 498 227 486 904 900 901 897 896 894 888 879 878 874 871 876 872 866 865 863 861 862 860 851 849 847 803 843 339 701 621 393 130
 227 396 238 906 901 896 888 889 883 882 879 877 876 872 866 867 863 861 859 856 860 851 848 854 847 776 803 573 843 694 339 621 426 642 449 393 130
 513 904 905 903 902 900 901 898 895 888 889 887 883 878 877 874 871 872 865 863 861 864 860 851 776 803 845 843 694 621 426 449
 274 227 906 905 902 901 896 895 889 887 883 884 882 879 878 874 861 862 859 856 860 858 848 854 847 776 803 573 621 130
 821 133 143 719 906 903 900 901 898 899 896 895 894 888 887 882 879 875 874 871 876 872 865 867 870 861 862 859 856 860 851 858 848 854 776 573 694 701 621 426 642 393
 608 729 438 313 364 394 725 568 427 460 905 900 898 899 894 887 879 877 876 872 866 865 867 870 863 864 862 859 856 860 848 803 845 694 339 701 621 426 393 130
 325 7 798 527 429 128 590 793 57 735 457 903 900 899 896 889 887 884 882 875 878 877 874 871 872 863 862 858 849 848 776 694 701 621 426 642 449 130 280
 180 474 904 903 902 900 901 898 895 888 889 883 884 882 875 878 876 866 870 864 860 851 858 849 854 847 843 339 701 642 393 130 280
 579 514 903 902 901 898 899 895 888 887 878 877 871 876 866 865 867 870 861 864 859 856 860 845 339 701 426 130 280
 645 833 128 501 906 904 903 900 897 898 896 883 875 880 878 877 874 865 870 851 849 848 854 573 843 701
 592 722 505 904 905 903 902 900 899 896 888 889 887 883 884 882 878 874 876 872 867 870 863 864 860 851 858 848 776 845 701 426 642 130
 404 767 906 900 901 898 895 888 887 883 884 882 879 875 878 877 874 876 866 870 861 864 862 856 848 847 573 845 843 339 621 449 280
 186 30 906 904 900 901 897 896 895 887 879 880 878 877 874 876 872 867 870 864 862 860 851 803 845 843 694 426 642 449 130
 99 482 346 160 16 676 846 82 70 223 433 906 904 903 902 896 895 894 888 889 887 883 879 875 880 877 871 876 866 865 870 863 859 856 860 851 849 848 847 776 803 573 843 701 621 426 130
 133 52 900 897 899 896 895 889 887 882 875 880 878 876 872 866 865 867 863 864 856 851 849 854 847 339 701 426 130 280
 855 10 905 902 900 894 888 883 882 879 875 874 872 866 865 870 862 859 856 860 851 858 849 847 776 573 845 843 339 621 426 642 449 393 280
 869 904 905 903 900 901 897 898 899 895 888 884 882 880 878 877 874 872 866 865 870 856 860 858 849 854 573 694 339 701 393
 455 142 904 905 903 900 897 898 896 895 889 887 883 882 875 880 878 877 874 871 865 867 870 861 864 859 858 854 847 803 845 339 701 621 449 393 280
 725 9 144 906 905 902 900 899 894 887 882 879 875 880 878 877 874 876 872 866 865 870 863 864 859 856 851 854 776 803 573 845 694 701 426 642 393 130
 602 906 901 897 896 895 888 884 880 877 874 871 872 866 867 870 863 856 860 851 848 854 847 803 573 845 694 393 280
 758 873 905 903 901 898 899 894 888 889 887 884 882 875 880 877 871 866 865 870 861 864 856 851 849 847 776 573 339 701 426 130 280
 85 785 369 86 906 902 897 898 899 895 894 884 880 877 876 870 864 862 859 856 860 851 848 854 803 573 843 694 701 426 449 393 130
 71 637 834 273 906 905 902 898 899 896 889 883 884 880 877 876 866 863 861 859 851 858 849 847 803 573 845 621 426 642 393 280
 48 906 904 903 902 900 901 897 896 895 888 887 883 882 875 878 874 871 872 866 870 863 861 859 856 860 858 848 854 776 803 843 701 449 393 130
 657 388 134 277 462 850 702 270 622 297 571 905 903 902 900 897 899 896 895 888 887 882 878 877 874 876 865 867 863 861 864 862 859 858 854 803 573 339 642 130 280
 718 415 906 904 903 902 901 899 894 889 883 882 879 880 878 877 876 872 866 865 867 870 864 856 860 851 858 849 848 803 694 701 621 393 280
 128 795 853 369 703 498 324 645 443 553 906 905 903 900 901 899 889 887 875 880 878 877 874 871 876 872 866 865 870 861 864 862 859 851 858 849 848 847 803 845 701 621 426 449 393
 382 663 334 798 85 329 33 510 906 904 905 903 902 898 894 889 883 878 877 876 872 860 851 858 854 847 776 845 843 339 701 449 393 130 280
 620 687 906 902 900 897 898 899 896 894 883 882 878 871 870 863 861 864 859 860 851 858 776 573 845 694 339 701 426 642 449 280
 749 388 501 492 902 900 901 897 898 896 895 888 889 887 883 884 882 879 875 878 877 871 876 865 867 863 859 856 849 854 847 843 694 339 621 393 280
 577 801 571 813 476 421 659 328 99 19 904 900 901 896 895 894 883 884 882 879 875 880 878 874 871 866 867 870 864 860 849 854 803 573 845 621 426 130
 813 748 906 905 902 900 897 899 895 889 883 880 878 877 871 870 861 860 851 849 848 847 803 845 843 701 621 642 449 393 130
 615 471 904 900 896 888 887 883 882 879 875 880 878 877 874 871 876 870 863 864 862 859 856 860 851 849 848 847 803 843 339 642 393
 833 891 119 906 905 903 896 894 889 884 875 872 865 870 863 861 859 856 851 854 776 803 573 845 843 701 426 642 130
 430 110 873 557 695 769 246 345 177 242 671 906 904 905 901 897 899 895 888 889 882 875 880 874 871 872 867 870 861 862 860 854 776 803 845 843 701 642 449 393 130
 559 904 905 903 901 897 896 895 894 888 889 883 884 879 875 878 877 876 866 865 862 859 856 858 849 848 847 694 701 426 449 393
 652 885 906 904 905 902 900 901 898 899 888 889 883 882 879 878 877 874 876 865 867 870 863 861 862 856 851 849 847 776 803 339 701 426
 440 275 904 903 900 896 888 889 887 883 882 875 878 874 872 866 865 870 863 861 862 860 858 849 847 803 573 694 339 642 130
 391 16 372 499 905 903 899 896 894 888 889 879 880 877 871 867 870 863 861 859 856 851 848 854 847 776 803 573 694 621 426 449
 343 233 110 203 457 425 794 115 276 424 906 904 905 900 901 898 899 895 883 882 879 875 878 876 865 867 870 864 862 859 856 860 851 854 776 803 339
 690 109 517 597 229 312 402 94 748 905 902 900 897 896 887 883 882 879 875 880 874 872 867 870 863 864 862 859 851 847 776 845 843 701 426 642 130
 781 287 903 900 901 899 894 889 883 875 874 871 863 861 864 862 858 849 848 845 339 701 621 426 642 449 393
 485 905 902 897 898 899 895 887 882 879 880 878 877 874 871 872 865 863 861 859 856 851 848 854 847 776 803 573 843 621 426 130 280
 586 413 54 148 71 695 77 886 857 901 898 894 888 883 882 879 878 877 871 872 866 865 870 859 856 860 858 849 573 701 621 426 449 393 130
 540 382 114 904 901 897 898 899 895 889 884 879 875 877 874 871 876 872 867 861 862 859 856 851 849 848 854 847 845 694 701 642 393 130 280
 342 270 904 903 898 899 896 894 888 883 882 879 880 874 876 866 867 861 864 856 860 858 849 854 776 845 694 339 621 642 393 280
 330 906 904 905 903 902 900 896 894 887 883 884 878 877 872 866 870 856 849 848 854 803 573 843 339 621 642 130
 313 125 903 902 898 899 896 889 887 883 884 882 880 878 877 874 866 865 867 870 862 860 851 849 848 847 776 803 845 339 701 426 449 130
 720 178 904 903 902 900 896 895 889 887 883 879 875 880 877 874 876 866 865 870 863 864 862 851 858 854 776 843 694 339 621 642 280
 150 98 94 228 173 73 152 446 747 183 904 905 903 900 901 895 887 884 875 877 872 866 864 859 856 860 848 854 694 426 642 393 130
 6 566 249 704 445 389 343 162 558 372 905 902 901 897 896 884 882 880 877 871 876 872 863 864 862 860 849 848 776 803 845 339 426 449 130 280
 71 287 906 904 905 903 896 895 889 887 883 875 880 878 877 870 863 861 864 859 856 860 851 858 849 848 854 776 642 280
 415 630 713 906 904 905 901 897 898 896 895 887 883 884 879 875 880 878 871 872 866 865 867 870 864 856 851 858 849 848 776 803 573 339 701 393
 134 591 683 563 392 246 74 215 839 79 906 905 900 899 895 894 883 884 875 878 877 870 863 864 859 856 860 848 854 776 803 573 701 621 426 449 393 280
 773 192 377 906 904 905 902 900 901 899 896 894 887 884 880 871 876 872 870 861 864 862 851 858 849 776 843 621 642 449
 396 251 904 898 899 895 894 888 889 887 882 879 875 878 874 863 861 862 856 860 851 849 854 803 845 843 701 621 130
 311 685 906 904 902 900 897 898 899 896 889 883 878 871 865 867 870 861 862 856 858 854 847 776 803 573 845 694 621 642 449 393 280
 659 63 213 906 904 903 902 901 897 899 896 894 888 887 883 879 875 878 871 872 863 861 862 859 856 858 854 847 776 621 426 449 393 130 280
 199 555 680 770 312 594 354 400 171 305 904 903 895 888 889 887 884 882 875 871 865 870 863 862 860 851 849 848 776 803 573 845 843 339 701 621 426 642 393
 543 514 695 904 903 902 901 898 899 894 889 887 883 879 875 878 874 871 867 863 861 864 856 860 848 854 847 845 694 339 701 621 130
 333 337 73 905 903 902 897 898 894 888 889 887 883 882 879 878 877 872 867 863 859 860 851 858 849 848 854 776 694 449 393
 362 835 906 904 903 902 900 899 896 894 882 879 880 878 877 876 867 864 862 859 849 848 776 573 845 843 701 642 449 130
 472 299 903 900 901 897 899 894 888 889 887 879 878 871 872 866 865 867 870 861 864 856 851 849 848 847 803 573 701 621 426 449 393 280
 375 395 902 897 898 899 895 889 882 878 874 876 870 864 862 859 860 851 858 849 848 854 847 776 803 843 621 426 642 393 130 280
 686 392 906 905 900 897 899 896 895 894 888 889 882 879 875 877 874 871 865 861 864 862 856 858 854 573 621 642 449 393 130 280
 891 707 904 903 887 884 879 878 874 871 876 861 864 859 856 860 858 849 848 847 776 845 843 694 701 426 642 393
 665 745 903 902 900 897 896 889 887 882 879 875 880 878 874 871 876 872 866 870 861 864 856 776 803 573 845 843 339 701 621 426 642 393 130
 414 438 766 341 905 903 902 901 897 898 899 894 888 889 879 875 880 878 877 874 872 866 867 870 862 859 856 858 849 854 847 803 130 280
 292 155 762 334 906 903 900 898 899 895 894 888 882 879 874 871 876 872 870 863 861 864 862 860 851 849 854 776 573 694 339 701 621 449 130
 360 552 906 904 905 903 902 900 897 899 896 888 887 883 882 875 877 866 865 863 861 864 862 859 856 860 849 854 847 776 803 573 845 843 701 426 642 449 130 280
 492 246 80 906 901 898 896 895 894 887 879 880 877 866 867 870 862 859 860 858 849 847 776 803 845 843 701 642 449 393 280
 400 799 903 902 897 898 895 894 888 889 887 880 877 874 872 870 864 862 859 856 851 848 854 845 843 339 621 426 642 393
 165 635 815 663 904 905 902 901 894 889 883 884 882 880 877 874 872 865 870 864 862 859 860 851 849 848 854 847 845 843 339 621 426 642 449 130
 249 372 139 903 902 901 897 899 896 888 889 884 875 880 877 866 865 870 861 862 859 856 851 858 776 803 694 701 621 642 449
 379 687 906 903 897 896 894 888 889 883 877 871 876 872 867 859 860 849 847 845 843 701 621 449 393 280
 185 700 906 904 901 899 894 889 887 884 882 875 880 878 877 874 871 866 867 861 864 859 856 858 854 847 776 573 426 449 393
 514 167 697 675 881 491 261 676 710 369 906 903 900 898 896 895 888 889 884 882 879 880 878 877 871 876 872 866 865 870 864 859 856 860 849 854 847 803 573 845 694 701 621 426 642 393 130
 759 107 904 905 902 901 897 899 894 889 883 884 882 878 866 870 864 856 858 848 847 803 573 845 843 694 339 621 426 449 280
 107 477 744 906 905 903 900 897 898 896 895 888 889 887 882 879 875 880 878 874 871 866 865 870 860 851 847 803 573 843 701 621 642 280
 198 610 229 868 322 188 5 278 187 459 906 904 902 900 901 898 894 889 887 884 880 878 877 865 870 863 856 854 845 426 642 449 393 280
 39 714 906 904 905 903 901 897 899 888 887 883 884 875 880 874 871 872 866 865 870 862 860 848 854 847 776 573 843 339 701 621 426 393 130
 241 759 906 904 903 902 900 901 899 894 887 883 882 878 871 872 870 863 864 862 860 851 803 845 843 621 426 449 130 280
 409 752 905 903 898 896 895 894 887 875 880 874 871 872 866 865 860 858 848 847 776 803 843 694 621 393 130 280
 795 17 722 578 549 349 294 117 236 547 511 609 591 515 559 757 55 463 46 307 125 100 208 676 440 191 285 756 738 490 190 679 605 409 57 551 684 200 692 767 906 905 902 899 896 894 889 884 879 874 876 865 867 863 864 862 859 860 851 858 849 847 776 803 573 845 701 621 426 280
 465 396 905 903 901 898 899 894 888 889 883 882 879 880 874 871 866 865 867 861 864 862 856 860 851 858 849 848 803 573 845 339 701 621 449 393 130 280
 123 658 906 905 902 901 896 894 888 889 887 884 882 879 880 878 877 874 871 870 864 862 859 860 849 848 803 573 843 701 449 280
 246 521 243 844 906 902 896 894 888 889 887 883 884 879 877 874 876 872 870 863 859 856 858 849 776 845 843 701 426 642 393
 268 401 906 904 903 897 894 888 889 883 882 879 875 880 878 877 871 866 865 870 863 864 851 858 848 847 803 573 845 339 701 426 642 393 130
 55 250 905 903 902 900 897 898 899 896 895 887 883 882 879 875 874 871 876 872 866 865 870 861 864 860 851 854 776 803 843 694 339 621 426 449 393 130
 842 41 904 903 900 898 899 896 895 888 887 884 879 880 866 867 870 863 862 859 856 860 858 854 847 803 573 339 621 426 642 393 280
 670 182 906 902 897 898 896 895 888 887 884 880 877 874 876 872 865 861 864 862 859 851 849 854 776 845 843 694 339 701 621 642 449 393 130
 221 349 638 906 904 896 895 894 888 880 874 876 870 863 862 859 854 776 803 845 843 642 393
 90 798 904 905 903 900 901 898 899 895 888 889 882 879 875 880 877 874 876 865 870 864 859 860 858 847 776 803 843 694 621 426 449 130 280
 672 108 561 583 336 687 403 198 274 857 514 906 904 905 903 902 897 898 899 895 894 889 882 875 880 874 871 872 870 863 864 859 851 849 573 339 701 426 393 280
 402 35 906 904 905 898 899 896 895 894 887 883 882 879 871 876 865 867 870 862 856 858 847 845 843 426 130
 134 76 501 17 21 147 684 792 410 231 906 905 903 901 898 899 895 894 888 889 887 883 884 882 879 875 880 877 874 866 863 861 864 862 856 860 851 847 776 803 573 843 694 339 449 130 280
 205 757 904 903 902 901 897 899 894 889 882 875 878 877 874 876 872 865 861 851 858 854 776 573 845 339 393 130
 570 905 903 898 894 888 889 875 878 874 865 870 863 864 862 860 858 848 847 803 573 845 843 701 621 642 130
 793 533 904 905 902 901 898 888 889 883 884 882 875 877 874 871 876 867 861 864 862 859 856 860 851 847 803 573 845 694 339 701 621 393 280
 683 245 904 905 900 898 896 895 894 889 883 884 882 875 880 877 874 866 865 870 863 861 864 859 860 776 803 573 845 694 339 426 449 130
 260 361 905 903 902 900 896 895 894 887 883 879 880 871 872 865 870 859 856 860 858 849 848 845 339 701 621 426 449 280
 707 249 369 484 102 580 477 41 830 307 446 906 904 903 900 898 899 896 887 879 875 874 871 865 867 870 861 864 860 849 848 803 845 843 694 621 449 393 280
 324 436 906 904 905 903 902 900 899 895 894 888 887 884 880 877 874 871 876 872 865 867 870 861 864 860 858 849 848 573 339 701 621 426 449 130 280
 270 359 904 901 897 898 884 878 877 866 865 867 870 864 862 859 849 848 854 847 776 573 843 393 280
 188 904 895 888 887 883 884 882 879 875 880 878 877 876 872 866 865 867 870 863 861 864 856 776 803 573 845 701 621 642 393 130
 245 451 171 385 224 428 402 299 456 223 905 903 898 899 895 894 887 875 880 871 872 867 870 861 864 862 859 860 858 848 847 776 573 621 426 642 449
 613 679 904 903 900 897 899 896 894 883 884 882 874 867 861 864 862 859 848 854 847 776 803 845 694 701 621 642 449 280
 709 835 740 902 900 897 899 896 887 883 884 879 878 874 871 872 866 865 867 870 861 864 859 860 858 854 776 803 573 694 701 621 426 642 449
 272 821 906 902 900 901 897 899 896 884 882 875 878 874 872 867 861 864 862 859 856 858 849 847 776 694 339 701 621 642 130
 635 446 906 903 902 900 897 899 895 894 888 889 887 884 879 875 880 878 866 867 870 863 861 864 862 859 851 849 848 776 803 573 339 621 393 130
 488 617 844 253 602 459 374 134 570 446 904 900 901 896 895 887 882 879 875 880 878 874 876 865 867 870 860 851 849 847 776 803 843 694 339 426 642 393 280
 544 506 438 682 906 904 905 903 900 901 897 896 887 883 882 875 880 877 876 866 865 867 870 863 861 864 862 859 856 860 858 847 573 694 339 701 621 426 449 393 130 280
 667 557 906 904 903 902 897 898 899 895 894 888 889 883 879 875 877 871 876 866 870 863 861 864 862 859 856 851 858 854 694 339 701 426 642 130 280
 147 617 906 904 905 901 899 894 889 883 875 877 876 872 862 851 858 849 854 776 573 845 843 694 642 449 393
 115 695 759 811 165 670 159 891 415 906 904 905 897 895 884 882 879 875 880 878 877 871 867 870 864 862 859 856 851 858 854 847 573 694 621 393 130
 228 30 255 51 180 162 477 595 906 902 900 901 899 896 895 894 883 884 880 878 874 871 876 872 867 860 858 849 847 803 845 843 339 701 621 642 449 393 130 280
 669 188 906 905 900 898 899 895 888 884 877 866 865 870 861 859 851 858 849 847 843 694 339 701 621 642 280
 641 302 298 319 537 712 112 401 77 322 906 904 903 902 900 898 896 895 888 884 879 875 880 878 877 874 871 876 866 865 867 863 864 856 860 858 849 847 776 573 843 449 130
 636 817 35 51 688 326 267 205 519 150 527 905 903 902 899 896 887 882 880 878 874 876 865 870 861 864 862 854 847 803 573 845 426 449 393 130
 274 728 547 647 459 671 853 814 325 807 904 905 897 898 895 889 887 883 884 882 875 880 878 877 871 866 867 863 864 862 858 848 854 847 776 803 845 843 694 339 701 621 642 393
 235 245 904 905 901 897 899 888 887 883 880 876 872 867 870 860 851 858 849 848 847 776 573 845 701 621 426 130
 255 649 769 906 904 903 902 900 901 897 896 895 894 889 882 879 875 874 876 866 864 862 856 849 848 854 776 694 339 701 621 426 642
 529 74 906 904 903 902 900 898 894 888 884 882 879 880 877 874 872 863 861 862 856 851 858 849 848 854 573 843 701 426
 740 98 906 904 905 900 897 894 888 882 878 877 874 876 866 870 863 861 859 860 849 847 803 573 701 426 642 449 393
 609 522 906 902 897 898 899 875 877 874 871 876 872 866 870 863 861 864 862 848 854 776 573 843 426 642 449 280
 336 350 906 904 905 902 900 898 899 895 894 887 879 880 877 874 871 866 865 867 864 862 860 851 848 854 847 803 845 843 694 701 426 642 280
 391 744 906 904 905 897 898 899 895 894 889 887 884 877 876 865 867 863 864 862 856 851 847 776 845 701 393
 296 402 904 903 897 898 899 888 889 883 884 875 880 874 871 876 865 870 863 861 864 862 859 856 860 851 849 848 776 573 845 843 694 701 426 130
 38 717 904 905 903 900 898 899 896 894 884 882 879 875 880 877 871 872 865 863 861 864 856 860 851 849 848 854 847 776 573 845 843 339 701 642 393
 228 364 110 905 902 900 898 899 895 894 883 877 874 871 872 866 863 862 859 860 854 847 776 803 843 621 393
 66 497 455 568 562 700 385 513 584 328 904 902 901 898 899 895 894 888 887 882 875 880 878 867 862 859 851 858 854 847 803 843 701 426 642 449 393 280
 569 711 233 600 566 516 524 362 196 356 363 906 904 902 900 901 897 899 895 894 889 882 880 877 876 870 861 864 856 849 803 573 845 694 701 642 280
 734 177 905 897 896 895 888 889 887 884 882 878 872 865 870 863 864 862 859 860 858 776 845 339 701 621 426 449
 104 794 452 905 903 902 896 895 883 872 866 870 861 859 856 849 854 847 776 803 845 449 130
 187 459 906 904 905 902 901 898 896 895 888 887 879 878 871 872 866 865 870 859 858 849 848 776 803 845 843 694 701 426 642 280
 666 774 491 533 565 369 663 555 429 292 808 906 904 900 898 896 894 888 887 884 882 875 880 877 871 876 866 865 863 861 862 860 851 848 847 776 803 845 843 701 426 449 393 280
 249 54 897 898 899 895 894 888 889 887 884 882 879 880 878 874 876 872 867 856 860 851 848 776 803 845 843 339 701 621 642 449
 200 842 906 904 903 900 901 899 888 887 883 884 879 875 880 876 866 865 861 864 862 859 851 849 848 573 621 426 130 280
 749 739 904 900 897 896 889 883 884 882 879 875 880 878 876 872 870 863 861 856 860 849 854 847 776 694 621 426 642 449 393 130
 18 597 906 904 903 900 901 898 899 895 889 887 883 884 882 880 877 866 861 862 859 860 847 776 803 573 694 621 426 642 449 393 130
 801 802 903 902 896 894 889 884 882 875 880 877 874 867 870 863 864 862 856 860 858 848 854 776 803 843 701 621 426 642 449 393 280
 390 14 588 264 680 191 144 771 836 410 167 904 903 902 900 895 887 883 879 875 878 871 876 865 867 870 859 856 851 849 848 854 847 776 803 573 843 694 339 701 426 130
 555 81 905 903 902 900 898 895 887 883 875 878 874 876 865 861 864 858 849 848 854 776 573 339 701 621 426 642 449 393 130
 638 616 9 613 904 905 903 900 901 897 894 889 883 884 880 878 874 866 870 861 862 860 851 848 803 573 843 339 621 642 449 393 130
 523 619 906 903 900 897 898 894 888 889 883 882 880 877 874 876 867 864 858 848 854 573 339 701 621 642 393 130
 492 873 906 904 905 902 900 901 897 898 896 895 894 888 883 884 879 880 878 871 876 866 865 867 863 864 856 860 849 848 854 776 803 573 843 694 621 280
 167 906 904 905 903 902 901 897 898 899 896 895 894 887 883 879 875 880 877 871 876 867 863 861 864 851 849 854 843 701 449 393
 311 249 629 737 906 904 905 900 898 896 894 888 883 884 882 877 872 866 867 863 864 862 859 856 851 858 854 573 845 694 339 701 621 449 280
 73 403 820 906 904 905 897 896 894 889 882 879 874 871 876 867 870 864 854 573 845 701 621 426 642 130
 408 906 905 902 887 883 878 877 874 871 866 861 864 862 859 851 858 848 854 776 803 339 426 642 449 393 280
 696 517 904 905 900 901 896 895 894 888 884 882 879 880 878 874 871 876 866 865 867 864 862 859 856 851 849 848 776 573 843 339 642 280
 829 668 906 902 901 898 889 883 879 875 880 871 870 863 861 864 856 860 851 858 849 847 776 803 573 845 339 701 449 393 130
 740 402 904 902 900 901 898 894 887 879 880 877 874 876 872 863 861 862 859 856 860 858 849 848 776 573 694 339 701 642 393
 69 204 904 905 903 898 899 888 883 884 882 879 880 878 866 865 863 864 859 860 858 849 854 847 803 694 701 621 449 280
 502 139 104 906 904 905 902 900 901 896 895 894 889 883 884 879 880 871 876 865 867 870 861 864 859 856 851 848 776 803 845 843 694 339 621 426 449 393 280
 8 347 905 903 902 901 898 899 896 883 884 882 879 880 878 876 872 865 870 863 864 859 856 851 858 854 847 803 845 694 339 701 621 280
 126 676 905 903 902 900 898 899 896 895 894 888 889 883 879 875 880 878 871 876 867 870 856 860 858 848 847 776 803 845 843 694 621 426 642 393 130 280
 437 95 705 905 903 894 887 883 879 875 880 872 866 863 861 862 858 848 854 573 845 843 694 426 642 130 280
 38 422 906 904 897 898 896 895 894 883 882 878 874 876 872 870 861 864 862 859 860 851 858 854 573 845 843 701 426 642 449 393
 133 211 906 905 903 901 897 899 894 889 887 882 875 880 874 876 872 866 865 867 870 863 861 862 859 860 851 848 854 847 776 573 694 642 393 280
 179 46 88 411 516 800 340 629 745 726 237 271 333 14 842 402 220 56 652 702 444 44 352 298 55 183 823 481 500 681 837 479 536 827 789 651 763 873 903 901 896 894 883 884 879 875 874 876 866 867 870 863 861 862 856 858 849 854 847 776 803 573 694 426 449 393 130
 566 906 904 903 902 897 898 899 896 887 883 880 878 877 871 876 865 867 870 863 861 864 862 856 851 854 847 776 803 573 845 843 694 701 642 280
 279 661 536 904 902 900 901 899 896 895 894 887 884 882 879 880 878 871 876 866 863 861 859 851 848 776 803 573 845 339 701 621 426 130 280
 778 167 904 901 898 899 896 895 887 883 884 879 877 871 876 865 867 870 861 849 854 803 573 694 701 426 642 130
 692 906 905 900 897 899 889 875 878 877 872 865 867 864 858 848 854 847 776 803 843 621 393 280
 649 906 905 902 900 897 899 894 889 883 882 871 876 872 865 867 864 862 851 849 848 847 776 803 573 694 701 426 449 393 280
 70 828 904 900 898 894 888 884 882 879 880 878 874 871 866 870 863 861 864 859 856 851 776 803 573 694 621 393
 552 208 904 905 903 902 900 901 897 899 889 887 884 879 880 878 871 865 863 864 851 776 573 845 843 694 426 280
 119 747 669 113 906 905 903 900 898 899 896 895 894 887 875 880 878 877 871 865 867 870 863 861 862 859 851 848 854 847 776 803 694 642
 195 311 904 903 901 898 896 895 882 880 877 871 876 867 870 856 860 848 847 803 694 339 426 393 130 280
 50 778 600 905 902 900 901 896 894 888 889 883 884 882 875 880 874 871 876 872 867 870 863 861 864 862 859 851 858 848 776 803 694 621 642 393
 458 536 905 903 902 900 901 897 898 894 887 879 880 878 876 872 863 859 856 860 848 573 694 621 426 449 130
 176 604 317 546 904 903 902 898 899 896 894 887 878 877 874 876 872 863 864 862 854 776 573 845 694 621 426 449 280
 458 577 176 335 543 29 240 521 906 905 902 900 897 895 888 889 883 878 877 876 872 865 867 870 863 864 862 859 856 860 854 847 776 803 845 694 701 621 426 642 449 393 280
 656 372 903 902 900 901 897 898 896 895 894 888 889 887 883 884 875 878 871 872 870 861 859 856 860 849 848 776 803 573 843 694 621 280
 389 132 388 166 413 663 115 317 523 86 906 903 902 899 896 888 887 883 884 879 875 878 871 866 865 870 863 864 858 848 854 776 573 339 621 130
 719 794 905 900 901 895 888 889 887 884 880 877 874 876 867 863 861 864 859 848 847 776 573 845 843 694 393 130 280
 76 844 30 906 903 902 899 894 889 887 882 879 880 878 877 874 872 867 863 861 862 856 860 849 848 854 847 803 573 845 843 339 621 393 130
 169 183 902 900 898 894 887 884 882 879 875 878 872 866 870 864 862 849 848 854 847 845 843 694 339 701 642 449 393 130
 93 742 904 902 900 898 895 894 889 887 884 882 879 875 871 876 866 865 870 861 864 862 859 856 851 858 849 854 776 803 845 843 694 339 426 130
 478 211 906 902 900 898 889 884 879 875 878 874 872 866 865 870 861 859 856 860 849 847 776 843 694 701 621 426 393 130
 563 196 558 284 905 898 899 889 883 882 879 875 874 871 872 866 865 863 862 856 858 847 845 843 339 621 642 449 393 280
 127 755 905 902 897 898 896 895 888 889 883 884 879 875 880 877 871 876 866 865 870 863 859 848 854 573 845 843 339 701 426 642 449
 732 341 59 570 901 898 899 896 894 889 887 880 877 876 872 866 865 861 860 851 858 848 847 776 803 573 701 426 642
 709 28 576 42 741 452 375 57 366 906 902 898 899 896 895 894 887 882 879 875 878 877 876 866 867 862 860 858 847 776 803 573 843 694 339 621 426 449 393
 595 230 906 904 905 903 900 901 897 898 899 895 894 887 882 875 880 878 874 871 876 872 867 870 863 856 851 858 848 854 845 843 694 701 642 449 393 130 280
 89 285 544 906 904 905 902 898 899 896 895 882 880 878 874 876 865 863 859 860 851 858 849 854 847 776 803 843 694 339 426 449 393 130
 270 266 311 147 903 902 897 898 899 888 884 882 879 875 878 871 876 872 866 865 867 864 851 848 847 803 845 694 701 621 426 449 393 130 280
 80 665 906 904 903 902 900 897 898 899 896 895 894 888 887 883 884 879 880 878 871 865 863 861 864 862 856 858 849 848 847 845 694 339 701 621 393
 885 248 906 904 905 902 897 899 896 879 875 878 874 871 872 863 864 776 803 573 843 339 621 426 642 449
 838 342 906 900 896 895 887 883 882 879 875 880 878 874 870 863 861 864 862 860 849 854 803 573 694 642 393 130
 96 577 721 535 161 270 547 613 3 682 817 906 905 900 901 898 899 883 874 871 876 866 865 863 864 862 859 856 860 849 854 803 845 843 694 339 621 426 449 393 130 280
 438 198 906 904 903 898 883 884 882 878 874 871 876 872 866 867 862 859 851 849 803 573 843 339 426
 726 906 904 905 903 900 897 899 888 889 887 883 884 879 875 880 871 876 872 867 861 864 862 860 849 848 847 776 573 843 694 426 280
 719 346 291 890 906 904 896 888 889 884 875 878 874 872 867 870 863 856 860 849 848 847 776 573 845 701 642 449 393 130
 602 764 271 904 905 903 900 901 897 898 899 896 895 894 888 887 882 877 871 865 867 863 859 856 851 848 573 701 621 426 449 393
 423 344 904 905 903 897 898 896 895 889 875 880 877 871 876 866 865 867 870 864 862 851 849 854 847 803 573 339 701 642 393 280
 488 112 905 902 896 894 889 887 884 875 880 877 874 871 876 872 866 865 863 862 858 848 847 776 803 621 426 642 449 393 280
 626 269 606 345 385 277 183 566 121 11 213 17 197 768 87 483 705 141 364 447 561 472 463 651 158 177 97 254 442 304 251 409 207 163 906 905 903 902 901 897 895 894 889 884 875 878 877 874 871 865 867 870 863 864 856 851 858 849 776 803 573 694 339 701 621 426 393 280
 585 777 813 23 32 371 840 727 464 808 904 905 902 900 901 896 894 888 889 887 884 882 875 880 878 877 874 872 863 861 864 859 860 849 848 854 776 803 843 694 339 621 426 642 449 393 130
 64 493 32 905 903 902 897 898 899 895 894 889 887 883 882 879 875 880 878 877 871 876 872 861 859 860 858 849 854 847 776 843 694 701 621 426 449 130
 535 552 906 904 903 902 900 901 898 899 895 894 888 889 883 882 880 878 874 872 866 867 863 859 856 851 854 776 803 621 426 130 280
 43 906 904 905 901 896 894 888 887 883 882 875 880 878 877 871 876 866 867 861 864 862 859 860 858 848 847 776 694 339 701 449 393
 448 429 69 904 905 902 897 898 895 889 887 883 879 878 877 874 865 863 861 859 860 851 848 847 803 573 339 621 642 449 130
 212 59 717 906 904 903 900 897 898 889 887 883 874 871 866 865 867 863 864 862 859 856 851 776 803 573 845 843 694 339 426 449 280
 625 23 354 362 193 115 671 581 636 472 277 14 247 763 128 438 323 495 315 73 611 349 316 404 146 283 767 16 784 170 595 356 759 69 491 399 748 778 906 902 900 897 898 895 889 887 884 879 874 872 866 867 870 859 848 847 803 573 843 694 339 642 130
 805 780 906 904 905 903 902 900 897 896 894 888 883 879 877 874 872 865 863 861 864 862 859 860 851 849 848 854 847 845 843 694 449 130 280
 184 459 57 906 904 903 900 901 899 896 894 888 889 887 884 882 875 880 877 876 872 866 865 861 864 856 860 851 858 573 845 843 694 621 426 449 130 280
 742 108 904 901 898 895 888 887 883 884 882 879 875 880 878 877 871 872 865 867 870 861 864 856 860 849 847 776 694 339 701 642 449 280
 397 338 300 904 900 901 897 898 895 894 889 887 882 878 877 871 866 865 870 863 861 864 859 856 860 854 573 845 843 694 339 701 621 426 449 393 130 280
 654 499 904 896 895 888 889 887 883 878 877 866 867 870 864 856 860 851 858 849 803 845 694 339 621 426 642 393 130
 329 338 695 904 903 898 899 896 895 889 883 884 882 879 875 880 876 866 865 863 862 859 856 858 849 854 847 803 845 701 642 449 393 130
 518 148 681 482 371 855 373 259 564 83 321 906 904 902 898 896 883 884 882 875 880 878 871 876 870 863 861 864 859 856 860 858 854 803 573 843 694 339 621 426 642 393 280
 381 428 904 900 901 898 899 889 887 884 882 880 877 876 872 867 870 863 861 856 849 848 854 847 776 803 573 843 694 701 393 130 280
 348 81 323 748 240 138 286 886 513 745 350 547 476 485 822 395 470 112 313 651 689 140 208 363 828 332 29 816 673 647 413 76 262 551 574 497 509 736 456 905 903 900 901 898 888 889 887 883 884 878 874 871 867 864 862 859 856 858 849 854 847 573 843 694 642 449 393 280
 126 430 542 905 903 902 900 901 899 896 895 888 889 883 884 879 880 874 872 865 867 870 863 861 864 859 856 851 858 854 847 573 621 426 642 393
 744 725 906 903 902 898 899 896 895 883 882 879 875 877 874 871 865 867 870 863 861 862 859 860 858 849 848 847 803 573 845 843 694 339 426 449 393 130 280
 322 83 784 905 903 900 901 899 895 894 889 887 884 882 880 878 874 871 865 867 861 864 859 860 851 858 848 854 847 573 339 701 621 426 642 449 130 280
 485 598 906 897 899 888 889 883 884 879 880 878 871 876 866 863 861 864 849 803 845 843 339 642 449 130 280
 53 177 183 904 902 898 895 887 882 879 875 880 871 876 866 865 867 863 864 862 859 858 854 843 701 621 130 280
 766 479 322 904 905 903 901 897 898 899 896 895 888 883 884 875 880 877 874 871 866 865 870 861 856 860 803 845 694 339 701 642 393 130
 538 905 903 902 901 897 899 896 895 894 887 883 882 879 875 880 871 861 859 856 858 848 847 776 845 843 694 701 426 449 130
 522 336 345 661 906 904 905 903 902 897 899 896 895 888 889 887 883 884 882 879 875 880 877 874 872 870 863 861 864 862 860 854 847 803 845 843 694 701 426 449 393 280
 494 218 492 296 906 904 903 899 894 888 883 884 875 880 874 866 863 861 864 856 860 849 854 803 843 694 339 621 426 393 130 280
 257 654 630 61 709 79 150 606 433 268 906 904 903 900 898 899 896 883 884 879 875 877 867 870 861 860 776 573 426 642 449 393 130 280
 579 137 904 902 901 887 880 878 871 876 872 866 865 861 864 862 851 849 776 803 843 694 701 621 426 642 449 393
 511 194 220 653 447 354 135 825 824 805 525 904 903 901 899 896 895 894 889 887 883 884 882 875 880 878 877 874 871 876 861 864 860 848 803 845 843 701 621 449 130 280
 721 262 153 906 905 903 901 898 895 894 888 889 884 879 878 877 874 871 876 866 870 863 861 859 856 860 851 803 845 339 701 426 280
 254 886 88 906 904 905 903 900 898 889 883 879 875 880 878 874 872 867 870 863 861 862 856 848 854 847 776 803 573 339 701 621 426 449
 754 229 906 904 903 902 901 897 895 894 889 884 882 877 874 876 872 866 870 864 856 860 849 848 854 847 776 803 573 843 339 621 426 449 130 280
 560 213 750 800 218 755 652 578 625 837 513 6 791 826 261 680 131 364 591 16 775 649 824 112 211 539 654 496 792 100 616 192 381 388 379 29 260 425 184 903 902 898 899 889 887 884 882 880 874 876 866 867 861 856 860 858 854 803 573 845 843 701 426 642 449
 754 794 751 363 702 667 128 5 96 367 212 904 900 897 898 896 888 889 887 883 884 882 877 872 865 867 863 862 859 856 860 851 849 847 776 573 845 701 621 426 642 449 393
 834 194 905 903 901 898 895 894 888 882 875 878 874 871 872 867 870 863 861 862 856 860 851 858 848 847 776 843 701 449 280
 409 905 903 900 901 897 899 895 894 888 887 883 882 880 877 874 871 876 872 867 863 862 859 856 858 849 854 847 573 845 694 621 426 449 393 280
 723 456 857 271 779 129 395 368 827 830 904 905 903 900 897 898 899 896 895 884 879 875 880 878 874 871 865 861 864 859 856 860 847 845 339 701 426 642 449 393 130
 145 754 906 904 896 887 884 882 879 880 878 877 872 866 865 867 863 859 856 851 858 849 848 854 803 845 843 694 621 642 449 393 280
 759 564 247 905 900 901 897 898 899 896 895 894 889 883 882 878 877 874 871 876 872 866 865 867 870 861 864 856 851 854 847 776 803 843 694 339 426 449 130
 61 805 237 456 831 281 733 592 147 278 486 65 401 478 145 489 427 230 802 706 284 481 202 886 766 734 799 515 357 40 31 312 638 821 166 195 76 200 906 904 905 902 901 897 895 889 887 883 884 882 879 875 880 874 871 872 866 867 863 864 859 856 860 858 849 854 847 776 573 845 339 701 621 426 449 280
 333 563 906 905 903 902 898 899 895 894 888 889 883 877 874 871 872 866 861 859 860 851 849 848 854 776 803 573 845 843 449 280
 805 462 836 639 622 13 641 72 906 904 905 903 902 901 897 898 894 888 887 883 884 875 880 877 874 871 876 872 866 867 863 864 862 859 856 851 848 847 803 573 701 621 393 280
 706 432 905 902 900 901 899 896 895 888 883 884 875 880 877 874 871 866 865 867 870 864 859 860 851 858 847 776 573 694 339 621 449 393 130
 342 904 902 900 898 899 895 889 887 884 879 875 878 874 871 863 861 862 859 851 858 776 803 843 339 701 621 449 393 130 280
 422 705 904 903 900 901 897 898 896 884 882 875 880 878 874 871 866 867 863 861 862 856 860 849 854 847 803 573 843 642 393
 483 141 906 904 903 902 900 901 897 898 884 878 877 874 871 872 865 867 863 860 858 849 848 776 573 843 694 701 426 130 280
 371 246 266 441 459 886 201 224 408 527 653 904 903 897 898 895 894 888 889 883 879 880 877 876 866 870 863 861 859 858 849 854 847 776 845 843 701 621 642 393 130 280
 112 840 525 906 903 902 900 901 897 899 888 889 887 883 877 874 871 876 866 865 867 870 864 862 860 858 848 847 339 426 642 449 130 280
 721 66 904 900 901 898 899 895 894 887 883 884 879 880 877 874 872 865 861 860 851 849 848 803 845 843 694 701 621 426 642 449 130
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 40 > 732
 732 > 876
 876 > 228
 22 > 522
 576 > 162
 162 > 322
 322 > 493
 493 > 273
 537 > 69
 69 > 790
 790 > 181
 181 > 123
 123 > 898
 898 > 926
 454 > 285
 285 > 385
 385 > 636
 636 > 80
 80 > 75
 75 > 562
 562 > 847
 847 > 293
 790 > 552
 285 > 386
 790 > 189
 636 > 980
 790 > 544
 587 > 878
 878 > 35
 35 > 553
 553 > 251
 562 > 955
 587 > 564
 285 > 632
 878 > 362
 362 > 770
 553 632 > 923
 923 > 26
 273 564 > 611
 611 > 491
 611 > 542
 542 > 779
 779 > 948
 948 > 338
 948 > 890
 192 22 > 997
 336 335 > 746
 43 > 255
 255 > 593
 43 > 272
 272 > 598
 43 > 398
 398 > 421
 86 > 845
 845 > 423
 43 > 399
 399 > 431
 431 > 437
 43 > 931
 399 > 943
 943 > 304
 304 > 504
 504 > 808
 808 > 394
 431 > 519
 519 > 361
 361 > 956
 770 304 > 759
 759 > 18
 18 > 17
 17 > 302
 759 > 279
 279 > 441
 17 > 728
 779 504 > 520
 520 > 450
 450 641 > 971
 971 > 937
 937 > 291
 937 > 558
 558 > 515
 515 > 391
 391 > 438
 438 > 921
 921 > 45
 45 > 799
 799 > 607
 921 > 1008
 558 > 979
 979 > 830
 830 > 332
 332 > 764
 764 > 325
 325 > 774
 979 > 983
 937 > 1011
 1011 > 648
 937 > 482
 159 598 > 464
 464 > 928
 928 > 910
 910 > 518
 518 > 10
 338 86 > 372
 558 391 > 782
 890 980 830 > 248
 248 562 > 675
 675 > 941
 268 > 282
 282 > 313
 913 503 > 301
 255 581 > 631
 631 > 500
 631 > 543
 543 > 406
 406 > 150
 543 > 794
 794 > 964
 631 > 510
 268 779 > 811
 18 811 > 354
 636 282 > 443
 443 454 > 370
 370 > 337
 337 > 452
 983 927 443 > 261
 261 > 222
 222 > 589
 589 > 109
 589 > 614
 261 > 303
 303 > 352
 614 1011 > 814
 814 > 106
 106 > 924
 106 109 > 886
 676 222 > 235
 8 > 98
 98 > 529
 652 > 713
 713 > 358
 585 > 16
 16 > 417
 417 > 958
 162 > 170
 170 > 295
 295 > 317
 295 > 439
 295 > 716
 543 716 > 168
 168 > 318
 774 358 > 377
 168 636 > 516
 516 > 824
 516 > 857
 516 > 882
 168 997 > 201
 394 10 882 > 908
 908 > 939
 939 > 31
 31 > 15
 15 > 987
 939 354 > 938
 938 > 115
 93 > 389
 389 > 499
 389 > 619
 619 > 316
 316 > 731
 731 > 148
 389 > 538
 619 > 925
 925 > 142
 731 > 684
 316 > 888
 516 499 > 583
 583 611 > 87
 148 255 > 487
 487 > 982
 295 389 > 172
 172 955 > 655
 304 538 > 571
 522 538 > 190
 190 > 836
 836 > 512
 98 571 17 > 1
 542 1 464 > 286
 319 > 527
 527 > 940
 940 > 877
 877 > 960
 960 > 737
 737 > 289
 289 > 104
 104 > 634
 319 > 643
 319 272 > 897
 897 955 > 881
 634 17 > 3
 3 > 70
 319 123 > 1005
 8 > 59
 59 > 702
 59 562 > 669
 13 > 305
 305 > 703
 703 > 547
 13 > 532
 703 > 973
 973 189 > 777
 291 777 > 665
 195 305 > 872
 235 777 > 674
 674 > 290
 305 317 > 803
 75 803 272 > 947
 947 > 221
 221 > 96
 221 > 673
 607 96 > 860
 571 532 43 > 283
 897 96 80 > 44
 44 > 444
 444 69 > 663
 663 > 309
 44 > 505
 505 > 46
 46 > 127
 505 169 > 506
 506 > 112
 85 > 240
 253 85 > 993
 774 > 82
 82 803 > 53
 316 53 > 126
 126 > 961
 961 > 720
 720 > 591
 591 > 314
 665 85 > 185
 611 591 > 298
 655 82 > 918
 918 > 554
 720 438 > 863
 162 720 > 25
 60 928 > 612
 612 > 916
 589 612 > 220
 993 1008 674 > 754
 754 > 852
 82 43 637 > 749
 749 > 610
 749 > 991
 36 > 175
 175 > 457
 746 > 92
 92 > 859
 852 175 702 > 203
 698 203 > 225
 225 > 260
 260 > 330
 260 > 827
 260 > 813
 93 886 92 > 769
 123 504 92 > 224
 224 > 646
 646 > 470
 470 512 > 723
 723 > 711
 723 > 998
 998 > 849
 849 > 76
 849 > 626
 626 > 891
 891 726 897 > 320
 482 225 320 > 613
 613 > 277
 277 > 62
 62 538 > 383
 383 > 481
 481 > 635
 383 916 > 595
 595 290 > 38
 38 > 56
 56 547 > 84
 84 > 137
 84 > 901
 56 881 > 766
 766 898 > 97
 97 > 904
 383 175 673 > 856
 199 > 688
 256 > 455
 199 > 692
 256 > 521
 521 > 745
 199 > 820
 820 > 245
 918 455 > 333
 333 > 369
 333 > 933
 933 > 999
 510 333 > 697
 95 > 1012
 1012 > 79
 95 > 1018
 1018 > 376
 376 562 > 575
 383 > 579
 221 579 > 1017
 723 > 155
 376 162 224 > 462
 462 > 750
 462 > 862
 862 > 944
 333 862 > 472
 472 > 125
 595 702 472 > 306
 306 > 448
 448 > 108
 108 > 762
 448 > 902
 306 > 451
 316 902 > 629
 629 > 1000
 750 629 > 488
 488 > 658
 658 > 180
 180 > 781
 658 > 871
 180 > 914
 914 > 649
 658 309 > 578
 96 658 > 775
 372 750 849 > 630
 169 521 180 > 743
 236 > 694
 694 > 700
 694 > 714
 108 714 > 157
 630 585 694 > 806
 806 > 946
 716 694 255 > 1019
 890 1019 > 378
 378 > 850
 378 888 > 299
 579 299 > 883
 883 > 50
 883 > 479
 479 > 608
 304 479 > 207
 207 > 832
 207 > 934
 934 > 216
 216 > 447
 503 832 > 666
 666 > 742
 1019 125 > 826
 112 832 > 530
 336 832 544 > 156
 156 > 340
 156 105 > 792
 421 156 > 866
 866 > 565
 565 > 677
 156 282 > 39
 22 674 666 > 71
 71 > 204
 71 > 990
 691 204 > 793
 832 630 295 > 821
 916 821 > 831
 831 > 828
 828 38 > 870
 688 666 587 > 685
 685 > 633
 633 283 648 > 788
 788 > 21
 890 21 > 30
 788 1 > 202
 987 808 751 > 287
 287 > 815
 236 815 > 73
 746 2 73 > 1006
 754 1011 480 > 809
 299 809 871 > 356
 356 766 > 546
 546 > 99
 546 269 > 11
 389 372 546 > 841
 841 > 545
 181 983 > 276
 198 > 549
 198 > 734
 549 547 > 446
 446 > 526
 891 446 > 873
 873 > 219
 219 > 768
 578 219 > 517
 517 304 958 > 213
 668 826 734 > 300
 198 849 546 > 197
 197 > 976
 976 > 661
 976 134 > 151
 151 > 153
 775 151 493 > 718
 718 > 708
 708 > 644
 718 56 > 78
 795 > 906
 906 > 129
 809 129 > 561
 452 > 600
 600 > 100
 100 > 63
 63 286 > 835
 795 691 > 695
 695 545 > 967
 948 > 473
 561 361 372 > 582
 82 464 788 928 979 835 450 732 > 486
 486 > 594
 43 486 > 802
 546 802 > 238
 238 36 > 590
 745 561 201 612 273 105 1000 824 665 626 > 165
 226 > 360
 226 > 1016
 226 > 950
 703 950 > 653
 454 1016 > 580
 580 > 974
 226 827 > 173
 36 653 366 > 681
 681 > 727
 727 > 436
 436 > 186
 186 > 402
 727 > 647
 186 > 606
 606 253 > 664
 664 > 551
 499 436 > 853
 853 > 14
 853 > 572
 35 580 313 > 785
 832 785 > 805
 805 > 208
 805 > 329
 298 974 770 > 829
 829 967 105 > 390
 830 390 > 659
 390 444 418 > 348
 301 248 793 692 520 329 2 529 438 > 425
 425 581 944 > 892
 1026 > 650
 64 571 > 214
 64 487 > 533
 533 > 308
 533 > 660
 660 > 351
 934 > 903
 1026 268 > 680
 680 235 > 889
 889 > 33
 580 33 > 525
 525 > 1009
 1009 > 791
 791 967 > 67
 67 > 130
 67 > 755
 755 > 149
 669 149 > 1030
 62 366 351 > 346
 421 130 663 > 440
 578 440 144 > 167
 167 35 > 753
 455 745 167 > 609
 130 92 93 > 752
 136 > 412
 412 > 586
 586 > 574
 574 > 819
 847 586 > 642
 642 901 > 116
 116 923 > 58
 574 58 > 179
 745 179 > 474
 474 18 > 577
 116 390 > 757
 214 675 757 > 773
 542 642 828 > 32
 402 32 > 324
 803 685 116 > 122
 795 757 378 > 896
 896 924 561 > 977
 135 > 557
 135 > 566
 566 830 > 400
 557 583 > 783
 783 845 906 > 884
 770 884 > 52
 52 > 807
 807 711 439 > 942
 815 566 607 > 509
 16 214 170 22 1030 892 614 116 > 818
 818 829 850 > 463
 610 463 > 936
 423 463 > 949
 287 949 62 > 986
 866 949 69 > 381
 381 186 > 822
 822 > 735
 549 735 > 840
 840 636 > 568
 632 568 36 > 407
 783 407 491 > 843
 502 > 839
 69 502 > 656
 656 > 250
 250 > 121
 431 > 9
 250 320 > 489
 208 681 656 > 131
 716 731 1005 32 358 70 517 931 250 305 > 429
 882 429 352 > 88
 293 88 313 > 1004
 1004 863 666 > 678
 314 429 610 71 661 619 940 545 457 781 > 951
 564 > 424
 828 424 > 597
 841 597 > 880
 421 572 880 > 183
 93 632 183 > 1025
 579 1025 > 66
 170 66 650 > 622
 622 660 > 347
 775 622 > 715
 774 715 > 262
 877 262 832 > 539
 539 > 5
 421 608 539 598 250 338 552 839 125 221 > 719
 68 > 328
 328 826 695 > 932
 932 > 536
 880 68 743 > 729
 729 > 176
 176 88 > 465
 465 > 693
 693 > 343
 343 > 375
 729 447 > 315
 134 997 660 452 157 735 819 703 68 > 271
 271 > 965
 447 156 942 287 15 932 783 903 781 > 103
 120 > 709
 185 709 > 458
 726 458 > 145
 145 > 628
 145 990 > 4
 399 120 782 > 907
 840 149 328 727 383 190 574 598 1026 907 > 430
 430 > 132
 430 96 > 334
 334 240 > 497
 365 > 367
 367 127 > 1010
 781 365 > 1029
 883 > 690
 690 694 > 341
 628 832 673 961 503 201 341 253 > 765
 765 > 804
 804 > 945
 908 455 551 390 742 804 330 > 797
 595 752 155 372 60 320 173 843 > 721
 942 803 806 614 255 443 59 797 815 > 559
 903 423 399 655 221 263 634 987 1029 > 311
 611 > 988
 125 491 988 > 740
 740 991 > 254
 811 572 > 48
 48 818 > 461
 969 719 70 594 254 944 646 366 > 683
 441 831 646 945 683 896 329 594 700 > 920
 920 > 495
 495 > 147
 495 > 865
 495 > 1028
 538 66 865 > 758
 467 175 633 > 34
 34 > 584
 204 64 584 > 342
 342 > 469
 342 93 931 > 415
 828 63 238 807 566 559 782 584 > 706
 149 337 839 157 853 340 832 254 706 > 28
 797 960 48 66 358 901 415 827 841 728 > 211
 211 > 357
 839 > 158
 515 426 740 > 54
 54 > 218
 54 > 445
 805 426 561 > 349
 415 349 > 511
 683 185 511 > 756
 698 756 431 > 851
 851 559 727 > 800
 906 882 658 80 511 824 932 1011 659 > 763
 770 688 407 562 194 394 58 367 773 > 534
 655 379 > 895
 830 365 > 501
 913 501 > 966
 966 > 531
 966 1010 785 > 355
 641 355 > 739
 97 397 783 261 986 895 902 439 343 > 1027
 519 578 343 781 668 495 204 245 > 72
 273 562 72 > 893
 1023 895 > 627
 627 > 919
 586 > 968
 147 968 571 420 406 116 180 987 675 158 > 382
 382 754 612 > 535
 535 > 368
 283 675 632 1023 25 254 734 198 926 3 > 312
 312 > 51
 51 60 355 > 548
 548 902 > 209
 918 86 836 251 272 633 997 115 548 > 55
 300 55 > 6
 924 320 22 878 253 312 1005 378 > 177
 599 > 834
 834 > 117
 660 834 > 459
 695 627 856 84 982 866 1027 379 > 490
 116 490 > 900
 577 900 > 414
 414 > 174
 174 268 > 747
 132 1029 490 > 485
 485 785 > 722
 722 807 > 83
 544 548 295 490 64 1000 448 586 > 205
 684 205 > 171
 446 205 518 579 558 941 402 681 26 > 615
 303 615 > 101
 101 > 733
 132 342 101 > 875
 59 875 > 393
 393 > 483
 551 60 520 813 715 834 932 279 361 836 > 206
 206 > 705
 705 > 868
 165 846 52 465 809 273 606 644 > 837
 235 871 837 > 710
 710 > 161
 710 58 303 > 540
 875 535 340 88 987 103 333 837 236 > 704
 430 704 132 > 975
 356 695 942 964 846 977 291 168 > 432
 432 > 671
 5 571 93 799 290 72 656 455 187 > 266
 264 > 771
 814 > 107
 1017 771 > 128
 128 612 > 81
 264 960 1024 187 884 337 807 213 218 756 > 994
 994 938 > 229
 229 > 707
 229 960 > 833
 900 994 612 > 247
 454 707 721 > 555
 974 846 229 169 577 116 33 316 53 197 > 140
 562 13 264 500 83 734 95 753 878 222 > 124
 124 1011 > 654
 654 > 27
 220 > 166
 309 788 974 117 380 720 827 357 802 > 29
 704 29 > 113
 113 > 887
 225 559 113 > 19
 713 117 113 > 618
 734 122 732 804 315 934 120 585 > 252
 252 > 284
 707 284 59 > 780
 268 795 136 632 1009 684 749 780 46 343 > 541
 541 > 935
 937 541 902 > 984
 984 137 > 667
 766 606 984 450 474 775 495 120 755 > 37
 37 86 780 > 223
 935 223 360 > 573
 573 358 > 12
 149 606 875 984 813 26 450 980 6 > 364
 321 > 326
 321 956 > 164
 1006 680 326 > 475
 863 252 561 860 632 45 326 463 103 115 > 259
 826 259 > 995
 295 830 259 > 154
 995 873 727 248 846 357 171 775 130 676 > 844
 844 > 1015
 637 84 984 519 870 1015 747 272 594 > 523
 935 939 134 781 795 745 612 1000 165 275 441 366 831 424 646 304 920 944 945 1005 683 1011 896 254 329 316 594 523 700 70 680 330 769 282 719 289 759 969 > 1020
 743 968 623 357 382 205 482 614 309 > 141
 977 225 1016 315 141 704 228 229 115 > 232
 794 52 623 759 512 633 597 827 > 689
 689 790 534 > 514
 689 877 189 > 789
 789 900 > 741
 535 514 228 286 27 28 809 302 789 > 508
 688 > 484
 483 > 639
 537 461 997 131 639 128 928 45 641 > 409
 1012 523 934 622 808 920 409 1029 > 42
 286 202 381 986 557 873 518 42 26 > 985
 312 806 574 926 985 341 689 > 513
 513 > 178
 330 513 914 > 234
 166 207 484 926 837 1029 459 96 627 > 77
 482 502 6 318 362 107 650 77 > 686
 912 > 679
 679 > 638
 679 788 417 > 1014
 702 1014 > 748
 748 977 587 > 110
 1014 445 947 > 241
 679 881 940 > 772
 130 832 > 621
 522 262 621 871 706 75 71 401 247 > 725
 679 303 759 364 8 549 725 692 373 > 796
 75 668 777 533 796 217 32 485 1016 > 242
 26 220 242 > 477
 655 990 477 > 717
 595 717 > 959
 95 653 679 522 418 214 717 142 377 > 930
 121 198 202 725 362 334 995 790 946 > 1013
 924 997 316 648 131 222 639 770 717 > 460
 986 640 460 302 694 751 34 959 > 434
 1012 502 621 975 499 937 489 127 690 > 1007
 248 906 77 585 543 154 1007 582 174 > 476
 394 913 1024 153 508 476 461 656 960 > 616
 580 488 632 626 526 347 229 912 273 > 331
 531 938 450 590 780 293 619 309 460 516 > 90
 636 > 296
 451 721 296 > 143
 548 586 181 859 106 964 681 382 296 > 405
 405 > 712
 611 372 405 > 435
 464 661 642 31 722 264 348 > 160
 412 262 473 117 849 903 39 140 160 > 496
 998 316 984 357 160 734 35 1008 931 > 244
 990 712 253 975 897 88 336 219 > 744
 676 8 112 315 744 863 199 731 80 916 > 869
 815 > 49
 49 834 > 396
 578 448 > 874
 874 223 183 547 845 683 238 716 > 210
 300 210 707 156 888 887 961 154 > 605
 874 275 526 573 255 631 581 863 729 263 > 885
 656 84 28 445 885 251 181 448 250 > 682
 424 > 917
 902 1015 917 > 163
 763 917 747 > 468
 1018 204 474 396 468 840 688 876 > 395
 395 > 246
 3 246 214 > 524
 395 595 56 > 701
 701 633 > 371
 705 903 510 744 807 679 365 727 > 603
 539 521 615 917 179 561 748 187 > 7
 306 650 956 7 675 762 311 101 773 > 855
 246 712 192 682 749 649 590 539 165 995 > 0
 414 542 796 0 124 587 544 385 127 399 > 239
 493 239 129 > 825
 825 > 952
 952 1007 827 641 195 123 87 934 > 339
 339 997 > 449
 385 161 987 825 917 589 429 960 565 > 909
 395 775 544 758 945 341 895 495 141 885 > 760
 766 > 47
 770 159 693 575 161 216 47 595 126 > 297
 84 297 > 94
 94 740 314 364 82 952 820 682 1005 > 645
 645 > 20
 645 > 237
 424 800 833 205 533 30 859 959 645 > 761
 890 990 297 303 458 495 201 > 784
 634 633 706 112 824 579 753 289 647 47 > 384
 384 434 > 419
 993 > 288
 863 > 736
 380 1019 637 530 204 987 504 784 > 388
 824 178 288 583 180 443 679 183 > 1001
 673 519 16 438 1001 547 18 968 205 > 894
 739 706 117 330 41 168 577 732 288 176 > 327
 327 873 763 40 771 585 847 189 892 > 848
 884 71 327 826 0 128 366 515 > 989
 25 1027 264 665 388 482 144 795 618 > 427
 533 407 42 1014 427 336 548 312 > 478
 663 478 991 > 699
 699 > 569
 757 699 339 671 52 223 287 1001 682 > 57
 395 826 143 381 748 663 1001 150 661 745 > 392
 202 392 848 43 576 351 991 524 > 410
 779 761 410 > 118
 745 569 355 176 644 429 48 956 519 721 > 243
 137 94 522 183 478 764 904 976 47 500 > 922
 922 894 > 345
 410 807 376 917 723 851 525 501 1030 993 > 212
 212 402 729 419 955 598 50 1000 163 > 620
 744 47 620 > 404
 345 623 516 928 846 524 404 519 395 > 433
 433 450 > 864
 433 658 318 > 861
 14 13 381 864 547 847 376 749 1004 > 227
 448 755 317 637 654 223 548 227 > 65
 65 > 592
 385 98 967 439 145 65 410 234 > 91
 91 312 895 121 569 578 154 101 942 > 696
 659 635 620 199 719 51 749 698 > 570
 484 498 226 690 805 174 1012 227 238 641 > 184
 517 661 25 455 761 693 592 449 116 > 528
 1020 528 450 > 817
 150 > 905
 926 938 905 > 188
 673 188 > 550
 546 863 905 103 531 336 445 421 > 970
 792 970 349 98 895 160 34 17 > 670
 670 44 197 680 345 832 871 36 876 > 359
 439 128 359 612 1030 81 856 283 70 > 230
 203 230 1006 40 729 557 756 371 469 > 196
 817 944 946 397 670 440 704 382 185 > 411
 251 673 495 465 574 439 207 159 908 > 152
 975 105 39 1024 796 907 536 670 1001 912 > 507
 185 57 987 136 56 275 721 578 196 921 > 307
 400 916 837 45 195 266 153 503 > 978
 933 1012 97 897 752 835 107 235 > 786
 38 517 786 828 415 825 840 > 556
 556 > 662
 556 736 576 479 782 49 190 455 > 738
 949 988 738 > 353
 407 180 459 222 419 353 821 511 179 > 730
 573 507 730 35 44 136 360 228 > 972
 404 897 53 972 327 28 950 91 240 > 267
 103 730 736 742 720 67 192 501 820 > 787
 551 768 13 80 1027 434 245 787 489 > 596
 1014 1030 944 521 916 320 482 103 507 662 > 617
 921 264 96 31 676 789 737 1015 36 786 > 810
 969 690 80 758 381 439 337 799 > 408
 859 260 669 103 238 13 464 718 > 624
 624 113 83 377 483 246 684 170 459 149 > 915
 881 736 915 935 714 642 22 67 760 > 981
 981 > 133
 230 133 > 992
 259 394 408 17 405 850 148 127 306 > 344
 737 562 392 344 496 675 665 210 1018 751 > 602
 537 > 193
 506 493 190 550 1020 1013 222 193 408 > 374
 715 814 583 13 374 568 412 450 306 > 651
 706 913 651 50 104 1 33 412 1026 > 387
 387 > 215
 209 592 215 445 574 734 77 284 131 > 687
 1012 352 59 813 690 47 420 687 1017 > 838
 437 613 241 481 342 585 808 838 > 281
 602 7 716 1006 142 1014 281 450 > 657
 622 657 774 > 466
 243 657 541 70 419 291 611 380 499 > 114
 114 > 957
 647 269 147 114 164 629 379 53 732 > 200
 170 491 1008 523 687 200 677 48 892 > 953
 158 661 953 213 489 818 60 523 237 516 > 119
 661 916 415 1009 882 602 662 743 193 1020 > 249
 249 > 724
 903 531 249 973 220 759 559 1008 1004 > 879
 984 671 879 913 455 978 264 613 574 > 442
 516 29 688 951 442 617 697 462 675 > 778
 733 173 77 448 638 778 105 > 89
 378 185 177 51 1005 778 312 253 490 > 471
 334 471 838 > 138
 939 430 576 976 571 193 606 172 180 439 > 265
 850 460 265 > 139
 265 217 852 855 470 112 805 660 52 311 > 182
 381 182 > 801
 817 730 709 114 754 73 4 678 457 > 191
 636 191 > 767
 537 1017 598 326 803 91 723 478 191 369 > 416
 618 402 265 174 994 529 972 504 154 > 823
 527 276 30 878 658 356 534 502 1030 > 494
 809 667 33 150 326 870 955 905 901 915 658 60 860 400 360 247 757 451 131 193 90 863 741 758 752 663 805 25 271 686 163 1011 727 726 546 > 560
 55 73 560 611 744 373 397 137 314 255 > 842
 220 799 17 842 643 59 114 981 > 854
 997 502 900 908 571 641 535 471 445 326 40 16 737 577 889 971 664 405 300 828 564 309 419 414 450 893 667 267 688 475 484 907 704 396 197 > 812
 832 992 485 862 219 997 555 677 976 69 990 58 256 119 984 644 418 297 819 571 334 463 973 980 439 120 827 322 273 919 138 218 221 160 275 335 261 1001 662 49 850 568 346 315 476 546 362 924 > 1088
 409 852 887 231 675 741 20 1004 530 838 17 625 12 475 573 251 358 79 338 918 872 945 1024 864 688 976 536 480 726 870 678 128 180 134 871 544 545 219 811 704 914 558 980 271 238 659 958 1010 761 411 821 > 1039
 647 953 78 792 1039 709 747 796 293 > 422
 477 422 352 370 739 95 836 658 650 > 428
 395 383 183 195 428 62 397 918 219 > 601
 813 436 428 238 40 416 792 1004 715 > 403
 944 639 1019 888 1007 463 968 422 414 904 > 672
 691 401 194 901 536 135 672 424 > 1002
 476 151 994 672 508 863 496 153 > 23
 769 510 43 859 966 632 70 281 394 97 2 535 316 760 321 493 967 813 887 228 495 972 45 235 515 577 487 58 354 118 920 603 114 174 872 1029 331 374 326 874 161 549 372 317 120 917 638 293 18 432 > 1042
 546 82 276 235 462 740 446 60 802 1042 > 363
 780 359 1027 518 764 186 817 385 843 824 611 656 610 1006 779 900 801 522 290 964 600 966 53 835 1004 86 901 808 893 106 330 325 444 661 384 78 743 231 495 628 719 864 677 131 448 47 166 129 896 735 730 399 > 1047
 951 550 11 756 968 599 719 694 60 395 553 478 952 128 379 715 943 969 736 1047 864 201 279 829 77 808 571 836 766 200 889 570 555 322 414 521 410 860 > 816
 816 504 > 453
 972 453 786 > 567
 5 567 659 433 819 832 437 129 406 > 563
 774 475 645 39 496 179 563 623 461 > 111
 453 305 949 172 246 248 494 750 538 306 > 492
 519 181 1004 681 981 281 754 492 1017 > 274
 384 290 506 172 711 389 1023 295 668 1017 938 968 873 796 686 300 853 729 107 78 43 586 741 652 977 207 307 750 585 851 42 514 119 171 274 36 887 928 559 1024 236 555 151 93 406 881 135 500 360 273 242 163 > 1045
 967 36 743 1045 705 53 904 622 947 725 462 525 35 889 988 52 804 402 114 852 361 928 959 628 579 682 848 309 932 990 935 423 799 143 90 409 918 415 461 664 631 157 685 866 439 73 642 649 567 468 1000 > 1041
 713 699 318 25 1041 707 262 677 724 > 280
 756 280 156 326 516 666 913 777 47 > 350
 722 177 252 778 144 253 865 806 816 320 435 280 926 223 716 386 407 196 607 1011 150 4 149 200 539 46 348 168 755 619 1009 246 900 410 729 347 834 994 443 404 385 668 226 462 625 825 98 438 444 984 786 > 1063
 447 1023 886 171 246 836 677 1063 304 202 512 593 41 641 355 718 357 602 227 439 901 378 352 174 222 59 881 725 690 846 510 420 376 184 1017 861 379 681 484 > 258
 665 218 314 819 693 704 631 447 93 448 184 639 870 592 143 603 153 626 160 777 68 877 594 467 965 381 41 6 958 672 567 18 345 773 445 529 768 64 391 187 597 482 8 198 282 472 941 930 403 484 766 > 1084
 107 570 964 192 831 175 56 830 351 884 165 637 262 243 667 895 420 274 510 743 14 675 621 845 85 922 794 255 142 548 256 264 429 769 813 361 283 124 34 999 683 751 749 499 694 201 322 434 38 494 > 1044
 377 888 1015 331 124 1039 902 848 577 551 255 851 181 325 29 426 512 33 783 485 363 427 704 505 157 549 747 499 135 710 896 152 437 202 578 297 687 564 937 877 782 259 140 366 615 915 223 554 591 11 943 953 > 1032
 1032 964 > 74
 74 224 1025 130 767 564 457 710 8 > 257
 508 832 214 671 507 74 423 689 173 893 > 294
 535 301 171 409 1032 819 940 320 584 1009 > 456
 279 169 868 833 728 933 387 952 560 481 450 272 724 11 1030 557 686 385 332 148 628 671 685 221 498 187 197 989 222 1042 192 1008 517 888 120 456 620 435 > 61
 624 199 286 801 819 884 407 705 987 785 113 271 602 724 585 362 645 206 703 897 83 479 748 762 68 582 924 45 61 377 288 296 342 44 797 618 60 > 146
 611 919 866 651 28 728 931 149 146 > 292
 153 891 313 687 571 285 797 505 161 751 949 759 454 481 678 90 345 237 753 805 275 456 970 782 291 854 89 123 1010 442 468 431 244 390 724 460 248 71 640 320 948 986 490 193 117 1005 1019 522 841 > 1083
 114 813 560 14 586 182 835 483 508 84 552 855 111 775 803 822 222 409 174 155 283 559 814 719 902 542 69 319 342 679 592 1083 912 338 178 738 1015 645 1020 450 505 215 217 809 946 393 672 442 417 703 > 1040
 431 237 626 846 564 882 334 215 549 749 146 596 392 126 823 180 60 244 445 352 308 249 261 720 333 140 715 746 370 700 498 1028 411 82 650 907 718 436 657 395 816 521 115 383 491 540 906 601 801 729 1 > 1081
 338 174 361 228 466 621 652 86 952 382 502 582 1018 263 492 978 1012 134 178 415 1029 26 124 236 517 677 286 57 639 481 696 823 416 357 1032 532 572 427 797 1081 973 927 957 6 123 1025 1028 407 147 > 1038
 896 338 705 830 610 403 526 1038 660 122 > 858
 626 858 758 198 117 885 430 95 808 58 > 899
 831 730 115 934 437 948 9 435 899 > 911
 956 414 476 734 234 426 1040 363 18 191 144 651 525 741 921 439 858 744 132 296 935 450 153 223 627 834 573 767 415 360 333 629 589 630 961 920 751 846 343 > 24
 185 1001 24 > 413
 1047 681 209 961 934 897 72 1002 324 587 400 96 232 40 410 885 384 570 1013 859 705 182 20 767 569 646 396 148 181 350 284 984 107 510 560 228 959 814 1039 517 87 349 949 146 337 710 923 706 919 931 > 1046
 794 305 606 785 635 702 859 834 976 1046 367 865 995 267 714 228 615 164 93 744 281 919 371 256 308 1029 280 523 685 1 86 18 504 592 > 588
 51 472 910 588 140 649 644 811 143 > 962
 864 962 241 > 996
 877 501 943 209 68 454 869 359 777 974 184 574 296 160 496 962 315 213 626 32 131 137 512 1084 194 87 112 695 153 1007 555 48 576 156 840 34 8 981 > 954
 416 178 872 283 959 972 519 85 207 569 808 405 752 23 875 647 387 602 425 357 544 1015 461 374 997 999 151 349 448 759 723 392 241 7 671 996 888 757 363 28 285 334 373 250 772 381 700 388 386 343 145 > 1036
 1036 384 > 604
 604 459 829 > 776
 259 604 767 631 791 25 85 797 634 > 929
 929 842 538 > 278
 278 534 > 1022
 886 329 297 379 28 427 450 874 683 349 962 57 726 679 799 920 793 665 891 221 846 267 937 776 772 957 659 393 649 293 879 153 237 167 352 950 497 634 136 758 617 435 48 294 190 356 94 269 419 744 > 1085
 914 860 1026 1083 619 1085 27 262 > 323
 347 607 557 458 116 474 690 627 604 521 948 48 127 101 554 343 205 834 840 1007 194 32 496 974 954 501 206 340 1006 232 300 895 651 183 430 538 721 195 54 817 295 428 725 17 812 62 330 350 119 429 599 > 1061
 279 445 771 275 68 776 837 956 980 866 745 135 129 318 671 763 21 907 299 724 64 634 940 717 662 344 583 915 531 716 39 343 680 37 176 486 731 868 580 692 1014 88 132 714 246 40 895 493 847 > 1078
 942 257 774 590 524 731 528 368 597 103 49 583 398 3 498 761 468 643 252 298 116 605 371 669 51 880 31 88 781 595 906 589 1019 484 44 473 1011 633 1007 979 488 105 369 324 884 97 111 1018 875 576 426 > 1066
 644 578 951 363 572 1020 326 999 87 286 536 319 935 354 1008 264 171 138 329 314 687 737 882 433 373 956 1038 271 809 73 917 421 434 242 886 891 626 805 581 249 789 732 717 507 191 280 127 137 22 807 471 339 > 1087
 256 169 752 366 226 594 24 571 840 452 44 975 1087 118 346 106 344 725 154 564 443 992 196 108 269 592 306 851 191 838 72 777 721 418 205 399 1019 696 > 1021
 196 473 298 790 748 939 580 849 916 8 125 568 169 39 347 839 470 633 113 989 504 575 883 556 520 728 616 740 779 40 853 420 205 565 74 991 933 260 1021 1002 830 394 552 502 752 636 325 284 171 213 > 1062
 353 812 522 950 962 602 603 435 936 966 168 1062 461 462 269 805 1040 822 199 980 119 840 507 613 961 880 761 945 1017 807 313 1044 667 37 157 995 > 102
 138 418 276 811 664 188 151 131 480 342 423 118 397 429 886 218 313 564 189 837 250 563 927 238 946 642 638 698 38 665 1084 753 771 308 858 211 940 993 103 653 125 112 306 227 925 210 971 910 > 1086
 296 15 30 547 9 214 1021 25 369 630 287 230 340 740 246 829 455 484 780 681 506 192 632 904 483 530 952 268 405 62 636 438 29 624 1047 570 43 14 466 972 579 902 688 286 962 759 596 894 898 152 936 511 > 1048
 274 78 1013 600 1048 95 428 226 857 364 736 618 449 697 651 769 36 560 231 466 787 519 802 63 641 551 413 1088 1008 397 793 967 852 155 945 26 327 997 188 447 170 747 745 534 827 421 698 879 856 > 1043
 680 21 414 529 308 335 970 594 1085 563 271 439 534 500 896 541 911 1026 648 19 436 909 248 187 758 103 191 850 926 169 554 239 158 353 908 380 629 199 524 939 791 469 880 245 130 619 740 232 667 321 222 1016 > 1076
 742 623 266 792 55 713 71 758 507 344 615 139 700 1025 442 18 942 464 778 790 474 311 453 469 727 998 61 540 593 1005 403 419 643 177 557 150 113 194 355 100 929 824 938 364 35 475 810 301 695 459 983 > 1067
 197 581 447 181 79 1067 634 866 799 663 4 640 659 785 506 488 115 498 377 675 1046 781 424 329 719 552 779 744 805 188 106 804 257 497 685 354 71 238 > 1003
 44 1066 1067 401 102 1076 868 80 676 482 653 850 303 531 376 411 722 473 557 1003 66 969 378 375 734 216 130 76 714 10 829 801 885 196 839 1061 561 292 842 24 25 1046 351 1042 855 582 23 892 29 661 229 > 1064
 205 839 1011 1003 756 605 311 791 692 944 987 198 112 346 59 239 424 183 565 994 561 159 979 355 765 254 655 230 610 686 667 697 493 670 770 826 234 899 214 72 281 84 382 405 106 181 514 264 793 815 > 1060
 16 691 648 718 724 497 789 720 259 854 381 957 946 917 322 706 936 828 526 629 304 486 713 528 395 676 320 8 48 112 137 315 574 869 943 323 266 258 144 474 371 328 375 348 520 206 610 796 449 52 358 212 > 1073
 164 538 443 159 194 504 539 375 666 31 998 491 193 356 807 446 943 566 876 516 77 899 54 1021 385 1046 1017 884 364 2 889 775 251 978 212 412 523 754 518 711 904 1004 767 307 794 413 58 423 592 128 122 > 1055
 663 523 788 77 195 404 288 100 254 954 520 755 76 185 906 1005 269 471 818 30 518 934 389 56 95 281 725 552 625 582 654 875 301 658 457 332 359 506 600 705 741 845 802 515 309 69 480 639 241 318 911 975 > 1051
 279 10 86 > 963
 202 783 757 532 645 374 34 517 688 1040 932 548 514 284 661 832 578 1086 379 285 162 1081 558 217 866 317 534 201 360 706 730 644 329 313 846 777 456 689 720 110 341 344 83 926 101 733 574 446 955 > 1089
 763 650 352 581 456 877 250 1038 317 694 710 898 613 27 680 985 684 718 588 460 391 136 993 507 49 83 303 223 424 1026 691 903 304 55 527 865 627 727 31 890 76 1009 779 300 697 402 173 > 1077
 345 1084 221 737 162 914 157 170 406 47 723 696 128 912 431 773 167 771 581 335 689 154 259 550 141 75 1036 477 1025 761 417 60 279 414 299 588 909 133 368 676 916 987 673 365 702 593 589 455 885 > 1082
 908 684 299 768 858 261 154 291 965 238 73 827 360 735 437 16 380 903 176 905 368 640 482 435 125 127 346 733 1022 11 820 828 863 509 590 102 748 311 669 709 734 168 728 340 243 760 822 1012 247 > 1074
 60 773 753 160 267 433 463 558 685 747 881 166 660 241 109 82 279 529 950 858 789 110 408 366 836 139 3 388 407 21 684 19 91 905 528 80 849 944 65 584 61 595 553 829 410 420 289 > 1080
 82 244 167 805 777 937 189 373 973 217 372 499 337 894 67 7 785 650 414 390 768 497 211 732 1001 341 92 615 398 81 376 386 1062 763 985 648 440 713 861 806 604 1030 312 998 781 185 10 900 853 651 833 > 1079
 1026 985 907 390 950 249 689 782 467 772 927 809 120 201 923 152 367 908 691 37 440 91 657 133 71 597 617 653 280 568 101 59 591 913 598 16 526 310 792 240 253 690 453 51 666 216 755 616 1006 686 804 79 795 > 1075
 197 863 629 176 91 909 391 940 1001 408 715 75 958 649 698 242 878 562 266 590 240 1076 865 580 604 944 115 673 490 472 356 925 1087 362 982 257 1067 298 756 969 200 575 974 1060 287 400 637 535 775 492 387 739 13 > 1070
 828 380 37 19 588 64 211 333 550 89 41 659 642 421 273 730 863 310 199 55 731 861 80 816 916 948 198 294 306 22 476 446 800 197 562 774 401 790 605 451 1064 46 556 501 230 96 262 316 803 978 602 762 > 1072
 643 464 674 258 240 527 861 395 640 617 191 83 915 81 388 1028 417 44 177 458 756 451 328 709 666 245 890 132 185 553 601 455 522 722 607 470 840 159 612 288 609 843 1017 857 525 12 654 981 995 624 422 > 1065
 526 903 440 436 460 634 732 110 140 141 6 393 638 434 919 197 323 509 792 524 527 868 806 849 521 987 986 282 190 227 807 546 955 878 623 674 778 116 378 539 883 954 655 656 873 618 988 251 441 278 > 1071
 982 562 509 199 486 905 133 187 993 662 92 836 370 477 1010 567 879 742 257 674 401 144 748 690 791 1014 312 584 491 702 117 930 269 971 942 1066 1003 4 989 32 765 606 630 587 165 2 263 647 658 512 712 > 1068
 878 323 310 304 657 248 136 717 341 366 746 1036 123 672 293 38 982 623 774 258 102 253 939 627 692 1030 65 383 365 193 941 94 210 471 742 464 252 458 66 149 504 496 254 203 611 968 736 889 573 635 608 457 99 > 1069
 670 565 1061 633 4 969 451 669 469 1014 65 673 282 306 315 1022 913 353 701 770 538 991 842 288 105 929 630 611 400 873 262 449 760 804 222 465 533 516 225 9 897 56 70 508 952 808 396 851 548 1008 920 90 > 1058
 465 770 74 561 1007 989 200 1064 709 880 584 365 472 227 476 869 820 1055 533 478 234 195 260 1063 25 843 324 938 165 736 535 988 803 358 1012 566 699 784 547 934 175 483 86 569 750 255 354 799 1083 180 479 > 1056
 336 585 79 144 366 367 586 587 210 529 > 867
 701 430 994 840 113 149 378 328 51 727 312 383 490 190 22 574 11 598 465 164 826 721 933 404 24 609 369 824 587 968 637 618 316 52 822 79 1055 876 788 121 764 389 1043 622 530 901 646 585 142 1088 118 143 912 179 > 1057
 20 70 668 630 520 88 490 346 716 761 > 233
 566 533 826 991 292 979 32 575 46 734 245 88 61 702 941 925 546 800 412 699 788 225 860 214 817 1002 668 351 857 97 35 573 492 602 708 30 961 831 632 835 207 1044 551 935 679 678 823 785 224 > 1054
 412 876 478 721 612 355 496 883 348 216 890 781 540 117 94 1087 955 708 523 784 121 9 186 72 295 830 226 1042 525 111 475 263 635 387 441 663 1051 1027 172 1048 53 20 977 922 641 487 990 342 870 696 109 671 503 > 1053
 183 834 470 150 66 371 453 1030 115 986 294 137 733 591 158 670 430 74 443 292 612 488 100 606 203 287 656 96 796 243 321 402 701 164 478 77 860 186 1023 95 947 838 268 893 148 42 256 397 603 104 > 1059
 708 699 516 234 933 842 488 765 974 556 168 130 132 595 593 930 210 362 663 754 547 764 897 1023 428 394 462 855 12 1018 810 647 608 739 818 15 209 192 966 182 652 85 63 577 932 319 726 481 126 7 27 844 > 1052
 332 1051 754 121 860 54 1063 609 929 203 655 206 616 1009 10 601 1019 419 296 359 209 172 831 622 508 838 382 812 752 98 892 995 426 459 780 290 1013 1045 675 787 45 682 542 976 184 723 660 1078 541 437 108 > 1049
 134 918 155 928 495 787 845 977 767 901 268 812 825 654 810 635 212 416 871 738 1041 331 327 34 555 87 131 962 184 454 126 109 785 425 537 452 862 693 162 463 956 563 41 477 498 1062 50 > 1037
 818 784 225 899 260 24 105 606 1060 501 728 619 714 553 589 403 971 332 15 1027 961 711 175 1043 70 947 84 17 502 825 23 981 576 695 512 296 681 964 859 586 621 519 235 848 1040 536 57 454 392 67 613 367 921 > 1050
 250 429 32 716 461 111 623 563 179 496 39 > 798
 425 871 415 945 559 628 45 802 922 307 646 893 62 98 981 301 608 441 996 537 1032 545 645 326 188 683 93 949 47 596 660 67 318 27 543 220 485 276 433 837 1085 965 89 75 370 3 376 39 424 353 513 > 1035
 996 357 738 1029 814 579 235 63 1044 750 396 106 636 892 576 658 739 543 888 452 532 219 1020 664 874 447 751 406 146 166 894 1078 613 911 377 783 951 379 571 882 189 467 854 141 746 139 81 716 158 598 336 > 1034
 537 704 534 614 68 75 336 588 653 869 590 1014 589 1011 974 243 533 1002 1018 296 835 851 122 814 962 27 363 217 434 626 259 388 985 71 137 878 690 781 1016 194 > 270
 543 537 544 1041 26 1024 719 682 515 641 794 585 148 330 438 995 695 457 377 220 757 862 572 811 450 631 161 170 749 881 337 129 898 541 367 33 992 1086 819 737 776 594 291 550 715 836 398 531 239 913 820 620 > 1033
 33 220 452 545 461 327 236 864 542 309 487 413 142 42 350 444 624 459 202 992 951 276 28 693 797 914 215 685 372 745 694 500 923 735 936 832 418 314 267 68 970 154 333 408 92 583 303 169 59 1022 869 800 707 > 1031
 33 > 1097 > 1095 377 > 1095 > 1093 543 > 1093 > 1091 996 > 1091 > 1090 425 > 1092 > 1090 416 > 1094 > 1092 134 > 1096 > 1094 338 > 1098 > 1095 409 > 1095 > 1093 114 > 1093 > 1091 967 > 1091 > 1090 769 > 1092 > 1090 274 > 1094 > 1092 107 > 1096 > 1093 384 > 1093 > 1091 1047 > 1091 > 1090 780 > 1092 > 1090 296 > 1094 > 1091 332 > 1091 > 1090 818 > 1092 > 1091 663 > 1093 > 1090 708 > 1091 > 1090 412 > 1092 > 1090 566 > 1095 > 1092 1055 > 1093 > 1091 465 > 1091 > 1090 701 > 1092 > 1090 670 > 1094 > 1092 183 > 1097 > 1094 205 > 1095 > 1093 347 > 1093 > 1091 196 > 1091 > 1090 722 > 1092 > 1090 44 > 1094 > 1092 643 > 1096 > 1094 942 > 1099 > 1095 742 > 1095 > 1093 982 > 1093 > 1091 878 > 1091 > 1090 197 > 1092 > 1090 > 1094 > 1092 828 > 1096 > 1093 16 > 1093 > 1091 908 > 1091 > 1090 1026 > 1092 > 1090 680 > 1094 > 1091 763 > 1091 > 1090 > 1092 > 1091 82 > 1093 > 1090 60 > 1091 > 1090 431 > 1092 > 1090 345 > 1095 > 1092 153 > 1093 > 1091 665 > 1091 > 1090 886 > 1092 > 1090 138 > 1094 > 1092 644 > 1097 > 1093 832 > 1093 > 1091 202 > 1091 > 1090 220 > 1092 > 1090 888 > 1094 > 1091 537 > 1091 > 1090 357 > 1092 > 1091 871 > 1093 > 1090 178 > 1091 > 1090 918 > 1092 > 1090 174 > 1095 > 1091 852 > 1091 > 1090 813 > 1092 > 1091 36 > 1093 > 1092 510 > 1094 > 1090 78 > 1091 > 1090 570 > 1092 > 1091 290 > 1093 > 1090 681 > 1091 > 1090 359 > 1092 > 1090 15 > 1096 > 1092 1051 > 1093 > 1091 > 1091 > 1090 523 > 1092 > 1090 699 > 1094 > 1091 876 > 1091 > 1090 533 > 1092 > 1091 164 > 1093 > 1090 770 > 1091 > 1090 430 > 1092 > 1090 565 > 1095 > 1092 834 > 1093 > 1091 839 > 1091 > 1090 607 > 1092 > 1090 473 > 1094 > 1092 177 > 1098 > 1094 1066 > 1095 > 1093 464 > 1093 > 1091 257 > 1091 > 1090 623 > 1092 > 1090 562 > 1094 > 1092 323 > 1096 > 1093 863 > 1093 > 1091 526 > 1091 > 1090 380 > 1092 > 1090 691 > 1094 > 1091 > 1091 > 1090 985 > 1092 > 1091 21 > 1093 > 1090 650 > 1091 > 1090 279 > 1092 > 1090 244 > 1095 > 1092 773 > 1093 > 1091 237 > 1091 > 1090 1084 > 1092 > 1090 891 > 1094 > 1092 218 > 1097 > 1094 329 > 1095 > 1093 418 > 1093 > 1091 578 > 1091 > 1090 992 > 1092 > 1090 783 > 1094 > 1092 452 > 1096 > 1094 1032 > 1100 > 1095 544 > 1095 > 1093 738 > 1093 > 1091 415 > 1091 > 1090 872 > 1092 > 1090 155 > 1094 > 1092 361 > 1096 > 1093 887 > 1093 > 1091 560 > 1091 > 1090 743 > 1092 > 1090 43 > 1094 > 1091 1013 > 1091 > 1090 964 > 1092 > 1091 506 > 1093 > 1090 209 > 1091 > 1090 1027 > 1092 > 1090 30 > 1095 > 1092 754 > 1093 > 1091 784 > 1091 > 1090 788 > 1092 > 1090 516 > 1094 > 1092 478 > 1097 > 1093 826 > 1093 > 1091 538 > 1091 > 1090 74 > 1092 > 1090 994 > 1094 > 1091 1061 > 1091 > 1090 470 > 1092 > 1091 1011 > 1093 > 1090 557 > 1091 > 1090 > 1092 > 1090 252 > 1095 > 1091 1067 > 1091 > 1090 674 > 1092 > 1091 774 > 1093 > 1092 266 > 1094 > 1090 509 > 1091 > 1090 310 > 1092 > 1091 629 > 1093 > 1090 903 > 1091 > 1090 37 > 1092 > 1090 648 > 1096 > 1092 684 > 1093 > 1091 907 > 1091 > 1090 414 > 1092 > 1090 > 1094 > 1091 445 > 1091 > 1090 167 > 1092 > 1091 753 > 1093 > 1090 626 > 1091 > 1090 221 > 1092 > 1090 313 > 1095 > 1092 314 > 1093 > 1091 297 > 1091 > 1090 1086 > 1092 > 1090 951 > 1094 > 1092 485 > 1098 > 1093 757 > 1093 > 1091 545 > 1091 > 1090 1015 > 1092 > 1090 1041 > 1094 > 1091 1029 > 1091 > 1090 945 > 1092 > 1091 283 > 1093 > 1090 928 > 1091 > 1090 228 > 1092 > 1090 231 > 1095 > 1091 14 > 1091 > 1090 1045 > 1092 > 1091 859 > 1093 > 1092 600 > 1094 > 1090 192 > 1091 > 1090 172 > 1092 > 1091 961 > 1093 > 1090 518 > 1091 > 1090 547 > 1092 > 1090 121 > 1096 > 1091 225 > 1091 > 1090 77 > 1092 > 1091 234 > 1093 > 1092 721 > 1094 > 1093 991 > 1095 > 1090 443 > 1091 > 1090 561 > 1092 > 1091 840 > 1093 > 1092 633 > 1094 > 1090 150 > 1091 > 1090 1003 > 1092 > 1091 458 > 1093 > 1090 298 > 1091 > 1090 778 > 1092 > 1090 401 > 1097 > 1092 258 > 1093 > 1091 590 > 1091 > 1090 792 > 1092 > 1090 199 > 1094 > 1091 304 > 1091 > 1090 176 > 1092 > 1091 440 > 1093 > 1090 19 > 1091 > 1090 718 > 1092 > 1090 299 > 1095 > 1091 390 > 1091 > 1090 529 > 1092 > 1091 352 > 1093 > 1092 771 > 1094 > 1090 805 > 1091 > 1090 160 > 1092 > 1091 846 > 1093 > 1090 > 1091 > 1090 687 > 1092 > 1090 819 > 1096 > 1092 379 > 1093 > 1091 276 > 1091 > 1090 363 > 1092 > 1090 862 > 1094 > 1091 532 > 1091 > 1090 461 > 1092 > 1091 331 > 1093 > 1090 26 > 1091 > 1090 > 1092 > 1090 559 > 1095 > 1092 959 > 1093 > 1091 495 > 1091 > 1090 466 > 1092 > 1090 675 > 1094 > 1092 586 > 1099 > 1094 705 > 1095 > 1093 966 > 1093 > 1091 1048 > 1091 > 1090 831 > 1092 > 1090 711 > 1094 > 1092 934 > 1096 > 1093 764 > 1093 > 1091 9 > 1091 > 1090 860 > 1092 > 1090 899 > 1094 > 1091 195 > 1091 > 1090 933 > 1092 > 1091 > 1093 > 1090 292 > 1091 > 1090 159 > 1092 > 1090 1007 > 1095 > 1092 113 > 1093 > 1091 4 > 1091 > 1090 66 > 1092 > 1090 756 > 1094 > 1092 116 > 1097 > 1093 790 > 1093 > 1091 144 > 1091 > 1090 102 > 1092 > 1090 240 > 1094 > 1091 524 > 1091 > 1090 55 > 1092 > 1091 486 > 1093 > 1090 > 1091 > 1090 91 > 1092 > 1090 436 > 1095 > 1091 588 > 1091 > 1090 724 > 1092 > 1091 768 > 1093 > 1092 950 > 1094 > 1090 308 > 1091 > 1090 581 > 1092 > 1091 275 > 1093 > 1090 777 > 1091 > 1090 267 > 1092 > 1090 564 > 1096 > 1092 737 > 1093 > 1091 571 > 1091 > 1090 > 1092 > 1090 28 > 1094 > 1091 > 1091 > 1090 572 > 1092 > 1091 219 > 1093 > 1090 645 > 1091 > 1090 327 > 1092 > 1090 124 > 1095 > 1092 1024 > 1093 > 1091 814 > 1091 > 1090 628 > 1092 > 1090 972 > 1094 > 1092 787 > 1098 > 1094 621 > 1095 > 1093 741 > 1093 > 1091 182 > 1091 > 1090 53 > 1092 > 1090 632 > 1094 > 1092 > 1096 > 1093 175 > 1093 > 1091 389 > 1091 > 1090 897 > 1092 > 1090 186 > 1094 > 1091 214 > 1091 > 1090 54 > 1092 > 1091 260 > 1093 > 1090 404 > 1091 > 1090 842 > 1092 > 1090 612 > 1095 > 1092 979 > 1093 > 1091 194 > 1091 > 1090 989 > 1092 > 1090 149 > 1094 > 1092 969 > 1097 > 1094 > 1095 > 1093 605 > 1093 > 1091 474 > 1091 > 1090 748 > 1092 > 1090 253 > 1094 > 1092 1076 > 1096 > 1094 527 > 1101 > 1095 731 > 1095 > 1093 713 > 1093 > 1091 905 > 1091 > 1090 657 > 1092 > 1090 909 > 1094 > 1092 460 > 1096 > 1093 64 > 1093 > 1091 497 > 1091 > 1090 858 > 1092 > 1090 249 > 1094 > 1091 335 > 1091 > 1090 456 > 1092 > 1091 68 > 1093 > 1090 937 > 1091 > 1090 > 1092 > 1090 882 > 1095 > 1092 > 1093 > 1091 285 > 1091 > 1090 693 > 1092 > 1090 427 > 1094 > 1092 811 > 1097 > 1093 1020 > 1093 > 1091 > 1091 > 1090 374 > 1092 > 1090 236 > 1094 > 1091 1039 > 1091 > 1090 719 > 1092 > 1091 579 > 1093 > 1090 45 > 1091 > 1090 519 > 1092 > 1090 845 > 1095 > 1091 652 > 1091 > 1090 20 > 1092 > 1091 835 > 1093 > 1092 904 > 1094 > 1090 > 1091 > 1090 1043 > 1092 > 1091 56 > 1093 > 1090 1023 > 1091 > 1090 72 > 1092 > 1090 817 > 1096 > 1092 1021 > 1093 > 1091 1063 > 1091 > 1090 24 > 1092 > 1090 288 > 1094 > 1091 488 > 1091 > 1090 355 > 1092 > 1091 32 > 1093 > 1090 504 > 1091 > 1090 200 > 1092 > 1090 378 > 1095 > 1092 451 > 1093 > 1091 371 > 1091 > 1090 311 > 1092 > 1090 690 > 1094 > 1092 939 > 1098 > 1093 865 > 1093 > 1091 868 > 1091 > 1090 861 > 1092 > 1090 528 > 1094 > 1091 > 1091 > 1090 133 > 1092 > 1091 248 > 1093 > 1090 391 > 1091 > 1090 634 > 1092 > 1090 211 > 1095 > 1091 789 > 1091 > 1090 261 > 1092 > 1091 689 > 1093 > 1092 970 > 1094 > 1090 877 > 1091 > 1090 776 > 1092 > 1091 189 > 1093 > 1090 433 > 1091 > 1090 334 > 1092 > 1090 162 > 1096 > 1091 797 > 1091 > 1090 704 > 1092 > 1091 450 > 1093 > 1092 664 > 1094 > 1093 326 > 1095 > 1090 997 > 1091 > 1090 34 > 1092 > 1091 864 > 1093 > 1092 902 > 1094 > 1090 682 > 1091 > 1090 235 > 1092 > 1091 802 > 1093 > 1090 85 > 1091 > 1090 977 > 1092 > 1090 > 1097 > 1092 1004 > 1093 > 1091 483 > 1091 > 1090 622 > 1092 > 1090 70 > 1094 > 1091 95 > 1091 > 1090 > 1092 > 1091 295 > 1093 > 1090 1002 > 1091 > 1090 385 > 1092 > 1090 25 > 1095 > 1091 609 > 1091 > 1090 105 > 1092 > 1091 100 > 1093 > 1092 765 > 1094 > 1090 496 > 1091 > 1090 575 > 1092 > 1091 539 > 1093 > 1090 1064 > 1091 > 1090 328 > 1092 > 1090 669 > 1096 > 1092 453 > 1093 > 1091 791 > 1091 > 1090 627 > 1092 > 1090 580 > 1094 > 1091 806 > 1091 > 1090 80 > 1092 > 1091 395 > 1093 > 1090 368 > 1091 > 1090 71 > 1092 > 1090 187 > 1095 > 1092 136 > 1093 > 1091 940 > 1091 > 1090 732 > 1092 > 1090 > 1094 > 1092 720 > 1099 > 1093 154 > 1093 > 1091 782 > 1091 > 1090 594 > 1092 > 1090 > 1094 > 1091 837 > 1091 > 1090 373 > 1092 > 1091 463 > 1093 > 1090 1081 > 1091 > 1090 914 > 1092 > 1090 505 > 1095 > 1091 631 > 1091 > 1090 874 > 1092 > 1091 188 > 1093 > 1092 999 > 1094 > 1090 555 > 1091 > 1090 517 > 1092 > 1091 542 > 1093 > 1090 848 > 1091 > 1090 515 > 1092 > 1090 63 > 1096 > 1091 922 > 1091 > 1090 207 > 1092 > 1091 767 > 1093 > 1092 86 > 1094 > 1093 530 > 1095 > 1090 508 > 1091 > 1090 947 > 1092 > 1091 281 > 1093 > 1092 428 > 1094 > 1090 830 > 1091 > 1090 668 > 1092 > 1091 1046 > 1093 > 1090 843 > 1091 > 1090 369 > 1092 > 1090 929 > 1097 > 1091 606 > 1091 > 1090 254 > 1092 > 1091 974 > 1093 > 1092 883 > 1094 > 1093 46 > 1095 > 1094 375 > 1096 > 1090 709 > 1091 > 1090 51 > 1092 > 1091 469 > 1093 > 1092 > 1094 > 1093 692 > 1095 > 1090 604 > 1091 > 1090 849 > 1092 > 1091 816 > 1093 > 1092 676 > 1094 > 1090 640 > 1091 > 1090 597 > 1092 > 1091 758 > 1093 > 1090 993 > 1091 > 1090 717 > 1092 > 1090 1001 > 1098 > 1092 110 > 1093 > 1091 333 > 1091 > 1090 259 > 1092 > 1090 291 > 1094 > 1091 467 > 1091 > 1090 1085 > 1092 > 1091 250 > 1093 > 1090 956 > 1091 > 1090 973 > 1092 > 1090 558 > 1095 > 1091 215 > 1091 > 1090 157 > 1092 > 1091 161 > 1093 > 1092 447 > 1094 > 1090 683 > 1091 > 1090 151 > 1092 > 1091 87 > 1093 > 1090 677 > 1091 > 1090 688 > 1092 > 1090 309 > 1096 > 1091 577 > 1091 > 1090 641 > 1092 > 1091 1044 > 1093 > 1092 307 > 1094 > 1093 569 > 1095 > 1090 901 > 1091 > 1090 952 > 1092 > 1091 838 > 1093 > 1092 84 > 1094 > 1090 725 > 1091 > 1090 394 > 1092 > 1091 226 > 1093 > 1090 351 > 1091 > 1090 1017 > 1092 > 1090 324 > 1097 > 1092 824 > 1093 > 1091 630 > 1091 > 1090 203 > 1092 > 1090 1060 > 1094 > 1091 954 > 1091 > 1090 556 > 1092 > 1091 348 > 1093 > 1090 734 > 1091 > 1090 666 > 1092 > 1090 880 > 1095 > 1091 727 > 1091 > 1090 1014 > 1092 > 1091 1030 > 1093 > 1092 944 > 1094 > 1090 521 > 1091 > 1090 916 > 1092 > 1091 320 > 1093 > 1090 482 > 1091 > 1090 617 > 1092 > 1090 103 > 1096 > 1092 507 > 1093 > 1091 662 > 1091 > 1090 341 > 1092 > 1090 408 > 1094 > 1091 140 > 1091 > 1090 550 > 1092 > 1091 854 > 1093 > 1090 965 > 1091 > 1090 772 > 1092 > 1090 563 > 1095 > 1092 1038 > 1093 > 1091 980 > 1091 > 1090 217 > 1092 > 1090 685 > 1094 > 1092 549 > 1100 > 1094 170 > 1095 > 1093 751 > 1093 > 1091 93 > 1091 > 1090 349 > 1092 > 1090 131 > 1094 > 1092 286 > 1096 > 1093 976 > 1093 > 1091 1040 > 1091 > 1090 487 > 1092 > 1090 551 > 1094 > 1091 794 > 1091 > 1090 750 > 1092 > 1091 646 > 1093 > 1090 808 > 1091 > 1090 268 > 1092 > 1090 382 > 1095 > 1092 17 > 1093 > 1091 552 > 1091 > 1090 462 > 1092 > 1090 1042 > 1094 > 1092 857 > 1097 > 1093 884 > 1093 > 1091 938 > 1091 > 1090 587 > 1092 > 1090 611 > 1094 > 1091 287 > 1091 > 1090 655 > 1092 > 1091 501 > 1093 > 1090 520 > 1091 > 1090 168 > 1092 > 1090 216 > 1095 > 1091 245 > 1091 > 1090 31 > 1092 > 1091 > 1093 > 1092 312 > 1094 > 1090 65 > 1091 > 1090 115 > 1092 > 1091 987 > 1093 > 1090 948 > 1091 > 1090 8 > 1092 > 1090 435 > 1096 > 1092 653 > 1093 > 1091 191 > 1091 > 1090 49 > 1092 > 1090 344 > 1094 > 1091 92 > 1091 > 1090 366 > 1092 > 1091 715 > 1093 > 1090 141 > 1091 > 1090 89 > 1092 > 1090 381 > 1095 > 1092 > 1093 > 1091 927 > 1091 > 1090 271 > 1092 > 1090 > 1094 > 1092 866 > 1098 > 1093 372 > 1093 > 1091 747 > 1091 > 1090 749 > 1092 > 1090 406 > 1094 > 1091 949 > 1091 > 1090 448 > 1092 > 1091 962 > 1093 > 1090 > 1091 > 1090 536 > 1092 > 1090 69 > 1095 > 1091 932 > 1091 > 1090 413 > 1092 > 1091 255 > 1093 > 1092 585 > 1094 > 1090 396 > 1091 > 1090 893 > 1092 > 1091 405 > 1093 > 1090 812 > 1091 > 1090 502 > 1092 > 1090 625 > 1096 > 1091 855 > 1091 > 1090 525 > 1092 > 1091 97 > 1093 > 1092 364 > 1094 > 1093 165 > 1095 > 1090 968 > 1091 > 1090 400 > 1092 > 1091 656 > 1093 > 1092 230 > 1094 > 1090 206 > 1091 > 1090 728 > 1092 > 1091 755 > 1093 > 1090 130 > 1091 > 1090 890 > 1092 > 1090 88 > 1097 > 1092 998 > 1093 > 1091 584 > 1091 > 1090 383 > 1092 > 1090 673 > 1094 > 1091 986 > 1091 > 1090 198 > 1092 > 1091 48 > 1093 > 1090 125 > 1091 > 1090 280 > 1092 > 1090 850 > 1095 > 1091 83 > 1091 > 1090 583 > 1092 > 1091 615 > 1093 > 1092 836 > 1094 > 1090 746 > 1091 > 1090 75 > 1092 > 1091 > 1093 > 1090 41 > 1091 > 1090 957 > 1092 > 1090 238 > 1096 > 1092 809 > 1093 > 1091 439 > 1091 > 1090 317 > 1092 > 1090 745 > 1094 > 1091 499 > 1091 > 1090 881 > 1092 > 1091 146 > 1093 > 1090 47 > 1091 > 1090 759 > 1092 > 1090 184 > 1095 > 1092 57 > 1093 > 1091 480 > 1091 > 1090 319 > 1092 > 1090 990 > 1094 > 1092 > 1099 > 1094 142 > 1095 > 1093 851 > 1093 > 1091 148 > 1091 > 1090 106 > 1092 > 1090 62 > 1094 > 1092 752 > 1096 > 1093 825 > 1093 > 1091 582 > 1091 > 1090 12 > 1092 > 1090 111 > 1094 > 1091 35 > 1091 > 1090 2 > 1092 > 1091 736 > 1093 > 1090 637 > 1091 > 1090 873 > 1092 > 1090 96 > 1095 > 1092 610 > 1093 > 1091 340 > 1091 > 1090 616 > 1092 > 1090 619 > 1094 > 1092 76 > 1097 > 1093 132 > 1093 > 1091 781 > 1091 > 1090 61 > 1092 > 1090 491 > 1094 > 1091 365 > 1091 > 1090 490 > 1092 > 1091 282 > 1093 > 1090 294 > 1091 > 1090 112 > 1092 > 1090 127 > 1095 > 1091 568 > 1091 > 1090 926 > 1092 > 1091 303 > 1093 > 1092 915 > 1094 > 1090 398 > 1091 > 1090 139 > 1092 > 1091 370 > 1093 > 1090 1036 > 1091 > 1090 > 1092 > 1090 6 > 1096 > 1092 659 > 1093 > 1091 946 > 1091 > 1090 73 > 1092 > 1090 120 > 1094 > 1091 534 > 1091 > 1090 694 > 1092 > 1091 135 > 1093 > 1090 337 > 1091 > 1090 166 > 1092 > 1090 596 > 1095 > 1092 723 > 1093 > 1091 454 > 1091 > 1090 639 > 1092 > 1090 726 > 1094 > 1092 342 > 1098 > 1094 935 > 1095 > 1093 58 > 1093 > 1091 > 1091 > 1090 42 > 1092 > 1090 181 > 1094 > 1092 330 > 1096 > 1093 636 > 1093 > 1091 98 > 1091 > 1090 23 > 1092 > 1090 654 > 1094 > 1091 1018 > 1091 > 1090 475 > 1092 > 1091 > 1093 > 1090 889 > 1091 > 1090 535 > 1092 > 1090 618 > 1095 > 1092 262 > 1093 > 1091 796 > 1091 > 1090 > 1092 > 1090 1006 > 1094 > 1092 740 > 1097 > 1094 1009 > 1095 > 1093 714 > 1093 > 1091 185 > 1091 > 1090 595 > 1092 > 1090 540 > 1094 > 1092 702 > 1096 > 1094 193 > 1102 > 1095 472 > 1095 > 1093 190 > 1093 > 1091 306 > 1091 > 1090 137 > 1092 > 1090 346 > 1094 > 1092 101 > 1096 > 1093 169 > 1093 > 1091 223 > 1091 > 1090 531 > 1092 > 1090 81 > 1094 > 1091 3 > 1091 > 1090 700 > 1092 > 1091 477 > 1093 > 1090 123 > 1091 > 1090 958 > 1092 > 1090 393 > 1095 > 1092 642 > 1093 > 1091 917 > 1091 > 1090 827 > 1092 > 1090 201 > 1094 > 1092 500 > 1097 > 1093 710 > 1093 > 1091 129 > 1091 > 1090 894 > 1092 > 1090 660 > 1094 > 1091 392 > 1091 > 1090 > 1092 > 1091 481 > 1093 > 1090 870 > 1091 > 1090 679 > 1092 > 1090 423 > 1095 > 1091 354 > 1091 > 1090 1088 > 1092 > 1091 548 > 1093 > 1092 350 > 1094 > 1090 325 > 1091 > 1090 438 > 1092 > 1091 892 > 1093 > 1090 981 > 1091 > 1090 875 > 1092 > 1090 810 > 1096 > 1092 263 > 1093 > 1091 573 > 1091 > 1090 775 > 1092 > 1090 988 > 1094 > 1091 316 > 1091 > 1090 449 > 1092 > 1091 243 > 1093 > 1090 686 > 1091 > 1090 232 > 1092 > 1090 779 > 1095 > 1092 246 > 1093 > 1091 10 > 1091 > 1090 553 > 1092 > 1090 906 > 1094 > 1092 593 > 1098 > 1093 117 > 1093 > 1091 941 > 1091 > 1090 356 > 1092 > 1090 227 > 1094 > 1091 22 > 1091 > 1090 315 > 1092 > 1091 733 > 1093 > 1090 59 > 1091 > 1090 554 > 1092 > 1090 > 1095 > 1091 716 > 1091 > 1090 376 > 1092 > 1091 388 > 1093 > 1092 498 > 1094 > 1090 1025 > 1091 > 1090 1010 > 1092 > 1091 672 > 1093 > 1090 649 > 1091 > 1090 638 > 1092 > 1090 421 > 1096 > 1091 322 > 1091 > 1090 360 > 1092 > 1091 923 > 1093 > 1092 896 > 1094 > 1093 898 > 1095 > 1090 1078 > 1091 > 1090 67 > 1092 > 1091 241 > 1093 > 1092 126 > 1094 > 1090 696 > 1091 > 1090 678 > 1092 > 1091 592 > 1093 > 1090 799 > 1091 > 1090 118 > 1092 > 1090 1008 > 1097 > 1092 256 > 1093 > 1091 514 > 1091 > 1090 444 > 1092 > 1090 29 > 1094 > 1091 995 > 1091 > 1090 576 > 1092 > 1091 301 > 1093 > 1090 647 > 1091 > 1090 635 > 1092 > 1090 492 > 1095 > 1091 251 > 1091 > 1090 803 > 1092 > 1091 52 > 1093 > 1092 760 > 1094 > 1090 > 1091 > 1090 667 > 1092 > 1091 300 > 1093 > 1090 40 > 1091 > 1090 900 > 1092 > 1090 829 > 1096 > 1092 601 > 1093 > 1091 589 > 1091 > 1090 1005 > 1092 > 1090 930 > 1094 > 1091 94 > 1091 > 1090 925 > 1092 > 1091 807 > 1093 > 1090 476 > 1091 > 1090 574 > 1092 > 1090 1022 > 1095 > 1092 591 > 1093 > 1091 239 > 1091 > 1090 > 1092 > 1090 39 > 1094 > 1092 386 > 1099 > 1093 > 1093 > 1091 1028 > 1091 > 1090 761 > 1092 > 1090 442 > 1094 > 1091 567 > 1091 > 1090 293 > 1092 > 1091 698 > 1093 > 1090 434 > 1091 > 1090 273 > 1092 > 1090 706 > 1095 > 1091 735 > 1091 > 1090 152 > 1092 > 1091 541 > 1093 > 1092 613 > 1094 > 1090 318 > 1091 > 1090 7 > 1092 > 1091 109 > 1093 > 1090 823 > 1091 > 1090 128 > 1092 > 1090 1083 > 1096 > 1091 143 > 1091 > 1090 920 > 1092 > 1091 397 > 1093 > 1092 264 > 1094 > 1093 119 > 1095 > 1090 284 > 1091 > 1090 624 > 1092 > 1091 426 > 1093 > 1092 695 > 1094 > 1090 658 > 1091 > 1090 608 > 1092 > 1091 387 > 1093 > 1090 > 1091 > 1090 978 > 1092 > 1090 358 > 1097 > 1091 822 > 1091 > 1090 804 > 1092 > 1091 321 > 1093 > 1092 697 > 1094 > 1093 895 > 1095 > 1094 853 > 1096 > 1090 410 > 1091 > 1090 801 > 1092 > 1091 455 > 1093 > 1092 1019 > 1094 > 1093 403 > 1095 > 1090 269 > 1091 > 1090 210 > 1092 > 1091 1087 > 1093 > 1092 546 > 1094 > 1090 446 > 1091 > 1090 869 > 1092 > 1091 11 > 1093 > 1090 913 > 1091 > 1090 158 > 1092 > 1090 424 > 1098 > 1092 343 > 1093 > 1091 1062 > 1091 > 1090 407 > 1092 > 1090 411 > 1094 > 1091 417 > 1091 > 1090 468 > 1092 > 1091 18 > 1093 > 1090 879 > 1091 > 1090 38 > 1092 > 1090 242 > 1095 > 1091 919 > 1091 > 1090 730 > 1092 > 1091 936 > 1093 > 1092 437 > 1094 > 1090 367 > 1091 > 1090 911 > 1092 > 1091 27 > 1093 > 1090 671 > 1091 > 1090 785 > 1092 > 1090 > 1096 > 1091 180 > 1091 > 1090 912 > 1092 > 1091 90 > 1093 > 1092 603 > 1094 > 1093 793 > 1095 > 1090 429 > 1091 > 1090 171 > 1092 > 1091 984 > 1093 > 1092 661 > 1094 > 1090 459 > 1091 > 1090 512 > 1092 > 1091 457 > 1093 > 1090 739 > 1091 > 1090 441 > 1092 > 1090 602 > 1097 > 1092 212 > 1093 > 1091 1012 > 1091 > 1090 79 > 1092 > 1090 222 > 1094 > 1091 402 > 1091 > 1090 493 > 1092 > 1091 651 > 1093 > 1090 420 > 1091 > 1090 729 > 1092 > 1090 885 > 1095 > 1091 522 > 1091 > 1090 484 > 1092 > 1091 419 > 1093 > 1092 971 > 1094 > 1090 471 > 1091 > 1090 362 > 1092 > 1091 955 > 1093 > 1090 800 > 1091 > 1090 943 > 1092 > 1090 820 > 1096 > 1092 598 > 1093 > 1091 353 > 1091 > 1090 707 > 1092 > 1090 953 > 1094 > 1091 620 > 1091 > 1090 336 > 1092 > 1091 513 > 1093 > 1090 145 > 1091 > 1090 50 > 1092 > 1090 147 > 1095 > 1092 821 > 1093 > 1091 703 > 1091 > 1090 1000 > 1092 > 1090 432 > 1094 > 1092 856 > 1100 > 1093 494 > 1093 > 1091 163 > 1091 > 1090 931 > 1092 > 1090 399 > 1094 > 1091 511 > 1091 > 1090 108 > 1092 > 1091 921 > 1093 > 1090 975 > 1091 > 1090 844 > 1092 > 1090 503 > 1095 > 1091 224 > 1091 > 1090 122 > 1092 > 1091 479 > 1093 > 1092 179 > 1094 > 1090 > 1091 > 1090 104 > 1092 > 1091 815 > 1093 > 1090 599 > 1091 > 1090 213 > 1092 > 1090 786 > 1096 > 1091 229 > 1091 > 1090 422 > 1092 > 1091 > 1093 > 1092 983 > 1094 > 1093 712 > 1095 > 1090 99 > 1091 > 1090 13 > 1092 > 1091 278 > 1093 > 1092 762 > 1094 > 1090 1073 > 1091 > 1090 247 > 1092 > 1091 795 > 1093 > 1090 1016 > 1091 > 1090 173 > 1092 > 1090 847 > 1097 > 1091 833 > 1091 > 1090 289 > 1092 > 1091 1 > 1093 > 1092 > 1094 > 1093 841 > 1095 > 1094 766 > 1096 > 1090 744 > 1091 > 1090 910 > 1092 > 1091 339 > 1093 > 1092 924 > 1094 > 1093 > 1094 > 1095 > 1097 > 1099 > 1100 > 1101 > 1102
 0 > 1090
 265 > 1091
 489 > 1092
 305 > 1093
 960 > 1094
 5 > 1095
 302 > 1096
 156 > 1097
 208 > 1098
 614 > 1099
 272 > 1100
 204 > 1101
 277 > 1102

 986 444 1102 1096 1091 1090 1077 1074 1079 1070 1065 1071 1068 1069 233 1059 1052 1049 1037 1034 270
 953 755 632 963 1101 1096 1100 1091 1093 1090 1075 1070 1072 1065 1068 1058 1056 867 233 1053 1059 1034 270 1033
 1025 201 963 1102 1101 1097 1100 1098 1095 1092 1090 1077 1082 1080 1072 1065 1068 1069 1058 1056 867 1057 1054 1053 1049 1037 1035 1034
 72 486 545 876 1099 1101 1097 1096 1098 1095 1091 1093 1090 1089 1077 1082 1074 1070 1072 1065 1071 1058 1056 1053 1059 1052 1050 1034 1031
 1019 182 963 1102 1101 1096 1100 1091 1077 1082 1080 1079 1075 1069 1058 867 1057 1053 1049 798 270 1031
 601 373 818 963 1097 1096 1100 1092 1090 1082 1075 1070 1072 1068 1069 1058 233 1054 1053 1049 1037 1050 798 1034 1031
 751 358 1102 1096 1094 1092 1091 1077 1080 1070 1072 1058 1056 867 1057 1054 1053 1052 1050 1034 270 1033
 707 100 143 963 1102 1096 1091 1093 1090 1077 1079 1065 1071 1069 1058 1056 1054 1059 1052 1049 270 1033
 898 151 1099 1101 1096 1100 1094 1095 1090 1089 1077 1080 1072 1065 1058 1059 1052 1037 1035 1034 270
 776 527 963 1099 1101 1096 1094 1098 1092 1093 1090 1077 1079 1075 1070 1072 1065 1071 1068 1058 1056 1057 1052 1049 1037 1050 1034 270
 543 1102 1099 1100 1094 1091 1082 1075 1070 1065 1068 1069 1058 867 1057 1054 1053 1059 1049 798
 957 951 454 466 892 214 667 451 546 187 145 1099 1097 1094 1095 1092 1090 1077 1074 1072 1065 867 1057 233 1054 1052 1037 1050 270 1033 1031
 61 976 806 621 37 780 407 263 41 824 1101 1097 1100 1098 1092 1089 1082 1074 1080 1072 1071 1068 1058 1056 867 233 1054 1052 1050 1035
 9 968 1102 1097 1096 1095 1091 1077 1082 1074 1080 1079 1075 1070 1072 1065 1071 1057 1054 1037 1050 1035 1034 270 1033 1031
 740 570 1081 733 1100 1094 1098 1092 1090 1077 1074 1080 1079 1075 1072 1065 1071 1068 1069 1056 867 1057 1054 1052 1050 798
 639 241 911 963 1100 1094 1098 1092 1090 1077 1082 1074 1079 1075 1072 1058 1056 1054 1053 1059 798 1035 1034 270 1033
 549 122 963 1099 1094 1095 1093 1077 1065 1069 1058 1057 1037 1035 1034 270
 730 323 963 1102 1099 1101 1096 1100 1094 1095 1092 1090 1089 1082 1074 1079 1075 1071 1069 1058 1056 867 1057 233 1052 1050 798 1035 1034
 382 425 1102 1099 1096 1100 1098 1095 1091 1093 1089 1077 1082 1075 1070 1068 1069 1056 1054 1053 1059 798 1034 1033 1031
 656 913 963 1102 1099 1089 1074 1075 1072 1065 1068 1069 1058 1049 1037 798 1035 270 1033
 439 194 83 1099 1101 1097 1094 1098 1090 1077 1082 1074 1080 1079 1075 1070 1071 1069 1056 867 1054 1053 1059 1049 798 1034 270 1031
 343 856 114 963 1101 1097 1096 1095 1090 1089 1077 1080 1079 1070 1072 1065 1069 1056 1054 1053 1059 1052 1049 270 1031
 55 324 870 960 963 1102 1099 1101 1096 1095 1090 1077 1082 1074 1075 1068 867 233 1054 1052 1049 1037 1034 1033 1031
 1039 963 1099 1097 1096 1100 1092 1090 1077 1082 1074 1080 1075 1069 1056 867 1057 233 1054 1053 1059 1052 798 1035 270 1031
 33 36 788 458 436 882 902 281 556 8 1102 1099 1097 1100 1094 1095 1091 1089 1082 1080 1075 1070 1071 1068 867 233 1052 1037 1050 798 1034 1031
 151 944 750 344 1101 1097 1096 1100 1095 1089 1082 1074 1080 1079 1075 1070 1069 867 233 1053 1050 1033 1031
 882 963 1099 1097 1096 1095 1091 1093 1089 1077 1074 1080 1079 1075 1068 1058 867 233 1054 1053 1037 1050 270 1033
 628 14 290 963 1102 1097 1096 1100 1094 1092 1091 1089 1077 1082 1074 1072 1065 1069 867 1057 1053 1059 798 1035 270 1033 1031
 857 963 1102 1097 1096 1095 1091 1090 1089 1077 1082 1080 1079 1070 1068 1058 867 233 1053 1037 1050 798 1035 1034 1033 1031
 94 650 797 963 1102 1101 1097 1096 1094 1098 1093 1077 1074 1080 1075 1070 1072 1071 1068 1069 1058 1056 1052 1049 1037 1034 1033
 492 127 93 963 1102 1097 1095 1090 1082 1080 1079 1075 1070 1071 1068 1069 1058 1056 867 1057 233 1053 1059 1035 270 1031
 427 250 746 554 963 1099 1101 1100 1094 1095 1091 1089 1077 1082 1074 1080 1079 1075 1070 1071 1069 1058 1056 233 1054 1053 1059 1049 1037 1034 270
 169 33 53 520 783 483 619 953 862 963 1099 1097 1098 1095 1091 1089 1077 1082 1079 1075 1071 1058 1056 867 1057 1054 1059 1033 1031
 50 963 1101 1096 1098 1095 1091 1090 1089 1075 1070 1072 1065 1071 1068 1069 1058 867 1057 1054 1053 1049 1037 1050 798 270 1031
 303 1099 1101 1094 1095 1092 1091 1093 1090 1080 1070 1072 1065 1071 1068 1069 1056 867 1057 1054 1052 1049 1037 1050 798 1035 1033 1031
 429 888 963 1102 1099 1094 1098 1092 1090 1089 1082 1074 1080 1068 1069 1049 1050 798 270
 919 154 707 849 847 1060 412 382 36 962 992 1099 1101 1094 1098 1095 1092 1091 1090 1089 1077 1082 1074 1080 1075 1072 1065 1069 1056 867 1057 233 1049 1037 1050 1033
 963 1101 1100 1094 1098 1090 1089 1080 1070 1072 1065 1058 1053 1052 1049 1050 1031
 225 210 1102 1096 1100 1094 1095 1074 1080 1071 1056 867 1057 233 1053 1052 1037 1035 1034 270 1033
 1023 393 74 170 419 579 346 506 140 1012 963 1102 1099 1101 1096 1100 1094 1098 1095 1092 1090 1082 1080 1070 1072 1057 233 1054 1052 1050 798 1034 1031
 1014 497 992 793 889 880 460 418 90 475 963 1102 1097 1100 1094 1098 1095 1091 1090 1077 1080 1079 1070 1072 1071 1069 1056 233 1059 1037 1035 270 1033 1031
 1036 280 312 954 668 1004 719 160 684 963 1101 1097 1096 1098 1093 1090 1075 1070 1069 1056 1057 1054 1059 1049 1050 1035 1031
 757 412 1102 1101 1097 1098 1095 1092 1093 1090 1089 1077 1082 1080 1075 1072 1065 1071 1068 1069 1056 867 233 1052 1049 1037 1050 1033
 933 479 120 368 994 284 747 460 196 981 683 1102 1101 1096 1100 1098 1095 1091 1093 1090 1077 1080 1075 1065 1068 1057 233 1053 1059 1035 1034 270 1033 1031
 217 584 330 672 1099 1100 1098 1095 1092 1091 1090 1082 1074 1075 1065 1058 1056 1057 1053 1059 1052 1049 1037 1035 270 1033
 705 58 963 1096 1100 1098 1095 1092 1091 1093 1089 1082 1079 1070 1065 1068 1069 1058 1056 867 1057 1054 1052 1049 1037 1050 1035 1034 1031
 939 808 123 1099 1097 1096 1095 1091 1093 1089 1077 1074 1080 1079 1075 1068 1058 867 233 1054 1053 1037 1050 270 1033
 169 461 889 304 1102 1099 1101 1100 1098 1082 1080 1079 1075 1072 1065 1068 1058 1056 233 1054 1053 1059 1052 1037 1050 798 1035 270 1033 1031
 479 516 963 1102 1099 1101 1097 1096 1098 1095 1092 1090 1089 1077 1074 1080 1069 1058 1056 1054 1053 1059 1049 1037 1035 270 1031
 1028 213 963 1102 1099 1101 1097 1091 1093 1090 1089 1082 1080 1075 1072 1065 1069 1058 1057 233 1053 1049 1050 798 270 1031
 392 976 519 1099 1100 1094 1098 1095 1091 1093 1082 1079 1075 1065 1068 1069 867 1054 1052 1050 270 1031
 261 963 1102 1099 1097 1094 1095 1092 1093 1089 1074 1079 1075 1070 1072 1068 1056 1057 233 1052 1037 1034
 127 519 841 1097 1096 1098 1095 1091 1074 1080 1079 1075 1070 1072 1065 1069 1057 1052 1049 1050 270 1033
 2 81 256 1102 1096 1100 1092 1093 1089 1082 1080 1075 1070 1072 1071 1058 867 1053 1059 1052 1037 1050 798 1035 1034 270 1033 1031
 465 758 671 1099 1101 1097 1096 1100 1098 1095 1093 1090 1082 1074 1079 1070 1065 1071 1068 1069 867 1054 1059 1052 1049 1037 270
 1039 400 424 1041 1102 1099 1097 1096 1098 1092 1091 1093 1090 1074 1079 1070 1072 1058 1057 1054 1053 1059 1037 1050 798 1035 270 1031
 693 1015 409 1102 1101 1097 1090 1089 1074 1080 1072 1065 1071 1068 1056 1057 233 1053 1052 1049 1037 1050 1035 270 1031
 108 720 963 1101 1097 1095 1092 1091 1093 1090 1079 1075 1072 1065 1068 1058 1056 1057 1054 1053 1049 1050 798 1034 270 1033
 584 1017 963 1102 1099 1091 1093 1077 1082 1075 1070 1065 1068 1069 867 1057 233 1059 1052 1049 1035
 951 353 1099 1101 1094 1095 1091 1090 1089 1077 1082 1074 1080 1079 1075 1072 1065 1068 1058 1056 867 233 1059 1049 798 1034 270 1033 1031
 501 711 180 271 436 484 364 621 931 746 1076 762 752 236 208 568 378 708 58 797 193 105 290 392 594 526 246 428 361 360 717 1067 52 569 545 442 916 840 658 963 1102 1099 1101 1096 1095 1089 1077 1082 1080 1079 1072 1068 1058 1056 867 1057 1053 1049 1037 1050 1034 270 1033 1031
 555 668 963 1101 1100 1094 1091 1090 1080 1079 1075 1071 1068 1069 1058 1056 867 1057 1053 1059 1049 1037 798 1034 270 1033
 554 761 1102 1099 1097 1100 1090 1089 1077 1074 1070 1072 1065 1071 1069 1058 233 1053 1059 1049 1037 798 270 1031
 492 376 963 1102 1099 1101 1100 1094 1098 1095 1093 1090 1089 1077 1082 1080 1079 1075 1058 867 1057 1054 1059 1052 1037 798 1033
 342 500 963 1096 1100 1098 1095 1089 1082 1080 1075 1072 1068 1058 1056 1054 1059 798 1034 1031
 664 42 412 378 963 1101 1097 1100 1094 1092 1089 1077 1082 1080 1071 1068 1069 1056 867 1057 1054 1053 798 1035 270 1033 1031
 1028 358 730 885 975 766 384 699 329 470 1041 590 586 724 186 32 326 627 922 993 394 772 655 406 584 926 654 958 243 898 1005 143 913 512 50 13 33 963 1096 1100 1098 1095 1091 1093 1080 1079 1075 1070 1072 1065 1071 1058 1056 867 1054 1053 1052 798 1034 1031
 658 137 448 606 1101 1096 1100 1094 1098 1095 1093 1077 1082 1080 1079 1070 1072 1065 1069 1056 867 1053 1052 1037 1050 1033
 240 731 1101 1097 1100 1092 1091 1080 1079 1075 1070 1072 1065 1068 1056 1054 1053 270 1033
 117 547 448 489 1064 995 363 850 183 207 273 963 1099 1097 1096 1100 1094 1095 1092 1091 1093 1089 1077 1082 1080 1070 1071 1068 1058 867 1054 1053 798
 637 792 642 972 1100 1094 1098 1093 1089 1077 1080 1079 1075 1072 1065 1071 867 1054 1053 1052 1050 1035 270 1033
 747 934 963 1102 1099 1096 1100 1098 1095 1093 1089 1077 1082 1074 1079 1072 1071 1069 1058 1057 1054 1053 1059 1035 1034 270 1031
 925 477 963 1099 1101 1096 1100 1098 1095 1092 1091 1093 1090 1089 1075 1072 1058 867 1057 1053 1049 1037 1050 798 1035 1034 1031
 421 542 1051 963 1101 1097 1100 1094 1098 1077 1082 1075 1070 1065 1058 233 1054 1059 1035
 883 1083 1102 1099 1101 1097 1096 1090 1077 1079 1058 1056 867 1057 1053 1052 1049 1037 798 1035 1034 270 1033 1031
 304 599 477 824 963 1099 1096 1098 1092 1091 1090 1077 1074 1080 1079 1070 1065 1068 1069 1058 1054 1053 1059 1037 1050 1035 1033 1031
 596 266 893 60 630 399 627 119 858 316 363 963 1097 1096 1094 1093 1077 1080 1075 1070 1072 1071 1056 867 1057 798 1035 1034 270
 205 760 963 1102 1097 1096 1094 1095 1074 1080 1079 1070 1072 1065 1069 1056 233 1059 1052 1037 1050 798 1035 1034 1033
 778 611 459 1024 439 265 939 15 1102 1097 1100 1095 1093 1090 1082 1070 1072 1071 1068 1069 1057 1054 1052 1049 1037 1050 1035 1034 270 1031
 122 77 791 963 1101 1097 1094 1098 1095 1092 1091 1090 1082 1070 1065 1071 1068 1069 1058 1057 233 1035 270
 766 94 781 348 355 721 412 608 98 646 1102 1101 1097 1096 1100 1095 1092 1091 1093 1082 1074 1079 1075 1071 1069 1057 233 1053 1059 1052 1049 1037 1050 1035
 620 448 9 1087 563 14 300 993 1032 810 963 1102 1099 1097 1094 1098 1095 1092 1091 1093 1089 1077 1082 1075 1072 1058 1056 867 233 1049 1037 798 1035 1034 1031
 363 692 330 50 561 555 127 739 314 328 963 1101 1097 1094 1098 1095 1093 1089 1069 1058 1056 1054 1053 1059 1037 1035 270 1033
 768 836 305 261 963 1102 1101 1096 1094 1098 1095 1093 1089 1082 1071 867 233 1054 1059 1052 1037 798 1035 270 1033
 379 624 1102 1096 1100 1092 1091 1090 1089 1082 1079 1068 1058 1056 867 1057 233 1054 1053 1049 1037 1034 270
 992 902 62 1012 150 849 81 614 645 794 963 1099 1097 1100 1094 1098 1095 1092 1093 1090 1077 1082 1080 1079 1072 1065 1071 1068 1069 1058 867 1053 1059 1049 1037 798 1035 1034 1033 1031
 202 591 963 1101 1096 1092 1091 1090 1077 1082 1074 1075 1065 1071 1056 1052 1050 1035 1034 270 1033
 334 940 630 268 962 238 926 595 988 514 1097 1096 1100 1094 1091 1090 1077 1082 1079 1075 1065 1068 1058 1056 867 233 1053 270 1031
 753 135 963 1099 1097 1096 1094 1098 1095 1092 1091 1090 1077 1082 1074 1072 1065 1068 1058 1056 1054 1037 1035 270 1033
 267 435 410 518 688 421 691 1064 475 114 1102 1099 1100 1092 1090 1089 1080 1079 1075 1070 1065 1071 1054 1052 1050 1031
 93 58 1096 1100 1094 1098 1095 1093 1082 1070 1072 1068 1069 1056 233 1054 1037 798
 131 890 963 1102 1100 1094 1098 1095 1092 1091 1093 1090 1077 1070 1065 1068 1058 1056 867 1057 233 1052 1050 270 1033 1031
 446 369 967 963 1102 1101 1096 1100 1094 1098 1095 1091 1093 1077 1082 1074 1079 1075 1070 1071 1056 867 1054 1052 1037 1050 798 1034 1033 1031
 742 996 1073 703 441 343 264 925 241 779 963 1101 1097 1096 1098 1095 1093 1090 1082 1074 1079 1075 1065 1071 1058 1057 1054 1053 1052 1037 1034 270
 193 751 488 753 213 733 536 1064 819 412 963 1097 1096 1100 1094 1093 1077 1074 1080 1079 1070 1072 1071 1068 1058 1056 1057 233 1054 1053 1035 1034 270
 687 355 1102 1099 1096 1100 1094 1092 1093 1089 1077 1082 1080 1079 1070 1065 1071 1068 1058 867 233 1054 1059 1052 1037 1050 1034 270
 131 313 1097 1096 1094 1098 1095 1092 1093 1089 1077 1080 1070 1065 1068 1056 1054 1052 1050 798 1035 270 1033
 449 592 693 963 1102 1099 1097 1096 1095 1092 1093 1090 1089 1077 1080 1069 1056 1057 233 1054 1053 1059 1052 1050 1035 1031
 29 763 389 963 1102 1099 1096 1098 1092 1091 1093 1090 1089 1077 1074 1070 1072 1068 1069 1058 867 233 1054 1053 1059 1052 1050 798 1035 1034 1033
 853 949 748 967 101 508 445 358 989 1101 1096 1100 1095 1092 1091 1090 1089 1082 1072 1069 867 1052 1049 1037 270
 776 963 1100 1094 1098 1095 1090 1089 1077 1082 1074 1079 1075 1070 1071 1069 1058 1056 867 1057 233 1054 1053 1049 270 1033
 606 15 963 1096 1100 1092 1093 1090 1089 1077 1082 1074 1080 1079 1065 1068 1069 1056 1054 1053 1059 1052 1037 798 1035 270 1031
 176 420 1102 1101 1100 1094 1098 1090 1077 1074 1080 1079 1070 1065 1071 1068 1058 1056 867 1057 1054 1053 1049 1037 270 1031
 312 795 609 647 705 319 537 973 468 460 306 252 501 712 70 256 881 886 333 158 1076 185 74 857 599 802 126 276 957 640 210 149 262 754 808 224 326 360 1097 1096 1100 1095 1091 1093 1089 1077 1074 1075 1070 1072 1065 1071 1068 1069 1056 867 233 1054 1053 1059 1049 798 1034 270 1033
 811 805 1099 1101 1097 1096 1098 1091 1089 1082 1074 1080 1070 1072 1065 1068 1069 1056 1057 233 1054 1053 1037 798 1034 270 1031
 337 521 963 1101 1098 1092 1093 1090 1089 1077 1082 1074 1075 1070 1072 1071 1069 1058 1056 1057 1053 1059 1052 1049 798 1035 1034 1033
 602 284 1099 1097 1096 1100 1098 1092 1091 1090 1089 1082 1074 1070 1072 1065 1068 1058 867 233 1054 1053 1059 1050 1035 270 1033
 809 921 182 963 1102 1101 1097 1095 1091 1093 1090 1074 1080 1079 1075 1070 1072 1056 867 1053 1059 1052 1049 1037 1050 1035 1033
 1028 819 962 963 1094 1092 1093 1090 1077 1082 1074 1079 1075 1072 1071 1068 1069 1058 1056 1054 1053 1059 1049 1037 1050 798 1031
 1025 887 1102 1097 1098 1090 1077 1074 1079 1075 1072 1068 1058 1056 867 233 1054 1053 1049 798 1035 1034 270 1033 1031
 48 144 1099 1097 1096 1100 1095 1092 1091 1089 1082 1080 1072 1065 1069 1056 867 1054 1053 1059 1052 1049 1037 1050 798
 356 77 69 156 580 803 959 957 878 843 143 1100 1091 1089 1079 1075 1070 1071 1068 1069 1056 1057 1037 1035 270 1031
 778 374 709 1101 1097 1096 1100 1094 1091 1093 1080 1075 1071 1068 1069 1056 1054 1059 1052 1049 798 1035 1034 270 1033
 585 963 1102 1101 1094 1095 1093 1090 1077 1082 1074 1075 1070 1071 1068 1069 1058 1054 1053 1059 1052 1049 1037 1050 798 1034 270 1031
 332 1047 274 963 1099 1100 1098 1095 1091 1089 1082 1074 1080 1075 1072 1065 1069 867 1053 1059 1049 798 270
 1073 530 27 261 94 260 1088 379 303 557 963 1094 1098 1095 1092 1093 1090 1077 1079 1070 1072 1068 1058 1056 867 1057 1054 1053 1059 1052 1035 1033
 957 1011 990 963 1102 1097 1100 1094 1098 1095 1091 1090 1077 1079 1075 1070 1072 1065 1068 1058 867 1057 233 1053 1059 1049 798 1035 270 1033
 1048 866 800 1102 1099 1101 1097 1096 1100 1094 1091 1090 1089 1082 1075 1068 1058 1056 1057 233 1050 1035 1034 270 1033 1031
 759 390 10 963 1096 1100 1094 1098 1095 1093 1090 1089 1074 1079 1071 1069 1058 867 1052 1049 1050 1035 1034 270 1031
 1060 663 750 963 1102 1101 1097 1096 1100 1095 1089 1079 1065 1071 1058 1056 1057 233 1059 1052 798 1035 1034 270 1031
 826 72 1102 1099 1096 1095 1092 1090 1089 1077 1082 1080 1079 1075 1065 1069 1057 233 1054 1053 1059 1034 1031
 472 2 1102 1101 1094 1095 1092 1091 1093 1090 1077 1074 1079 1075 1072 1065 1071 1069 1058 1056 867 1057 1054 1053 1052 1050 798 1034 270
 599 992 963 1102 1101 1097 1096 1100 1094 1095 1089 1082 1074 1075 1070 1072 1065 1071 1068 1056 867 1057 233 1054 1053 1059 1052 270 1033
 942 253 987 574 963 1102 1098 1077 1082 1074 1079 1065 1071 1069 1057 1054 1053 1052 1049 1037 1050 1031
 96 1040 1099 1101 1100 1094 1098 1090 1089 1079 1065 1069 1058 1056 867 233 1053 1059 1052 1050 1035 1034 270 1031
 383 1101 1097 1096 1100 1092 1089 1082 1074 1080 1079 1072 1065 1068 1058 867 1057 233 1054 1049 1035
 697 658 143 152 761 574 829 251 514 241 963 1102 1101 1096 1100 1094 1095 1091 1093 1090 1077 1082 1074 1080 1079 1068 1069 1058 233 1054 1049 1050 1035 270 1033
 901 310 963 1102 1101 1097 1096 1100 1094 1092 1077 1082 1074 1080 1079 1075 1072 1065 1068 1058 1056 233 1037 1035 1034 270 1033 1031
 705 848 47 706 345 724 676 491 410 164 1100 1094 1098 1092 1090 1089 1077 1074 1079 1075 1072 1065 1071 1069 1056 1054 1059 1052 1037 798 1035 1034 1033 1031
 757 316 963 1090 1089 1082 1074 1079 1070 1072 1071 1068 1058 1056 867 233 1054 1052 1049 1037 1050 798 1035 1034 270 1031
 560 1018 979 1101 1096 1094 1095 1092 1091 1089 1077 1082 1074 1080 1068 233 1053 1059 1052 798 1035 270
 991 626 1102 1099 1100 1094 1095 1092 1093 1090 1072 1068 1056 233 1053 1059 1049 1037 1050 1033
 631 199 422 710 521 389 832 925 502 334 674 459 73 469 966 208 906 646 68 473 264 539 231 145 740 577 950 183 592 92 488 872 343 873 555 19 99 392 617 1099 1100 1095 1092 1090 1089 1082 1079 1070 1072 1071 1068 1069 1056 1057 1053 1052 1049 1037 1050 1035 270
 23 562 157 759 465 940 592 840 963 1102 1101 1097 1094 1091 1090 1077 1082 1074 1080 1079 1075 1070 1072 1065 1069 1058 867 1053 1049 1050 1035 1033
 314 812 742 1102 1097 1100 1094 1095 1093 1089 1077 1082 1075 1068 233 1054 1052 1050 1035 1034 270 1033
 760 927 1102 1097 1096 1098 1095 1091 1093 1089 1082 1080 1070 1072 1068 1069 867 233 1053 1059 1052 1035 1034 1033
 758 852 132 571 993 813 781 978 717 36 61 28 358 1001 510 491 822 110 78 365 572 804 333 570 490 219 321 259 290 282 645 697 291 681 294 327 895 963 1099 1101 1097 1096 1100 1092 1091 1093 1090 1077 1080 1072 1065 1071 233 1054 1053 1059 1052 270 1033 1031
 354 920 963 1102 1100 1094 1092 1093 1090 1089 1079 1075 1070 1065 1057 233 1037 1050 1035 1034 270 1033
 316 508 361 898 467 648 94 954 121 119 1102 1099 1101 1098 1090 1089 1077 1082 1071 1068 1058 1056 867 1057 233 1059 1037 798 1033
 862 894 219 1099 1101 1098 1092 1090 1080 1075 1070 1068 1056 1054 1059 1049 798 1035 270
 564 578 963 1101 1097 1096 1100 1094 1098 1092 1091 1093 1089 1082 1074 1080 1070 1072 1071 1069 1057 233 1053 1059 1052 1037 270
 303 390 477 777 421 285 541 326 848 479 963 1102 1097 1096 1098 1092 1091 1089 1077 1082 1080 1079 1070 1072 1071 1058 1056 233 1053 1052 1037 798 1035 1034 1031
 240 322 835 455 154 224 203 1026 949 784 963 1102 1099 1097 1098 1091 1093 1090 1077 1075 1065 1069 1056 867 1057 233 1054 1052 1037 1050 1035 1034 1033
 379 395 963 1101 1097 1096 1098 1095 1092 1090 1082 1074 1079 1070 1072 1065 1071 1058 1056 867 1057 233 1054 1049 1037 270 1033 1031
 820 925 595 728 630 1002 175 859 813 975 1102 1097 1096 1092 1074 1079 1075 1072 1069 1058 1056 1057 1054 1053 1059 1052 270 1033
 720 17 303 514 1101 1097 1096 1098 1077 1082 1079 1072 1065 1056 867 1057 1054 1052 1037 1050 270 1033
 891 686 963 1099 1101 1091 1090 1089 1082 1075 1070 1057 1054 1053 1050 270 1033 1031
 124 738 963 1099 1097 1096 1100 1094 1092 1091 1093 1090 1089 1082 1074 1080 1079 1072 1065 1071 1069 1057 1054 1052 1034 270 1033
 399 368 1099 1101 1096 1100 1077 1082 1074 1070 1065 1071 233 1054 1059 1052 798 1034 1031
 319 1101 1091 1093 1077 1082 1074 1072 1065 1071 1068 1069 1058 1056 867 1057 1059 1052 1049 1034 1033 1031
 988 19 963 1102 1099 1101 1096 1100 1098 1089 1082 1079 1075 1070 1071 1069 1058 233 1059 1052 1037 1050 798 1035 1033
 713 649 124 963 1102 1101 1100 1098 1095 1092 1077 1075 1072 1065 1071 1068 867 1057 233 1054 1053 1059 1033
 275 494 184 845 332 618 539 623 554 259 297 963 1099 1101 1097 1096 1100 1091 1093 1090 1089 1082 1074 1075 1070 1072 1065 1071 867 1057 1054 1053 1059 1052 798 1034 270 1033
 1078 504 1102 1099 1097 1094 1098 1092 1093 1082 1074 1080 1079 1075 1065 1071 1058 1056 867 1054 1059 1052 798 1035 270 1031
 80 975 1102 1101 1097 1100 1098 1092 1089 1077 1082 1074 1080 1072 1068 1069 1058 1053 1059 1049 1037 1050 1035 1034 270
 70 755 239 1102 1099 1094 1098 1095 1091 1093 1090 1082 1070 1071 1068 1058 1054 1059 1049 1035 1033
 996 894 963 1102 1096 1093 1077 1082 1074 1072 1071 1068 1056 867 233 1054 1053 1052 1050 798 1034 270 1031
 852 555 1102 1099 1097 1096 1100 1094 1095 1092 1091 1093 1089 1077 1082 1079 1072 1065 1071 1068 1069 1056 1057 233 1054 1059 1050 1034 1031
 395 60 694 719 599 968 756 11 550 951 592 1102 1099 1101 1100 1094 1095 1092 1091 1090 1074 1080 1070 1072 1065 1071 1058 867 1057 1054 1053 1059 1052 1049 1050 798 1035 1034 270
 160 1078 1102 1099 1091 1093 1077 1082 1079 1072 1065 1071 1068 1069 867 1053 1059 1049 1050 1031
 916 549 963 1102 1099 1097 1096 1094 1098 1091 1090 1077 1082 1080 1079 1070 1065 1071 1056 1057 1054 1052 1037 1050 798 1035 1034 270 1031
 768 212 1102 1099 1101 1094 1098 1095 1092 1090 1077 1074 1079 1075 1072 1065 1071 1068 1069 233 1052 1049 1050 1033
 286 360 82 1101 1096 1095 1091 1089 1077 1082 1079 1075 1056 867 1053 1059 1049 1034 270 1033 1031
 342 556 456 1013 971 201 462 528 1015 13 376 1102 1097 1096 1100 1094 1092 1091 1093 1090 1089 1077 1082 1074 1075 1072 1068 1058 867 1057 1059 1052 798 1035 1034
 814 707 364 963 1101 1097 1100 1095 1091 1077 1074 1080 1079 1075 1070 1065 1071 1068 1069 1056 233 1059 1049 1037 798 270
 687 526 963 1099 1096 1098 1095 1089 1082 1074 1079 1075 1065 1071 1068 233 1053 1059 1049 1037 1050 798 1035 1034 270 1033
 102 901 123 1073 26 640 1018 432 458 63 1097 1100 1095 1092 1090 1082 1074 1079 1072 1071 1068 1069 1056 1057 1052 1049 1037 798 1035 1033 1031
 179 796 676 1102 1101 1100 1098 1091 1090 1077 1080 1070 1068 1069 233 1052 1049 1037 798 1031
 887 661 475 630 149 257 11 398 467 963 1097 1100 1094 1093 1090 1077 1080 1079 1075 1072 1071 1056 1057 233 1053 1049 1037 1050 798 1035 1034 1033 1031
 705 673 996 963 1102 1099 1101 1097 1100 1094 1098 1092 1091 1090 1089 1077 1082 1074 1079 1070 1072 1065 1068 1058 1056 1057 233 1054 1059 1052 1049 1037 1050 270 1033
 368 338 755 963 1102 1101 1100 1095 1092 1091 1093 1090 1089 1074 1080 1079 1072 1069 1058 1056 233 1053 1052 1037 1050 270 1031
 790 620 1102 1101 1097 1093 1082 1070 1072 1071 1068 1058 867 1057 233 1054 1059 1049 1037 270 1033
 848 995 1102 1101 1096 1100 1095 1092 1091 1090 1089 1077 1082 1074 1075 1072 1068 1069 1058 1056 867 1057 233 1037 1050 1035
 942 167 963 1101 1097 1098 1095 1091 1090 1077 1080 1079 1070 1072 1068 1069 1056 867 1057 233 1054 1052 1049 1050 1033
 805 788 345 963 1099 1101 1097 1100 1094 1098 1095 1092 1093 1090 1080 1079 1075 1070 1072 1065 1071 1068 1069 867 233 1037 1034 270 1033 1031
 433 557 1099 1096 1098 1091 1090 1077 1080 1079 1075 1065 1071 1058 867 1053 1059 1052 1049 1037 1050 798 1033 1031
 98 494 199 1046 454 620 840 922 659 971 1102 1097 1100 1094 1098 1091 1090 1089 1082 1074 1080 1079 1072 1065 1068 1069 1058 1056 233 1054 1053 1059 1050 1033
 729 841 1099 1092 1093 1089 1077 1082 1074 1080 1075 1072 1065 1056 1057 233 1053 1049 1037 270
 202 183 204 963 1101 1094 1095 1092 1091 1093 1077 1074 1079 1075 1072 1071 1057 1054 1053 1059 1052 1049 798 1034 1033 1031
 956 1102 1097 1096 1100 1091 1090 1089 1080 1058 867 1057 233 1054 798 1035 1031
 742 113 488 843 1042 825 325 397 503 963 1102 1097 1100 1095 1091 1093 1079 1075 1070 1065 1071 1068 1069 1056 867 1059 1052 1049 1050 798
 426 595 89 1102 1099 1100 1092 1091 1082 1074 1080 1075 1070 1072 1068 1069 867 1049 1037 1050 798 270 1033 1031
 995 283 1102 1099 1100 1091 1093 1077 1082 1080 1075 1070 1071 1068 1069 1058 233 1054 1053 1059 1050 798 1034 270 1033 1031
 130 602 466 549 1028 266 254 981 918 433 303 833 260 396 27 805 320 900 754 515 500 939 96 599 124 927 158 458 1017 256 452 154 306 205 56 319 856 724 312 1102 1101 1097 1100 1098 1095 1092 1093 1090 1089 1077 1082 1074 1080 1075 1070 1065 1068 1058 1057 233 1053 1052 1049 1050 1035 270 1033 1031
 392 223 796 963 1102 1099 1101 1097 1096 1100 1094 1077 1080 1079 1070 1072 1065 1071 1069 1056 867 1057 233 1054 1053 1037 1050 798 1035 1033 1031
 49 1067 963 1102 1099 1096 1100 1092 1089 1082 1074 1080 1079 1065 1068 1058 867 1057 233 1054 1059 1049 1037 270
 670 508 823 1099 1092 1091 1089 1077 1080 1079 1072 1065 1071 1068 867 233 1054 1053 1059 1049 1050 1035 1034 270
 578 66 864 963 1102 1097 1094 1095 1092 1080 1075 1070 1072 1071 1068 1069 1058 1057 1054 1053 798 1034 270 1033 1031
 124 912 551 1045 29 947 889 24 762 728 1097 1096 1094 1089 1082 1079 1068 1069 1056 1057 1053 1059 1050 798 1035 1034 270 1031
 128 434 1099 1101 1097 1096 1094 1098 1091 1090 1077 1082 1074 1080 1079 1075 1071 1068 1058 1056 867 1057 1049 1037 1050 798 1034 270 1033
 945 827 1099 1096 1100 1094 1095 1093 1090 1077 1065 1071 1058 1053 1059 1052 1037 798 1034 270 1031
 141 181 930 494 523 440 1039 974 89 330 963 1099 1096 1094 1098 1095 1093 1077 1074 1080 1079 1070 1065 1058 1056 867 1057 233 1054 1053 1059 1037 1050 798 1035 1033
 774 78 963 1099 1101 1096 1094 1098 1095 1091 1093 1089 1082 1079 1075 1072 1056 1052 1049 798 1034 270 1031
 942 901 821 1064 397 249 232 559 915 826 1102 1099 1097 1096 1100 1094 1095 1091 1090 1089 1077 1082 1074 1075 1065 1071 1056 867 1059 1052 1037 1050 1034 270 1031
 350 254 963 1102 1097 1098 1095 1093 1090 1089 1082 1074 1079 1075 1072 1065 1071 1068 1069 1058 1056 1057 233 1059 1052 1049 1037 1050 798 1035 270 1033 1031
 841 813 963 1099 1101 1096 1098 1093 1090 1089 1077 1074 1075 1072 1069 1056 867 233 1059 1052 1049 1034 270 1031
 555 131 184 109 921 871 1041 327 997 1102 1101 1096 1094 1098 1095 1093 1090 1082 1080 1070 1072 1065 1068 1069 1058 1056 867 1054 1052 1037 1050 798 1035 1034 270 1031
 602 811 963 1097 1100 1098 1092 1091 1090 1082 1074 1075 1070 1072 1069 233 1059 1037 1050 798 1035 270 1031
 853 958 1102 1101 1097 1096 1094 1091 1093 1090 1082 1074 1070 1072 1069 1056 867 1057 1054 1059 1052 1049 798 1035 1034 270
 528 526 1022 963 1102 1099 1097 1094 1098 1091 1090 1077 1074 1080 1075 1070 1072 1071 1069 1058 1056 233 1054 1053 1059 1052 1049 1050 798 270
 241 542 36 330 963 1102 1099 1101 1097 1096 1100 1098 1092 1077 1082 1074 1075 1070 1072 1065 1058 233 1054 1053 1052 1049 1037 1050 1034 270 1033
 684 310 963 1101 1096 1094 1092 1090 1077 1079 1070 1072 1065 1068 1058 233 1054 1053 1049 1037 798 1035 1034
 670 177 1102 1099 1101 1097 1100 1094 1077 1082 1071 1069 1056 867 1054 1053 1034 270 1031
 981 1043 457 963 1102 1100 1095 1092 1080 1071 1069 1058 867 1057 1054 1053 1059 1037 798 270
 502 223 963 1102 1099 1101 1097 1096 1094 1092 1090 1089 1077 1079 1075 1065 1071 1068 1069 1058 1056 867 233 1052 1049 1037 798 1035 1034 270
 206 959 183 963 1102 1101 1096 1095 1092 1093 1089 1077 1079 1075 1065 1071 1068 1069 1056 867 233 1053 1052 1049 1050 798 270 1033 1031
 312 334 963 1096 1098 1095 1091 1093 1089 1077 1074 1080 1079 1072 1065 1071 1068 1069 1058 233 1037 1050 1033
 989 1017 636 963 1102 1099 1101 1100 1094 1091 1093 1090 1077 1082 1079 1075 1065 1071 1069 1058 1056 867 233 1054 1052 798 1035 1034 270 1031
 946 287 914 149 1015 942 912 22 851 103 963 1102 1101 1100 1094 1095 1092 1091 1093 1090 1089 1082 1070 1065 1069 867 233 1053 1052 1050 798 1035 1034
 318 1009 372 1096 1098 1091 1093 1082 1074 1080 1079 1075 1070 1056 867 1053 1052 1037 1050 798 270 1033 1031
 364 172 963 1102 1099 1096 1094 1098 1095 1093 1090 1089 1080 1079 1070 1065 1071 1068 1069 1056 1057 233 1053 1049 1035
 690 229 406 963 1102 1101 1096 1095 1082 1074 1075 1072 1065 1058 1056 1052 1049 1050 1034
 787 921 745 68 265 112 311 205 535 70 1099 1101 1096 1094 1095 1092 1090 1089 1077 1082 1074 1080 1070 1072 1065 1071 1056 1054 1053 1059 1052 1035 1033 1031
 476 202 389 944 201 213 401 373 62 403 1102 1101 1091 1093 1090 1082 1074 1080 1072 1065 1071 1056 867 1057 1053 1052 1049 798 1034 1033
 323 912 1099 1097 1096 1100 1094 1095 1092 1090 1089 1077 1082 1074 1080 1079 1070 1071 1068 1069 867 1057 1059 1050 1035 1034 270 1031
 782 1102 1099 1097 1096 1100 1098 1095 1092 1093 1077 1080 1072 1065 1058 1056 1054 1050 798 1034 270 1033 1031
 546 881 385 648 1102 1096 1100 1098 1095 1091 1090 1082 1079 1072 1065 1069 1056 1057 1054 1053 1052 1050 798 1031
 547 482 1099 1101 1097 1096 1094 1095 1092 1093 1090 1082 1080 1072 1065 1058 1056 1057 233 1053 1050 798 1034
 64 590 839 983 284 481 317 140 395 963 1102 1101 1100 1094 1098 1095 1092 1091 1074 1080 1070 1072 1068 1069 1058 1057 1054 1059 1052 798 1034 1031
 724 613 508 196 583 862 995 539 0 749 963 1101 1096 1100 1092 1093 1089 1079 1072 1065 1068 1069 1056 867 1057 233 1053 1059 1049 1037 1035 270 1033
 972 421 713 667 20 152 391 801 70 671 1099 1101 1097 1100 1098 1095 1092 1090 1089 1080 1070 1071 1058 1056 1057 233 1054 1053 1059 1050 798 1033 1031
 614 814 963
 896 996 26 963 1102 1099 1101 1100 1098 1091 1090 1089 1079 1072 1071 1058 1056 1057 1053 1059 1050 1035 270 1031
 47 239 1102 1100 1094 1098 1092 1091 1090 1089 1082 1074 1079 1075 1070 1072 1065 1071 1068 1069 1056 867 233 1054 1049 1050 1034
 936 293 388 101 490 890 655 1017 947 977 963 1102 1101 1097 1098 1077 1082 1079 1075 1070 1072 1068 1069 1058 233 1054 1059 1035
 648 567 549 963 1102 1101 1097 1094 1090 1077 1074 1070 1072 1068 1069 1058 233 1059 1049 1037 1035
 398 832 515 635 963 1099 1101 1096 1100 1094 1098 1095 1089 1082 1074 1079 1070 1072 1069 1058 1056 1057 233 1049 1037 270 1033 1031
 535 1101 1094 1095 1092 1091 1093 1090 1077 1082 1080 1079 1075 1072 1065 1071 1068 1058 1056 867 233 1059 1037 1035
 253 133 720 1102 1096 1100 1095 1093 1090 1089 1077 1080 1075 1072 1071 1069 1058 1053 1052 1037 1050 798 1034 1033 1031
 158 393 1102 1099 1101 1100 1095 1092 1091 1093 1090 1082 1079 1075 1072 1065 1058 1057 1053 1052 1037 1050 1034 270 1033
 559 853 963 1099 1101 1098 1095 1093 1077 1074 1079 1070 1072 1065 1068 1058 1057 233 1054 1059 1052 1050 1035 270
 752 27 1102 1099 1101 1092 1091 1089 1077 1082 1079 1075 1072 1065 1068 1069 1058 1056 867 233 1054 1053 1037 1050 798 1035 1033 1031
 834 75 14 185 963 1099 1096 1100 1091 1093 1090 1077 1070 1065 1056 867 1052 1050 1034 1031
 947 633 1102 1101 1094 1092 1090 1075 1070 1065 1071 1058 1056 233 1054 1053 1052 1037 1050 270 1033 1031
 478 639 1102 1099 1096 1094 1098 1095 1092 1093 1090 1089 1077 1074 1079 1065 1071 1069 1056 1057 233 1054 1059 1049 1037 798 1035 1034 270 1033
 593 741 1101 1097 1096 1098 1092 1090 1089 1080 1079 1072 1058 1057 233 1054 1053 1052 1037 1050 1035 1034 270 1031
 343 418 579 1097 1100 1098 1092 1091 1093 1077 1082 1074 1079 1075 1072 1065 1071 1069 1058 867 233 1053 1037 1050 798 1035 270 1033
 222 19 151 988 963 1097 1096 1100 1094 1098 1095 1091 1089 1077 1082 1079 1075 1070 1072 1065 1071 1069 1058 867 1057 1054 1050 1035 1034 270 1033 1031
 975 83 1102 1101 1100 1095 1090 1089 1077 1074 1075 1072 1065 1071 1058 1056 1054 1052 1037 1033
 754 993 1102 1099 1101 1100 1094 1095 1092 1091 1093 1089 1082 1072 1065 1056 867 1054 1053 1050 1035 1034 1031
 931 910 566 871 963 1099 1097 1100 1094 1098 1095 1090 1089 1077 1080 1075 1070 1071 1069 1057 1059 1037 1034 270 1031
 927 49 963 1101 1097 1094 1092 1091 1093 1089 1077 1079 1070 1072 1058 233 1054 1052 1049 1037 1050 798 1033 1031
 731 807 939 269 1101 1096 1100 1095 1091 1093 1090 1082 1074 1079 1075 1070 1072 1071 1053 1059 1052 1049 1050 798 1035 270 1031
 374 801 1099 1101 1097 1096 1100 1094 1095 1092 1089 1079 1065 1071 1056 1057 233 1053 1059 1049 1037 1050 798 1035 1034 270 1033 1031
 38 279 963 1102 1099 1100 1095 1093 1090 1077 1074 1079 1075 1068 1057 1053 1037 1050 798 1035 270 1033 1031
 920 1009 89 1102 1101 1096 1100 1094 1098 1092 1093 1090 1089 1077 1082 1074 1079 1065 1057 233 1054 1053 1050 1035 1033 1031
 331 190 705 3 899 201 66 870 486 892 581 1100 1094 1093 1090 1089 1077 1080 1075 1065 1071 1068 1069 1056 1054 1053 1059 1052 1049 798 1034 1033
 735 1039 444 963 1102 1096 1100 1098 1092 1093 1090 1077 1082 1075 1070 1072 1065 1068 1069 1058 1056 1057 1053 1052 1037 1034
 823 115 1102 1097 1100 1098 1095 1092 1093 1089 1082 1079 1075 1065 1068 1056 867 1054 1053 1059 1037 1050 1035 1034 270 1031
 443 52 668 1051 98 20 479 69 26 318 157 963 1099 1101 1097 1096 1100 1094 1098 1089 1077 1082 1079 1070 1072 1071 1058 867 1052 1049 1050 1035 1034 270
 16 693 405 1102 1099 1097 1100 1095 1092 1091 1093 1090 1089 1082 1079 1072 1065 1069 1056 1059 1037 1050 798
 943 1023 1101 1097 1100 1098 1091 1082 1074 1079 1075 1070 1072 1071 1068 1069 1058 1056 867 233 1054 1059 1049 1037 1050 798 1035
 777 369 439 300 377 1003 997 312 679 800 743 963 1102 1094 1095 1092 1091 1093 1080 1068 1069 1058 867 1057 233 1054 1037 1050 798 1035 1034 1031
 462 347 320 1102 1099 1101 1096 1094 1098 1092 1091 1093 1089 1077 1074 1080 1079 1070 1072 1065 1071 1068 867 1057 233 1054 1053 1052 1049 1050 798 1035 1034 1033 1031
 886 963 1099 1101 1094 1092 1091 1089 1082 1074 1075 1070 1072 1069 1058 233 1054 1053 1059 1050 798
 557 906 963 1101 1096 1100 1095 1091 1093 1090 1082 1074 1079 1075 1070 1072 1071 1053 1059 1052 1049 1050 798 1035 270 1031
 142 431 46 397 581 619 36 259 410 787 1036 839 641 417 989 58 244 556 603 249 740 887 140 420 45 700 1061 487 513 32 423 501 224 789 232 928 366 1073 682 963 1099 1101 1098 1095 1092 1091 1093 1090 1077 1074 1075 1072 1065 1071 1068 1056 867 1054 1049 1050 798
 399 834 819 1102 1099 1096 1100 1098 1095 1092 1091 1093 1077 1074 1080 1079 1075 1072 1057 233 1054 1053 1059 1049 1037 1050 1035 1033 1031
 37 219 295 1096 1100 1092 1074 1075 1070 1072 1065 1071 1069 867 1057 233 1054 1053 1059 1052 1037 1050 1035 1034 1031
 995 932 963 1102 1099 1101 1097 1096 1094 1092 1093 1089 1077 1074 1080 1079 1070 1072 1068 1069 867 1057 798 1035 1034 1033 1031
 899 1008 797 620 963 1102 1099 1097 1096 1100 1098 1095 1091 1093 1089 1077 1082 1074 1079 1065 1068 1069 1057 233 1054 1059 1052 1049 1050 798 270 1033 1031
 748 995 882 930 904 434 311 624 189 403 1004 1102 1098 1092 1091 1077 1082 1080 1075 1071 1069 1058 867 1057 233 1053 1052 1049 798 1033
 295 777 826 204 853 894 88 677 865 466 380 1101 1097 1096 1100 1094 1098 1095 1092 1093 1080 1079 1075 1070 1072 1065 1071 1068 1069 1056 1057 233 1054 1059 1052 1050 1034 1031
 761 581 963 1102 1101 1097 1096 1095 1092 1093 1090 1071 1069 1056 867 1053 1059 1049 1050 798 270 1031
 258 707 6 505 1102 1101 1096 1100 1095 1091 1090 1089 1080 1075 1065 1058 867 1057 1054 1053 1052 1049 1050 798 1035 1034 270
 314 822 1102 1101 1097 1100 1094 1098 1092 1090 1089 1077 1079 1075 1070 1072 1056 867 1057 233 1054 1053 1059 1049 1037 798 1035 1034 270 1033 1031
 201 580 1051 710 80 523 894 368 876 392 963 1102 1099 1101 1097 1096 1098 1095 1091 1090 1077 1082 1074 1075 1071 1058 867 1057 233 1059 1037 1050 1034 270 1033
 1040 1083 1102 1101 1096 1094 1092 1091 1093 1089 1077 1082 1074 1080 1079 1070 1065 1068 867 1057 1054 1053 1049 1037 1035 270 1033
 868 283 289 1102 1100 1094 1092 1091 1090 1082 1080 1079 1070 1072 1065 1071 1068 1069 1058 867 233 1053 1037 1050 1035 1033 1031
 913 829 263 963 1102 1099 1096 1100 1094 1092 1093 1077 1079 1075 1072 1065 1054 1059 1049 1050 1035 270 1033
 609 963 1099 1097 1100 1094 1098 1095 1091 1093 1090 1089 1077 1082 1074 1080 1070 1065 1071 1068 1069 233 1050 1035 1034 270 1033
 697 1061 963 1102 1096 1100 1093 1077 1079 1075 1065 1058 1057 233 1059 1049 1037 1050 798 1035 1034
 302 790 725 894 159 1044 642 9 963 1099 1100 1095 1092 1089 1082 1080 1075 1072 1071 1068 1058 867 1057 1054 1053 1037 1034 270 1033 1031
 57 852 1099 1095 1091 1093 1090 1089 1082 1074 1080 1079 1075 1070 1071 1058 1056 867 1057 1054 1059 1052 1050 1035 270 1031
 344 555 260 1099 1100 1090 1077 1080 1075 1070 1072 1068 1069 867 1059 1050 798 270 1033 1031
 617 1012 101 516 93 598 1021 660 903 1102 1099 1097 1096 1100 1094 1092 1080 1079 1075 1072 1071 1069 1057 233 1054 1037 1050 798 1035 1031
 524 758 1102 1099 1096 1100 1091 1090 1082 1074 1079 1072 1065 1069 867 233 1054 1053 1059 1052 1037 798 1033
 623 298 963 1102 1101 1097 1094 1095 1089 1077 1074 1079 1068 1058 1056 867 1057 233 1052 1049 1037 1050 1033 1031
 893 928 660 468 993 197 88 561 775 1099 1097 1096 1094 1095 1091 1089 1082 1074 1080 1075 1070 1071 1056 1057 233 1052 1049 1050 1035 1034 270 1031
 48 78 103 599 1102 1101 1097 1094 1098 1095 1091 1093 1090 1077 1080 1079 1070 1068 1069 1056 1053 1059 1049 1050 1035
 747 1055 1101 1097 1098 1095 1092 1091 1093 1077 1082 1074 1072 1065 1068 1057 1054 1053 1059 1052 1037 1050 798 1035 270 1033
 396 29 1102 1101 1096 1100 1098 1091 1090 1089 1074 1080 1070 1065 1068 1069 1058 867 233 1054 1052 1034 1033
 240 122 963 1102 1097 1096 1098 1095 1091 1093 1090 1082 1080 1079 1070 1071 1069 1058 1056 1054 1052 1050 798 1031
 976 1002 144 773 963 1099 1101 1097 1096 1095 1091 1080 1070 1065 1071 1056 867 1049 1037 270 1031
 330 608 963 1099 1096 1100 1098 1093 1074 1075 1071 1069 233 1053 1059 1049 1050 1035 1034
 99 961 85 962 1102 1099 1097 1096 1095 1092 1091 1077 1074 1080 1070 1058 867 233 1052 1037 798 1035 270 1033 1031
 142 533 963 1102 1096 1098 1095 1092 1093 1090 1077 1074 1080 1079 1075 1072 1065 1068 1058 1056 867 1057 233 1053 1059 1052 1049 1037 1050 1035 1034 270 1033 1031
 327 614 531 692 1099 1101 1097 1100 1095 1092 1091 1090 1089 1080 1075 1070 1069 1058 1057 1054 1050 798 1034 270
 728 726 554 963 1102 1099 1101 1097 1095 1092 1091 1093 1090 1077 1074 1080 1070 1072 1065 1056 1057 1054 1037 1050 798 1035 1031
 410 698 963 1099 1096 1094 1098 1095 1091 1077 1075 1070 1065 1071 1058 1056 867 1057 233 1049 1037 1035 270 1031
 441 1060 1097 1094 1098 1092 1091 1080 1079 1075 1070 1072 1065 1069 1057 1054 1037 1050 798 1035 270 1033
 30 946 113 696 528 512 467 183 448 509 963 1102 1101 1096 1098 1095 1091 1089 1077 1082 1080 1070 1065 1071 1068 1069 1058 1056 1057 1054 1059 798 270 1033
 345 749 963 1102 1099 1092 1091 1077 1082 1079 1072 1056 1057 1052 798 270 1031
 502 1088 785 832 805 391 521 132 422 1013 1102 1099 1101 1097 1093 1090 1089 1082 1074 1070 1068 1058 1056 867 1057 1054 1053 1059 1049 1037 1050 798 270
 562 796 963 1097 1096 1094 1098 1092 1091 1090 1082 1074 1079 1075 1070 1072 1065 1069 1058 1056 1052 1049 798 1035 1034 270 1033
 287 939 414 494 423 462 504 310 50 894 963 1096 1090 1077 1082 1074 1079 1070 1071 1069 1056 867 1053 1059 1052 1049 1050 798 1034 1033 1031
 1018 404 963 1099 1096 1100 1098 1091 1089 1082 1070 1072 1071 1068 1058 1054 1059 1052 1049 1050 1034
 1032 89 963 1101 1097 1096 1093 1089 1077 1074 1079 1070 1065 1071 1069 233 1054 1053 1052 1037 1050 270 1033 1031
 22 575 1097 1096 1100 1098 1095 1092 1090 1077 1082 1074 1080 1075 1070 1072 1065 1058 1056 1050 1035 1033
 97 1048 963 1102 1101 1100 1095 1093 1090 1089 1082 1080 1079 1075 1072 1065 1069 1056 867 1054 1053 1059 1052 1037 1035 270 1031
 645 211 963 1099 1096 1094 1091 1093 1077 1082 1079 1075 1070 1068 1058 1056 1057 1053 1059 1052 1049 1037 1050 270
 88 89 487 1101 1097 1096 1100 1098 1095 1093 1090 1079 1070 1068 1069 1056 1057 233 1054 1059 1052 1049 1037 1050 270 1033 1031
 1047 841 511 402 963 1097 1094 1098 1092 1090 1089 1077 1082 1074 1070 1072 1065 1071 1058 867 1057 233 1059 1050 1035 1034 270 1033 1031
 485 675 54 963 1102 1099 1097 1100 1098 1089 1077 1080 1079 1071 1068 1069 1056 867 1057 1054 1053 1050 1034 270 1033 1031
 771 132 963 1099 1101 1097 1096 1094 1095 1092 1091 1090 1089 1082 1075 1072 1065 1054 798 270 1033 1031
 606 193 265 571 976 576 430 939 615 730 1102 1101 1097 1098 1095 1090 1077 1082 1074 1079 1070 1072 1065 1069 867 1054 1053 1059 1052 1049 1050 1035 1034 1033
 722 1081 803 529 893 766 34 246 314 857 963 1096 1094 1095 1075 1070 1072 1065 1068 1069 867 233 1054 1053 1049 1037 798 1035 1034
 580 482 583 477 698 494 537 945 787 1004 725 1101 1094 1092 1091 1093 1089 1074 1079 1065 1071 1068 1058 1056 867 1057 233 1054 1037 1035 1034 1033
 836 963 1102 1101 1094 1098 1095 1093 1074 1080 1075 1070 1056 867 1057 1054 1059 1052 1050 798 270 1033 1031
 502 150 797 287 310 642 579 212 1014 1100 1094 1095 1093 1090 1077 1082 1074 1079 1075 1072 1065 1071 1058 867 1054 1052 1037 1034 1033 1031
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 792 > 241
 241 > 415
 17 > 513
 554 > 656
 17 > 757
 757 > 163
 163 > 260
 260 > 891
 891 > 10
 10 > 116
 116 > 324
 10 > 984
 984 > 1032
 84 > 1046
 163 > 274
 554 > 901
 901 > 140
 891 > 775
 775 > 223
 223 > 938
 938 > 667
 163 > 1116
 1116 > 0
 0 > 976
 976 > 115
 115 > 726
 726 > 507
 507 > 842
 775 > 360
 360 > 610
 610 > 380
 775 > 955
 775 0 > 929
 842 1046 > 1106
 111 > 201
 201 > 13
 13 > 738
 201 > 432
 432 > 663
 663 > 870
 432 > 770
 770 > 8
 432 > 1099
 1099 > 907
 907 > 313
 201 > 460
 460 > 36
 13 > 1070
 1070 > 461
 770 > 695
 695 > 473
 460 17 > 209
 209 > 829
 842 13 > 1108
 1108 > 190
 190 > 78
 1108 > 981
 190 > 749
 770 163 > 87
 1106 1099 > 1104
 585 209 > 1027
 726 460 792 > 35
 35 > 298
 298 > 323
 323 > 233
 323 > 438
 363 > 536
 536 > 867
 867 > 882
 882 > 576
 576 > 180
 882 > 985
 985 > 103
 363 > 890
 967 > 279
 279 > 425
 425 > 200
 985 > 630
 630 > 304
 867 > 1008
 1008 > 332
 332 > 1067
 1067 > 67
 67 > 640
 640 > 584
 279 > 743
 743 > 559
 425 > 727
 727 > 79
 967 > 969
 969 > 739
 163 559 > 408
 169 > 174
 174 > 633
 633 > 836
 836 > 462
 174 > 696
 696 > 459
 459 > 512
 696 > 1096
 1096 > 516
 459 > 812
 812 > 690
 690 > 170
 812 > 839
 839 > 124
 839 > 1107
 1107 > 123
 123 > 310
 1107 > 644
 839 > 859
 859 > 482
 1107 > 799
 799 > 134
 812 > 1068
 812 985 > 714
 714 > 649
 649 > 677
 677 > 41
 649 > 1055
 677 > 444
 444 > 1053
 444 > 1132
 1132 > 120
 1096 274 > 505
 644 408 > 730
 4 > 568
 568 > 399
 240 > 1121
 187 > 627
 627 > 436
 436 > 491
 491 > 617
 491 > 631
 631 > 785
 785 > 645
 645 > 58
 58 > 452
 452 > 928
 58 > 835
 645 > 801
 4 > 899
 4 10 > 57
 801 187 > 905
 1067 58 > 186
 186 > 104
 104 > 101
 101 > 430
 430 > 881
 101 > 612
 101 > 637
 637 > 327
 101 > 1110
 637 > 643
 881 730 > 213
 213 > 925
 739 13 785 > 623
 623 > 567
 567 > 689
 689 1104 > 794
 794 > 287
 794 > 822
 644 822 > 50
 50 > 112
 112 > 217
 217 > 18
 217 > 1080
 50 > 590
 217 > 413
 112 > 1057
 677 928 1080 > 767
 12 > 454
 454 > 439
 12 > 629
 629 > 23
 23 > 403
 403 > 662
 12 > 797
 797 > 272
 272 > 538
 538 > 574
 576 272 > 834
 834 > 539
 539 > 396
 539 > 987
 461 272 > 686
 686 > 841
 841 > 621
 621 > 47
 47 > 42
 42 623 > 261
 459 538 > 328
 328 > 977
 977 > 636
 636 > 68
 636 > 145
 145 > 329
 400 > 468
 468 > 218
 218 > 694
 468 > 1103
 1103 > 266
 266 > 428
 1103 > 821
 400 > 661
 661 > 335
 335 > 861
 861 > 1019
 1019 > 524
 524 > 229
 229 > 541
 541 > 676
 661 > 914
 541 > 854
 335 841 > 583
 583 324 > 291
 291 > 412
 412 > 532
 291 > 1026
 1026 > 161
 583 360 > 848
 468 17 > 384
 524 120 > 740
 636 1026 > 1040
 1040 > 510
 510 > 1056
 1056 > 815
 1040 > 719
 719 > 372
 510 274 > 119
 119 925 > 352
 352 > 506
 506 > 70
 694 506 > 370
 370 > 64
 822 1056 > 319
 319 > 350
 350 > 838
 838 > 74
 200 612 352 > 225
 225 > 102
 102 > 142
 192 > 339
 339 > 378
 378 > 902
 902 > 786
 786 > 1031
 1031 > 308
 308 > 394
 394 > 887
 378 > 1082
 1082 > 872
 872 > 994
 308 > 693
 693 > 533
 394 > 1100
 1100 > 537
 537 > 880
 104 537 > 244
 667 1100 > 407
 407 775 > 831
 831 > 728
 728 101 > 762
 762 649 > 196
 196 539 > 86
 86 > 830
 192 696 > 650
 650 > 857
 894 650 > 638
 638 > 280
 1100 650 > 321
 321 > 843
 914 843 > 238
 1100 17 > 720
 1082 812 > 1094
 352 843 > 426
 426 > 673
 673 > 753
 753 10 > 198
 198 > 402
 402 730 > 634
 634 > 71
 71 > 817
 112 378 797 > 129
 867 298 994 > 393
 199 > 849
 849 > 146
 1120 > 77
 849 473 > 586
 77 287 > 15
 15 > 552
 552 > 483
 483 > 85
 85 > 954
 954 > 93
 483 > 916
 916 > 747
 747 > 1021
 747 399 > 918
 918 > 587
 587 396 > 933
 552 513 > 127
 93 127 > 131
 131 > 706
 131 > 1138
 634 127 > 472
 439 483 432 > 1062
 1062 > 7
 1062 > 876
 876 > 932
 1062 > 897
 813 706 146 > 764
 764 > 774
 774 > 1033
 764 > 971
 971 > 143
 143 > 658
 240 658 > 391
 131 391 > 382
 335 391 > 604
 143 720 > 437
 437 857 324 > 52
 52 > 427
 427 > 635
 853 > 43
 853 > 490
 676 490 > 290
 984 853 > 159
 1062 186 208 > 752
 839 86 752 > 28
 995 > 247
 247 > 1134
 1134 > 542
 1134 > 895
 430 1134 > 900
 143 > 989
 841 995 > 625
 625 > 305
 363 542 43 > 195
 48 > 781
 781 > 1114
 781 180 > 49
 49 > 527
 327 > 137
 137 > 373
 373 > 343
 343 > 44
 1057 119 > 613
 618 > 652
 652 > 1117
 618 1132 > 1075
 1075 > 1109
 652 0 > 375
 375 > 249
 652 444 378 > 118
 118 > 826
 826 > 873
 125 > 593
 125 > 1012
 1012 > 535
 198 > 868
 868 > 1069
 593 652 > 845
 845 93 > 30
 30 > 724
 724 > 351
 382 845 > 809
 30 1027 > 151
 724 58 > 494
 89 > 1066
 1066 > 496
 89 > 681
 89 817 > 256
 256 > 361
 361 274 > 763
 577 > 61
 577 > 1043
 1043 > 790
 18 790 > 376
 61 902 > 846
 846 496 853 > 1077
 137 61 339 > 1125
 244 1125 473 > 581
 663 581 631 > 647
 296 > 445
 557 > 62
 1060 > 385
 1117 932 1060 > 189
 271 > 772
 144 271 > 766
 766 > 575
 766 681 > 547
 547 > 278
 278 > 1005
 271 665 652 > 898
 46 > 1079
 1079 > 1047
 1047 > 603
 603 > 1013
 1013 > 919
 919 > 930
 930 > 406
 1013 > 959
 496 959 > 1131
 370 930 > 1039
 1039 > 392
 836 392 > 641
 641 > 624
 624 174 > 1051
 71 46 > 33
 33 > 778
 278 778 > 252
 919 > 732
 1079 323 > 374
 1079 62 > 943
 752 1013 > 718
 1096 1060 406 > 504
 504 > 888
 942 > 818
 818 > 646
 646 > 1059
 558 4 > 379
 538 1051 942 > 320
 320 > 999
 999 > 927
 927 > 356
 999 7 > 114
 241 102 999 > 334
 334 1109 943 > 423
 423 1116 876 > 203
 314 > 599
 599 15 > 175
 175 > 1113
 43 599 > 683
 752 314 36 > 481
 58 127 287 379 310 637 690 599 630 > 1006
 1006 505 > 312
 226 > 357
 46 357 > 276
 276 790 > 952
 1053 618 16 > 435
 396 315 > 59
 59 > 879
 879 > 729
 729 > 1091
 50 > 889
 548 889 > 346
 872 729 > 806
 882 315 > 975
 357 975 > 154
 154 954 > 486
 241 486 > 935
 935 > 628
 935 > 1023
 889 1039 > 945
 471 > 672
 705 481 > 528
 471 356 > 811
 170 672 > 771
 121 705 > 915
 515 989 > 626
 629 > 20
 1075 > 756
 386 328 1023 > 561
 561 201 > 1105
 928 849 510 558 1105 1104 471 890 > 25
 303 1120 > 908
 765 > 441
 441 > 65
 441 981 771 > 893
 893 > 369
 369 > 936
 879 > 611
 611 > 269
 631 5 437 > 1002
 1002 > 903
 184 628 > 488
 488 423 > 991
 252 991 > 449
 557 1075 184 > 478
 829 > 191
 1108 492 > 814
 814 225 > 108
 372 384 305 346 1060 279 618 991 > 138
 683 138 > 263
 263 618 > 54
 272 263 > 1030
 34 > 883
 883 > 858
 629 > 267
 432 1134 267 > 411
 249 267 > 456
 456 > 855
 855 > 1126
 1126 > 1093
 456 888 1070 > 703
 260 > 670
 670 > 517
 517 > 525
 525 > 500
 500 > 214
 670 402 > 110
 872 670 > 875
 525 1047 334 > 1129
 984 363 1101 > 63
 63 > 395
 867 64 587 838 525 456 656 432 631 > 1049
 455 > 466
 1120 > 297
 297 > 498
 554 223 > 387
 387 > 448
 387 395 > 972
 972 > 182
 374 636 297 500 818 590 814 623 576 > 185
 1093 154 455 491 1129 514 568 729 > 566
 566 > 181
 181 > 221
 743 914 221 > 277
 277 > 957
 498 994 181 > 489
 345 > 674
 271 674 > 803
 456 803 > 904
 889 803 185 > 40
 40 > 316
 40 539 > 122
 995 122 714 > 832
 327 781 818 1125 71 613 291 904 696 > 827
 913 726 > 96
 96 > 207
 26 > 523
 122 > 675
 876 675 > 501
 792 675 > 639
 96 881 > 150
 501 904 928 > 88
 88 537 > 782
 739 782 1062 > 410
 847 125 > 697
 757 847 > 973
 697 392 585 > 731
 731 665 > 167
 855 167 > 571
 571 876 > 429
 429 > 657
 657 > 713
 436 713 > 666
 849 > 850
 850 > 921
 351 850 > 32
 32 > 745
 214 745 > 160
 160 > 292
 850 436 316 > 1064
 260 686 > 980
 59 452 753 581 879 587 641 269 > 253
 292 1012 74 413 846 913 971 541 > 242
 654 272 > 1011
 1011 > 164
 488 164 523 > 37
 37 1125 > 220
 670 220 > 433
 40 44 > 723
 723 > 920
 723 658 > 950
 950 > 804
 804 > 550
 261 839 > 860
 860 > 682
 361 860 297 > 748
 1094 748 303 > 371
 371 > 485
 485 > 963
 963 122 639 > 450
 677 450 > 1097
 950 1097 > 1024
 1024 > 1054
 263 1024 > 404
 404 > 397
 13 61 252 914 747 1104 452 485 143 > 529
 529 10 > 1087
 1066 850 902 185 1012 723 1107 > 45
 45 > 594
 131 79 747 489 37 323 167 860 > 333
 241 6 > 733
 12 > 884
 163 6 > 1115
 972 > 620
 620 > 769
 33 271 769 > 736
 733 635 535 439 920 1023 33 860 621 812 > 149
 149 > 1036
 396 1036 > 405
 1036 315 > 807
 103 405 160 850 4 410 727 369 599 > 95
 575 728 807 425 536 201 1039 727 505 697 > 479
 479 > 245
 245 > 1044
 52 > 556
 556 351 > 467
 538 467 > 569
 459 625 569 > 983
 695 682 467 > 651
 651 1138 > 1076
 547 651 221 > 1058
 1058 460 > 1025
 568 1025 > 520
 520 > 38
 786 1105 520 408 807 1077 849 52 817 > 582
 537 740 732 999 225 954 945 656 412 582 > 871
 871 > 337
 983 1039 640 62 308 15 818 > 340
 609 > 755
 609 > 1022
 458 > 73
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 910 439 421 86 765 315 909 775 253 49 621 85 486 408 133 374 557 785 662 145 368 959 427 566 251 579 340 79 507 402 777 279 490 1078 173 768 952 993 1006 620 448 749 66 984 649 473 1088 70 731 692 165 > 1185
 557 213 594 34 388 400 651 924 164 456 469 961 854 398 667 437 1128 724 1078 1012 712 963 118 928 596 377 661 25 1195 357 663 363 1044 198 972 605 467 698 14 875 921 40 950 520 700 697 812 990 866 375 1071 547 1103 484 745 931 > 1184
 1078 785 161 191 793 884 227 412 836 577 230 76 415 693 585 146 451 698 173 120 233 521 74 891 869 90 352 874 331 1115 835 995 647 174 382 371 177 392 478 919 930 628 281 976 71 116 1018 718 229 880 355 272 799 441 905 > 1183
 685 177 768 233 118 959 1000 1050 1197 333 410 817 15 88 63 964 203 27 110 624 30 478 40 1006 397 855 140 501 222 16 383 43 686 1042 1094 237 656 149 722 13 483 193 51 1077 254 1130 816 495 0 188 549 1090 205 684 999 470 672 > 1179
 110 309 875 521 928 72 962 852 236 911 201 948 96 744 183 1024 268 149 769 485 9 919 950 620 508 670 150 843 1032 1126 318 247 182 1113 822 617 291 313 627 60 129 1109 598 723 885 1014 517 106 916 435 680 21 24 > 1178
 371 173 712 145 859 1093 608 779 275 530 419 770 148 1037 395 111 784 720 196 177 875 952 494 666 114 987 565 1051 827 362 868 242 944 522 681 977 209 685 624 485 306 1127 1055 826 949 583 1123 733 1052 276 918 676 975 1143 347 > 1181
 181 614 13 306 919 1006 428 987 80 90 1195 340 689 190 543 302 136 986 610 1002 890 444 313 51 636 170 71 812 984 73 216 186 1084 426 695 78 1074 231 985 713 631 449 738 12 1104 482 940 811 599 634 299 982 23 726 399 > 1173
 149 624 392 952 696 74 596 427 468 304 548 404 68 802 1117 293 310 901 757 1113 722 743 306 1116 930 536 81 418 838 194 637 206 1069 773 102 341 614 29 444 677 452 593 407 339 741 513 1138 1164 541 619 532 67 753 447 1131 > 1177
 755 822 743 9 40 546 114 763 869 25 579 625 809 615 638 1118 324 239 828 181 376 29 291 193 1180 225 976 697 66 244 903 926 754 329 1135 610 417 172 752 968 52 506 284 781 971 881 707 285 511 555 297 889 > 1174
 341 722 485 478 993 666 6 891 661 251 69 644 1020 892 936 1011 1136 10 755 614 617 483 436 1055 867 281 700 749 805 369 716 1021 989 471 271 922 958 181 1002 1 717 17 529 679 197 475 1098 750 611 176 44 702 1159 671 665 > 1175
 610 376 617 516 1116 950 397 575 565 413 352 357 79 28 814 55 112 53 240 1074 417 1 215 677 627 1077 826 20 116 990 649 403 882 818 934 820 163 629 167 969 1082 461 394 780 824 87 358 748 966 899 551 144 217 100 420 > 1172
 1074 1002 29 483 1127 930 620 855 1041 1051 296 874 663 507 1120 372 50 756 834 163 231 172 717 452 60 254 527 949 813 1018 866 473 152 1110 446 1046 632 503 460 739 845 463 1096 499 317 465 33 139 1027 947 295 783 1102 1137 > 1171
 581 629 172 215 313 1180 867 520 536 222 223 868 105 835 198 279 967 1122 147 900 969 631 52 679 1176 339 598 495 865 733 356 880 547 731 430 660 669 913 633 996 425 898 168 1064 326 97 305 746 45 797 113 1007 703 653 > 1168
 915 380 713 17 452 1077 976 749 159 150 43 1036 522 740 174 467 332 758 633 588 1086 394 12 781 1098 973 1138 1014 549 983 918 821 799 745 261 390 652 721 474 848 434 325 3 808 5 932 1072 941 250 1092 259 833 764 > 1165
 147 460 985 717 677 51 281 448 81 16 208 242 381 995 972 1003 669 380 1029 739 1082 449 506 197 741 723 0 26 1052 125 355 1103 692 1058 915 758 294 128 92 997 1160 422 492 228 288 991 151 800 1095 344 534 897 19 > 1167
 567 390 294 588 845 449 679 407 1130 949 116 984 903 1021 345 206 318 237 256 4 121 42 721 1166 997 168 314 489 317 358 811 707 44 699 532 435 999 260 893 927 951 75 561 556 526 864 514 389 988 266 187 1129 204 200 1039 1075 896 > 1161
 1114 48 42 690 425 115 394 284 598 876 866 403 186 329 271 298 102 1061 327 951 504 623 366 434 185 492 97 141 906 139 899 299 555 671 943 447 908 262 539 772 41 1152 584 1026 564 101 604 438 1034 839 1085 537 374 451 582 > 1158
 261 758 1125 739 631 529 593 254 826 71 66 369 84 194 1032 1042 613 977 1053 878 390 454 128 425 1062 349 1096 824 482 881 611 602 541 106 205 1010 975 18 567 121 823 480 623 77 871 691 308 137 925 914 1005 728 1101 554 > 1163
 878 1023 633 1170 1082 52 1043 129 527 20 812 244 716 637 1126 1094 846 209 567 1066 652 690 92 898 442 840 499 87 940 176 1148 619 916 684 642 1143 4 48 265 504 937 626 330 234 945 429 687 711 657 354 289 491 319 650 > 1162
 1061 927 823 721 92 1062 463 12 475 741 495 1123 718 473 882 1084 1135 922 714 908 607 1076 75 937 77 1054 325 831 228 305 747 879 1027 551 982 297 497 58 601 939 226 778 719 734 767 1030 278 496 46 135 786 1132 1128 954 433 > 1157
 886 262 1076 504 518 505 168 840 824 971 973 885 26 356 1071 450 446 78 1038 562 601 772 616 568 526 234 124 5 1100 151 45 282 981 783 100 668 155 606 1045 842 91 1009 94 169 850 423 742 384 545 133 585 784 203 757 47 > 1154
 1038 58 729 75 623 848 1160 314 499 482 750 1138 188 1052 880 70 211 1046 820 668 1105 939 41 498 93 864 945 691 127 932 1070 800 797 7 359 1102 542 635 938 573 553 946 706 1048 255 673 56 618 667 1182 957 1024 851 1013 > 1153
 497 607 951 480 474 997 442 1096 1104 1098 513 0 733 229 1088 1110 934 695 886 58 539 31 664 556 330 119 808 192 991 1134 558 295 217 726 1038 1105 640 409 762 89 1099 472 459 350 1079 1192 533 576 424 437 1033 292 268 612 > 1155
 908 327 265 776 1166 898 349 780 781 274 723 865 858 375 152 818 426 958 497 262 729 917 561 626 871 559 3 1146 288 746 249 645 947 144 23 886 562 792 487 267 1142 870 1031 1133 791 535 385 290 270 146 720 27 134 > 1156
 307 8 528 938 762 778 563 864 808 288 747 139 634 702 532 684 975 441 887 630 1087 877 142 373 589 706 169 350 791 496 1034 771 873 200 491 1101 245 1108 346 794 1196 974 894 462 524 832 469 479 992 948 162 1118 112 904 1122 570 > 1145
 805 1095 591 561 253 403 897 617 864 817 117 > 725
 542 1105 601 31 561 77 434 422 370 317 940 611 1164 549 276 355 731 998 277 453 606 409 487 778 584 432 837 389 429 137 364 941 600 344 1007 220 525 528 83 199 373 104 166 243 1073 224 457 300 398 401 1049 183 766 828 287 > 1151
 1141 735 210 142 443 1009 870 564 180 429 36 1070 45 558 144 297 943 21 57 322 798 1196 303 202 38 458 1097 224 123 56 545 424 1128 451 214 393 207 323 464 378 1047 775 412 530 410 404 1020 190 1120 777 972 174 1053 416 > 1140
 878 915 581 1074 755 149 196 1078 560 761 965 > 751
 860 346 264 1017 373 946 472 767 988 137 1072 800 282 295 23 447 214 803 391 622 311 974 257 179 552 705 457 994 618 133 437 146 954 212 1022 978 888 960 1028 37 924 126 221 236 175 809 28 402 198 647 953 209 273 > 1139
 845 354 930 414 608 694 759 209 180 481 358 > 219
 1028 402 128 151 1063 90 709 537 494 403 > 540
 610 605 381 223 670 970 29 647 242 222 436 1002 467 580 208 628 291 1074 174 944 16 536 1055 890 931 740 704 520 193 417 382 522 383 81 867 444 > 338
 393 1112 1094 1059 791 165 51 992 1064 1036 439 459 1103 291 577 1102 997 868 502 870 880 614 54 981 690 296 724 89 858 160 1080 947 390 869 537 1045 583 53 655 > 157
 810 600 819 596 985 603 558 1097 1093 1002 > 158
 718 803 784 874 679 1105 730 621 666 915 > 22
 360 525 635 409 226 498 526 3 228 141 33 599 44 619 205 676 799 165 348 8 83 955 553 1009 472 1031 1030 604 353 387 1129 354 728 1124 833 307 630 597 264 590 654 202 806 1025 980 961 849 238 96 595 324 53 639 1068 > 1147
 453 155 772 664 626 1054 185 326 405 358 602 517 983 1103 430 603 130 635 1045 762 267 719 1026 830 180 988 687 925 572 250 730 534 703 807 509 321 142 578 510 863 912 1097 705 486 415 395 63 310 986 1107 > 1150
 887 727 609 842 267 584 709 945 124 192 746 879 899 511 64 435 642 18 245 108 597 210 1017 578 104 956 850 1079 535 46 839 335 1189 1039 319 1035 735 109 798 311 32 195 933 1119 49 577 770 15 802 936 50 815 1003 103 > 1144
 1141 > 1205 > 1203 829 > 1203 > 1201 1035 > 1201 > 1200 245 > 1202 > 1200 887 > 1204 > 1202 307 > 1206 > 1204 348 > 1208 > 1205 360 > 1205 > 1203 807 > 1203 > 1201 > 1201 > 1200 453 > 1202 > 1200 542 > 1204 > 1202 668 > 1206 > 1203 1038 > 1203 > 1201 886 > 1201 > 1200 497 > 1202 > 1200 908 > 1204 > 1201 1061 > 1201 > 1200 1114 > 1202 > 1201 893 > 1203 > 1200 4 > 1201 > 1200 567 > 1202 > 1200 878 > 1205 > 1202 261 > 1203 > 1201 332 > 1201 > 1200 915 > 1202 > 1200 669 > 1204 > 1202 147 > 1207 > 1204 581 > 1205 > 1203 503 > 1203 > 1201 163 > 1201 > 1200 1074 > 1202 > 1200 610 > 1204 > 1202 181 > 1206 > 1204 755 > 1209 > 1205 341 > 1205 > 1203 1113 > 1203 > 1201 149 > 1201 > 1200 110 > 1202 > 1200 685 > 1204 > 1202 196 > 1206 > 1203 371 > 1203 > 1201 698 > 1201 > 1200 1078 > 1202 > 1200 557 > 1204 > 1201 910 > 1201 > 1200 560 > 1202 > 1201 531 > 1203 > 1200 658 > 1201 > 1200 761 > 1202 > 1200 710 > 1205 > 1202 1063 > 1203 > 1201 965 > 1201 > 1200 320 > 1202 > 1200 979 > 1204 > 1202 241 > 1207 > 1203 883 > 1203 > 1201 853 > 1201 > 1200 212 > 1202 > 1200 214 > 1204 > 1201 860 > 1201 > 1200 735 > 1202 > 1201 1108 > 1203 > 1200 108 > 1201 > 1200 630 > 1202 > 1200 727 > 1205 > 1201 8 > 1201 > 1200 509 > 1202 > 1201 525 > 1203 > 1202 130 > 1204 > 1200 > 1201 > 1200 155 > 1202 > 1201 1105 > 1203 > 1200 562 > 1201 > 1200 58 > 1202 > 1200 262 > 1206 > 1202 607 > 1203 > 1201 327 > 1201 > 1200 927 > 1202 > 1200 48 > 1204 > 1201 121 > 1201 > 1200 1066 > 1202 > 1201 390 > 1203 > 1200 1023 > 1201 > 1200 758 > 1202 > 1200 913 > 1205 > 1202 380 > 1203 > 1201 900 > 1201 > 1200 460 > 1202 > 1200 629 > 1204 > 1202 231 > 1208 > 1204 417 > 1205 > 1203 1002 > 1203 > 1201 376 > 1201 > 1200 614 > 1202 > 1200 822 > 1204 > 1202 722 > 1206 > 1203 769 > 1203 > 1201 624 > 1201 > 1200 309 > 1202 > 1200 177 > 1204 > 1201 14 > 1201 > 1200 173 > 1202 > 1201 1012 > 1203 > 1200 785 > 1201 > 1200 213 > 1202 > 1200 439 > 1205 > 1202 98 > 1203 > 1201 > 1201 > 1200 316 > 1202 > 1200 95 > 1204 > 1202 2 > 1207 > 1204 351 > 1205 > 1203 847 > 1203 > 1201 > 1201 > 1200 774 > 1202 > 1200 258 > 1204 > 1202 1022 > 1206 > 1204 393 > 1210 > 1205 803 > 1205 > 1203 57 > 1203 > 1201 346 > 1201 > 1200 > 1202 > 1200 597 > 1204 > 1202 1087 > 1206 > 1203 476 > 1203 > 1201 > 1201 > 1200 528 > 1202 > 1200 1149 > 1204 > 1201 635 > 1201 > 1200 606 > 1202 > 1201 640 > 1203 > 1200 > 1201 > 1200 601 > 1202 > 1200 539 > 1205 > 1202 729 > 1203 > 1201 1076 > 1201 > 1200 951 > 1202 > 1200 265 > 1204 > 1202 823 > 1207 > 1203 42 > 1203 > 1201 652 > 1201 > 1200 454 > 1202 > 1200 294 > 1204 > 1201 633 > 1201 > 1200 1125 > 1202 > 1201 1029 > 1203 > 1200 > 1201 > 1200 167 > 1202 > 1200 985 > 1205 > 1201 172 > 1201 > 1200 1 > 1202 > 1201 890 > 1203 > 1202 29 > 1204 > 1200 617 > 1201 > 1200 13 > 1202 > 1201 743 > 1203 > 1200 485 > 1201 > 1200 30 > 1202 > 1200 392 > 1206 > 1202 875 > 1203 > 1201 768 > 1201 > 1200 120 > 1202 > 1200 712 > 1204 > 1201 662 > 1201 > 1200 161 > 1202 > 1201 594 > 1203 > 1200 421 > 1201 > 1200 154 > 1202 > 1200 328 > 1205 > 1202 1008 > 1203 > 1201 737 > 1201 > 1200 683 > 1202 > 1200 156 > 1204 > 1202 1083 > 1208 > 1203 189 > 1203 > 1201 978 > 1201 > 1200 207 > 1202 > 1200 795 > 1204 > 1201 391 > 1201 > 1200 322 > 1202 > 1201 109 > 1203 > 1200 264 > 1201 > 1200 210 > 1202 > 1200 877 > 1205 > 1201 321 > 1201 > 1200 83 > 1202 > 1201 609 > 1203 > 1202 938 > 1204 > 1200 1045 > 1201 > 1200 409 > 1202 > 1201 792 > 1203 > 1200 939 > 1201 > 1200 772 > 1202 > 1200 31 > 1206 > 1201 917 > 1201 > 1200 75 > 1202 > 1201 504 > 1203 > 1202 480 > 1204 > 1203 776 > 1205 > 1200 721 > 1201 > 1200 690 > 1202 > 1201 128 > 1203 > 1202 996 > 1204 > 1200 588 > 1201 > 1200 1170 > 1202 > 1201 739 > 1203 > 1200 969 > 1201 > 1200 713 > 1202 > 1200 752 > 1207 > 1202 717 > 1203 > 1201 215 > 1201 > 1200 444 > 1202 > 1200 291 > 1204 > 1201 483 > 1201 > 1200 516 > 1202 > 1201 306 > 1203 > 1200 9 > 1201 > 1200 478 > 1202 > 1200 921 > 1205 > 1201 952 > 1201 > 1200 > 1202 > 1201 233 > 1203 > 1202 963 > 1204 > 1200 145 > 1201 > 1200 1059 > 1202 > 1201 191 > 1203 > 1200 34 > 1201 > 1200 86 > 1202 > 1200 263 > 1206 > 1202 286 > 1203 > 1201 587 > 1201 > 1200 574 > 1202 > 1200 440 > 1204 > 1201 301 > 1201 > 1200 888 > 1202 > 1201 323 > 1203 > 1200 942 > 1201 > 1200 1199 > 1202 > 1200 622 > 1205 > 1202 798 > 1203 > 1201 794 > 1201 > 1200 1015 > 1202 > 1200 1017 > 1204 > 1202 142 > 1209 > 1204 199 > 1205 > 1203 955 > 1203 > 1201 573 > 1201 > 1200 842 > 1202 > 1200 762 > 1204 > 1202 487 > 1206 > 1203 226 > 1203 > 1201 41 > 1201 > 1200 616 > 1202 > 1200 664 > 1204 > 1201 561 > 1201 > 1200 937 > 1202 > 1201 623 > 1203 > 1200 518 > 1201 > 1200 474 > 1202 > 1200 1166 > 1205 > 1202 92 > 1203 > 1201 425 > 1201 > 1200 493 > 1202 > 1200 1086 > 1204 > 1202 845 > 1207 > 1203 1082 > 1203 > 1201 631 > 1201 > 1200 968 > 1202 > 1200 17 > 1204 > 1201 > 1201 > 1200 677 > 1202 > 1201 313 > 1203 > 1200 193 > 1201 > 1200 436 > 1202 > 1200 1127 > 1205 > 1201 1116 > 1201 > 1200 919 > 1202 > 1201 40 > 1203 > 1202 993 > 1204 > 1200 494 > 1201 > 1200 696 > 1202 > 1201 521 > 1203 > 1200 118 > 1201 > 1200 368 > 1202 > 1200 859 > 1206 > 1202 138 > 1203 > 1201 793 > 1201 > 1200 388 > 1202 > 1200 765 > 1204 > 1201 1019 > 1201 > 1200 62 > 1202 > 1201 523 > 1203 > 1200 178 > 1201 > 1200 960 > 1202 > 1200 464 > 1205 > 1202 655 > 1203 > 1201 790 > 1201 > 1200 153 > 1202 > 1200 311 > 1204 > 1202 1196 > 1208 > 1204 > 1205 > 1203 590 > 1203 > 1201 825 > 1201 > 1200 373 > 1202 > 1200 443 > 1204 > 1202 553 > 1206 > 1203 91 > 1203 > 1201 89 > 1201 > 1200 267 > 1202 > 1200 778 > 1204 > 1201 1152 > 1201 > 1200 498 > 1202 > 1201 568 > 1203 > 1200 556 > 1201 > 1200 626 > 1202 > 1200 77 > 1205 > 1202 366 > 1203 > 1201 848 > 1201 > 1200 505 > 1202 > 1200 997 > 1204 > 1202 898 > 1207 > 1204 1062 > 1205 > 1203 115 > 1203 > 1201 > 1201 > 1200 461 > 1202 > 1200 449 > 1204 > 1202 52 > 1206 > 1204 529 > 1211 > 1205 11 > 1205 > 1203 452 > 1203 > 1201 627 > 1201 > 1200 51 > 1202 > 1200 1180 > 1204 > 1202 1055 > 1206 > 1203 970 > 1203 > 1201 930 > 1201 > 1200 950 > 1202 > 1200 1006 > 1204 > 1201 546 > 1201 > 1200 666 > 1202 > 1201 386 > 1203 > 1200 74 > 1201 > 1200 928 > 1202 > 1200 959 > 1205 > 1202 512 > 1203 > 1201 1093 > 1201 > 1200 500 > 1202 > 1200 884 > 1204 > 1202 400 > 1207 > 1203 315 > 1203 > 1201 337 > 1201 > 1200 592 > 1202 > 1200 1028 > 1204 > 1201 378 > 1201 > 1200 1040 > 1202 > 1201 796 > 1203 > 1200 361 > 1201 > 1200 32 > 1202 > 1200 974 > 1205 > 1201 303 > 1201 > 1200 654 > 1202 > 1201 736 > 1203 > 1202 801 > 1204 > 1200 578 > 1201 > 1200 946 > 1202 > 1201 1009 > 1203 > 1200 1099 > 1201 > 1200 1142 > 1202 > 1200 719 > 1206 > 1202 584 > 1203 > 1201 563 > 1201 > 1200 93 > 1202 > 1200 526 > 1204 > 1201 330 > 1201 > 1200 871 > 1202 > 1201 1054 > 1203 > 1200 434 > 1201 > 1200 857 > 1202 > 1200 1160 > 1205 > 1202 168 > 1203 > 1201 442 > 1201 > 1200 349 > 1202 > 1200 463 > 1204 > 1202 394 > 1208 > 1203 738 > 1203 > 1201 506 > 1201 > 1200 679 > 1202 > 1200 1043 > 1204 > 1201 593 > 1201 > 1200 60 > 1202 > 1201 1077 > 1203 > 1200 636 > 1201 > 1200 > 1202 > 1200 867 > 1205 > 1201 628 > 1201 > 1200 > 1202 > 1201 620 > 1203 > 1202 397 > 1204 > 1200 428 > 1201 > 1200 114 > 1202 > 1201 6 > 1203 > 1200 > 1201 > 1200 596 > 1202 > 1200 > 1206 > 1201 1000 > 1201 > 1200 708 > 1202 > 1201 608 > 1203 > 1202 856 > 1204 > 1203 227 > 1205 > 1200 651 > 1201 > 1200 909 > 1202 > 1201 37 > 1203 > 1202 1047 > 1204 > 1200 732 > 1201 > 1200 1080 > 1202 > 1201 935 > 1203 > 1200 195 > 1201 > 1200 894 > 1202 > 1200 257 > 1207 > 1202 202 > 1203 > 1201 367 > 1201 > 1200 122 > 1202 > 1200 510 > 1204 > 1201 104 > 1201 > 1200 589 > 1202 > 1201 472 > 1203 > 1200 870 > 1201 > 1200 734 > 1202 > 1200 1026 > 1205 > 1201 432 > 1201 > 1200 709 > 1202 > 1201 864 > 1203 > 1202 234 > 1204 > 1200 > 1201 > 1200 559 > 1202 > 1201 325 > 1203 > 1200 185 > 1201 > 1200 422 > 1202 > 1200 1064 > 1206 > 1202 314 > 1203 > 1201 840 > 1201 > 1200 1096 > 1202 > 1200 780 > 1204 > 1201 12 > 1201 > 1200 284 > 1202 > 1201 197 > 1203 > 1200 1176 > 1201 > 1200 407 > 1202 > 1200 129 > 1205 > 1202 254 > 1203 > 1201 > 1201 > 1200 > 1202 > 1200 225 > 1204 > 1202 281 > 1209 > 1203 520 > 1203 > 1201 > 1201 > 1200 508 > 1202 > 1200 855 > 1204 > 1201 575 > 1201 > 1200 987 > 1202 > 1201 763 > 1203 > 1200 891 > 1201 > 1200 377 > 1202 > 1200 427 > 1205 > 1201 72 > 1201 > 1200 1050 > 1202 > 1201 675 > 1203 > 1202 779 > 1204 > 1200 678 > 1201 > 1200 > 1202 > 1201 924 > 1203 > 1200 775 > 1201 > 1200 1067 > 1202 > 1200 1016 > 1206 > 1201 379 > 1201 > 1200 933 > 1202 > 1201 462 > 1203 > 1202 759 > 1204 > 1203 > 1205 > 1200 38 > 1201 > 1200 682 > 1202 > 1201 863 > 1203 > 1202 166 > 1204 > 1200 956 > 1201 > 1200 706 > 1202 > 1201 94 > 1203 > 1200 767 > 1201 > 1200 564 > 1202 > 1200 830 > 1207 > 1201 837 > 1201 > 1200 514 > 1202 > 1201 945 > 1203 > 1202 > 1204 > 1203 119 > 1205 > 1204 3 > 1206 > 1200 831 > 1201 > 1200 492 > 1202 > 1201 326 > 1203 > 1202 370 > 1204 > 1203 489 > 1205 > 1200 499 > 1201 > 1200 824 > 1202 > 1201 1104 > 1203 > 1202 781 > 1204 > 1200 475 > 1201 > 1200 > 1202 > 1201 339 > 1203 > 1200 1109 > 1201 > 1200 1130 > 1202 > 1200 527 > 1208 > 1202 826 > 1203 > 1201 170 > 1201 > 1200 976 > 1202 > 1200 700 > 1204 > 1201 448 > 1201 > 1200 536 > 1202 > 1201 670 > 1203 > 1200 140 > 1201 > 1200 1041 > 1202 > 1200 565 > 1205 > 1201 80 > 1201 > 1200 869 > 1202 > 1201 661 > 1203 > 1202 566 > 1204 > 1200 468 > 1201 > 1200 962 > 1202 > 1201 1197 > 1203 > 1200 235 > 1201 > 1200 275 > 1202 > 1200 126 > 1206 > 1201 412 > 1201 > 1200 164 > 1202 > 1201 253 > 1203 > 1202 54 > 1204 > 1203 1119 > 1205 > 1200 524 > 1201 > 1200 788 > 1202 > 1201 806 > 1203 > 1202 179 > 1204 > 1200 458 > 1201 > 1200 912 > 1202 > 1201 243 > 1203 > 1200 544 > 1201 > 1200 > 1202 > 1200 169 > 1207 > 1202 459 > 1203 > 1201 1031 > 1201 > 1200 > 1202 > 1200 180 > 1204 > 1201 389 > 1201 > 1200 > 1202 > 1201 691 > 1203 > 1200 124 > 1201 > 1200 808 > 1202 > 1200 1146 > 1205 > 1201 228 > 1201 > 1200 97 > 1202 > 1201 1112 > 1203 > 1202 405 > 1204 > 1200 317 > 1201 > 1200 87 > 1202 > 1201 482 > 1203 > 1200 971 > 1201 > 1200 1098 > 1202 > 1200 274 > 1206 > 1202 741 > 1203 > 1201 598 > 1201 > 1200 816 > 1202 > 1200 643 > 1204 > 1201 949 > 1201 > 1200 20 > 1202 > 1201 71 > 1203 > 1200 697 > 1201 > 1200 749 > 1202 > 1200 688 > 1205 > 1202 81 > 1203 > 1201 > 1201 > 1200 501 > 1202 > 1200 929 > 1204 > 1202 1051 > 1210 > 1204 413 > 1205 > 1203 90 > 1203 > 1201 25 > 1201 > 1200 251 > 1202 > 1200 246 > 1204 > 1202 304 > 1206 > 1203 852 > 1203 > 1201 333 > 1201 > 1200 221 > 1202 > 1200 530 > 1204 > 1201 466 > 1201 > 1200 836 > 1202 > 1201 456 > 1203 > 1200 49 > 1201 > 1200 832 > 1202 > 1200 477 > 1205 > 1202 1025 > 1203 > 1201 550 > 1201 > 1200 552 > 1202 > 1200 1097 > 1204 > 1202 1073 > 1207 > 1203 861 > 1203 > 1201 1048 > 1201 > 1200 850 > 1202 > 1200 350 > 1204 > 1201 1133 > 1201 > 1200 1030 > 1202 > 1201 101 > 1203 > 1200 988 > 1201 > 1200 429 > 1202 > 1200 308 > 1205 > 1201 127 > 1201 > 1200 5 > 1202 > 1201 192 > 1203 > 1202 288 > 1204 > 1200 305 > 1201 > 1200 141 > 1202 > 1201 39 > 1203 > 1200 465 > 1201 > 1200 358 > 1202 > 1200 940 > 1206 > 1202 881 > 1203 > 1201 750 > 1201 > 1200 973 > 1202 > 1200 513 > 1204 > 1201 723 > 1201 > 1200 495 > 1202 > 1201 > 1203 > 1200 583 > 1201 > 1200 813 > 1202 > 1200 116 > 1205 > 1202 812 > 1203 > 1201 66 > 1201 > 1200 805 > 1202 > 1200 159 > 1204 > 1202 418 > 1208 > 1203 > 1203 > 1201 222 > 1201 > 1200 1106 > 1202 > 1200 827 > 1204 > 1201 296 > 1201 > 1200 352 > 1202 > 1201 1195 > 1203 > 1200 579 > 1201 > 1200 69 > 1202 > 1200 > 1205 > 1201 548 > 1201 > 1200 236 > 1202 > 1201 410 > 1203 > 1202 248 > 1204 > 1200 419 > 1201 > 1200 488 > 1202 > 1201 577 > 1203 > 1200 469 > 1201 > 1200 621 > 1202 > 1200 980 > 1206 > 1201 819 > 1201 > 1200 82 > 1202 > 1201 705 > 1203 > 1202 224 > 1204 > 1203 923 > 1205 > 1200 255 > 1201 > 1200 423 > 1202 > 1201 1079 > 1203 > 1202 791 > 1204 > 1200 278 > 1201 > 1200 604 > 1202 > 1201 > 1203 > 1200 > 1201 > 1200 137 > 1202 > 1200 36 > 1207 > 1202 932 > 1203 > 1201 1100 > 1201 > 1200 991 > 1202 > 1200 746 > 1204 > 1201 747 > 1201 > 1200 906 > 1202 > 1201 33 > 1203 > 1200 748 > 1201 > 1200 811 > 1202 > 1200 > 1205 > 1201 611 > 1201 > 1200 406 > 1202 > 1201 1138 > 1203 > 1202 885 > 1204 > 1200 0 > 1201 > 1200 865 > 1202 > 1201 1123 > 1203 > 1200 876 > 1201 > 1200 1018 > 1202 > 1200 990 > 1206 > 1202 984 > 1203 > 1201 244 > 1201 > 1200 369 > 1202 > 1200 1001 > 1204 > 1201 > 1201 > 1200 > 1202 > 1201 16 > 1203 > 1200 223 > 1201 > 1200 362 > 1202 > 1200 920 > 1205 > 1202 874 > 1203 > 1201 357 > 1201 > 1200 340 > 1202 > 1200 625 > 1204 > 1202 644 > 1209 > 1204 175 > 1205 > 1203 404 > 1203 > 1201 911 > 1201 > 1200 817 > 1202 > 1200 283 > 1204 > 1202 770 > 1206 > 1203 479 > 1203 > 1201 230 > 1201 > 1200 961 > 1202 > 1200 85 > 1204 > 1201 701 > 1201 > 1200 > 1202 > 1201 457 > 1203 > 1200 123 > 1201 > 1200 673 > 1202 > 1200 742 > 1205 > 1202 1192 > 1203 > 1201 535 > 1201 > 1200 496 > 1202 > 1200 438 > 1204 > 1202 353 > 1207 > 1203 > 1203 > 1201 266 > 1201 > 1200 687 > 1202 > 1200 1072 > 1204 > 1201 1070 > 1201 > 1200 151 > 1202 > 1201 > 1203 > 1200 249 > 1201 > 1200 879 > 1202 > 1200 139 > 1205 > 1201 966 > 1201 > 1200 599 > 1202 > 1201 707 > 1203 > 1202 176 > 1204 > 1200 602 > 1201 > 1200 1164 > 1202 > 1201 1014 > 1203 > 1200 188 > 1201 > 1200 26 > 1202 > 1200 733 > 1206 > 1202 858 > 1203 > 1201 718 > 1201 > 1200 866 > 1202 > 1200 649 > 1204 > 1201 73 > 1201 > 1200 903 > 1202 > 1201 716 > 1203 > 1200 84 > 1201 > 1200 838 > 1202 > 1200 150 > 1205 > 1202 383 > 1203 > 1201 208 > 1201 > 1200 868 > 1202 > 1200 343 > 1204 > 1202 331 > 1208 > 1204 663 > 1205 > 1203 79 > 1203 > 1201 689 > 1201 > 1200 809 > 1202 > 1200 1020 > 1204 > 1202 571 > 1206 > 1203 68 > 1203 > 1201 201 > 1201 > 1200 15 > 1202 > 1200 992 > 1204 > 1201 148 > 1201 > 1200 849 > 1202 > 1201 76 > 1203 > 1200 854 > 1201 > 1200 486 > 1202 > 1200 300 > 1205 > 1202 994 > 1203 > 1201 56 > 1201 > 1200 384 > 1202 > 1200 533 > 1204 > 1202 385 > 1207 > 1204 46 > 1205 > 1203 1034 > 1203 > 1201 445 > 1201 > 1200 387 > 1202 > 1200 187 > 1204 > 1202 711 > 1206 > 1204 925 > 1212 > 1205 364 > 1205 > 1203 800 > 1203 > 1201 45 > 1201 > 1200 1134 > 1202 > 1200 645 > 1204 > 1202 1027 > 1206 > 1203 899 > 1203 > 1201 634 > 1201 > 1200 285 > 1202 > 1200 44 > 1204 > 1201 1148 > 1201 > 1200 541 > 1202 > 1201 517 > 1203 > 1200 549 > 1201 > 1200 1121 > 1202 > 1200 1052 > 1205 > 1202 356 > 1203 > 1201 229 > 1201 > 1200 375 > 1202 > 1200 473 > 1204 > 1202 403 > 1207 > 1203 216 > 1203 > 1201 926 > 1201 > 1200 1021 > 1202 > 1200 > 1204 > 1201 194 > 1201 > 1200 843 > 1202 > 1201 43 > 1203 > 1200 704 > 1201 > 1200 242 > 1202 > 1200 105 > 1205 > 1201 1115 > 1201 > 1200 363 > 1202 > 1201 507 > 1203 > 1202 28 > 1204 > 1200 190 > 1201 > 1200 615 > 1202 > 1201 892 > 1203 > 1200 648 > 1201 > 1200 802 > 1202 > 1200 948 > 1206 > 1202 88 > 1203 > 1201 238 > 1201 > 1200 1037 > 1202 > 1200 59 > 1204 > 1201 415 > 1201 > 1200 398 > 1202 > 1201 408 > 1203 > 1200 618 > 1201 > 1200 545 > 1202 > 1200 576 > 1205 > 1202 290 > 1203 > 1201 135 > 1201 > 1200 839 > 1202 > 1200 771 > 1204 > 1202 586 > 1208 > 1203 1129 > 1203 > 1201 657 > 1201 > 1200 914 > 1202 > 1200 572 > 1204 > 1201 941 > 1201 > 1200 131 > 1202 > 1201 282 > 1203 > 1200 558 > 1201 > 1200 947 > 1202 > 1200 551 > 1205 > 1201 299 > 1201 > 1200 511 > 1202 > 1201 702 > 1203 > 1202 699 > 1204 > 1200 619 > 1201 > 1200 106 > 1202 > 1201 1090 > 1203 > 1200 983 > 1201 > 1200 276 > 1202 > 1200 125 > 1206 > 1201 880 > 1201 > 1200 1071 > 1202 > 1201 1088 > 1203 > 1202 152 > 1204 > 1203 882 > 1205 > 1200 186 > 1201 > 1200 754 > 1202 > 1201 989 > 1203 > 1202 345 > 1204 > 1200 637 > 1201 > 1200 1032 > 1202 > 1201 686 > 1203 > 1200 1036 > 1201 > 1200 944 > 1202 > 1200 381 > 1207 > 1202 835 > 1203 > 1201 1044 > 1201 > 1200 402 > 1202 > 1200 1120 > 1204 > 1201 814 > 1201 > 1200 543 > 1202 > 1201 638 > 1203 > 1200 936 > 1201 > 1200 162 > 1202 > 1200 1117 > 1205 > 1201 96 > 1201 > 1200 > 1202 > 1201 280 > 1203 > 1202 395 > 1204 > 1200 401 > 1201 > 1200 693 > 1202 > 1201 667 > 1203 > 1200 133 > 1201 > 1200 424 > 1202 > 1200 270 > 1206 > 1202 786 > 1203 > 1201 1085 > 1201 > 1200 335 > 1202 > 1200 873 > 1204 > 1201 204 > 1201 > 1200 354 > 1202 > 1201 1005 > 1203 > 1200 184 > 1201 > 1200 250 > 1202 > 1200 600 > 1205 > 1202 1095 > 1203 > 1201 797 > 1201 > 1200 295 > 1202 > 1200 144 > 1204 > 1202 982 > 1209 > 1203 555 > 1203 > 1201 1159 > 1201 > 1200 64 > 1202 > 1200 532 > 1204 > 1201 916 > 1201 > 1200 205 > 1202 > 1201 538 > 1203 > 1200 918 > 1201 > 1200 > 1202 > 1200 355 > 1205 > 1201 547 > 1201 > 1200 70 > 1202 > 1201 450 > 1203 > 1202 1110 > 1204 > 1200 818 > 1201 > 1200 1084 > 1202 > 1201 329 > 1203 > 1200 471 > 1201 > 1200 312 > 1202 > 1200 206 > 1206 > 1201 1126 > 1201 > 1200 1042 > 1202 > 1201 641 > 1203 > 1202 522 > 1204 > 1203 580 > 1205 > 1200 995 > 1201 > 1200 198 > 1202 > 1201 777 > 1203 > 1202 872 > 1204 > 1200 372 > 1201 > 1200 55 > 1202 > 1201 > 1203 > 1200 1118 > 1201 > 1200 1011 > 1202 > 1200 595 > 1207 > 1201 293 > 1201 > 1200 744 > 1202 > 1201 63 > 1203 > 1202 1049 > 1204 > 1203 111 > 1205 > 1204 1182 > 1206 > 1200 585 > 1201 > 1200 437 > 1202 > 1201 > 1203 > 1202 1132 > 1204 > 1203 537 > 1205 > 1200 99 > 1201 > 1200 1189 > 1202 > 1201 200 > 1203 > 1202 289 > 1204 > 1200 728 > 1201 > 1200 844 > 1202 > 1201 1092 > 1203 > 1200 730 > 1201 > 1200 344 > 1202 > 1200 113 > 1208 > 1202 7 > 1203 > 1201 981 > 1201 > 1200 23 > 1202 > 1200 297 > 1204 > 1201 671 > 1201 > 1200 414 > 1202 > 1201 67 > 1203 > 1200 435 > 1201 > 1200 684 > 1202 > 1200 1010 > 1205 > 1201 676 > 1201 > 1200 821 > 1202 > 1201 272 > 1203 > 1202 1103 > 1204 > 1200 731 > 1201 > 1200 117 > 1202 > 1201 211 > 1203 > 1200 446 > 1201 > 1200 934 > 1202 > 1200 426 > 1206 > 1201 1135 > 1201 > 1200 271 > 1202 > 1201 715 > 1203 > 1202 1069 > 1204 > 1203 318 > 1205 > 1200 1094 > 1201 > 1200 613 > 1202 > 1201 681 > 1203 > 1202 740 > 1204 > 1200 647 > 1201 > 1200 972 > 1202 > 1201 279 > 1203 > 1200 431 > 1201 > 1200 65 > 1202 > 1200 50 > 1207 > 1202 112 > 1203 > 1201 302 > 1201 > 1200 324 > 1202 > 1200 1136 > 1204 > 1201 171 > 1201 > 1200 310 > 1202 > 1201 183 > 1203 > 1200 964 > 1201 > 1200 957 > 1202 > 1200 784 > 1205 > 1201 1033 > 1201 > 1200 146 > 1202 > 1201 1128 > 1203 > 1202 374 > 1204 > 1200 252 > 1201 > 1200 569 > 1202 > 1201 1039 > 1203 > 1200 491 > 1201 > 1200 > 1202 > 1200 1124 > 1206 > 1202 259 > 1203 > 1201 789 > 1201 > 1200 534 > 1202 > 1200 1007 > 1204 > 1201 659 > 1201 > 1200 359 > 1202 > 1201 783 > 1203 > 1200 217 > 1201 > 1200 > 1202 > 1200 943 > 1205 > 1202 753 > 1203 > 1201 680 > 1201 > 1200 999 > 1202 > 1200 642 > 1204 > 1202 975 > 1210 > 1203 1065 > 1203 > 1201 799 > 1201 > 1200 484 > 1202 > 1200 692 > 1204 > 1201 430 > 1201 > 1200 998 > 1202 > 1201 694 > 1203 > 1200 1046 > 1201 > 1200 > 1202 > 1200 695 > 1205 > 1201 > 1201 > 1200 922 > 1202 > 1201 298 > 1203 > 1202 773 > 1204 > 1200 247 > 1201 > 1200 237 > 1202 > 1201 846 > 1203 > 1200 977 > 1201 > 1200 953 > 1202 > 1200 174 > 1206 > 1201 605 > 1201 > 1200 > 1202 > 1201 967 > 1203 > 1202 815 > 1204 > 1203 904 > 1205 > 1200 756 > 1201 > 1200 53 > 1202 > 1201 136 > 1203 > 1202 239 > 1204 > 1200 > 1201 > 1200 766 > 1202 > 1201 901 > 1203 > 1200 1024 > 1201 > 1200 203 > 1202 > 1200 292 > 1207 > 1201 720 > 1201 > 1200 954 > 1202 > 1201 451 > 1203 > 1202 724 > 1204 > 1203 > 1205 > 1204 1075 > 1206 > 1200 319 > 1201 > 1200 1101 > 1202 > 1201 760 > 1203 > 1202 833 > 1204 > 1203 895 > 1205 > 1200 897 > 1201 > 1200 703 > 1202 > 1201 220 > 1203 > 1202 782 > 1204 > 1200 1102 > 1201 > 1200 100 > 1202 > 1201 726 > 1203 > 1200 > 1201 > 1200 447 > 1202 > 1200 21 > 1208 > 1201 470 > 1201 > 1200 260 > 1202 > 1201 1143 > 1203 > 1202 18 > 1204 > 1203 441 > 1205 > 1204 745 > 1206 > 1205 165 > 1207 > 1200 1058 > 1201 > 1200 660 > 1202 > 1201 603 > 1203 > 1202 277 > 1204 > 1203 632 > 1205 > 1204 820 > 1206 > 1200 78 > 1201 > 1200 > 1202 > 1201 958 > 1203 > 1202 714 > 1204 > 1203 102 > 1205 > 1200 182 > 1201 > 1200 656 > 1202 > 1201 256 > 1203 > 1202 209 > 1204 > 1200 1053 > 1201 > 1200 382 > 1202 > 1201 467 > 1203 > 1200 490 > 1201 > 1200 1003 > 1202 > 1200 1122 > 1209 > 1202 902 > 1203 > 1201 639 > 1201 > 1200 834 > 1202 > 1200 240 > 1204 > 1201 986 > 1201 > 1200 828 > 1202 > 1201 10 > 1203 > 1200 851 > 1201 > 1200 757 > 1202 > 1200 268 > 1205 > 1201 27 > 1201 > 1200 273 > 1202 > 1201 416 > 1203 > 1202 1091 > 1204 > 1200 907 > 1201 > 1200 269 > 1202 > 1201 103 > 1203 > 1200 570 > 1201 > 1200 342 > 1202 > 1200 1068 > 1206 > 1201 862 > 1201 > 1200 > 1202 > 1201 1107 > 1203 > 1202 287 > 1204 > 1203 > 1205 > 1200 1013 > 1201 > 1200 47 > 1202 > 1201 612 > 1203 > 1202 134 > 1204 > 1200 433 > 1201 > 1200 582 > 1202 > 1201 411 > 1203 > 1200 1111 > 1201 > 1200 896 > 1202 > 1200 650 > 1207 > 1201 554 > 1201 > 1200 674 > 1202 > 1201 764 > 1203 > 1202 810 > 1204 > 1203 19 > 1205 > 1204 653 > 1206 > 1200 1169 > 1201 > 1200 1060 > 1202 > 1201 1137 > 1203 > 1202 420 > 1204 > 1203 399 > 1205 > 1200 889 > 1201 > 1200 665 > 1202 > 1201 646 > 1203 > 1202 1131 > 1204 > 1200 24 > 1201 > 1200 672 > 1202 > 1201 841 > 1203 > 1200 347 > 1201 > 1200 1081 > 1202 > 1200 905 > 1208 > 1202 931 > 1203 > 1201 > 1201 > 1200 336 > 1202 > 1200 232 > 1204 > 1201 365 > 1201 > 1200 160 > 1202 > 1201 1190 > 1203 > 1200 591 > 1201 > 1200 481 > 1202 > 1200 334 > 1205 > 1201 1194 > 1201 > 1200 218 > 1202 > 1201 61 > 1203 > 1202 1056 > 1204 > 1200 143 > 1201 > 1200 35 > 1201 > 1203 > 1205 > 1207 > 1210 > 1211 > 1212
 396 > 1200
 502 > 1201
 515 > 1202
 1057 > 1203
 455 > 1204
 1004 > 1205
 132 > 1207
 1089 > 1208
 519 > 1210
 107 > 1211
 804 > 1212

 486 964 1211 1203 1204 1200 1198 1193 1186 1191 1185 1184 1178 1174 1172 1171 1161 1163 1157 1154 725 751 540 158 1147 1150
 47 974 300 143 596 1115 581 1176 125 1211 1209 1208 1206 1205 1203 787 1201 1198 1188 1186 1191 1178 1177 1174 1175 1172 1171 1168 1161 1163 1162 1154 1153 1156 1151 1140 751 1139 219 338 157 22
 823 829 203 1042 44 255 566 506 842 95 1212 1211 1207 1206 1204 1202 1200 1201 1198 1188 1185 1184 1183 1179 1178 1177 1175 1172 1168 1165 1167 1163 1157 1154 1145 725 751 1139 540 338 158 1150 1144
 739 80 1212 1210 1209 1208 1207 1205 1204 1202 1200 1193 1188 1186 1185 1184 1183 1178 1173 1177 1174 1175 1171 1168 1165 1167 1161 1163 1162 1157 1154 1156 725 1151 158 22 1147 1150
 495 1061 358 453 5 245 1133 519 552 1057 836 1211 1210 1207 1205 1203 1202 1188 1184 1183 1179 1178 1181 1177 1175 1172 1167 1161 1163 1157 1155 725 1151 1140 338 22 1144
 628 1062 1212 1211 1210 1208 1207 1206 1202 1201 1193 1185 1184 1183 1179 1181 1174 1175 1171 1168 1167 1158 1162 1153 1155 1156 1145 725 1140 751 219 158 22 1144
 630 938 498 325 317 1138 229 1084 773 347 1210 1208 1207 1203 1202 1200 1191 1187 1185 1183 1179 1178 1175 1172 1168 1165 1167 1163 1155 1156 725 1151 1140 751 219 540 338 157 1150 1144
 229 510 1212 1210 1209 1208 1207 1205 1203 1204 1202 1186 1191 1184 1183 1179 1178 1181 1174 1175 1172 1171 1168 1161 1158 1163 1157 1156 1145 1140 751 1139 219 540 157 1147
 1044 756 196 1212 1211 1209 1208 1205 1203 787 1200 1198 1186 1187 1185 1183 1178 1181 1171 1168 1167 1161 1158 1162 1157 1154 1153 1155 1145 725 1151 1140 219 540 338 22 1150
 992 272 1211 1209 1208 1206 1203 787 1193 1187 1185 1184 1179 1173 1177 1168 1161 725 1140 219 540 338 157 158 1147 1144
 484 1211 1209 1205 1204 787 1188 1191 1187 1179 1178 1181 1173 1172 1171 1165 1167 1161 1158 1157 1154 1155 1145 1151 1139 219 338 157 158 22 1147 1150 1144
 329 1137 1211 1210 1209 1208 1207 1206 1205 1203 1202 787 1193 1186 1191 1185 1184 1183 1179 1181 1173 1174 1172 1171 1165 1167 1162 1153 1155 1145 1140 751 1139 540 338 157 22 1150
 288 687 1212 1211 1207 1205 1204 787 1200 1201 1198 1193 1188 1186 1191 1187 1185 1178 1174 1172 1168 1163 1157 1153 1155 1156 1145 725 1140 1147
 480 769 519 603 1212 1211 1210 1207 1205 1203 1204 1202 787 1200 1201 1198 1193 1188 1186 1191 1187 1183 1179 1178 1173 1177 1175 1158 1162 1151 1140 751 1139 540 1144
 806 1088 502 848 1211 1210 1206 1205 1186 1191 1185 1184 1178 1177 1175 1172 1171 1168 1167 1157 1154 1153 1156 1145 725 1151 751 1139 540 338 158 1144
 633 467 1212 1207 1205 1203 1200 1186 1191 1183 1179 1178 1174 1175 1172 1168 1165 1158 1163 1162 1154 1155 1156 1145 725 751 1139 219 338 157 22 1147 1150 1144
 944 310 1068 8 776 51 72 550 1072 983 318 240 710 210 77 129 90 961 657 684 958 755 421 1196 234 741 223 88 200 21 1114 1 368 195 389 406 194 1118 1035 1209 1208 1206 1203 1204 1202 787 1200 1188 1186 1187 1185 1181 1177 1174 1175 1171 1168 1165 1161 1158 1163 1157 1155 1156 1145 725 1151 751 219 540 157 158 1147 1150
 689 25 6 1211 1210 1209 1206 1203 1204 1202 1200 1201 1188 1191 1187 1184 1183 1178 1173 1165 1158 1153 1155 540 158
 534 177 463 1212 1211 1210 1209 1207 1204 1202 787 1201 1191 1187 1183 1178 1173 1175 1168 1167 1161 1158 1163 1162 1157 1153 1155 1145 725 1151 1139 219 540 338 157 158 22
 398 766 1212 1209 1207 1206 1204 1202 787 1200 1201 1187 1184 1179 1178 1181 1173 1172 1168 1167 1161 1158 1163 1154 1155 1156 1140 751 1139 219 1147 1144
 926 602 1211 1210 1203 1200 1201 1198 1188 1186 1191 1183 1179 1181 1173 1177 1172 1168 1162 1157 1154 1153 1156 1151 219 338 157 22 1147
 850 285 1212 1211 1210 1208 1207 1205 1200 1201 1198 1188 1191 1185 1184 1183 1178 1173 1177 1171 1168 1165 1167 1163 1157 1154 1153 1155 1156 1145 725 1151 1140 1139 219 338 157 158 22 1147 1150 1144
 705 53 1082 1212 1207 1206 1205 1203 1204 1200 1201 1193 1186 1191 1187 1181 1174 1168 1165 1158 1162 1154 1153 1156 1145 1151 219 540 157 1147 1150 1144
 403 960 446 1067 1060 488 729 948 556 324 1211 1210 1209 1207 1206 1200 1198 1191 1187 1185 1183 1179 1181 1173 1177 1174 1171 1167 1161 1157 1154 1153 1155 1156 1145 725 1151 1140 751 1139 219 540 338 157 1147
 445 669 1084 1212 1208 1203 787 1185 1184 1183 1179 1181 1173 1174 1171 1168 1165 1153 1155 1145 1151 1139 219 338 157 22 1150 1144
 119 1030 1212 1211 1209 1207 1206 1204 1200 1198 1188 1186 1191 1177 1174 1172 1168 1161 1162 1157 1154 1153 1145 725 1151 1140 751 338 157 158 1144
 930 1099 397 1209 1208 1206 1205 1204 787 1201 1188 1186 1191 1184 1179 1167 1161 1158 1162 1154 1155 725 1140 751 1139 219 540 22 1150 1144
 427 613 1211 1210 1208 1207 1206 1204 1202 787 1200 1198 1191 1183 1179 1178 1181 1173 1175 1172 1171 1165 1158 1163 1153 1145 725 751 1139 219 540 338 158
 1006 455 1212 1210 1205 1203 1204 1202 1201 1198 1186 1191 1184 1178 1174 1175 1165 1167 1161 1158 1162 1151 1140 751 157 158 22 1150 1144
 1137 897 1210 1209 1206 1204 1201 1198 1193 1188 1186 1187 1185 1183 1179 1172 1171 1168 1165 1161 1154 1155 1145 725 1151 1140 1139 219 540 157 1147 1150
 939 1073 324 739 288 1039 952 583 753 301 1195 1211 1210 1208 1206 1203 1202 787 1198 1193 1191 1185 1184 1183 1179 1181 1177 1175 1172 1171 1168 1167 1161 1158 1162 1157 1153 1156 1145 725 1140 1139 219 338 157 22 1150
 1190 921 1212 1209 1208 1203 1202 1201 1186 1191 1187 1183 1179 1178 1181 1173 1172 1162 1157 1155 725 1140 1139 219 338 157 1144
 376 1077 876 731 1211 1210 1207 1206 1202 1200 1198 1193 1188 1186 1184 1173 1174 1175 1165 1167 1161 1158 1162 1157 1154 1153 1155 1145 1140 751 1139 540 338 158 22 1147
 1104 616 245 1212 1211 1209 1208 1205 1203 1204 1202 1193 1186 1185 1178 1181 1177 1175 1172 1165 1161 1163 1154 1153 158 22 1147 1150 1144
 865 1212 1210 1208 1207 1206 1205 1204 1202 787 1193 1188 1191 1187 1185 1184 1183 1179 1177 1171 1168 1165 1167 1158 1163 1162 1155 1145 725 540 338 157 158 22 1144
 754 741 474 810 1212 1210 1204 1202 787 1198 1188 1186 1191 1185 1179 1178 1181 1173 1174 1175 1168 1165 1162 1157 1154 1153 725 751 1139 338 157 1150
 836 11 8 1209 1206 1202 1200 1193 1188 1185 1184 1179 1181 1173 1177 1172 1168 1165 1167 1163 1162 1157 1153 1145 725 1151 751 1139 540 338 1150
 1064 561 1212 1210 1209 1208 1207 1205 1203 1200 1201 1188 1186 1191 1187 1183 1179 1178 1175 1171 1167 1161 1163 1162 1153 1145 219 158 1147 1150
 357 869 386 875 334 1136 802 410 779 793 1208 1203 1202 1200 1193 1184 1177 1174 1175 1172 1165 1167 1158 1163 1157 1154 1153 1155 1156 1145 1140 751 219 157 158 1144
 1099 460 252 1164 427 321 256 545 87 521 245 1212 1211 1208 1207 1205 1201 1198 1186 1187 1185 1184 1183 1181 1173 1177 1171 1168 1165 1167 1158 1154 1153 1155 1145 725 1151 219 338 157 158 22 1150
 623 475 903 740 1113 368 164 56 259 1212 1210 1206 1205 1203 1204 1202 787 1200 1198 1191 1187 1185 1179 1181 1177 1174 1175 1172 1171 1165 1167 1158 1157 1154 1153 1155 1156 1145 1151 1140 751 219 158 1150
 439 144 1211 1210 1208 1206 1205 1203 1202 787 1201 1198 1191 1187 1183 1181 1173 1177 1175 1172 1171 1157 1153 1155 1156 1151 1140 751 1139 540 158 22
 735 1212 1210 1209 1206 1203 1204 1202 787 1200 1201 1198 1188 1186 1191 1187 1185 1183 1179 1178 1181 1173 1165 1167 1161 1163 1154 1155 1145 725 1139 219 338 158
 746 284 1212 1208 1207 1203 1204 1202 787 1200 1201 1193 1186 1187 1185 1184 1183 1181 1177 1172 1165 1163 1154 1155 1156 1145 1140 751 219 22 1147 1150 1144
 943 463 1211 1210 1208 1206 1203 1202 1200 1201 1184 1181 1174 1171 1161 1158 1163 1154 1153 1156 1145 1140 219 540 157 158 22 1147 1144
 50 440 932 1212 1211 1208 1205 1188 1191 1187 1183 1178 1177 1174 1172 1168 1161 1158 1163 1162 1157 1155 1156 1145 725 751 1139 338 157 158 22 1150
 10 820 1211 1210 1209 1206 1203 1204 1202 787 1200 1186 1191 1187 1183 1179 1178 1173 1174 1175 1172 1168 1161 1162 1157 1154 1153 1151 751 1139 540 338 158 22 1144
 401 133 1212 1209 1208 1206 1205 1203 1202 1201 1198 1193 1187 1185 1184 1179 1174 1172 1168 1161 1158 1153 1155 1140 751 1139 338 157 158 22 1147 1144
 572 791 38 464 1211 1210 1209 1207 1206 1205 1203 1200 1201 1198 1188 1185 1179 1181 1173 1177 1174 1175 1168 1165 1163 1162 1157 1155 725 1140 219 157 158 22 1150 1144
 88 850 1054 1209 1208 1207 1206 1205 1203 1204 1202 1193 1184 1183 1179 1178 1181 1177 1174 1172 1171 1165 1161 1163 1153 1155 725 1151 751 1139 219 338 157 158 22 1150
 326 329 1211 1206 1203 1204 1200 1198 1193 1188 1186 1187 1184 1183 1178 1173 1177 1174 1171 1168 1161 1162 1157 1156 725 1140 1139 219 540 338 158 1147 1150 1144
 862 1208 1206 1204 787 1198 1193 1186 1191 1187 1185 1178 1181 1165 1167 1161 1156 1151 1140 751 1139 157 158 22 1147 1150
 702 1212 1207 1206 1203 1202 787 1188 1185 1181 1174 1171 1165 1161 1158 1163 1153 1151 751 540 157 158 1147 1150
 120 145 1212 1211 1208 1207 1206 1205 1202 787 1201 1198 1186 1184 1179 1181 1175 1171 1168 1163 1162 1155 1156 725 1151 1140 219 1147
 616 784 816 803 1044 35 718 1196 288 1211 1209 1206 1205 1203 1204 787 1200 1188 1191 1187 1185 1179 1181 1174 1172 1171 1168 1167 1163 1162 1157 725 540 158 22 1144
 979 992 919 1211 1209 1206 1205 1203 1204 1202 787 1200 1201 1186 1183 1179 1181 1174 1175 1172 1167 1158 1153 1156 1145 725 1140 157 158 22 1144
 63 1029 1212 1211 1209 1207 1206 1205 1203 1202 1200 1198 1188 1191 1187 1185 1183 1179 1181 1174 1175 1172 1168 1167 1158 1162 1154 1153 1155 1156 725 751 338 157 1147 1144
 205 583 1208 1205 1202 1200 1201 1193 1191 1187 1183 1178 1177 1174 1175 1167 1163 1162 1154 1156 725 1151 751 1139 22
 163 18 1132 1209 1207 1206 1203 787 1198 1193 1191 1187 1185 1184 1183 1173 1177 1172 1168 1165 1163 1162 1157 1155 1151 219 540 157 158 1147 1150 1144
 844 746 1209 1208 1203 1202 787 1193 1188 1191 1187 1185 1184 1179 1178 1181 1174 1175 1172 1158 1163 1162 1157 1154 751 1139 219 540 338 157 22 1147 1144
 230 807 1211 1210 1209 1208 1206 1205 1204 1198 1193 1186 1191 1185 1183 1179 1181 1173 1168 1165 1158 1162 1157 1156 1145 725 751 1139 157 158 22 1144
 575 332 1208 1207 1206 1203 1204 1201 1188 1191 1185 1179 1178 1181 1173 1171 1168 1163 1162 1154 1156 1140 1139 540 338 22 1150 1144
 900 1135 0 1160 1105 414 36 578 853 99 980 1212 1211 1208 1206 1205 1204 787 1198 1193 1186 1187 1178 1181 1173 1174 1171 1168 1167 1161 1154 1145 725 1151 1140 751 1139 219 540 338 1144
 571 224 691 1211 1210 1207 1206 1205 1193 1186 1187 1185 1184 1183 1181 1174 1172 1171 1165 1167 1161 1158 1163 1162 1154 1145 725 751 1139 219 540 158 1147
 952 1211 1210 1209 1208 1207 787 1198 1186 1191 1185 1184 1177 1171 1168 1167 1163 1162 1153 1156 1145 725 1151 1140 751 1139 219 540 158 22 1147 1150 1144
 351 537 1212 1211 1209 1207 1206 1205 1203 1204 1202 787 1201 1198 1193 1191 1187 1185 1183 1179 1178 1173 1174 1175 1172 1171 1168 1161 1158 1163 1154 1155 1156 1151 1140 1139 338 22 1147
 335 274 191 260 1212 1211 1209 1208 1205 1203 1204 1202 787 1201 1198 1187 1185 1184 1178 1172 1171 1165 1167 1162 1157 1156 1145 725 751 157 158 22 1150
 411 539 1211 1210 1208 1205 787 1200 1188 1191 1184 1183 1178 1173 1177 1174 1175 1172 1167 1154 1155 1156 1140 157 158 22 1150
 3 582 1212 1211 1210 1206 1205 1203 1202 787 1200 1201 1186 1183 1178 1181 1173 1177 1174 1175 1172 1167 1161 1158 1163 1154 725 1151 1140 751 540 158 22 1147 1150
 86 610 1210 1208 1207 1206 1205 1202 787 1193 1188 1186 1187 1185 1183 1179 1173 1177 1174 1171 1165 1154 1155 1156 1145 725 1151 1139 338 158 22 1150 1144
 139 1037 1212 1211 1210 1209 1207 1203 1202 787 1200 1201 1193 1191 1185 1184 1178 1173 1177 1174 1175 1172 1171 1168 1167 1158 1163 1157 1154 1153 1155 1156 1145 1140 540 338 158 1147 1150
 311 687 650 1212 1211 1209 1208 1206 1205 1204 787 1186 1191 1187 1185 1179 1178 1173 1174 1175 1172 1165 1163 1157 1155 1156 725 751 540 158 22 1147 1150
 308 1170 171 1133 721 50 1073 917 647 477 409 1211 1208 1207 1204 787 1193 1186 1187 1185 1184 1181 1177 1175 1172 1165 1161 1163 1162 725 1140 751 540 338 22 1147 1144
 347 91 1212 1210 1208 1206 1202 1200 1188 1187 1185 1183 1179 1181 1173 1177 1175 1172 1161 1163 1162 1157 1154 1153 1156 725 1151 751 219 540 338 157 158 22 1144
 916 977 1211 1209 1208 1207 1206 787 1201 1186 1184 1183 1181 1173 1174 1171 1163 1157 1154 1153 1155 1145 725 1151 1140 751 338 22 1150
 182 1037 968 35 144 812 400 8 1069 479 1211 1208 1206 1198 1193 1188 1183 1179 1178 1173 1177 1174 1171 1168 1167 1161 1163 1162 1157 1154 1153 1155 1156 1145 1151 1140 751 1139 540 157 22 1147 1150 1144
 89 1076 1212 1210 1209 1208 1207 1206 1204 1201 1193 1188 1186 1184 1179 1181 1172 1168 1158 1163 1157 1154 725 1140 219 1147
 1076 782 59 501 1209 1207 1206 1204 787 1200 1201 1198 1193 1188 1187 1185 1184 1179 1178 1181 1177 1174 1175 1168 1167 1161 1158 1157 1154 1153 1156 1151 1140 751 540 158 22 1147 1150 1144
 493 37 1212 1208 1207 1205 1204 1200 1201 1198 1191 1184 1183 1179 1178 1181 1173 1174 1165 1167 1161 1158 1163 1145 751 1139 219 157
 118 1062 654 1212 1211 1210 1209 1207 1206 1203 1202 787 1200 1193 1188 1186 1187 1185 1179 1173 1171 1165 1167 1158 1156 725 1151 1140 1139 540 338 158 22 1147 1150
 963 526 661 1211 1209 1208 1207 1203 787 1200 1193 1191 1187 1185 1181 1177 1175 1172 1171 1168 1165 1167 1163 1157 1154 1153 1145 725 1151 751 1139 219 157 158 22 1150
 343 421 445 1212 1210 1209 1207 1206 1203 1204 1202 1200 1201 1198 1188 1186 1191 1185 1184 1183 1179 1173 1172 1171 1165 1167 1161 1163 1157 1154 1153 1156 1145 219 540 338 157 158 22 1150
 936 548 1000 1212 1211 1210 1205 1202 787 1188 1185 1184 1178 1181 1175 1171 1168 1165 1167 1157 1153 1155 725 1151 1140 1139 219 158 22 1150
 476 161 1212 1211 1210 1205 787 1198 1193 1188 1186 1191 1183 1179 1181 1177 1174 1175 1171 1167 1158 1157 1154 1151 1140 219 540 338 158 22 1144
 1142 150 1068 1062 283 260 1116 791 922 286 465 1212 1206 1205 1203 1202 787 1200 1201 1193 1191 1187 1184 1178 1175 1171 1168 1165 1167 1162 1157 1154 1153 1151 1140 751 1139 219 338 158
 979 128 1212 1209 1208 1207 1205 1201 1187 1185 1184 1179 1173 1177 1174 1175 1171 1167 1161 1158 1162 1157 1155 1145 1151 1139 540 158 22 1147 1150 1144
 1127 479 1211 1208 1207 1206 1205 1204 1202 1193 1186 1191 1187 1179 1181 1173 1174 1167 1161 1163 1162 1153 1155 1140 219 540 157 22 1147 1150
 191 901 911 959 1210 1206 1205 1204 1202 787 1200 1201 1186 1191 1185 1183 1178 1174 1175 1172 1171 1168 1165 1167 1161 1162 1155 725 1151 1140 540 338 22 1150
 194 870 110 1211 1208 1206 1203 1202 1200 1201 1191 1187 1184 1178 1181 1173 1172 1171 1161 1158 1153 1155 1156 725 540 157 158 1147 1144
 113 5 1211 1209 1207 787 1200 1201 1193 1188 1186 1184 1178 1177 1174 1172 1171 1168 1161 1163 1162 1157 1154 1153 1155 1145 1139 219 540 158 1147 1150 1144
 980 674 1210 1207 1200 1198 1188 1184 1181 1173 1174 1175 1172 1165 1167 1158 1162 1157 1154 1155 1145 725 1151 1140 751 540 1147 1150
 355 845 1212 1209 1208 1206 1205 1203 1204 1201 1198 1193 1188 1191 1187 1184 1183 1179 1178 1173 1177 1174 1172 1168 1161 1158 1162 1154 1156 725 1151 1140 751 1139 219 338 22 1147 1150 1144
 1015 1169 381 1212 1208 1204 1202 1188 1187 1185 1178 1181 1177 1174 1172 1171 1165 1161 1163 1162 1157 1154 1153 1155 1156 1151 1140 751 219 158 1147 1150 1144
 1077 315 1211 1207 1203 787 1188 1191 1187 1185 1178 1177 1168 1161 1163 1162 1157 1153 1145 725 1139 1144
 1142 129 1212 1211 1209 1207 1206 1205 1203 1204 787 1201 1198 1193 1179 1178 1181 1172 1167 1162 1156 1139 540 338 158 1147 1150
 607 1211 1209 1207 1205 1204 1200 1201 1198 1187 1185 1173 1177 1171 1168 1161 1163 1155 1145 725 1151 158 22 1150 1144
 87 794 851 1211 1210 1206 1205 1200 1201 1198 1186 1191 1187 1185 1184 1183 1179 1177 1174 1175 1172 1165 1163 1157 1153 725 1151 1139 219 540 338 158 1147 1144
 13 405 1210 1209 1205 1202 1201 1193 1188 1191 1185 1184 1183 1168 1157 1154 1155 1156 725 751 1139 1147
 536 767 855 1026 114 563 74 568 368 561 1212 1206 1203 1204 1202 787 1200 1198 1188 1184 1179 1178 1181 1173 1177 1174 1175 1171 1154 1153 1155 1156 1145 725 1151 1140 751 1139 219 338 157 22
 486 233 944 461 676 734 760 412 1190 805 1211 1203 1204 787 1198 1188 1186 1173 1174 1172 1168 1167 1163 1162 1154 1155 1156 725 1140 1139 540 338 158 22 1150 1144
 613 385 1210 1208 1207 1206 1205 1200 1198 1188 1191 1184 1183 1178 1177 1174 1175 1172 1165 1167 1161 1163 1162 1157 1154 1155 1156 1145 1151 1140 751 219 157 158 22 1147 1150
 499 614 1212 1205 1203 1204 1202 1200 1198 1193 1188 1186 1191 1185 1183 1178 1173 1174 1175 1172 1161 1158 1162 1154 1153 1156 1140 751 1139 338 158 22 1150
 378 312 1212 1210 1209 1207 1205 1203 1204 1201 1198 1193 1185 1183 1179 1178 1181 1173 1177 1161 1158 1162 1156 1145 1151 1140 751 219 540 157 1147 1150
 1013 700 1211 1210 1209 1208 1207 1206 1203 1201 1198 1193 1188 1187 1183 1178 1181 1173 1177 1174 1168 1165 1167 1161 1158 1163 1154 1155 1156 725 1151 1140 338 157 158 22 1150 1144
 280 683 1211 1210 1203 1204 787 1200 1201 1198 1188 1187 1183 1173 1177 1175 1172 1171 1168 1165 1163 1153 1155 1156 1145 1151 1140 751 338 158 1150 1144
 633 752 436 546 678 54 552 1079 266 1212 1205 1198 1193 1186 1187 1183 1178 1181 1173 1177 1175 1172 1171 1168 1165 1167 1161 1158 1163 1157 1155 1151 1139 219 338 158 1147 1150
 39 707 106 1212 1210 1208 1207 1203 787 1201 1198 1193 1188 1186 1191 1184 1171 1167 1153 1155 1145 725 1151 219 1150
 23 327 1210 1209 1205 1203 1200 1198 1188 1179 1181 1173 1174 1168 1165 1157 1153 1155 1156 751 219 540 338 22 1144
 1143 1208 1207 1206 1203 1204 1202 787 1201 1198 1193 1186 1185 1178 1177 1174 1175 1172 1165 1167 1161 1154 1156 1145 725 751 540 338 158 22 1147 1144
 1120 651 1100 1212 1211 1210 1209 1208 1204 787 1200 1201 1191 1178 1181 1177 1174 1175 1172 1165 1163 1157 1154 1155 1156 1145 725 751 1139 219 540 338 158 1147
 606 1050 541 273 92 1025 329 883 636 1210 1209 1202 1200 1201 1193 1188 1185 1183 1179 1175 1171 1168 1161 1158 1157 1155 1156 725 1151 1139 219 22 1147
 253 1212 1208 1206 1203 1204 1202 1200 1191 1185 1179 1178 1181 1173 1177 1167 1161 1163 1162 1155 1156 725 1151 1140 751 219 157 22 1147 1150 1144
 889 505 33 943 210 243 270 531 708 689 490 583 117 539 131 804 361 85 1024 1051 641 913 12 517 554 89 604 683 412 162 1113 628 716 474 39 1210 1209 1208 1206 1205 1202 787 1201 1186 1187 1185 1184 1183 1181 1177 1174 1175 1168 1165 1158 1163 1162 1154 1156 1151 751 219 338 157 158 22 1147 1150
 1211 1210 1209 1206 1205 1204 1200 1198 1193 1188 1185 1184 1183 1173 1177 1174 1175 1172 1161 1158 1163 1162 1154 1153 1155 1145 1151 219 157 158 1147 1150 1144
 457 1027 754 1011 1124 745 1081 910 776 1116 1204 1202 1193 1188 1187 1185 1183 1178 1181 1173 1177 1174 1165 1167 1161 1158 1163 1162 1157 1153 1155 1156 725 1151 1140 1139 158 1147 1150 1144
 498 505 449 1180 666 500 378 654 1142 871 1209 1208 1207 1203 1204 787 1185 1183 1179 1178 1181 1173 1177 1172 1168 1165 1167 1163 1162 1157 1154 1153 1156 725 751 219 338 157 158 1144
 686 1180 740 1212 1211 1209 1206 1204 1202 787 1201 1193 1186 1191 1187 1185 1184 1179 1178 1181 1173 1175 1168 1165 1167 1163 1162 1155 1140 157 158 1150
 750 600 396 436 482 572 273 291 499 711 292 1212 1211 1209 1208 1207 1206 1205 1203 1204 787 1193 1188 1191 1184 1179 1181 1177 1172 1171 1167 1161 1154 1156 1145 1140 751 1139 219 540 338 157 158 22 1144
 203 1073 1212 1211 1209 1208 1207 1205 1204 1200 1193 1188 1187 1185 1178 1181 1177 1171 1165 1158 1154 1153 1155 725 1140 1139 219 540 338 157 158 22
 834 175 1212 1211 1210 1209 1208 1206 1205 1203 787 1200 1191 1185 1179 1181 1173 1177 1174 1175 1172 1165 1167 1161 1158 1163 1157 1154 1139 219 540 157 158 22
 344 1212 1208 1206 1202 787 1201 1186 1184 1179 1181 1174 1168 1165 1158 1163 1162 1155 1156 1145 1151 1140 1139 540 158 1150 1144
 42 148 772 190 955 1036 311 1084 592 272 1211 1206 1204 1202 787 1200 1193 1188 1186 1191 1185 1183 1181 1173 1174 1172 1171 1168 1165 1167 1161 1158 1163 1162 1157 1154 1145 1140 540 338 22
 323 1084 1211 1210 1209 1208 1205 1203 1201 1198 1188 1187 1185 1184 1179 1181 1175 1168 1165 1167 1161 1158 1163 1154 1153 1155 1156 1145 725 1140 1139 219 540 158 22 1147
 1121 46 663 1209 1207 787 1200 1198 1193 1188 1191 1187 1184 1183 1178 1173 1175 1165 1157 1154 1156 1145 1151 1140 1139 219 157 1147 1144
 412 811 648 1212 1211 1208 1206 1203 1202 1193 1188 1191 1183 1181 1173 1177 1174 1172 1171 1165 1158 1163 1157 1154 1153 1155 1156 1145 751 338 157 158 1144
 645 407 14 1212 1211 1210 1209 1208 1207 1206 1203 1202 787 1200 1188 1184 1178 1177 1172 1171 1168 1165 1161 1163 1157 1153 1155 1145 725 1151 1140 1139 219 338 157 22
 1062 973 1209 1208 1207 1205 1203 1204 1202 1188 1186 1191 1183 1181 1173 1177 1172 1171 1168 1165 1158 1163 1155 1145 725 1151 219 540 158 22 1147
 5 984 1212 1208 1205 1203 1202 787 1193 1177 1175 1172 1171 1167 1158 1162 1157 1153 1155 1145 1151 751 219 338 157
 119 1212 1208 1207 1203 1204 787 1200 1201 1198 1193 1188 1186 1191 1185 1184 1178 1181 1177 1175 1171 1167 1158 1163 1157 1154 1153 1155 1156 1145 725 1151 1140 751 540 157 1147 1144
 72 241 511 407 1211 1210 1208 1203 1204 1201 1198 1193 1188 1191 1184 1179 1177 1175 1172 1161 1158 1162 1154 1156 1145 725 1151 751 1139 219 540 338 1147 1150
 16 1082 1211 1207 1206 1205 787 1198 1188 1191 1184 1183 1178 1173 1174 1175 1168 1158 1157 1154 1155 725 751 540 338 157 158
 155 433 259 424 992 579 536 1043 1166 1212 1211 1209 1208 1205 787 1201 1188 1186 1191 1185 1184 1183 1179 1178 1181 1173 1177 1175 1171 1165 1161 1158 1157 1154 1155 1156 1145 1140 751 219 540 157 22 1147
 948 935 829 1212 1210 1209 1207 1206 1203 1202 787 1200 1201 1198 1193 1188 1191 1187 1179 1173 1177 1174 1172 1171 1168 1158 1163 1155 1156 1145 1139 219 338 22 1147
 778 593 1211 1209 1207 1206 787 1200 1198 1193 1188 1186 1191 1187 1185 1184 1178 1181 1172 1171 1168 1167 1161 1163 1162 1154 1151 338 157 1150
 531 773 131 1211 1209 1208 1206 1203 1204 1200 1198 1184 1183 1177 1174 1172 1165 1167 1161 1158 1162 1157 1154 1153 1155 1145 725 751 1139 219 540 157 158 1144
 1109 661 1212 1209 1206 1205 1204 1202 787 1201 1193 1183 1173 1171 1165 1163 1157 1154 1153 1156 1145 725 1151 219 22 1150 1144
 774 908 1212 1207 1203 1204 1202 787 1193 1188 1186 1191 1185 1184 1181 1173 1177 1174 1175 1172 1167 1163 1155 1156 1151 219 158 22 1150 1144
 925 1211 1209 1208 1207 1205 1203 787 1200 1198 1188 1186 1187 1185 1183 1178 1181 1173 1174 1175 1171 1167 1162 1154 725 1151 751 1139 338 157 22 1150
 914 527 1210 1208 1207 1205 1202 1201 1198 1188 1175 1171 1168 1161 1163 1162 1156 1151 751 540 157 158 22 1144
 587 1212 1207 1206 1204 1193 1188 1187 1185 1184 1178 1181 1173 1174 1171 1168 1165 1167 1161 1158 1153 725 1151 1139 219 540 158 1147 1150 1144
 161 304 50 516 418 247 845 0 660 626 879 1212 1211 1209 1208 1206 1205 1204 1202 1201 1185 1183 1179 1181 1173 1174 1175 1171 1168 1165 1167 1161 1158 1154 1153 1156 1145 725 1139 338 157 158 1147 1150
 62 975 1211 1205 1203 787 1200 1201 1198 1188 1186 1191 1187 1183 1179 1178 1181 1173 1177 1174 1172 1168 1167 1158 1157 1154 1145 725 1140 1139 22 1147 1150 1144
 780 888 1210 1209 1207 1206 1203 1202 1200 1198 1193 1188 1185 1183 1179 1181 1173 1177 1172 1167 1158 1163 1157 1155 1156 725 1151 751 338 157 158 22 1147 1150
 106 1073 666 48 1209 1208 1205 1203 1204 1198 1186 1187 1185 1184 1183 1179 1173 1177 1172 1171 1158 1163 1157 1145 725 1140 1139 338 1147 1150
 390 495 1212 1211 1210 1208 1205 1202 1201 1198 1188 1186 1184 1179 1172 1171 1168 1167 1161 1158 1162 1157 1153 1151 219 338 158 1150
 653 729 77 1210 1209 1208 1205 1204 1202 787 1201 1187 1183 1181 1177 1174 1175 1171 1168 1167 1161 1158 1163 1157 1154 1145 725 751 219 338 22 1147 1150
 1011 726 1212 1211 1210 1207 1205 1200 1198 1193 1186 1191 1187 1179 1177 1171 1168 1165 1158 1163 1162 1157 1154 1156 725 219 338 157 158 22 1147 1150 1144
 455 374 1208 787 1198 1188 1191 1187 1185 1184 1179 1178 1173 1177 1174 1172 1171 1165 1167 1163 1162 1157 1153 1155 1145 725 1151 1140 751 540 158 22 1147 1144
 902 420 1212 1209 1208 1207 1206 1205 1202 787 1200 1186 1191 1187 1185 1184 1183 1172 1171 1168 1167 1162 1154 1153 1156 1145 725 1151 751 540 338 158 22 1150 1144
 370 186 610 1000 300 1152 1138 247 9 1212 1209 1208 1206 1205 1203 1204 787 1200 1201 1198 1193 1186 1187 1183 1179 1181 1172 1171 1165 1163 1157 1154 1155 1156 1145 725 1140 751 1139 219 540 338 157 158 1150 1144
 945 1034 720 30 1212 1210 1207 1205 1204 1202 1200 1198 1193 1188 1185 1184 1179 1174 1175 1171 1161 1158 1163 1162 1153 1140 219 338 158 1150
 996 584 1211 1209 1208 1207 1206 1205 1204 787 1201 1193 1188 1191 1184 1183 1179 1178 1173 1172 1167 1161 1158 1163 1154 1153 1145 725 1151 751 1139 219 158 22 1147
 1094 950 1212 1208 1204 1201 1187 1185 1184 1183 1178 1177 1174 1175 1171 1168 1165 1167 1161 1158 1162 1157 1155 1151 1139 338 157 1147 1144
 1072 664 446 976 1113 992 464 1007 808 327 926 930 832 393 558 434 418 392 395 894 612 906 721 206 575 61 794 671 489 261 208 521 1033 912 630 44 115 1212 1209 1207 1206 1203 1204 1202 787 1200 1193 1188 1183 1179 1173 1177 1174 1175 1168 1165 1161 1163 1153 1145 1140 219 338 157 22 1147
 450 1085 1032 941 28 285 148 733 673 1001 1212 1211 1210 1206 1205 1203 1204 1202 787 1200 1193 1188 1186 1191 1187 1183 1173 1172 1171 1165 1161 1163 1154 1153 1155 1145 1140 1139 219 338 158 1147 1144
 263 1128 1210 1207 1206 1205 1204 1202 787 1200 1201 1188 1183 1181 1173 1177 1171 1168 1167 1161 1163 1153 1155 1156 1145 725 1151 1140 751 1139 219 338 158 22 1144
 853 4 1056 1211 1209 1205 1203 787 1200 1186 1191 1184 1179 1178 1181 1177 1171 1161 1154 1156 1145 725 1151 1140 1139 540 157 22 1147 1150 1144
 40 737 630 1137 1212 1211 1210 1209 1207 1206 1205 787 1200 1201 1198 1186 1191 1187 1183 1179 1178 1181 1173 1174 1175 1168 1165 1161 1158 1162 1155 1151 1140 751 1139 219 540 338 157 22
 883 1094 353 321 902 551 246 556 1078 272 1211 1210 1206 1205 1203 1204 1200 1201 1198 1188 1186 1191 1187 1183 1181 1174 1175 1171 1165 1167 1162 1157 1154 1153 1155 725 1151 219 157 158 1147 1150 1144
 378 760 350 1087 551 871 660 723 1125 1032 1211 1210 1207 1205 1204 1202 1201 1188 1186 1191 1185 1184 1179 1178 1181 1177 1175 1168 1165 1167 1158 1157 1154 1156 725 219 22 1150 1144
 50 1152 1212 1206 1205 1204 1198 1188 1185 1184 1183 1178 1174 1172 1167 1161 1158 1162 1157 725 1140 751 338 158 22 1150 1144
 567 155 1212 1209 1206 1205 1203 1200 1201 1198 1193 1191 1187 1184 1183 1179 1174 1175 1168 1158 1163 1154 1153 1145 1151 1140 751 219 540 158 1150 1144
 494 994 727 1098 605 400 657 539 66 828 894 1212 1211 1208 1205 1202 787 1188 1186 1187 1184 1183 1179 1173 1174 1172 1171 1154 1153 1156 751 1139 540 158 22 1150
 418 425 1212 1208 1205 1203 1204 1202 1198 1193 1186 1191 1187 1178 1177 1174 1168 1165 1167 1158 1162 1154 1155 1156 540 157 158 1150
 100 485 234 911 1212 1205 1200 1188 1191 1185 1183 1181 1173 1177 1172 1165 1167 1162 1157 1153 1155 1156 751 219 158 1147
 59 171 1211 1210 1209 1205 1200 1201 1198 1188 1185 1183 1179 1174 1171 1168 1165 1167 1158 1157 1154 1153 1156 1140 338 158 1147 1144
 866 394 425 42 1114 277 731 276 1212 1209 1208 1207 1205 1202 1200 1198 1193 1188 1186 1191 1187 1185 1179 1181 1173 1174 1175 1171 1168 1165 1161 1163 1154 1155 1140 751 219 22 1147 1150 1144
 151 543 1211 1210 1208 1205 1204 1200 1198 1193 1191 1187 1183 1181 1173 1174 1175 1163 1162 1155 1145 1151 1140 1139 540 338 1147 1150 1144
 1043 780 326 124 1212 1211 1207 1204 1202 1198 1186 1179 1178 1177 1174 1175 1171 1168 1167 1157 1153 1155 1140 157 158 1147
 951 241 1212 1211 1210 1208 1207 1200 1198 1186 1185 1184 1179 1178 1173 1177 1174 1171 1162 1154 1153 1155 1145 725 1140 1139 219 158 22 1150
 528 416 1209 1208 1193 1191 1185 1184 1183 1178 1181 1173 1172 1168 1167 1157 1153 1155 1151 1140 751 338 157 158 22 1144
 853 100 1159 602 741 60 483 110 1024 133 1192 1031 563 917 893 773 944 340 235 592 978 1141 943 619 885 1130 1180 485 218 1033 290 278 837 556 265 646 613 363 548 924 1211 1210 1208 1207 1206 1204 1202 1200 1191 1187 1184 1183 1179 1178 1173 1175 1171 1168 1167 1161 1158 1163 1157 1154 1156 1145 1140 751 1139 219 540 157 158 1144
 1017 813 784 792 501 200 823 962 797 900 1210 1209 1206 1203 1204 1202 787 1200 1201 1187 1185 1184 1183 1179 1178 1177 1175 1172 1168 1165 1167 1158 1157 1154 1155 1145 725 1139 540 338 158 22 1147
 921 836 200 476 326 882 1074 486 287 778 1212 1210 1209 1207 1205 1204 787 1188 1191 1187 1183 1178 1181 1173 1175 1163 1157 1154 1153 725 1151 751 1139 158 1147 1150 1144
 168 53 169 567 817 83 345 337 999 536 1212 1211 1209 1208 1206 1205 1203 1204 1202 787 1200 1201 1198 1193 1186 1185 1183 1179 1173 1177 1172 1165 1158 1163 1153 725 1139 219 158 22 1147 1150
 166 910 1212 1206 1203 1200 1201 1198 1193 1186 1185 1183 1179 1181 1174 1172 1171 1168 1165 1167 1161 1163 1154 1153 1155 1156 1145 1151 1140 1139 157 158 22 1150 1144
 618 85 456 500 145 14 481 756 872 1212 1211 1210 1208 1206 1205 1203 787 1198 1188 1186 1187 1185 1184 1178 1177 1175 1171 1165 1167 1158 1163 1162 1154 1140 751 1139 219 158 22
 421 858 864 258 310 442 727 537 1212 1211 1210 1209 1207 1204 1202 787 1201 1198 1193 1183 1173 1177 1174 1172 1165 1167 1161 1158 1163 1162 1154 1156 1145 725 1140 1139 219 157 158 22 1144
 636 971 1211 1208 1207 1204 787 1200 1188 1186 1191 1187 1184 1179 1178 1177 1174 1175 1172 1168 1165 1167 1161 1163 1162 1157 1153 1155 1145 1151 1139 158 1150 1144
 855 1110 1212 1210 1209 1208 1207 1202 1198 1186 1191 1184 1174 1168 1165 1161 1158 1162 1156 1145 1151 1140 338 157 158
 262 333 1209 1208 1207 1203 787 1200 1201 1193 1191 1187 1185 1179 1181 1173 1172 1171 1168 1165 1163 1157 1154 1155 725 1140
 306 754 1212 1211 1209 1207 1206 1203 1202 787 1200 1201 1198 1188 1191 1187 1185 1181 1173 1177 1171 1168 1165 1161 1157 1154 1155 1156 1145 725 751 219 338 157 22 1150
 762 139 668 489 117 493 649 669 700 647 1212 1211 1210 1209 1207 1206 787 1200 1198 1193 1188 1186 1191 1185 1184 1183 1179 1181 1177 1168 1167 1161 1163 1162 1154 725 1151 751 1139 338 157 1147 1144
 676 604 337 1212 1209 1208 1207 1206 1203 1202 1198 1193 1187 1185 1183 1179 1181 1171 1168 1165 1162 1157 1153 751 1139 219 540
 1013 606 898 170 1212 1211 1210 1207 1203 1204 1202 787 1200 1201 1198 1188 1187 1185 1183 1178 1174 1175 1172 1171 1168 1165 1163 1162 1154 1153 1155 1156 725 1151 1140 751 1139 219 540 338 158 22 1150
 422 467 1212 1205 1203 787 1201 1198 1193 1186 1185 1183 1178 1181 1173 1177 1172 1168 1167 1158 1163 1154 1153 1155 1156 1140 751 219 338 158 22 1150
 497 1051 1212 1211 1210 1209 1208 787 1200 1201 1198 1188 1186 1184 1173 1177 1174 1175 1167 1162 1156 1145 725 751 1139 540 22
 779 167 1210 1208 1207 1206 1203 1201 1193 1188 1186 1191 1187 1185 1183 1181 1177 1174 1171 1165 1158 1163 1157 1154 1153 1140 751 219 22 1147 1150 1144
 1092 1212 1209 1208 1207 1203 1202 787 1200 1201 1198 1188 1187 1184 1183 1179 1178 1181 1173 1177 1174 1161 1157 1154 1156 725 1151 751 1139 540 338 158 22 1150 1144
 247 990 1212 1211 1206 1204 1202 787 1193 1188 1186 1184 1178 1181 1177 1174 1175 1172 1168 1165 1167 1161 1158 1157 751 219 338 1147 1150
 308 307 1212 1211 1208 1205 1204 1202 787 1200 1198 1188 1191 1187 1185 1183 1178 1181 1177 1171 1168 1162 1154 1155 1145 751 1139 338 22 1147 1150
 74 599 268 1212 1209 1205 1204 1200 1201 1193 1187 1185 1179 1178 1181 1173 1177 1172 1168 1167 1163 1162 1154 1156 1145 725 1151 1139 219 540 157 158 22 1147 1150
 177 315 1209 1208 1207 1203 1204 1202 1188 1185 1183 1179 1178 1175 1165 1163 1162 1157 1153 1155 1151 1140 1139
 1059 865 1212 1209 1207 1206 1205 1203 1204 1202 1200 1201 1188 1187 1183 1179 1181 1173 1175 1172 1171 1165 1158 1162 1153 1140 751 157 158 22 1147 1144
 439 1115 1209 1207 787 1200 1201 1198 1188 1186 1184 1183 1173 1177 1175 1172 1168 1165 1153 1151 1140 1139 219 540 157 158 1150
 4 975 1210 1209 1208 1206 1205 1203 1204 1202 1201 1198 1187 1184 1179 1177 1175 1172 1171 1168 1165 1167 1161 1158 1163 1162 1153 1155 1156 1145 725 1151 751 158 1147 1150
 553 1091 1212 1211 1209 1208 1207 1203 1202 787 1201 1193 1184 1179 1178 1181 1174 1172 1171 1165 1167 1158 1163 1162 1157 1153 1155 1156 725 1151 1140 751 219 540 158 22 1144
 57 1212 1211 1210 1209 1202 1198 1193 1188 1191 1187 1185 1184 1183 1178 1181 1173 1177 1172 1171 1167 1161 1158 1157 1153 1155 1145 725 1151 1140 1139 540 338 157 22 1150 1144
 993 265 1211 1210 1209 1207 1203 1204 1201 1186 1191 1185 1178 1181 1175 1172 1171 1167 1162 1154 1153 725 1139 219 540 338 1150 1144
 453 173 1212 1211 1203 787 1201 1198 1193 1188 1186 1191 1185 1183 1179 1178 1173 1177 1174 1172 1171 1165 1167 1158 1163 1153 1156 1151 1140 751 540 22 1150
 533 171 1207 1203 1204 1202 1200 1201 1193 1188 1187 1184 1179 1178 1173 1174 1175 1168 1165 1167 1161 1158 1162 1157 1156 725 1151 219 540 157 158 22 1147 1150
 561 379 1212 1209 1203 1204 1202 787 1200 1201 1198 1193 1188 1184 1183 1179 1173 1177 1175 1172 1168 1165 1161 1163 1162 1154 1153 1156 751 219 157 158 22 1150 1144
 362 607 791 371 813 348 832 317 1107 468 1211 1208 1205 1203 1204 1202 787 1200 1198 1186 1187 1185 1179 1178 1174 1172 1168 1165 1167 1158 1163 1157 1155 725 751 1139 540 157 158 22 1147 1150
 341 488 1212 1210 1208 1207 1203 1204 1202 1200 1198 1187 1185 1184 1179 1173 1177 1174 1175 1163 1157 1154 1153 1155 1156 725 1140 751 219 540 338 158 1150 1144
 653 1086 749 402 1212 1211 1209 1206 1205 1203 787 1200 1187 1185 1184 1178 1173 1174 1153 1156 1145 725 1140 751 1139 540 157 1147 1150 1144
 1119 104 1212 1210 1207 1205 1203 1186 1191 1187 1185 1184 1183 1179 1178 1177 1175 1172 1165 1161 1163 1157 1154 1153 1151 22
 603 483 253 1211 1210 1206 1203 1204 787 1200 1193 1185 1184 1178 1181 1173 1175 1171 1165 1161 1158 1162 1157 1154 1153 1145 725 751 1139 219 540 338 157 158 22 1150 1144
 761 897 982 1208 1207 1206 1203 787 1188 1186 1184 1178 1181 1177 1168 1165 1154 1156 751 219 540 157 158 22 1144
 830 700 179 1098 221 192 1106 1079 876 230 1209 1208 1207 1206 1205 1203 1204 1200 1201 1188 1186 1187 1185 1184 1183 1179 1173 1177 1175 1172 1171 1158 1163 1162 1139 219 540 157 158 22 1147
 88 576 572 702 1071 1032 814 395 335 797 1211 1208 1204 787 1188 1186 1179 1181 1173 1174 1171 1168 1167 1161 1158 1163 1162 1157 1153 1145 1140 751 219 540 338 157 22 1150 1144
 1084 28 1211 1208 1207 1203 1204 1198 1188 1191 1187 1183 1179 1178 1181 1172 1171 1165 1167 1158 1163 1162 1157 1155 1156 725 1151 1139 540 338 158 1147 1144
 152 492 1087 1189 466 478 237 885 498 1013 994 1210 1208 1205 1204 787 1198 1193 1185 1179 1178 1181 1177 1174 1175 1171 1165 1167 1163 1162 1157 1154 1156 1145 1140 751 219 540 158 22
 492 594 998 1212 1209 1206 1204 1202 787 1200 1198 1186 1187 1183 1179 1181 1173 1177 1172 1171 1168 1161 1158 1163 1157 1154 1153 1156 725 219 158 1144
 847 434 296 1212 1211 1207 1200 1201 1188 1185 1184 1178 1173 1174 1175 1168 1167 1157 1156 1151 1140 751 540 338 1147
 862 956 783 563 1211 1210 1208 1206 1205 1202 1201 1198 1193 1188 1186 1191 1179 1181 1171 1168 1161 1158 1163 1162 1157 1154 1140 219 338 1150
 740 821 728 1212 1208 1207 1205 1201 1198 1193 1186 1187 1184 1179 1178 1173 1174 1175 1172 1171 1168 1158 1162 1157 1154 1153 1155 1151 540 338 22 1147 1150 1144
 883 1066 1210 1209 1207 1206 1204 1202 1201 1187 1179 1173 1168 1167 1163 1162 1157 1154 1156 1140 751 219 540 338 22 1150
 1093 234 565 1030 369 384 1071 1049 975 834 1212 1210 1207 1206 1205 1202 1200 1193 1186 1191 1187 1185 1184 1183 1178 1173 1175 1171 1167 1161 1162 1153 1156 1145 1151 219 338 22 1150 1144
 804 711 1099 411 1212 1211 1209 1208 1206 1205 1203 1204 1202 1201 1187 1185 1183 1179 1181 1177 1175 1172 1167 1154 1153 1145 1151 751 219 540 338 157 158 22 1147 1144
 876 858 356 1212 1210 1207 1206 1204 787 1198 1193 1188 1184 1183 1173 1177 1171 1161 1163 1157 1154 1153 1140 751 338 22 1147
 478 878 680 135 548 561 214 203 944 1138 1212 1211 1210 1209 1207 1206 1204 1202 787 1193 1186 1191 1187 1185 1184 1178 1181 1173 1177 1172 1171 1168 1165 1161 1158 1162 1157 1153 1156 725 1151 751 540 158 1150
 186 567 128 463 1098 188 355 660 262 937 1211 1210 1207 1204 1202 787 1200 1201 1198 1193 1185 1181 1173 1171 1168 1165 1167 1161 1163 1162 1153 1155 725 751 338 157 1147
 333 1210 1208 1207 1205 1200 1193 1188 1186 1191 1185 1183 1179 1177 1172 1171 1161 1158 1163 1162 1157 1154 1153 1156 1145 1151 1140 338 158 1144
 1083 369 63 829 92 80 384 642 460 1211 1207 1205 1204 1202 1200 1201 1198 1193 1188 1186 1191 1187 1185 1183 1179 1181 1175 1172 1168 1167 1161 1157 1154 1153 1155 1156 1145 725 1140 1139 219 157 158 1144
 378 372 1211 1210 1208 1206 1204 1202 787 1201 1198 1186 1187 1185 1184 1178 1181 1177 1174 1175 1168 1165 1167 1158 1162 1157 1154 1153 1145 725 751 219 540 338 1150 1144
 1182 680 1211 1209 1208 1203 1200 1201 1193 1188 1185 1184 1179 1178 1173 1174 1168 1167 1158 1163 1162 1155 1156 1145 725 1140 751 219 338 157 22
 627 783 1211 1208 1207 1205 1201 1198 1193 1188 1191 1187 1185 1179 1181 1173 1177 1175 1172 1171 1158 1162 1154 1156 1145 1151 1140 751 1139 219 22 1150
 91 465 818 1211 1207 1206 1205 1203 1204 1200 1201 1198 1188 1185 1184 1179 1181 1177 1175 1172 1165 1161 1163 1157 1153 1156 1140 751 1139 219 540 338 157 158 1150 1144
 1011 1211 1210 1205 1203 1204 1200 1186 1187 1184 1181 1173 1174 1168 1158 1157 1154 1156 751 338 157 22 1147 1150
 881 284 968 417 1210 1209 1207 1206 1205 1203 1201 1198 1193 1188 1191 1184 1183 1178 1173 1174 1175 1172 1171 1168 1165 1157 1155 1156 1140 751 1139 1150
 75 169 1211 1210 1209 1207 1202 1201 1198 1188 1186 1191 1187 1185 1183 1179 1178 1181 1173 1177 1172 1171 1168 1165 1167 1158 1163 1162 1157 1155 1156 1140 338 157 158 22 1147
 94 218 1212 1211 1210 1207 1205 1203 1204 1202 1200 1201 1198 1193 1185 1178 1181 1173 1174 1172 1171 1168 1165 1167 1158 1163 1162 1153 1155 1156 1145 725 1151 1140 1139 338 157 22 1150
 900 56 1211 1207 1204 1202 1200 1198 1193 1188 1186 1187 1183 1179 1178 1173 1171 1163 1162 1154 1155 1156 1140 751 1139 219 158 1150 1144
 1073 5 1208 1207 1206 1203 1204 1202 1201 1193 1191 1184 1179 1181 1173 1177 1172 1171 1158 1163 1162 1157 1140 1139 219 540 338 157 22
 453 715 1020 1209 1206 1202 787 1193 1191 1179 1178 1181 1177 1175 1172 1171 1168 1165 1161 1163 1154 1155 1140 219 338 157 22 1147 1150 1144
 833 163 83 74 1211 1208 1207 1203 1204 1202 1200 1198 1188 1191 1187 1185 1183 1178 1177 1174 1167 1161 1158 1163 1155 1156 1145 725 1151 751 1139 219 540 157 158 1150 1144
 97 817 1090 957 1060 316 425 1080 816 673 1211 1203 1204 1201 1193 1185 1181 1171 1168 1165 1167 1161 1158 1163 1162 1154 1155 1156 1145 1151 1140 751 540 338 158
 258 872 1212 1209 1208 1207 1203 1204 1202 1200 1201 1188 1191 1179 1178 1181 1172 1168 1165 1161 1158 1157 1154 1153 1155 1156 725 1140 751 219 540 338 157 158 1147 1144
 835 1028 943 1212 1209 1207 1206 1204 787 1201 1188 1191 1187 1185 1179 1178 1181 1177 1174 1165 1161 1158 1163 1157 1154 1153 1151 1140 751 219 540 338 158 22
 1094 660 245 1210 1206 787 1200 1198 1193 1188 1186 1187 1183 1181 1177 1174 1165 1167 1161 1154 1156 725 1151 338 157 22 1150 1144
 791 1212 1209 1208 1207 1205 1202 1198 1193 1186 1191 1187 1184 1179 1173 1165 1167 1161 1163 725 219 338 157 158 22 1150 1144
 534 1016 986 1212 1211 1209 1207 1203 1204 1202 1201 1198 1193 1186 1183 1178 1181 1173 1174 1175 1172 1168 1165 1167 1161 1157 1145 1151 1140 751 1139 540 1147
 472 401 1212 1208 1207 1205 1203 1202 787 1188 1187 1183 1181 1177 1172 1171 1165 1163 1157 725 1140 1139 219 157 158 1144
 439 415 1212 1210 1209 1207 1203 1202 1201 1193 1188 1191 1187 1178 1173 1175 1158 1163 1153 1155 1156 1145 725 1151 1139 219 157 1150 1144
 213 227 479 784 37 85 1128 2 1080 457 569 894 742 1022 367 496 789 57 104 659 597 870 1072 217 432 753 635 234 139 642 325 707 799 1212 1209 1206 1193 1188 1186 1184 1179 1178 1181 1174 1172 1168 1158 1157 1155 1156 1145 725 1151 1140 751 157 158 1147 1150 1144
 102 887 213 739 1207 1206 1205 1204 1202 787 1201 1198 1188 1187 1184 1183 1179 1174 1175 1172 1171 1168 1167 1163 1162 1154 1155 725 1151 1140 751 1139 338 158 1150 1144
 1082 898 1212 1209 1207 1205 1202 787 1201 1187 1183 1168 1167 1161 1158 1154 1156 725 1151 1140 751 158 22 1147
 361 242 253 1212 1210 1208 1207 1203 787 1200 1193 1188 1186 1191 1184 1179 1173 1174 1171 1168 1167 1158 1163 1157 1156 1151 1140 751 1139 540 338 158 1147
 485 310 1212 1211 1210 1209 1208 1207 1205 1203 1202 787 1200 1186 1187 1173 1174 1172 1161 1158 1162 1157 1153 1145 338 157 158 1150 1144
 197 324 1211 1207 1206 1204 787 1201 1198 1186 1191 1184 1183 1179 1173 1174 1172 1171 1168 1165 1161 1162 1157 1154 1155 1156 1145 725 1151 1139 219 540 1147 1150 1144
 1116 907 45 1210 1209 1208 1205 1203 1200 1198 1193 1188 1186 1191 1185 1183 1179 1181 1173 1177 1174 1172 1171 1167 1154 1155 1145 751 1139 338 1150 1144
 618 448 792 451 1212 1211 1210 1208 1207 1206 1204 1202 787 1200 1188 1187 1184 1183 1179 1181 1173 1177 1174 1172 1171 1168 1163 1162 1157 1154 1153 1140 751 1139 338 158 1150
 221 890 70 1212 1208 1206 787 1200 1198 1193 1188 1191 1184 1183 1179 1178 1175 1171 1168 1165 1167 1158 1162 1157 1154 1156 1145 725 1151 1140 751 540 157
 396 646 1212 1211 1206 1205 1204 787 1200 1186 1191 1187 1184 1183 1179 1173 1171 1168 1165 1167 1158 1163 1153 1155 1156 1145 1140 751 1139 540 338 158 1144
 319 116 1206 1205 1204 1202 1200 1198 1188 1186 1191 1185 1173 1177 1175 1157 1155 725 1151 1140 751 338
 244 1196 1211 1210 1209 1208 1207 1202 1201 1198 1187 1181 1177 1174 1175 1168 1165 1161 1158 1162 1157 1154 1155 725 1151 338 158 1147
 1125 739 631 1211 1210 1205 1202 787 1200 1198 1193 1188 1191 1185 1184 1179 1181 1174 1175 1172 1171 1165 1167 1161 1158 1163 1162 1157 1154 1155 1145 1151 1140 1139 158 22 1147 1150
 371 12 1129 1212 1211 1209 1207 1205 1203 1204 1202 1200 1193 1191 1187 1183 1179 1178 1173 1177 1174 1175 1165 1158 1163 1154 1151 751 219 338 157 158 22 1150 1144
 554 810 1206 1205 1202 787 1193 1187 1184 1179 1173 1175 1165 1167 1161 1158 1162 1157 1154 1155 1145 725 1140 751 219 540 338 158 1147 1144
 1053 665 886 509 1211 1210 1207 1206 1203 1204 1202 787 1200 1198 1193 1187 1185 1183 1179 1173 1177 1174 1165 1161 1163 1162 1157 1155 1140 751 1139 22
 744 1022 119 1209 1206 1203 1202 1201 1186 1187 1185 1184 1183 1178 1177 1172 1168 1165 1161 1157 1153 1156 1145 725 1151 1140 751 219 158 22
 227 193 951 1211 1209 1206 1205 1203 1200 1198 1188 1185 1184 1183 1179 1173 1172 1171 1168 1165 1167 1161 1162 1157 1153 1156 1145 1151 1140 751 1139 219 540 338 157 22 1147 1150 1144
 457 871 1210 1209 1208 1203 1204 1202 1200 1191 1183 1178 1181 1177 1171 1167 1162 1154 1156 1145 1151 1147 1150
 651 713 348 1212 1211 1210 1209 1207 1203 1204 1202 1201 1198 1188 1187 1184 1178 1181 1173 1175 1171 1165 1167 1158 1163 1155 1145 1151 1140 1139 219 540 157 22 1144
 292 1030 951 1212 1210 1209 1208 1205 1203 1202 1193 1191 1179 1178 1177 1174 1172 1171 1167 1158 1163 1162 1157 1154 1153 1145 1140 751 338 22
 976 812 649 152 1212 1210 1209 1208 1207 1206 1201 1198 1187 1185 1178 1181 1177 1175 1171 1168 1161 1158 1157 1153 1155 1156 1140 1139 219 338 1150
 382 754 1212 1211 1209 1205 1203 1204 1202 787 1193 1188 1186 1187 1184 1179 1178 1173 1175 1172 1171 1168 1161 1163 1162 1153 1155 1156 1145 725 1139 540 338 158 1147 1144
 198 742 499 494 214 802 988 1043 421 1211 1210 1209 1208 1206 1205 1203 1198 1193 1188 1186 1187 1184 1183 1179 1173 1158 1163 1157 1154 1153 1155 1156 1140 1139 540 157 158
 54 958 682 953 734 112 871 1049 1062 786 17 1212 1211 1208 1205 1203 1193 1188 1186 1191 1185 1183 1179 1178 1181 1177 1172 1167 1157 1145 725 1151 1140 1139 219 540 338 157 158 1147
 457 1034 1209 1208 1207 1206 1205 1202 787 1193 1188 1186 1185 1184 1179 1178 1181 1175 1172 1168 1167 1161 1158 1163 1157 1154 1153 725 1139 540 338 157 1147 1150 1144
 1097 1166 10 45 225 847 1103 553 841 1212 1211 1210 1208 1206 1203 1200 1185 1184 1183 1179 1178 1177 1174 1172 1168 1161 1154 1156 1145 725 219 338 157 158 22 1144
 260 169 1209 1208 1206 1203 1202 1201 1198 1193 1191 1184 1179 1181 1173 1174 1172 1167 1163 1162 1153 1145 725 1151 751 219 540 1144
 40 1212 1210 1209 1206 1203 787 1200 1201 1198 1193 1188 1184 1175 1168 1167 1161 1158 1162 1157 1153 1155 1156 751 1139 540 338 157 158 22 1150 1144
 560 1009 1212 1211 1209 1207 1205 1203 1202 787 1193 1188 1184 1183 1181 1177 1174 1171 1168 1165 1167 1161 1162 1153 725 1151 1140 219 157 158 1147 1144
 879 1212 1211 1209 1208 1205 1203 1204 1202 1201 1198 1188 1186 1187 1181 1177 1175 1172 1171 1168 1165 1167 1158 1163 1162 1153 1156 1145 1151 1140 219 540 157 22 1150 1144
 654 508 124 1212 1210 1209 1206 1205 1204 1202 1188 1185 1178 1174 1168 1165 1167 1161 1158 1157 1155 725 540 157 22 1150 1144
 930 378 1211 1208 1205 1203 1204 1202 787 1200 1201 1186 1185 1184 1183 1179 1177 1175 1172 1171 1161 1158 1162 1145 1151 1140 751 1139 219 540 338 158 22 1147 1150
 207 547 1211 1209 1207 1206 1203 1200 1201 1188 1191 1179 1178 1177 1172 1171 1167 1161 1163 1155 1145 725 219 540 1144
 243 1091 1206 1205 1203 787 1200 1201 1186 1187 1185 1183 1179 1173 1177 1174 1175 1172 1168 1165 1167 1158 1163 1162 1154 1153 1156 725 1151 1140 219 157 158 22 1150 1144
 1029 662 264 721 1212 1211 1210 1209 1207 1206 1202 1200 1188 1186 1191 1184 1183 1178 1173 1172 1165 1161 1158 1162 1153 1145 725 1140 751 540 338 1147 1150
 1023 287 1211 1210 1203 1204 787 1193 1188 1186 1191 1184 1179 1173 1177 1174 1165 1167 1161 1158 1163 1162 1157 1154 1153 1155 751 219 338 157 1147 1150 1144
 172 1114 1212 1210 1209 1207 1204 1202 1201 1198 1186 1187 1185 1184 1181 1173 1177 1174 1172 1171 1168 1165 1167 1163 1157 1154 1153 1155 751 158 1147 1150 1144
 169 206 1211 1210 1209 1205 1204 1202 1198 1188 1186 1185 1184 1179 1173 1177 1172 1168 1167 1161 1157 1153 1155 1156 725 157 158 22 1150 1144
 889 994 1212 1211 1208 1207 1205 1204 1202 787 1198 1188 1191 1187 1184 1179 1181 1177 1174 1171 1168 1165 1167 1161 1158 1163 1162 1157 1154 1153 1156 725 1140 751 1139 540 338 157 158 22 1147 1150
 650 784 754 1211 1208 1205 1204 1193 1186 1183 1178 1174 1172 1165 1161 1162 1157 1153 1155 1156 1151 1140 1139 219 338 158 1144
 426 50 856 1211 1210 1208 1207 1206 1204 1202 1198 1193 1186 1191 1185 1184 1181 1177 1175 1172 1165 1167 1158 1162 1157 1154 1153 1156 1145 1151 1140 540 1150
 278 1079 255 224 82 980 469 488 248 236 579 352 827 222 418 805 812 813 723 973 881 358 39 305 192 127 429 101 1133 850 861 1097 550 477 49 836 530 333 1210 1209 1207 1205 1203 1204 787 1200 1201 1198 1193 1191 1185 1184 1178 1173 1177 1175 1165 1167 1161 1162 1157 1153 1156 725 540 158 22 1147 1150
 979 600 1146 776 773 362 959 515 771 830 601 1212 1211 1209 1207 1206 1202 787 1200 1201 1185 1179 1181 1177 1172 1171 1168 1165 1158 1163 1162 1155 725 1140 22 1144
 597 739 1212 1211 1209 1208 1206 1205 1203 1193 1191 1184 1183 1179 1173 1172 1168 1165 1163 1162 1157 1145 751 1139 219 540 338 157 1144
 581 211 1212 1209 1205 1203 1202 1200 1201 1198 1188 1186 1187 1185 1178 1181 1173 1177 1175 1172 1168 1165 1161 1163 1162 1154 1145 725 1151 1140 751 219 338 157 1147
 895 622 1211 1210 1209 1208 1207 787 1201 1188 1186 1185 1184 1181 1177 1172 1171 1167 1162 1157 1154 1153 1155 1156 1145 725 1151 1140 751 1139 540 157 22 1150 1144
 1040 482 1212 1209 1208 1207 1203 1204 1202 1198 1188 1186 1191 1187 1185 1184 1178 1177 1172 1168 1165 1167 1158 1162 1153 1155 725 1151 1140 751 1139 219 157 22 1150 1144
 1014 373 1212 1211 1209 1208 1205 1203 1204 1202 1193 1191 1187 1184 1178 1177 1174 1172 1167 1158 1154 1153 1156 725 751 219 157 158 1144
 19 1037 1208 1206 1202 787 1201 1198 1193 1186 1187 1185 1183 1179 1178 1172 1165 1167 1161 1157 1154 1153 1156 1145 725 1151 1140 540 158 1147 1150
 638 144 995 1092 1069 569 1046 292 745 986 1212 1210 1206 1205 1202 1201 1198 1188 1187 1184 1179 1178 1181 1173 1175 1171 1168 1165 1167 1163 1162 1153 1155 1145 1151 751 540 338 22 1150 1144
 895 148 855 294 642 438 909 722 271 748 1210 1207 1206 1205 1204 1191 1187 1185 1178 1181 1177 1174 1172 1158 1162 1154 1153 751 1139 219 540 338 157 1150 1144
 740 165 1212 1210 1209 1205 1203 1204 787 1193 1191 1185 1184 1183 1178 1177 1174 1171 1165 1167 1155 1156 725 219 540 338 158 1144
 608 788 1212 1211 1209 1207 787 1193 1188 1186 1185 1184 1183 1179 1178 1181 1173 1172 1171 1168 1165 1167 1163 1154 1145 1151 219 540 157 158 1147 1150 1144
 252 275 1113 838 1212 1210 1209 1207 1206 1204 1202 787 1201 1198 1193 1188 1191 1187 1184 1183 1179 1178 1181 1173 1177 1174 1175 1171 1168 1167 1158 1157 1154 1155 725 1140 751 540 338 158 22
 848 380 1212 1211 1204 1202 1200 1188 1191 1187 1184 1183 1173 1174 1171 1165 1167 1163 1162 1153 1155 1156 1145 725 219 338 157 158 1150
 1146 498 130 680 1209 1207 1206 1205 1203 1204 1202 787 1200 1201 1198 1188 1187 1179 1178 1174 1175 1172 1165 1167 1153 219 540 157 158 22 1144
 425 681 468 1212 1211 1206 1205 1203 1202 1200 1201 1198 1193 1188 1183 1179 1178 1173 1177 1174 1175 1172 1165 1161 1158 1162 1153 1155 1145 725 1151 1140 751 540 338 22 1150 1144
 143 577 1208 1202 787 1201 1198 1193 1187 1185 1179 1178 1173 1175 1172 1171 1168 1161 1163 1157 1153 1139 219 540 158 22 1147 1144
 638 130 1210 1209 1206 1205 1203 1204 787 1201 1186 1191 1185 1183 1178 1172 1167 1161 1158 1163 1162 1157 1154 1155 1156 1145 725 1151 1139 1144
 470 1038 42 631 867 80 236 76 786 789 1211 1205 1203 1204 787 1200 1187 1185 1184 1183 1179 1178 1173 1165 1167 1157 1154 1145 725 1140 219 540 338 157 1150 1144
 1176 40 1212 1209 1206 1205 1203 1202 1201 1198 1193 1186 1184 1183 1181 1173 1175 1172 1168 1158 1163 1162 1153 1145 725 751 219 338 157 158 22 1144
 9 922 33 1212 1211 1210 1209 1208 787 1200 1198 1188 1191 1187 1185 1184 1178 1181 1172 1158 1154 1153 1156 725 1151 1140 540 157 22 1147
 1119 820 1016 1046 1212 1211 1210 1208 1203 787 1201 1198 1186 1184 1183 1179 1178 1174 1172 1163 1154 1140 219 338 157 22 1144
 266 909 376 117 137 592 755 450 308 178 1212 1211 1210 1207 1206 1205 1204 1202 787 1200 1188 1185 1179 1178 1173 1172 1165 1167 1154 1155 1145 725 1140 1139 219 540 22 1147
 924 173 1208 1203 1204 1202 1188 1187 1185 1184 1183 1179 1178 1175 1168 1165 1161 1158 1163 1162 1157 1153 1145 725 1151 751 1139 219 338 157 158 22 1144
 1180 288 1212 1211 1209 1206 1203 1204 1202 1200 1198 1188 1187 1184 1179 1173 1177 1174 1172 1171 1168 1165 1167 1161 1158 1163 1162 1154 1155 1156 725 1151 1140 1139 219 540 22 1150 1144
 304 370 1212 1211 1208 1206 1204 1201 1198 1193 1188 1185 1179 1181 1173 1177 1175 1172 1168 1165 1167 1161 1163 1162 1155 1156 1145 725 219 540 157 158 1147 1144
 1110 423 1212 1211 1209 1207 1203 1204 1202 1200 1193 1186 1187 1184 1183 1179 1178 1181 1168 1167 1161 1158 1157 1156 1151 1140 751 219 22 1147 1150
 46 1118 958 8 1212 1210 1207 1203 1204 1200 1193 1186 1191 1187 1183 1177 1174 1172 1168 1165 1163 1162 1155 1156 725 1140 751 219 540 158 22 1150
 988 1052 1209 1208 1206 1205 1203 1204 1200 1201 1191 1185 1178 1181 1177 1174 1175 1168 1158 1162 1154 1153 1155 1145 1151 751 219 158 22 1150 1144
 127 756 1152 1020 453 1050 205 161 940 292 1211 1207 1205 1188 1186 1185 1184 1183 1179 1178 1177 1167 1161 1163 1162 1157 1154 1155 1145 725 751 1139 157 1144
 1170 185 1212 1211 1208 1207 1206 1202 1200 1201 1198 1193 1186 1184 1183 1181 1173 1172 1165 1161 1162 1155 1145 1140 1139 219 1147
 881 444 964 350 917 1094 333 795 684 20 768 1189 808 633 55 788 528 1110 565 95 797 1104 376 401 94 607 1036 678 214 106 698 771 559 915 892 894 807 403 6 1212 1211 1210 1208 1205 1204 1202 787 1198 1193 1188 1191 1185 1183 1179 1181 1173 1175 1168 1165 1161 1163 1162 1154 1145 725 751 1139 219 540 338 157 158 1147 1150
 260 1068 1209 1208 1206 1203 1202 1201 1198 1193 1191 1184 1179 1181 1173 1174 1172 1167 1163 1162 1153 1145 725 1151 751 219 540 1144
 435 739 1211 1210 1209 1208 1204 1202 1198 1186 1191 1185 1183 1181 1173 1177 1174 1175 1172 1171 1167 1161 1154 1153 1155 725 1151 751 219 540 157 158 22 1150 1144
 101 813 1209 1208 1202 787 1200 1193 1191 1185 1179 1178 1173 1177 1174 1168 1167 1158 1163 1162 1157 1154 1155 1156 1145 1151 751 1139 219 540 158 1150
 430 1212 1207 1205 1202 1200 1201 1198 1193 1191 1187 1179 1178 1181 1174 1175 1168 1165 1158 1163 1157 1145 725 1151 751 1139 540 338 157 22 1150
 592 578 1207 1206 1203 1204 1200 1201 1193 1188 1186 1191 1184 1183 1181 1175 1172 1168 1165 1167 1161 1163 1162 1153 1155 1156 1145 1151 338 158 1147 1144
 889 801 809 1206 1203 1202 787 1200 1201 1188 1191 1184 1183 1179 1181 1174 1175 1172 1168 1165 1158 1163 1154 1153 1156 1145 725 1139 219 157
 1 711 1212 1210 1208 1203 1200 1201 1191 1185 1184 1183 1173 1172 1165 1167 1161 1158 1163 1156 725 1140 751 157 22
 282 705 72 1212 1202 1200 1201 1198 1188 1186 1191 1187 1184 1183 1179 1181 1173 1177 1175 1165 1158 1162 1154 1156 1145 725 1151 1140 751 540 157 158 22 1147
 1104 583 84 381 50 10 560 683 153 104 389 1212 1210 1209 1203 1204 787 1200 1201 1198 1193 1186 1191 1187 1185 1179 1181 1173 1174 1175 1171 1168 1167 1158 1163 1154 1155 725 1140 1139 219 22 1147 1150 1144
 749 213 1212 1210 1208 1206 1205 1204 1202 787 1198 1193 1186 1187 1185 1179 1178 1181 1173 1177 1174 1175 1171 1165 1161 1158 1162 1155 1156 1145 1151 1140 751 1139 158 1150 1144
 251 913 285 1196 1211 1206 1203 1202 1201 1193 1187 1183 1181 1173 1174 1171 1168 1161 1158 1163 1145 725 1151 1140 751 1139 540 338 157 158
 1023 13 1211 1206 1203 1202 787 1200 1193 1188 1187 1184 1183 1181 1177 1171 1158 1157 1154 1155 1156 1145 1140 219 540 157 22
 493 996 1211 1208 1206 1205 1204 787 1201 1188 1186 1179 1181 1173 1177 1174 1171 1168 1158 1163 1162 1157 1154 1155 725 1151 1140 1139 338 22 1150 1144
 698 673 1210 1208 1205 1204 787 1201 1198 1193 1188 1186 1187 1185 1184 1181 1173 1165 1158 1154 725 751 157 158 22 1150 1144
 1030 93 951 1212 1210 1207 1202 787 1200 1201 1186 1187 1185 1184 1179 1178 1181 1173 1172 1171 1168 1165 1167 1161 1162 1154 1155 1156 1140 1139 338 158 1150 1144
 808 726 510 1189 1206 1205 1203 1204 1198 1193 1186 1184 1183 1178 1173 1174 1172 1167 1158 1163 1157 1156 725 751 219 540 338 157 158 1150 1144
 108 1098 967 1212 1209 1207 1205 1202 1201 1193 1188 1187 1185 1184 1179 1178 1181 1173 1177 1174 1172 1171 1168 1161 1163 1157 1154 1153 1156 1151 1140 751 219 540 338 158 1147
 641 1212 1211 1210 1208 1207 1206 1203 1202 1201 1186 1191 1187 1181 1173 1177 1175 1172 1165 1167 1161 1162 1154 1153 1155 1156 338 1150 1144
 541 211 1131 1209 1206 1203 1202 787 1201 1198 1193 1188 1191 1187 1185 1184 1183 1178 1181 1173 1177 1168 1165 1161 1163 1155 751 1139 219 338 22 1147 1150
 1038 231 1209 1208 1207 1204 1200 1198 1185 1184 1183 1179 1178 1181 1173 1177 1175 1172 1168 1167 1161 1157 1155 1156 725 1151 1140 157 22 1147 1150 1144
 109 236 1211 1210 1206 1204 1198 1188 1186 1178 1181 1175 1161 1154 1156 725 1151 1140 1139 219 540 338 158 22 1147 1144
 721 182 105 468 263 1068 572 808 518 646 1211 1210 1206 1204 787 1200 1201 1198 1193 1186 1191 1184 1183 1179 1171 1168 1167 1163 1162 1153 1156 725 1139 540 338 1147 1150 1144
 679 660 1212 1210 1209 1208 1207 1203 1202 787 1198 1188 1186 1191 1187 1184 1178 1181 1174 1168 1165 1167 1163 1162 1157 1154 1153 1155 1156 1145 1140 751 219 338 157
 308 1 1211 1210 1209 1207 1206 1203 1204 1202 787 1200 1198 1186 1191 1184 1179 1173 1177 1175 1172 1171 1168 1165 1157 1155 725 1151 1140 751 219 540 338 157 1147
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 275 > 167
 167 > 1181
 1181 > 34
 34 > 1233
 1233 > 63
 1181 > 173
 173 > 327
 1181 > 833
 833 > 91
 91 > 626
 370 > 320
 320 > 135
 135 > 1246
 1246 > 56
 56 > 981
 981 > 1008
 1008 > 151
 151 > 483
 320 > 1044
 1044 > 38
 38 > 1119
 1105 > 1161
 1058 > 715
 275 > 876
 876 > 607
 91 > 1056
 1056 > 740
 320 > 665
 665 > 233
 1056 > 835
 835 > 35
 665 > 400
 665 > 461
 1056 > 1031
 876 > 627
 627 > 550
 835 > 1213
 275 > 59
 320 > 1268
 1268 > 523
 523 > 205
 205 > 704
 704 > 1129
 1129 > 1083
 523 > 561
 1246 > 1256
 1256 > 1081
 56 59 > 956
 956 > 576
 139 > 244
 244 > 509
 139 > 1143
 139 > 465
 465 > 556
 556 > 786
 786 > 298
 298 > 247
 244 > 1275
 298 > 1257
 1257 > 71
 71 > 40
 40 > 666
 71 > 54
 298 > 952
 139 > 1007
 1025 > 85
 85 > 580
 580 > 726
 726 > 356
 85 > 883
 883 > 278
 71 > 566
 566 > 592
 1161 298 > 473
 360 > 486
 486 > 104
 104 > 1122
 1122 > 453
 486 > 1107
 927 > 517
 517 > 30
 30 > 1084
 1084 > 261
 261 > 817
 817 > 122
 817 > 1077
 1077 > 237
 237 > 419
 1077 > 628
 817 > 939
 927 > 1053
 1053 > 308
 308 > 206
 206 > 532
 532 > 497
 497 > 655
 655 > 123
 123 > 124
 123 > 192
 192 > 444
 123 > 276
 276 > 775
 775 > 1101
 261 > 853
 853 > 777
 206 > 985
 655 > 1029
 1029 > 324
 123 > 1273
 1273 > 824
 824 > 1195
 1195 > 722
 1273 > 987
 135 1273 > 1098
 1098 > 975
 975 > 339
 1098 > 1049
 1049 > 346
 346 > 16
 346 > 1115
 1115 > 274
 346 > 866
 866 > 991
 1049 > 506
 506 > 22
 22 > 834
 628 167 > 971
 274 1257 > 454
 213 > 365
 365 > 1011
 414 > 330
 330 > 823
 330 > 1132
 414 > 873
 213 > 776
 776 > 1235
 365 237 > 413
 413 > 156
 413 > 875
 413 > 1026
 413 > 1224
 414 523 > 23
 23 > 674
 674 > 805
 674 > 920
 247 > 1267
 1053 1267 > 554
 554 > 489
 554 > 702
 702 > 258
 775 413 > 701
 701 > 44
 44 > 240
 701 > 590
 722 702 > 1045
 1045 > 160
 160 > 391
 391 > 1168
 1168 > 410
 410 > 429
 410 > 440
 410 > 614
 614 > 467
 160 > 1253
 1168 > 982
 776 824 > 1184
 1224 391 > 1193
 440 1275 > 513
 44 410 > 364
 364 > 1131
 556 824 > 1243
 1243 > 315
 315 > 359
 1243 > 1022
 532 410 30 > 445
 258 975 465 > 608
 608 > 1269
 107 > 238
 238 > 1006
 1006 > 1137
 1137 > 1178
 620 > 582
 582 > 698
 620 > 663
 663 > 386
 663 > 1192
 1192 > 1046
 1046 > 518
 518 > 299
 410 582 > 865
 865 1178 > 1121
 1121 > 602
 602 > 421
 421 > 29
 29 > 768
 421 > 485
 1121 > 407
 407 > 854
 364 1192 > 709
 709 > 772
 772 > 1062
 1062 > 587
 587 > 382
 407 550 > 993
 151 386 > 699
 699 > 630
 630 400 > 632
 1178 261 > 945
 698 823 > 347
 247 620 > 468
 468 > 1052
 991 1052 > 684
 684 > 641
 663 805 > 416
 416 > 279
 1181 518 135 > 292
 292 > 53
 53 > 896
 896 > 1228
 292 > 913
 292 > 600
 600 > 974
 1224 53 > 78
 78 > 259
 1131 259 > 697
 697 > 902
 715 461 697 > 948
 861 > 1073
 364 0 > 685
 0 532 > 441
 939 766 > 581
 35 581 > 280
 280 > 874
 874 > 989
 989 > 613
 861 506 > 462
 831 861 > 331
 331 > 55
 55 > 1217
 55 56 > 357
 357 > 420
 357 > 1227
 357 > 895
 895 > 185
 1026 40 441 > 1015
 740 1178 441 > 234
 1056 1217 823 > 1088
 805 1088 > 503
 503 > 332
 332 > 466
 466 > 212
 503 > 345
 332 701 > 1036
 1036 > 175
 1084 175 > 1139
 91 503 > 253
 253 > 317
 317 > 318
 1134 > 448
 1134 > 943
 1081 907 > 159
 159 > 251
 251 > 520
 1006 907 > 822
 822 > 1
 1 > 144
 144 > 764
 144 > 1125
 1125 > 349
 144 > 1104
 927 1 > 67
 497 271 > 348
 822 > 658
 141 > 267
 141 > 681
 681 > 65
 466 681 > 505
 505 453 > 1000
 1000 > 294
 294 > 165
 1000 > 725
 681 1256 > 1068
 1068 440 > 270
 270 > 182
 270 > 1169
 294 212 > 100
 419 100 327 > 1032
 895 276 294 > 910
 314 > 415
 415 > 425
 314 > 649
 649 > 1017
 1017 > 138
 314 > 830
 830 > 402
 1017 1011 > 760
 760 > 312
 312 > 1094
 1094 > 437
 437 > 231
 437 55 > 140
 140 > 1093
 1093 > 62
 62 > 536
 536 > 150
 536 > 1033
 62 > 996
 536 > 643
 1033 231 > 955
 955 > 522
 150 59 > 717
 1121 996 > 678
 513 314 913 > 42
 140 440 550 > 1231
 1231 > 790
 790 > 310
 790 608 > 748
 955 896 1125 > 18
 18 > 433
 433 > 250
 250 > 428
 18 > 809
 250 > 687
 687 1125 > 606
 428 817 > 977
 433 817 > 969
 969 > 1175
 1175 > 688
 1273 18 365 > 149
 202 > 730
 202 > 800
 800 > 301
 584 > 762
 762 > 1051
 762 > 1123
 205 301 > 216
 1093 216 > 661
 661 > 463
 463 > 11
 632 463 > 1258
 800 1152 > 423
 423 1011 > 1140
 1140 320 100 > 1147
 216 580 1115 > 639
 639 > 976
 976 > 385
 385 > 154
 775 976 > 973
 639 730 > 1159
 1159 > 99
 99 > 591
 591 > 394
 394 > 115
 394 > 1126
 1126 > 1247
 99 910 1256 > 998
 998 > 446
 446 > 337
 337 > 549
 337 > 1229
 1229 > 110
 461 520 11 > 512
 512 > 542
 542 444 > 529
 1240 681 > 530
 530 > 757
 757 > 734
 530 > 1019
 1019 > 1205
 530 122 > 992
 536 992 > 499
 499 > 195
 195 > 705
 195 > 1154
 195 > 1095
 251 348 > 937
 674 281 1267 > 914
 914 346 > 371
 371 > 644
 1025 914 > 1047
 575 > 732
 694 > 692
 694 > 1061
 1061 > 880
 880 > 1086
 1086 > 232
 301 575 > 963
 613 283 > 293
 895 > 617
 617 > 979
 979 > 198
 1243 1086 > 745
 438 > 1222
 1032 438 > 398
 253 398 > 1176
 1176 149 > 848
 499 1176 > 891
 891 > 305
 1169 328 > 547
 547 > 417
 556 891 698 > 1145
 520 1145 > 622
 622 > 716
 285 > 480
 947 > 207
 207 > 41
 41 > 1276
 947 > 1279
 760 947 > 117
 274 117 > 545
 1227 > 961
 961 > 217
 425 41 518 > 719
 412 > 1023
 723 > 355
 723 > 1146
 1146 > 1203
 184 996 > 783
 783 > 1109
 1109 > 1221
 1221 > 49
 49 > 710
 710 > 858
 858 > 862
 145 > 538
 538 > 323
 323 > 1066
 1066 > 178
 1066 > 1202
 987 > 1270
 1270 723 > 677
 315 1066 > 1092
 440 1270 > 990
 775 323 > 633
 633 > 333
 1235 677 939 > 610
 610 > 176
 176 > 646
 610 > 397
 397 > 1242
 1242 > 435
 646 862 1125 > 1124
 796 > 689
 796 > 718
 796 1139 > 1207
 1207 > 1197
 54 905 > 351
 1207 505 > 535
 23 535 > 1278
 1267 796 > 1239
 1239 > 839
 839 > 700
 839 395 > 1234
 145 1234 > 52
 961 796 748 > 813
 94 > 548
 548 > 788
 94 > 765
 765 > 621
 548 718 > 583
 583 > 383
 383 > 537
 537 > 567
 383 > 878
 878 > 578
 578 > 755
 755 > 894
 537 > 935
 878 > 997
 394 567 > 651
 651 > 1110
 54 > 284
 284 > 101
 101 167 > 731
 948 731 > 724
 724 > 380
 651 764 > 811
 811 > 477
 1247 1006 731 > 841
 723 261 755 > 1259
 1066 499 > 309
 1279 > 338
 338 > 595
 595 > 1116
 338 > 804
 804 > 1204
 258 595 > 650
 804 > 1277
 1277 > 118
 118 > 847
 847 833 > 96
 96 > 498
 1 > 387
 387 > 999
 1193 982 1170 > 86
 308 54 1277 > 201
 201 > 946
 626 946 > 143
 956 1229 143 > 187
 187 > 1002
 1002 757 > 68
 68 > 571
 905 387 989 > 897
 897 > 1021
 1021 > 1212
 275 1212 > 1004
 780 > 868
 868 > 921
 921 613 > 97
 542 921 > 208
 705 > 31
 31 979 > 449
 449 > 827
 827 > 1194
 705 449 > 179
 571 179 > 672
 449 68 > 411
 411 > 564
 564 > 343
 1051 564 > 403
 921 238 > 13
 13 > 1199
 1199 > 680
 338 680 > 472
 472 > 964
 964 1152 > 871
 871 > 560
 680 351 > 778
 13 110 > 1076
 644 564 > 860
 780 463 1222 > 747
 561 208 156 > 890
 472 1145 55 > 479
 617 554 31 > 265
 1023 265 > 209
 776 1246 209 > 326
 1159 346 13 > 928
 179 1175 776 1267 592 578 271 894 666 > 1201
 1055 > 288
 717 137 > 526
 526 > 1215
 1124 526 > 168
 168 > 211
 860 346 526 > 958
 958 1222 > 114
 114 > 220
 220 > 656
 114 > 1223
 220 198 > 404
 404 > 81
 404 299 > 105
 105 > 1198
 928 656 > 934
 11 213 > 306
 1026 306 > 1106
 1106 > 563
 563 > 798
 798 > 1163
 1163 > 381
 1106 > 1171
 530 1106 > 792
 1224 792 > 487
 222 > 319
 394 319 > 460
 460 > 1211
 1211 > 424
 94 424 > 589
 589 > 430
 1176 222 > 307
 307 > 995
 632 589 > 451
 451 > 669
 992 319 > 1165
 778 > 1244
 907 589 > 304
 973 499 669 > 33
 739 1223 > 609
 609 > 671
 847 148 > 851
 739 53 > 1138
 1138 > 7
 1132 609 > 113
 609 251 > 72
 72 38 > 14
 14 576 > 1249
 318 1249 > 885
 685 > 227
 227 > 1001
 851 542 > 911
 911 > 396
 98 > 763
 763 > 1153
 399 1022 > 984
 984 > 103
 1268 > 316
 934 > 102
 414 102 > 1208
 1208 > 1059
 1208 143 > 604
 1153 542 > 15
 76 > 919
 1179 1007 876 > 1024
 324 554 1024 > 303
 303 > 721
 841 303 323 > 1090
 318 1090 > 221
 221 > 593
 593 1023 > 1040
 880 221 > 586
 1277 586 > 236
 708 > 808
 1257 708 > 1010
 1010 281 > 1072
 997 1112 1031 > 951
 303 59 951 > 164
 1197 532 947 164 979 145 479 114 > 570
 570 > 660
 660 > 376
 376 > 1028
 947 376 > 75
 75 > 229
 1173 425 376 > 1162
 1000 1173 766 375 697 411 805 998 1101 > 1069
 1069 > 965
 1069 > 1038
 414 1259 1119 808 1104 165 834 613 > 287
 204 > 1030
 1030 > 615
 615 > 48
 204 151 > 1214
 1023 1214 > 111
 1249 111 > 676
 1095 676 537 > 1141
 423 1030 591 > 152
 152 > 940
 940 1030 > 436
 436 > 988
 506 940 > 793
 793 > 1232
 436 1175 > 508
 1169 1275 > 629
 1119 1214 748 > 58
 343 113 1004 990 974 332 508 184 281 > 1157
 1028 359 615 655 417 184 216 745 971 314 > 334
 339 334 > 27
 334 1115 > 552
 702 223 > 1196
 905 1196 > 929
 948 929 217 > 1219
 503 1157 > 325
 1047 325 > 210
 210 > 26
 210 > 447
 447 > 1264
 210 > 219
 609 210 > 1048
 999 1048 > 89
 89 > 675
 675 593 > 427
 427 570 234 790 734 718 724 178 > 12
 12 97 > 514
 140 777 981 33 675 963 276 1116 89 > 1148
 1148 > 1111
 1208 1219 1275 973 896 680 1170 33 403 > 953
 953 > 73
 953 > 1241
 364 1241 > 829
 57 > 691
 57 > 752
 646 691 > 640
 640 > 741
 387 640 > 1158
 1046 1158 72 > 342
 57 288 > 867
 867 > 194
 977 867 > 127
 317 867 > 189
 189 > 923
 81 1081 613 708 760 194 454 523 1076 113 > 1075
 420 1075 > 28
 229 1176 1159 28 1232 600 1217 29 998 > 1039
 1039 > 92
 266 > 476
 976 476 > 443
 443 > 1080
 443 222 > 729
 1227 476 > 1064
 436 961 465 977 30 357 1080 1264 > 504
 1008 175 436 304 671 1222 476 610 127 345 > 80
 80 > 300
 300 > 418
 300 890 > 844
 117 578 1141 844 622 164 160 217 187 > 119
 61 > 683
 1037 > 814
 413 816 > 340
 614 683 > 631
 814 > 588
 1202 588 > 475
 475 > 226
 776 557 226 > 372
 372 651 > 177
 177 > 82
 372 775 1061 > 573
 573 411 > 183
 44 814 137 > 186
 96 186 > 1183
 672 1004 61 > 932
 932 > 32
 342 32 1146 > 926
 926 > 585
 926 564 > 1166
 1086 202 1140 85 16 678 1077 786 683 > 95
 95 > 638
 186 638 658 > 915
 627 938 > 242
 1069 > 142
 142 > 2
 270 646 > 215
 215 65 > 967
 58 549 967 > 756
 756 > 243
 1112 1083 1215 816 760 1002 592 149 671 > 1135
 1135 > 8
 8 281 > 599
 599 956 > 21
 8 1176 > 1149
 1038 1232 8 > 36
 36 > 770
 770 > 1065
 1065 > 959
 1065 > 1133
 566 1065 > 1238
 770 1134 187 > 1012
 1012 > 781
 734 1065 > 936
 993 936 > 1209
 1248 554 > 774
 988 774 936 > 761
 761 775 > 196
 196 > 1114
 196 1093 > 579
 677 579 > 773
 1219 752 1227 418 425 774 238 240 542 > 1118
 1118 > 341
 341 > 257
 257 > 218
 1118 593 315 > 859
 198 943 1165 956 841 78 395 1248 958 > 850
 850 1064 > 746
 78 746 > 903
 746 975 > 1089
 417 1168 547 761 606 578 1040 1089 > 1014
 1261 1019 > 636
 636 > 657
 52 > 713
 1232 1261 > 744
 744 > 488
 636 467 > 74
 74 1037 > 812
 812 > 120
 713 331 486 > 565
 565 602 > 568
 221 565 > 618
 943 > 10
 49 > 405
 405 897 > 623
 1205 405 326 > 1100
 1100 > 459
 251 1100 > 264
 1100 1086 1213 48 723 620 626 164 1268 > 1151
 284 342 780 1048 1151 812 331 438 > 531
 531 > 843
 775 843 > 17
 1261 843 1028 > 901
 505 261 843 > 1060
 1060 > 46
 46 > 856
 1107 674 1125 405 1031 764 985 424 213 > 474
 731 474 > 180
 123 474 > 1057
 553 > 121
 393 843 > 502
 177 > 1262
 1262 > 519
 91 477 > 9
 9 > 950
 107 950 > 464
 1090 950 > 1250
 1250 > 601
 1215 1250 853 > 1117
 1117 834 1162 > 260
 1139 1130 988 1117 628 430 811 1021 337 > 291
 1159 1163 567 467 209 291 730 591 1137 > 193
 580 920 905 449 1159 661 448 760 260 1129 > 543
 9 17 554 1131 1040 850 365 564 201 505 > 344
 935 418 880 8 1006 998 344 > 930
 702 > 574
 33 > 335
 1160 1125 985 903 291 1192 508 993 393 > 249
 249 231 520 894 419 732 1111 63 1088 > 450
 1195 135 867 119 1114 945 1160 387 > 1005
 1005 > 77
 148 77 722 > 203
 212 1101 1004 1002 755 554 113 574 140 > 64
 396 991 > 559
 1169 1173 559 > 703
 308 703 > 313
 313 > 696
 716 696 > 551
 551 1095 > 1113
 80 1161 257 865 726 221 793 393 > 1074
 480 28 1040 1014 547 984 465 696 780 271 > 820
 862 115 820 > 714
 714 344 971 221 672 397 103 183 206 > 810
 118 943 627 508 347 412 551 729 > 25
 851 > 268
 441 997 656 1193 760 778 1057 38 > 616
 616 > 727
 250 537 1132 616 243 618 1074 411 207 > 527
 527 854 894 > 1050
 324 715 935 268 344 1044 68 1118 480 1090 > 828
 998 474 345 538 1141 17 181 858 1066 > 469
 469 > 452
 1247 717 452 > 19
 452 1044 182 1026 1025 580 568 1168 > 707
 41 452 696 370 81 580 150 1121 1014 > 886
 881 100 > 906
 552 921 0 526 141 906 21 776 1223 59 > 166
 166 > 797
 1077 797 319 > 917
 166 1243 575 > 225
 225 1113 > 900
 879 287 166 > 801
 685 275 145 225 1098 474 486 1199 > 495
 495 > 131
 554 968 186 > 1070
 1070 94 > 69
 1070 285 340 > 1189
 727 984 1213 26 599 580 734 > 1099
 1099 1011 > 329
 325 > 1020
 8 1020 319 > 191
 995 1189 173 191 586 824 280 923 939 > 924
 1157 196 924 > 733
 639 733 599 > 845
 746 827 1269 315 1020 1153 1069 936 956 > 1167
 1167 671 762 > 832
 1242 1062 607 192 32 1234 586 793 > 664
 848 529 1199 845 504 701 53 874 468 943 > 481
 481 715 > 540
 1029 481 > 749
 761 46 203 636 885 1097 1065 1070 351 95 > 925
 832 1143 1072 998 372 182 915 191 346 193 > 806
 459 883 806 > 787
 787 629 > 647
 923 602 647 879 407 348 963 548 499 > 855
 1157 59 806 583 1161 1002 337 542 1169 > 634
 1179 549 1241 122 1256 1205 739 1273 > 125
 644 48 25 973 943 402 508 > 470
 470 > 172
 793 59 1238 723 165 115 53 778 99 > 888
 888 > 1263
 341 509 888 879 1045 1111 1147 15 932 963 > 966
 966 1202 > 870
 487 > 972
 1162 972 > 1206
 144 1206 > 1236
 647 1236 240 547 213 320 1052 850 119 > 877
 972 665 1248 1033 1094 770 117 969 244 > 1150
 426 > 898
 1221 426 927 > 515
 1098 385 515 57 883 338 494 1154 > 802
 64 1058 802 > 673
 404 > 60
 1124 811 > 87
 60 307 714 173 495 166 343 1023 563 > 256
 256 > 594
 256 > 1103
 802 594 > 978
 1077 18 978 339 1069 385 530 591 1189 > 736
 969 934 861 877 1221 520 1103 > 51
 978 740 203 51 27 18 972 218 551 > 496
 496 > 353
 353 > 846
 846 221 > 408
 542 1261 913 1117 953 1056 517 868 51 1178 > 690
 236 176 > 390
 348 497 271 973 768 571 1184 > 311
 311 426 > 754
 1014 381 47 787 903 974 636 1219 390 1248 > 255
 255 609 835 1046 740 800 560 721 1107 > 611
 907 31 479 616 76 1116 233 33 319 > 1177
 66 > 916
 948 557 > 837
 837 > 771
 46 503 643 1051 509 837 681 217 255 1090 > 1182
 1182 > 190
 305 828 926 599 1199 66 54 938 531 756 > 1187
 1187 > 1120
 103 > 904
 459 904 811 172 813 250 1215 1235 472 > 619
 619 > 350
 663 966 1075 619 508 1070 445 96 1179 > 572
 465 414 1116 572 266 687 973 51 979 > 369
 640 369 586 1005 346 509 1191 1175 629 > 1013
 518 628 1013 > 171
 338 171 514 > 93
 85 1212 171 > 528
 528 > 821
 821 250 > 682
 528 > 200
 33 682 976 1278 381 1032 1095 656 589 > 826
 826 72 > 836
 932 699 617 628 1182 760 152 1177 > 667
 1272 754 1176 > 642
 1202 307 601 990 702 1123 1097 1139 > 625
 640 21 710 1003 51 814 550 1240 > 1186
 1186 > 128
 1186 1076 > 478
 658 1186 988 > 458
 982 308 99 793 238 309 190 1106 626 > 693
 693 747 1055 0 270 800 111 98 383 > 1128
 601 328 713 305 383 641 642 485 103 394 > 362
 402 658 871 403 405 362 375 634 314 > 603
 948 1195 > 511
 939 1147 338 315 1273 429 790 345 > 199
 199 > 455
 199 913 > 501
 716 975 543 51 455 919 504 1217 > 944
 821 981 399 691 694 430 1 542 > 1254
 360 761 846 436 689 839 371 1221 1254 > 662
 662 > 153
 1031 615 647 766 433 185 332 153 > 922
 922 > 742
 922 > 864
 1199 636 243 1122 1159 828 301 313 1254 > 1274
 713 382 212 792 123 1079 1150 992 475 > 1180
 603 630 1065 53 610 528 829 1020 > 37
 37 291 > 1266
 1259 149 192 175 171 18 699 365 > 1043
 1043 868 934 765 76 1212 59 > 887
 1179 887 > 3
 3 > 490
 639 301 1247 1043 1184 1186 402 63 1210 > 409
 1257 916 3 1126 32 906 423 987 390 > 1144
 1162 545 394 40 1065 1017 1144 910 26 > 679
 436 886 65 1076 490 398 121 317 160 > 389
 227 667 69 887 658 517 268 153 581 > 482
 742 946 137 1180 900 1232 609 885 1003 > 83
 348 83 > 1042
 83 1254 1061 822 480 408 600 778 903 967 > 45
 246 > 90
 506 99 246 > 738
 178 771 915 1178 764 1126 44 246 335 > 130
 920 1217 1070 860 447 130 81 13 > 431
 1199 1060 724 834 431 1088 1024 855 588 > 1245
 438 765 763 1277 71 130 651 1112 > 838
 660 1068 34 0 523 1043 446 1245 665 1240 > 157
 709 15 474 1001 928 431 1140 1146 157 > 534
 534 > 546
 509 546 24 338 350 783 646 > 670
 157 878 972 1026 391 788 907 1080 > 983
 0 157 446 665 435 615 1269 398 946 445 > 872
 749 90 85 450 1130 428 714 754 717 > 1260
 646 148 > 188
 783 452 > 1252
 1222 120 188 1109 667 1124 528 173 1050 > 637
 637 194 > 942
 1201 32 1129 942 83 49 1036 658 1089 > 912
 1159 1183 989 647 738 637 165 617 546 > 986
 802 986 48 523 1104 1165 313 271 60 > 799
 799 > 711
 1098 693 986 1088 1020 1187 680 993 24 > 1018
 788 637 92 579 575 90 489 300 593 > 1190
 1190 424 850 > 962
 1086 1203 1115 839 1222 831 1111 1190 403 > 654
 654 299 906 314 1130 981 1116 261 1232 > 273
 323 1151 145 364 291 1077 89 1040 942 > 289
 243 799 1246 701 715 844 643 711 897 297 > 893
 893 968 122 560 299 948 142 586 238 402 > 933
 637 935 933 > 43
 515 933 73 1004 1148 281 738 426 > 735
 939 102 58 684 658 453 304 965 711 > 406
 406 > 652
 603 920 609 313 715 406 285 967 1259 > 1035
 1007 920 > 230
 230 1269 > 857
 357 406 600 857 718 917 594 777 217 > 562
 562 > 239
 211 1182 915 622 1240 631 230 1092 > 84
 764 87 997 173 786 396 982 230 1098 > 126
 880 126 > 392
 1008 1123 1018 920 444 278 1026 392 7 > 457
 591 1151 579 1128 457 808 777 1221 1120 606 > 785
 1075 785 333 > 1225
 1225 978 > 941
 941 881 472 592 180 342 873 1159 315 > 224
 747 755 593 655 946 713 224 1040 652 > 20
 20 > 361
 361 855 > 161
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 222 > 1348
 413 > 1349
 561 > 1350
 741 > 1351
 67 > 1352
 910 > 1353
 284 > 1354
 912 > 1355
 484 > 1357
 687 > 1358
 246 > 1359
 63 > 1360

 37 4 743 1359 1358 1353 1351 1355 1349 1340 1327 1326 1325 1322 1321 1317 1312 686 1308 1306 1320 1304 1297 1301 1294 1289 1287 1285 1300 1284 1280 401 1283 598 1136 1282
 48 810 1354 1351 1350 1349 1348 1335 1328 1327 1325 1316 1330 1323 1321 1317 1313 686 1308 1304 1303 1297 1301 1298 1289 918 1300 1284 1280 401 1283 1136 1282
 612 70 99 904 47 443 996 735 576 1359 1358 1353 1354 1357 1350 1348 1340 1328 1325 1324 1316 1322 1323 1317 1313 1307 1308 1306 1305 1303 1302 1294 1289 1300 401 1283 598 659 1282
 920 211 1359 1354 1351 1335 1328 1330 1321 1313 1307 1308 1320 1305 1303 1302 1301 1289 918 1300 1281 1280 598 659 1136 1282
 305 341 1360 1358 1352 1355 1349 1348 1340 1328 1327 1326 1325 1316 1321 1304 1302 1289 1285 918 1300 1284 1280 401 1283 1136
 998 810 1360 1359 1353 1354 1352 1355 1349 1346 1340 1335 1328 1326 1316 1312 1307 1304 1302 1297 1298 1289 1285 918 1300 1283 659
 341 0 1360 1359 1358 1353 1354 1352 1335 1327 1326 1325 1323 1321 1306 1305 1302 1297 1294 1289 1285 598 659 1136
 400 439 790 1359 1358 1354 1357 1352 1355 1348 1346 1340 1328 1326 1330 1322 1321 1307 1306 1304 1302 1297 1301 1294 1287 1286 918 1300 1284 1281 1280 1283 659
 423 334 1360 1358 1352 1350 1355 1348 1335 1328 1327 1326 1325 1316 1330 1322 1323 1321 1317 1312 1307 686 1308 1306 1320 1304 1297 1301 1287 1285 1281 401 598 1282
 222 1278 1354 1350 1355 1349 1348 1316 1321 1317 1312 1307 1306 1320 1305 1301 1294 1298 918 1284 1280 401 659 1136 1282
 593 647 1353 1357 1348 1340 1327 1326 1324 1330 1307 686 1308 1305 1302 1297 1301 1294 1289 1287 1286 1285 1284 1280 401 1136
 343 1190 546 339 1359 1358 1353 1352 1350 1348 1335 1327 1324 1316 1321 1317 1313 1308 1320 1304 1305 1297 1294 1298 1289 1287 1286 1285 1300 1284 1280 598
 1070 1343 775 941 305 975 939 139 904 1360 1358 1351 1352 1350 1349 1346 1340 1335 1327 1326 1325 1324 1322 1323 1321 1317 1312 1313 686 1320 1304 1305 1302 1301 1287 1281 1280 401 1283 598 659 1136
 710 377 1360 1359 1353 1354 1357 1351 1352 1355 1349 1346 1335 1328 1326 1324 1322 1323 1321 1317 1312 1308 1306 1320 1297 1294 1298 1285 918 1280 1136
 980 61 1162 1360 1358 1354 1357 1351 1352 1350 1355 1335 1328 1324 1316 1330 1323 1317 1306 1304 1302 1298 1287 1286 1284 1281 401 598 659 1136 1282
 118 1192 1360 1353 1352 1355 1348 1335 1327 1325 1316 1330 1322 1317 1307 1308 1320 1303 1297 1294 1286 1285 918 1300 1284 401 1136 1282
 891 231 1360 1359 1358 1353 1357 1350 1355 1349 1348 1346 1340 1335 1328 1327 1330 1322 1323 1317 1312 686 1306 1320 1304 1305 1303 1302 1297 1298 918 1284 1281 1136
 202 128 1360 1359 1354 1357 1352 1355 1335 1326 1330 1322 1323 1312 686 1304 1305 1302 1297 1301 1294 1298 1289 1286 1300 1284 1281 1280 401 598 659
 1122 486 1245 1077 264 1074 619 743 460 819 54 1311 62 435 894 283 515 160 270 778 1165 875 115 317 55 888 836 529 121 821 59 173 677 139 398 493 395 871 1358 1353 1357 1352 1350 1348 1340 1335 1326 1316 1323 1306 1305 1302 1297 1301 1294 1298 1287 1286 1285 1281 1280 1283 598 1136 1282
 1048 911 432 870 959 194 445 296 434 195 1360 1359 1357 1351 1352 1350 1355 1348 1346 1328 1326 1325 1330 1322 1312 686 1308 1306 1320 1304 1302 1301 1289 1287 1286 1281 1280 401 598 1136
 438 507 975 1358 1353 1354 1357 1352 1350 1349 1348 1328 1327 1316 1330 1322 1323 1317 1313 686 1308 1305 1303 1297 1289 1286 1285 1300 1284 401 1283 598 659 1136
 719 476 1359 1358 1353 1352 1350 1355 1346 1328 1327 1325 1330 1322 1323 1317 1313 1304 1305 1302 1297 1289 1285 918 1300 1284 1281 1280 1283 659 1136
 419 122
 763 1360 1359 1358 1353 1354 1357 1351 1346 1328 1325 1316 1317 686 1308 1304 1303 1302 1297 1294 1298 1289 1287 1284 1281 401 1283 598
 1034 169 1360 1359 1354 1357 1352 1350 1355 1348 1346 1328 1327 1325 1324 1316 1323 1317 1312 1307 686 1306 1320 1304 1305 1297 1301 1294 1287 1285 918 1280 1283 598 659
 944 322 830 1354 1352 1355 1349 1340 1330 1322 1323 1321 1317 1313 1320 1304 1298 1289 1286 1285 1300 1281 401 598 659
 57 101 1108 44 640 1150 1217 142 1291 1359 1358 1351 1355 1348 1340 1328 1326 1325 1322 1323 1312 1307 1308 1306 1304 1302 1297 1301 1294 1289 1287 918 1281 1280 401 598 1136 1282
 1332 816 1360 1359 1358 1354 1357 1352 1350 1355 1349 1348 1346 1327 1316 1330 1321 1317 686 1308 1306 1320 1304 1303 1301 1286 1285 918 1300 1284 1281 1280 1136
 358 314 1359 1358 1354 1351 1349 1335 1328 1326 1325 1316 1330 1322 1323 1317 1312 1306 1303 1298 1287 1285 1284 1280 401 1136 1282
 1166 1225 14 21 1108 42 497 1117 1206 665 1354 1357 1352 1355 1349 1346 1340 1335 1327 1326 1324 1316 1317 1307 686 1308 1304 1305 1303 1297 1301 1294 1298 1287 1285 918 401 598 1136
 267 590 1358 1351 1350 1355 1348 1327 1324 1316 1330 1323 1321 1317 1307 686 1308 1306 1305 1303 1297 1301 1294 1298 1289 1287 1286 1300 1284 1283 1136
 1268 410 27 951 1359 1358 1353 1357 1352 1355 1348 1346 1335 1328 1316 1330 1322 1323 1317 686 1304 1303 1289 1287 1286 1300 1280 1283 598 659
 999 707 1092 296 756 1169 472 395 163 1359 1351 1349 1346 1340 1335 1325 1324 1316 1323 1313 1307 686 1308 1306 1320 1305 1303 1302 1297 1301 1286 1300 1281 401 1283 659 1136 1282
 1089 806 440 1359 1358 1353 1354 1355 1346 1335 1324 1321 1317 1312 1313 1307 686 1308 1306 1305 1303 1302 1297 1301 1294 1287 1286 918 1280 401 598 659
 579 102 399 1359 1358 1353 1357 1351 1350 1348 1346 1340 1327 1323 1317 1312 1307 686 1304 1303 1302 1298 1287 1286 1285 1300 1281 1280 1283 598 659 1282
 1177 655 721 1359 1353 1354 1350 1355 1349 1348 1346 1325 1316 1330 1317 1313 686 1306 1320 1298 1289 1286 918 1300 1284
 1114 1331 508 1261 1111 996 772 7 1296 861 705 68 550 1119 72 294 1169 938 362 491 1174 1185 477 487 786 179 1245 699 144 252 257 409 425 875 1177 122 1069 1087 1107 1359 1358 1354 1357 1352 1350 1355 1349 1346 1340 1328 1325 1324 1330 1317 1312 1313 1306 1304 1303 1302 1297 1301 1287 1286 1300 1281 598 1136
 1314 873 77 1358 1357 1351 1352 1355 1349 1346 1335 1327 1324 1316 1330 1322 1323 1312 1307 686 1306 1304 1305 1302 1297 1298 1289 1287 1285 1300 401 598 659 1136 1282
 685 1268 1360 1353 1354 1357 1348 1335 1324 1330 1312 1307 1308 1305 1303 1302 1297 1294 1289 1285 918 1280 401 1283 598 659
 1091 360 1359 1353 1357 1352 1350 1349 1348 1346 1340 1326 1330 1321 1317 1307 686 1308 1306 1304 1302 1297 1301 1294 1298 1289 1285 918 1300 1284 401
 9 592 182 731 783 354 984 1119 304 1360 1353 1354 1352 1355 1348 1340 1335 1316 1330 1322 1323 1321 1317 1308 1306 1320 1303 1302 1297 1298 1289 1285 918 1300 1281 1280 401 598
 207 130 1358 1353 1351 1352 1355 1348 1328 1327 1325 1321 1306 1320 1305 1302 1301 1287 1286 1285 1280 1283 1136
 1046 878 1360 1358 1354 1351 1352 1350 1355 1349 1340 1335 1328 1327 1326 1325 1316 1330 1322 1323 1317 1312 1320 1297 1301 1298 1289 1285 918 1284 1280 598 659 1282
 362 448 1360 1359 1358 1354 1351 1355 1348 1346 1340 1335 1326 1325 1324 1330 1323 1313 686 1305 1302 1301 1298 1285 1284 659 1136
 181 787 1359 1358 1353 1354 1357 1351 1352 1350 1346 1340 1327 1325 1324 1330 1321 1317 1313 686 1304 1301 1294 1287 1286 1283 1282
 846 967 970 924 322 541 290 101 1023 820 656 1359 1358 1353 1354 1352 1350 1355 1349 1348 1340 1335 1330 1317 1312 1313 1308 1306 1320 1303 1297 1281 1280
 609 806 1360 1359 1358 1353 1354 1357 1351 1352 1355 1348 1346 1335 1328 1326 1325 1324 1322 1317 1312 1313 1307 686 1306 1320 1304 1303 1297 1289 1287 1286 918 1281 1280 401 1283 1136
 1023 41 1359 1352 1355 1349 1340 1326 1325 1330 1322 1323 1321 1317 1312 1313 1307 686 1306 1305 1302 1298 1289 1285 918 1300 1284 401 1283 598 659 1136
 1211 1204 1045 532 252 79 595 1016 11 1005 1360 1359 1358 1357 1335 1327 1326 1325 1324 1323 1321 1317 1312 1313 1307 686 1308 1306 1320 1304 1303 1302 1297 1294 1298 1289 918 1300 1281 401 1136
 325 728 1360 1359 1353 1351 1350 1348 1340 1335 1327 1316 1330 1323 1317 1312 1313 1306 1302 1297 1301 1294 1285 918 1300 401 659
 411 738 818 1360 1359 1358 1354 1357 1355 1348 1328 1327 1326 1316 1330 1323 1321 1317 1312 1307 686 1306 1320 1304 1297 1301 1287 1286 1285 1284 1280 401 1282
 286 101 1151 608 1360 1358 1353 1354 1351 1352 1350 1355 1349 1348 1340 1335 1326 1324 1316 1323 1307 1320 1305 1303 1302 1297 1301 1289 1287 1286 1300 1284 1281 1280 659 1136
 986 500 427 1251 147 579 435 295 583 644 1360 1353 1350 1355 1348 1346 1340 1335 1328 1327 1322 1323 1317 1312 1307 1320 1304 1297 1301 1294 1285 918 1300 1280 401
 342 665 130 677 1359 1358 1354 1351 1350 1355 1349 1348 1346 1340 1335 1327 1326 1325 1324 1330 1317 1312 1313 1307 1308 1304 1305 1303 1286 918 1300 1284 401 1283 598 1136 1282
 310 1273 1160 1359 1358 1354 1349 1346 1335 1328 1327 1326 1316 1323 1312 686 1306 1320 1304 1305 1303 1294 1298 918 1281 401 1283 598 1282
 721 912 623 975 1359 1358 1354 1351 1350 1355 1335 1326 1324 1316 1322 686 1306 1305 1303 1302 1287 1286 1285 1300 401 598 1136 1282
 61 293 1190 1228 317 1199 985 937 722 1360 1358 1353 1354 1351 1355 1348 1326 1325 1324 1322 1323 1321 1317 1312 1313 1307 686 1306 1303 1297 1301 1298 1300 1280 401 598 1136
 544 643 1359 1353 1354 1350 1348 1328 1326 1325 1322 1323 1321 1317 1312 686 1304 1305 1303 1302 1294 1287 1286 1285 1280 1283 598 659 1136
 195 807 190 784 958 763 229 1051 993 1159 1353 1357 1351 1350 1355 1340 1327 1326 1325 1324 1322 1323 1313 686 1308 1303 1297 1298 1289 1287 918 1300 1281 598 1136
 868 45 532 28 1152 209 115 336 1110 1353 1354 1357 1352 1350 1349 1348 1327 1325 1316 1322 1321 1317 1313 1308 1306 1320 1304 1303 1297 1301 1287 1286 1285 918 1280 1283
 572 253 1360 1359 1353 1357 1351 1350 1355 1349 1346 1340 1326 1325 1324 1322 1323 1321 1317 1313 1308 1303 1297 1294 1289 1286 918 1283 598 1136 1282
 603 800 1360 1354 1357 1352 1350 1355 1349 1348 1340 1335 1328 1327 1326 1325 1324 1316 1322 1323 1307 686 1306 1320 1305 1302 1297 1294 1287 1286 1300 1280 1283 598 1136
 857 376 1359 1358 1353 1354 1357 1351 1355 1346 1327 1325 1316 1322 1323 1317 1313 1307 686 1306 1320 1303 1297 1294 1298 1285 1284 1281 401
 223 877 827 1359 1353 1354 1357 1351 1355 1348 1340 1335 1327 1324 1330 686 1304 1302 1297 1298 1289 1286 1300 1284 1281 1280 401 598 1282
 915 973 1360 1359 1358 1353 1354 1352 1350 1349 1346 1340 1335 1328 1327 1324 1330 1323 1321 1313 1307 1320 1304 1305 1303 1297 1289 1287 1285 918 1300 1284 1280 598 659 1136 1282
 412 592 1360 1359 1358 1351 1352 1350 1349 1340 1328 1327 1326 1325 1324 1322 1323 1321 1308 1320 1303 1302 1301 1298 1300 1284 1281 401 1283 598 1282
 344 679 1227 1360 1359 1357 1350 1349 1340 1335 1328 1326 1325 1316 1323 1317 686 1320 1304 1303 1302 1297 1301 1294 1298 1287 1286 1285 1300 1281 401 598 1136
 312 136 972 1030 425 121 967 939 925 731 1358 1354 1351 1350 1355 1349 1348 1340 1335 1326 1325 1324 1321 1317 1312 1313 1307 1308 1302 1297 1294 1298 1285 1300 1284 1281 1280 598
 514 584 383 1358 1354 1357 1350 1348 1340 1335 1328 1326 1324 1316 1317 1307 686 1308 1306 1320 1297 1301 1294 1281 401 598 1282
 328 832 1359 1354 1350 1355 1348 1346 1340 1335 1326 1325 1324 1322 1321 1317 1313 1307 686 1305 1298 1287 1284 1281 1280 401 1282
 714 312 1359 1358 1353 1354 1357 1350 1355 1349 1348 1340 1335 1326 1325 1316 1322 1317 1313 686 1308 1320 1304 1303 1302 1301 1298 1289 1284 598 1282
 792 931 54 1360 1358 1354 1357 1351 1352 1350 1349 1348 1327 1324 1321 1312 1313 1307 686 1308 1320 1304 1305 1303 1297 1294 1298 1287 1286 1285 1284 1280 401 1283 1282
 632 1218 1358 1352 1350 1355 1348 1346 1335 1328 1327 1326 1324 1330 1322 1323 1312 1313 686 1306 1320 1305 1303 1302 1297 1301 1294 1298 1289 1286 1285 918 1284 1281 1280 1283 1282
 248 805 825 1354 1351 1352 1350 1349 1335 1328 1327 1323 1321 1317 686 1306 1320 1298 1281 598 1282
 116 1078 289 651 1358 1353 1357 1351 1352 1350 1355 1348 1346 1340 1335 1327 1326 1330 1322 1317 1312 686 1306 1320 1297 1301 1298 1289 1287 1286 1285 1300 1281 1283 598 659 1282
 1169 406 697 913 1243 782 511 341 167 821 393 1359 1350 1355 1348 1335 1326 1324 1321 1307 686 1308 1306 1305 1302 1301 1294 1286 1281 401 598 1282
 1189 1177 39 807 31 398 232 1100 440 196 779 1360 1359 1358 1354 1357 1351 1350 1348 1346 1340 1335 1327 1326 1325 1316 1330 1321 1312 1313 1307 686 1308 1306 1303 1297 1301 1298 1289 1287 1286 918 1300 1284 401 1136
 986 883 537 791 446 670 710 287 1114 600 1360 1359 1358 1352 1350 1355 1348 1346 1340 1335 1328 1325 1316 1322 1323 1321 1317 1306 1320 1304 1302 1297 1301 1294 1298 1289 1286 1300 1284 1280 401 598 659 1136
 168 1145 1010 428 1020 915 1030 635 218 597 1359 1352 1355 1349 1348 1346 1326 1330 1322 1321 1307 1308 1303 1302 1301 1294 1289 1287 1286 1285 918 1283 598 1136
 1360 1353 1357 1351 1352 1350 1349 1348 1346 1335 1328 1327 1325 1316 1330 1322 1323 1313 1306 1320 1304 1305 1303 1289 1285 1300 1281 1280 1283 598 1136 1282
 160 360 195 1359 1358 1353 1357 1352 1348 1340 1335 1328 1326 1325 1324 1322 1321 1317 1312 686 1306 1320 1304 1301 1294 1289 1287 1285 918 1300 1280 1283 659 1282
 313 983 1360 1353 1357 1351 1352 1350 1349 1348 1335 1327 1326 1324 1316 1330 1323 1313 1306 1305 1302 1297 1298 1287 1300 1284 1281 1280 401 1283 1136
 369 673 1359 1358 1350 1355 1349 1348 1328 1327 1326 1325 1330 1317 1312 1307 686 1308 1306 1320 1304 1303 1302 1297 1301 1298 1287 1300 1284 1281 401 598 659 1136
 795 769 518 544 1358 1357 1352 1350 1355 1349 1328 1324 1316 1330 1322 1323 1317 1312 686 1308 1320 1304 1303 1294 1289 1287 1286 1300 1281 401 1283 598 659
 19 219 1074 169 946 180 348 284 336 744 1360 1354 1350 1349 1348 1346 1340 1335 1328 1327 1326 1316 1323 1317 1312 686 1306 1304 1301 1294 1289 1287 1286 1285 1300 1284 1280 1136 1282
 175 581 454 1360 1359 1357 1352 1349 1348 1346 1325 1316 1330 1312 1307 1320 1305 1301 1280 598 1282
 208 436 746 1332 55 1083 509 48 883 773 1359 1358 1353 1354 1357 1351 1352 1349 1348 1335 1326 1324 1330 1312 1308 1304 1305 1303 1297 1301 1298 1289 1287 1285 1300 1281 1283 598 659
 201 219 514 575 1028 1173 265 576 1166 847 682 1359 1353 1351 1355 1349 1348 1346 1328 1326 1325 1324 1316 1322 1321 1317 1313 1307 686 1308 1306 1304 1303 1297 1301 1294 1298 1289 1287 1286 1300 1281 401 1283 1136 1282
 143 118 1360 1359 1358 1353 1354 1351 1350 1348 1328 1326 1325 1330 1322 1321 1317 1313 1308 1306 1304 1305 1302 1301 1294 1285 918 1300 1281 1280 598
 1234 1359 1353 1352 1355 1349 1346 1335 1328 1327 1325 1330 1322 1323 1308 1304 1305 1302 1298 1289 1287 1286 1300 1284 1281 401 598 1282
 1149 567 1358 1353 1354 1357 1351 1352 1355 1349 1348 1340 1335 1328 1327 1326 1316 1323 1321 1307 1308 1306 1320 1304 1305 1303 1302 1294 1289 1287 1300 1284 1280 401 1283 659 1136
 382 1235 729 127 1360 1358 1353 1351 1352 1349 1340 1335 1327 1325 1330 1322 1312 1307 686 1308 1320 1305 1301 1294 1289 1285 1300 401 1283 1136 1282
 396 472 1359 1358 1353 1351 1355 1328 1327 1325 1316 1322 1313 686 1308 1320 1304 1303 1298 1289 1287 1286 1284 1281 1283 598 659
 723 1236 1360 1359 1358 1353 1354 1355 1348 1340 1335 1326 1324 1316 1323 1317 1312 1307 686 1308 1320 1304 1303 1302 1287 1286 1285 1300 1284 1281 401
 603 611 1133 1219 1360 1353 1357 1350 1349 1340 1335 1328 1327 1325 1316 1322 1323 1317 1313 1307 686 1320 1304 1305 1302 1297 1289 1286 918 1300 1284 1281 1280 401 1282
 821 394 463 1109 1089 678 587 853 1142 1087 1358 1353 1351 1352 1348 1346 1335 1328 1327 1326 1325 1324 1316 1330 1323 1313 1307 686 1308 1304 1305 1297 1301 1289 918 1283 598 1136 1282
 856 1025 879 599 179 417 253 170 71 886 1030 1360 1353 1357 1355 1348 1346 1327 1326 1325 1324 1316 1321 1317 1313 1307 1304 1297 1286 1284 659 1282
 492 316 1359 1358 1353 1354 1357 1351 1352 1350 1349 1340 1335 1328 1326 1324 1322 1317 1312 686 1320 1305 1303 1297 1289 1285 918 1300 1284 1281 598 659 1282
 922 1273 1353 1350 1346 1325 1324 1323 1312 686 1308 1306 1320 1304 1303 1301 1294 1298 1287 1285 1300 1281 1280 598 659 1136 1282
 445 1360 1358 1353 1354 1349 1348 1335 1327 1326 1324 1316 1330 1313 1306 1305 1303 1302 1294 1289 918 1300 1284 1281 1280 659 1136 1282
 947 1052 539 1360 1354 1351 1350 1349 1346 1328 1325 1324 1316 1323 1317 1313 686 1306 1320 1304 1305 1297 1301 1294 1298 1289 1286 1285 918 1300 1284 1281 1280 598 659
 126 679 398 1187 1353 1354 1357 1355 1349 1348 1340 1335 1328 1327 1326 1324 1316 1330 1322 1321 1313 1308 1305 1302 1289 1286 1300 1284 598 1136
 134 175 421 919 1111 572 585 621 275 1360 1353 1354 1357 1355 1348 1346 1328 1322 1312 1307 1308 1306 1304 1301 1294 1289 1287 1285 1284 1281 598 659 1136 1282
 230 330 1089 44 1211 759 263 645 21 195 65 1242 1141 719 314 145 278 535 679 1333 852 922 415 76 885 1132 801 191 81 831 453 855 701 313 964 1040 1163 572 162 635 1360 1358 1353 1354 1357 1355 1348 1328 1325 1321 1317 1312 1313 1307 1306 1304 1302 1297 1301 1294 1298 1289 1287 1286 1285 918 1284 1281 1280 401 1283 659 1136
 1250 98 601 1360 1354 1357 1351 1350 1340 1335 1327 1325 1324 1316 1330 1323 1317 1313 686 1303 1302 1294 1289 1286 1284 1136 1282
 317 422 1353 1351 1352 1355 1349 1348 1346 1328 1327 1326 1324 1321 1312 1307 686 1308 1306 1320 1303 1302 1287 1286 918 598 659 1282
 744 895 553 1360 1359 1358 1355 1348 1328 1325 1324 1322 1321 1312 1313 1307 1306 1320 1304 1303 1302 1301 1294 1287 1285 918 1300 1283 1136
 647 1017 318 887 1332 1338 873 734 555 552 147 1360 1359 1358 1357 1351 1350 1328 1325 1330 1322 1323 1317 1307 1308 1306 1320 1305 1303 1302 1301 1298 1287 1286 1300 1284 1281 598
 722 109 1358 1353 1354 1357 1351 1346 1340 1335 1324 1316 1322 1321 1317 1313 686 1308 1306 1304 1303 1289 1287 918 1300 1281 1280 1283 598 659 1136 1282
 687 1336 1111 854 201 517 748 349 1202 704 890 1359 1353 1351 1352 1350 1355 1348 1335 1327 1322 1323 1321 1308 1306 1320 1305 1303 1297 1301 1294 1289 1287 1286 1285 918 1281 1280 1283 1282
 1181 1046 302 760 369 590 1258 944 1045 941 1360 1359 1351 1352 1350 1348 1346 1328 1327 1330 1322 1323 1317 1306 1304 1305 1303 1302 1297 1294 1298 1286 1285 918 1284 401 598 1136
 354 1163 331 1359 1358 1351 1352 1355 1346 1340 1335 1328 1324 1316 1330 1322 1321 1317 1312 1313 1307 686 1320 1305 1303 1297 1294 1298 1289 1287 1300 1284 1281 401 598 1136 1282
 1314 523 1360 1358 1357 1352 1350 1355 1349 1346 1335 1328 1327 1330 1321 1312 686 1308 1304 1301 1289 1300 1281 1280 401 1283 598 659 1136
 1212 915 1046 1360 1359 1358 1353 1354 1357 1351 1352 1328 1327 1326 1325 1324 1321 1317 1313 686 1308 1306 1297 1301 1294 1298 1287 1300
 1006 876 146 1360 1353 1357 1351 1350 1355 1349 1348 1346 1327 1323 1317 686 1306 1320 1303 1287 1286 918 1300 1284 401 659 1136 1282
 652 606 1358 1357 1351 1352 1350 1349 1348 1340 1335 1328 1327 1325 1324 1316 1317 1313 1307 686 1308 1306 1304 1305 1302 1297 1301 1294 1289 1286 1285 918 1300 1280 401 1283 1136 1282
 266 746 1358 1353 1357 1351 1352 1350 1346 1323 1313 1307 686 1308 1306 1302 1297 1301 1298 1289 1286 1285 918 1300 1281 1283 598
 25 753 1359 1358 1353 1357 1351 1350 1348 1340 1335 1328 1325 1316 1322 1323 1312 1313 1307 686 1308 1304 1305 1302 1301 1294 1298 1285 1300 1280 401 598 1282
 842 134 1053 1353 1354 1357 1351 1350 1349 1346 1340 1335 1328 1327 1326 1324 1316 1330 1323 1321 1317 1307 1306 1320 1305 1302 1297 1301 1294 1289 1287 1285 1284 1280 1283 598 659 1282
 1102 662 1359 1353 1351 1352 1355 1349 1346 1340 1327 1326 1325 1324 1316 1330 1323 1321 1313 1307 1306 1304 1305 1297 1289 1287 1286 1300 1284 1281 598 659 1136
 172 502 426 1151 909 122 1191 42 616 504 1360 1354 1357 1355 1340 1335 1328 1327 1325 1324 1323 1312 1313 1308 1306 1304 1303 1297 1301 1289 1281 598 659
 1236 1010 1360 1358 1354 1352 1350 1340 1328 1327 1326 1324 1316 1330 1312 1308 1306 1303 1294 1298 1287 918 1281 1280 659 1136 1282
 482 394 1002 1125 1360 1353 1354 1351 1352 1355 1349 1348 1340 1325 1316 1322 1312 1307 1306 1320 1304 1303 1302 1297 1301 1289 1287 1286 1300 1280 401
 704 48 1359 1353 1354 1352 1350 1355 1335 1324 1330 1322 1312 1313 1307 686 1308 1306 1305 1303 1297 1294 1298 1287 1286 918 1300 1284 1283 659
 1115 971
 38 299 1360 1357 1351 1350 1355 1349 1346 1328 1327 1316 1322 1323 1321 1317 1312 686 1308 1306 1320 1304 1305 1297 1294 1289 1287 1285 918 1283 598 1136
 1247 170 289 912 454 1049 394 540 516 1359 1354 1351 1349 1348 1346 1340 1328 1327 1326 1325 1316 1322 1321 1312 1313 1320 1305 1302 1297 1294 1298 1289 1287 1286 1285 1284 1281 598 659
 588 170 1358 1354 1351 1352 1350 1355 1349 1348 1326 1322 1313 686 1306 1304 1305 1303 1302 1297 1301 1298 1289 1286 1285 918 1300 1284 1280 401 1282
 29 787 622 845 1353 1354 1355 1349 1348 1340 1328 1327 1324 1323 1317 1312 1313 1307 1306 1303 1298 1286 1285 1284 1281 1280 1283 659 1136 1282
 368 748 1360 1359 1352 1350 1355 1349 1348 1335 1328 1327 1324 1306 1320 1304 1305 1303 1302 1297 1294 1287 1286 1300 1284 598 1282
 729 1247 1358 1354 1357 1351 1349 1348 1346 1335 1326 1330 1322 1323 1321 1307 686 1304 1305 1302 1297 1294 1289 1287 1286 1285 918 1280 598 659 1136
 540 502 157 158 37 117 556 489 558 861 5 667 890 1061 1144 1134 801 46 653 952 1091 77 223 411 418 925 634 1067 349 1265 775 440 907 139 798 632 141 1023 851 1351 1355 1349 1340 1328 1327 1325 1324 1330 1317 1312 1313 686 1308 1306 1305 1303 1302 1297 1301 1294 1287 1286 1285 1300 401 1283 598 1136 1282
 410 800 1001 229 948 302 691 1132 1070 1353 1357 1352 1350 1355 1349 1348 1346 1340 1327 1325 1330 1323 1317 1312 686 1306 1305 1302 1297 1301 1298 918 1300 1284 1281 598 1136 1282
 629 181 1360 1359 1358 1353 1354 1357 1340 1335 1326 1324 1321 1312 1307 1308 1304 1305 1303 1302 1297 918 1280 598
 825 611 1360 1359 1358 1354 1357 1346 1340 1327 1326 1325 1322 1323 1321 1312 686 1308 1306 1320 1304 1305 1302 1301 1294 1289 918 1284 1281 1283 598 1282
 889 493 1360 1354 1350 1349 1335 1328 1327 1316 1330 1312 1313 1303 1302 1298 1284 1280 598
 53 240 1360 1359 1353 1357 1350 1349 1348 1340 1335 1327 1322 1323 1312 1313 1307 1308 1320 1303 1297 1301 1287 1285 918 1300 1284 1281 401 1283 1136 1282
 442 1223 1360 1359 1353 1354 1357 1352 1340 1327 1326 1325 1324 1323 1321 1317 1312 686 1320 1304 1297 1294 1298 1289 1300 1281 1280 1283 598 1136
 498 632 1360 1353 1352 1355 1348 1335 1327 1325 1316 1330 1322 1317 1307 1308 1320 1303 1297 1294 1286 1285 918 1300 1284 401 1136 1282
 79 268 88 735 1088 606 66 95 1359 1354 1357 1352 1349 1346 1340 1325 1324 1330 1322 1306 1320 1304 1305 1302 1297 1289 1287 1286 1300 1284 1283 598 659 1136
 1299 58 190 819 262 393 47 1036 679 927 119 1359 1358 1353 1354 1351 1352 1349 1348 1340 1328 1327 1326 1325 1330 1322 1313 1307 1308 1306 1320 1305 1303 1302 1297 1298 1286 1284 1281 1283 598 659 1282
 1007 1128 1359 1358 1354 1357 1351 1348 1328 1326 1325 1316 1330 1323 1321 1313 1307 1308 1320 1304 1305 1303 1302 1301 1294 1289 1287 918 1284 1281 401 659
 781 1359 1353 1354 1357 1352 1355 1349 1340 1328 1326 1330 1317 1312 1313 686 1306 1320 1304 1297 1294 1289 1287 1285 401 1283 598 659 1282
 355 6 1359 1358 1353 1354 1351 1352 1348 1340 1335 1324 1316 1330 1322 1317 1308 1306 1304 1302 1297 1301 1285 1300 1284 1281 1283 598
 913 364 655 1359 1358 1353 1354 1357 1355 1349 1348 1346 1327 1326 1325 1316 1330 1323 1312 1313 686 1320 1302 1297 1301 1289 1287 1300 1281 1280 1283 1136
 802 547 908 1223 808 605 919 404 1262 76 235 1360 1359 1358 1353 1357 1351 1352 1349 1348 1346 1335 1328 1325 1322 1323 1312 1306 1304 1305 1303 1294 1287 1284 1281 401 659 1136 1282
 309 221 830 1056 55 382 1254 1131 544 1024 348 670 1204 693 881 213 813 60 1224 1120 507 1155 786 668 1114 342 1210 494 595 720 865 369 1032 747 258 95 224 40 395 94 1359 1358 1351 1352 1350 1348 1346 1335 1327 1326 1325 1316 1323 1312 1313 1307 1320 1305 1297 1301 1286 1285 1300 1281 401 1283 598 659 1136 1282
 547 994 808 593 1360 1359 1358 1354 1357 1352 1349 1346 1328 1316 1317 686 1308 1304 1303 1297 1298 1289 1286 1285 1281 401 659 1282
 70 1115 1359 1358 1354 1357 1352 1355 1348 1340 1335 1327 1326 1325 1330 1321 686 1308 1320 1304 1294 1298 1285 1281 401 598 1282
 353 663 412 1360 1358 1353 1357 1351 1352 1350 1355 1346 1335 1328 1327 1324 1316 1330 1322 1323 1307 1308 1305 1302 1297 1294 1289 1286 1285 918 1284 1281 1280 401 1283 659
 740 457 1360 1359 1358 1353 1354 1352 1335 1327 1325 1316 1330 1317 1312 1313 1307 686 1308 1320 1304 1297 1294 1298 1289 1286 1300 1284 1281 1280 401 598 659 1136 1282
 537 651 1360 1359 1358 1353 1354 1351 1350 1348 1328 1326 1325 1330 1322 1321 1317 1313 1308 1306 1304 1305 1302 1301 1294 1285 918 1300 1281 1280 598
 42 770 1359 1358 1353 1354 1357 1352 1349 1346 1328 1325 1324 1316 1330 1322 1323 1317 1312 1307 686 1308 1320 1304 1305 1297 1298 1289 1287 1286 918 1300 598 659 1136 1282
 1008 662 295 1186 38 152 167 315 1116 1359 1358 1353 1357 1350 1355 1349 1335 1325 1330 1322 1321 1317 1312 1307 1308 1306 1304 1305 1303 1302 1297 1294 1298 1287 1286 1300 1284 1280 401 1136 1282
 492 793 1360 1358 1354 1352 1350 1355 1349 1348 1335 1328 1327 1326 1325 1316 1322 1321 1308 1306 1320 1297 1301 1289 1286 918 1300 1284 1281 1283 598 659
 1163 235 700 1358 1357 1351 1350 1349 1346 1340 1328 1327 1326 1330 1323 1321 1317 1313 686 1304 1305 1302 1297 1298 1289 1284 1280
 644 387 1360 1357 1351 1352 1350 1355 1349 1321 1307 1306 1320 1304 1305 1302 1301 1289 1286 1285 918 1300 1284 1280 401 598 659
 1193 374 177 1359 1358 1350 1355 1335 1328 1327 1316 1330 1322 1321 1313 1308 1320 1304 1305 1297 1298 1289 1287 1286 1285 918 1300 1283 598 1136
 501 797 262 1358 1353 1354 1352 1349 1346 1340 1328 1324 1322 1323 1321 1312 1307 1308 1306 1304 1303 1302 1297 1301 1294 1285 1281 1280 401 1283 598 1282
 673 154 1358 1351 1355 1349 1348 1346 1326 1324 1322 1321 1312 1313 1307 686 1308 1304 1303 1302 1294 1298 1286 1285 918 1284 1281 1283 1136 1282
 962 626 1360 1358 1354 1357 1350 1348 1346 1340 1328 1327 1326 1316 1330 1323 1307 1306 1320 1304 1305 1303 1302 1297 1298 1289 1287 918 1281 1280 401 1283 598 659 1136
 21 208 1243 1360 1354 1351 1352 1350 1349 1348 1346 1340 1335 1327 1325 1324 1316 1330 1322 1321 1317 686 1308 1306 1320 1304 1305 1303 1294 1289 1286 1285 1281 1280 1283 659 1282
 844 465 303 852 883 337 832 532 428 1360 1359 1354 1351 1355 1348 1327 1316 1322 1323 1321 1317 1313 1307 686 1306 1305 1303 1302 1297 1301 1294 1298 1286 1285 918 1284 1281 1280 401 598 659
 149 304 1311 1360 1359 1358 1354 1357 1352 1350 1349 1348 1340 1335 1328 1330 1323 1317 1312 1307 686 1303 1297 1286 1284 1281 1280 401 1282
 632 661 1360 1359 1354 1352 1355 1348 1346 1340 1335 1328 1327 1324 1316 1323 1317 1312 1307 686 1308 1320 1304 1301 1289 918 1281 1280 401 1283 598 1282
 1156 309 118 1360 1358 1357 1351 1349 1348 1346 1335 1326 1325 1316 1330 1322 1321 1317 686 1306 1320 1302 1287 1286 918 1284 1281 1283 659 1136 1282
 741 263 41 1360 1357 1351 1352 1350 1355 1349 1346 1335 1326 1325 1324 1316 1330 1322 1321 1317 1313 686 1308 1320 1304 1303 1301 1294 1285 918 1284 1281 1280 401 1283 1136
 1341 550 482 1360 1358 1351 1352 1355 1349 1348 1340 1335 1328 1316 1322 1312 1313 686 1308 1306 1304 1303 1302 1289 1285 1281 1283 598 659
 1226 1050 499 1359 1350 1349 1348 1328 1327 1325 1324 1330 1323 1312 1313 1307 1305 1302 1297 1294 1298 1286 1284 1281 1283 659
 206 1191 1210 1360 1358 1353 1354 1351 1355 1349 1335 1328 1326 1324 1322 1317 686 1306 1320 1297 1294 1289 1287 1281 1283 659 1136
 1296 125 1353 1354 1357 1351 1352 1350 1346 1327 1326 1316 1323 1317 1313 1307 686 1308 1306 1304 1303 1301 1294 1298 1289 1285 1281 401 598 1136 1282
 356 1205 1360 1359 1358 1353 1354 1351 1352 1355 1346 1340 1335 1328 1326 1325 1323 1317 1307 686 1308 1304 1305 1302 1297 1294 1286 1285 918 1300 1284 1281 401 1283 598 1282
 140 344 254 731 937 669 82 729 723 349 1360 1353 1354 1357 1350 1355 1349 1348 1346 1340 1324 1330 1312 1308 1320 1303 1302 1289 1287 1285 1284 401 1283 1282
 920 1155 1359 1358 1353 1354 1352 1350 1348 1340 1328 1327 1326 1324 1330 1323 1321 1317 1312 1306 1304 1305 1302 1298 1289 1287 1285 1281 401 598 659 1136
 198 1257 1360 1357 1348 1340 1335 1328 1326 1324 1316 1322 1323 1321 1312 1307 686 1320 1305 1297 1287 918 1284 1281 1280 1136
 232 480 1359 1353 1351 1352 1350 1348 1346 1340 1335 1328 1326 1325 1330 1317 686 1308 1306 1304 1305 1297 1301 1294 1289 1287 1286 1285 918 1300 1281 401 1283 598 659 1136
 182 897 582 1360 1358 1354 1351 1352 1349 1346 1340 1328 1326 1316 1330 1323 1312 1308 1302 1301 1298 1289 1286 1285 918 1300 1284 1280 401 659 1136
 250 1230 1359 1353 1357 1351 1340 1335 1327 1326 1324 1316 1330 1322 1317 686 1308 1306 1304 1302 1301 1294 1298 1286 1285 1281 1283 1282
 282 0 1358 1351 1350 1349 1348 1346 1340 1325 1324 1316 1322 1323 1317 1313 686 1320 1305 1302 1297 1294 1298 1289 918 1281 1280 401 659 1282
 987 150 554 1101 1359 1358 1353 1357 1350 1355 1346 1328 1326 1325 1324 1330 1323 1317 1312 1313 1307 1320 1304 1297 1294 1289 1287 1286 1285 918 1300 1284 401 659
 469 529 1243 1360 1359 1354 1357 1352 1350 1355 1349 1340 1328 1327 1325 1321 1306 1320 1304 1305 1303 1297 1301 1294 1298 1289 1287 1300 1284 598 1282
 1028 866 1358 1353 1354 1357 1350 1348 1346 1335 1328 1325 1324 1316 1323 1321 1312 1313 1306 1320 1304 1297 1294 1287 1284 1136 1282
 868 839 536 696 219 1243 1216 1031 1195 1336 1360 1359 1354 1350 1355 1348 1346 1328 1326 1325 1324 1316 1322 1323 1317 1312 1313 1307 1320 1304 1305 1303 1297 1287 1286 1285 1281 1280 598 1136 1282
 1221 711 1111 131 19 24 1006 772 1133 964 954 1358 1353 1357 1351 1352 1355 1349 1346 1340 1335 1328 1327 1326 1324 1322 1323 1306 1304 1297 1294 1289 1284 1283 659
 679 165 294 1360 1352 1350 1348 1346 1327 1325 1324 1330 1322 1323 1307 686 1308 1306 1305 1301 1289 1287 1285 1284 1281 1280 1283 598 659 1136 1282
 1195 370 905 377 652 748 1309 579 1082 1076 1360 1358 1354 1357 1351 1352 1350 1355 1349 1348 1346 1335 1325 1322 1317 1313 1302 1287 1285 918 1300 1284 1281 1280 1283 598 659 1136 1282
 819 1079 16 1360 1354 1357 1351 1352 1350 1355 1349 1348 1327 1326 1325 1324 1316 1330 1322 1321 1312 1308 1306 1305 1302 1301 1298 918 1281 401 1283 598 1136 1282
 1047 759 1360 1357 1351 1350 1355 1349 1348 1327 1326 1325 1324 1316 1330 1323 1317 1312 1313 686 1301 1294 1287 1286 401 1283 1282
 1102 836 1360 1353 1352 1355 1349 1348 1346 1340 1335 1328 1327 1325 1324 1330 1323 1321 1313 686 1304 1297 1301 1289 1287 1285 1300 401 1283 1136 1356
 1051 450 502 1360 1358 1353 1357 1351 1352 1355 1349 1346 1325 1323 1321 1307 1308 1306 1320 1304 1305 1302 1297 1301 1294 1298 1286 918 1300 1284 1281 401 1282
 678 154 47 407 545 894 1295 794 1252 1109 4 1360 1353 1354 1357 1351 1352 1350 1349 1348 1346 1340 1328 1316 1330 1317 1312 1304 1305 1297 1294 1287 1286 1300 1281 1280 1283 598 1136 1282
 518 359 1358 1354 1357 1351 1349 1340 1335 1328 1327 1326 1325 1330 1323 1321 1317 1312 1307 1306 1320 1304 1305 1303 1302 1297 1294 1287 1284 1280 401 1283 598 1136 1282
 270 1150 294 548 1360 1359 1351 1352 1350 1349 1348 1346 1327 1326 1325 1324 1316 1322 1317 1312 1306 1320 1304 1303 1302 1297 1301 1294 1298 1289 1286 1285 1284 401 1283 659 1136
 32 941 1353 1352 1350 1340 1325 1316 1330 1323 1317 1312 1313 1307 686 1303 1302 1297 1301 1289 1286 1285 1300 1284 1281 659 1136
 60 241 347 717 1341 643 615 327 98 1020 709 426 1184 973 113 214 695 479 873 580 541 1156 164 467 816 1201 1240 1197 1318 697 966 837 399 1006 361 1120 502 280 1171 542 1358 1353 1350 1355 1346 1340 1327 1326 1325 1324 1330 1322 1321 1307 686 1308 1306 1304 1303 1298 1289 1286 1285 1284 1281 1283 1136
 1163 490 1360 1359 1358 1353 1352 1355 1340 1335 1327 1326 1324 1312 1313 1307 686 1306 1305 1303 1294 1289 1287 1286 1284 1281 1280 659 1136
 915 303 1279 293 63 685 235 983 948 1107 1360 1358 1354 1357 1351 1350 1355 1349 1327 1325 1316 1330 1317 1307 1320 1305 1298 1289 1287 1286 1285 918 1284 1281 1280 401 1283 1282
 427 73 1353 1351 1352 1350 1355 1349 1348 1340 1335 1328 1327 1325 1323 1317 1313 686 1308 1305 1303 1301 1287 918 1300 401 1283 659 1282
 214 382 1360 1359 1353 1354 1355 1346 1340 1328 1312 1313 1307 1304 1302 1297 1301 1298 1289 1287 1286 918 1284 1280 1283 598 659 1282
 1028 848 943 1360 1353 1354 1351 1352 1350 1355 1349 1340 1328 1327 1325 1324 1323 1321 1313 686 1304 1302 1297 1298 1289 1287 1286 918 1300 1280 1283 598 1282
 587 1055 1358 1353 1354 1357 1351 1350 1355 1348 1346 1335 1328 1326 1324 1330 1322 1323 1321 1317 1312 1313 686 1308 1320 1304 1303 1302 1297 1287 1285 1300 1284 1281 1280 1283 598 659 1282
 34 1006 1292 1360 1359 1354 1351 1352 1328 1327 1326 1325 1330 1323 1321 1312 1307 1308 1320 1303 1302 1294 1287 1286 1285 918 1281 1280 659 1282
 850 1057 1358 1354 1351 1352 1350 1349 1348 1346 1335 1327 1326 1316 1323 1312 1313 1307 1308 1320 1304 1303 1302 1297 1298 1286 1285 1280 1136 1282
 1076 717 1360 1358 1354 1357 1351 1350 1355 1346 1340 1327 1326 1325 1324 1316 1313 1307 1308 1306 1320 1302 1301 1298 1289 1287 1286 1285 1280 598 1136 1282
 206 676 718 815 129 1058 1056 59 1184 859 1359 1358 1353 1357 1351 1352 1355 1349 1348 1346 1340 1328 1326 1325 1324 1323 1321 1317 1306 1320 1304 1305 1303 1301 1294 1285 1300 401 659 1282
 805 339 1358 1353 1354 1357 1351 1352 1350 1349 1346 1328 1326 1316 1322 1321 1317 1312 1313 1307 1308 1306 1320 1304 1302 1294 1285 918 1300 1281 1282
 474 966 1228 1085 785 109 740 1266 1360 1359 1357 1351 1352 1348 1346 1328 1327 1326 1325 1316 1321 1317 1312 1313 1308 1306 1304 1303 1302 1297 1301 1294 1298 1289 1287 1286 1285 1300 1280 401 1283 598 1136 1282
 1183 1121 1360 1359 1358 1353 1354 1357 1352 1350 1355 1348 1340 1335 1327 1326 1325 1324 1323 1317 1312 1306 1305 1303 1302 1301 1289 1287 1286 918 1300 1284 1280 1283 659 1136 1282
 167 31 1360 1359 1353 1351 1352 1355 1349 1346 1335 1324 1322 1321 1312 1313 1308 1301 1298 1285 1300 1284 1281 1280 401 598
 748 1005 1360 1353 1354 1351 1352 1350 1349 1348 1346 1340 1335 1325 1316 1330 1321 1317 1313 686 1306 1304 1303 1294 1298 1286 1285 1300 1281 1280 1283 598 659 1282
 498 165 1202 1359 1353 1357 1351 1355 1349 1346 1335 1326 1325 1316 1322 1323 1321 1317 1312 1307 686 1308 1320 1302 1297 1301 1285 918 1283 1136 1282
 780 42 1358 1352 1348 1340 1325 1324 1330 1323 1317 1313 1307 686 1320 1303 1298 1289 1287 1284 1280 401 1283 598
 1095 630 856 182 468 833 730 964 498 970 704 1358 1353 1351 1352 1349 1340 1328 1324 1322 1321 1317 1313 1306 1305 1302 1301 1294 1286 918 1300 1284 1281 1280 598 659 1136 1282
 13 1167 1099 1353 1350 1349 1346 1326 1324 1316 1322 1312 1313 1307 686 1308 1306 1305 1303 1302 1297 1301 1294 1298 1289 1287 1286 1281 401 598 1136 1282
 292 11 1360 1359 1354 1352 1355 1348 1346 1340 1335 1328 1327 1324 1316 1323 1317 1312 1307 686 1308 1320 1304 1301 1289 918 1281 1280 401 1283 598 1282
 1128 1144 184 1360 1359 1358 1354 1350 1355 1349 1348 1346 1340 1327 1326 1325 1316 1322 1323 1321 1317 1306 1320 1305 1303 1302 1289 1287 1300 1284 1280 401 598
 932 1183 1353 1354 1335 1328 1325 1316 1322 1323 1321 1312 1307 1306 1304 1305 1303 1294 1286 1300 401 1283 1136
 646 666 369 1360 1358 1353 1351 1352 1350 1349 1348 1335 1324 1317 1306 1320 1302 1297 1301 1289 1287 1286 1285 918 1300 1284 1282
 1248 633 1360 1357 1351 1355 1348 1346 1340 1328 1327 1322 1323 1321 1312 1308 1306 1320 1304 1303 1302 1301 1294 1289 1287 918 1280 401 598 659
 501 1049 1360 1350 1349 1348 1328 1316 1312 1307 1308 1305 1302 1297 1294 1289 1287 1286 1285 1300 1281 401 1283 598 659 1136 1282
 1309 1215 103 1132 776 129 362 75 855 180 55 394 951 572 901 1039 371 356 729 740 814 331 467 133 1007 418 517 258 1042 631 744 984 260 287 1083 1054 1060 675 1358 1354 1357 1350 1355 1349 1346 1340 1328 1326 1325 1324 1330 1322 1323 1321 1312 686 1320 1303 1302 1297 1301 1294 1298 1289 1287 1286 401 659 1136
 440 518 947 277 1360 1359 1358 1353 1351 1350 1355 1349 1346 1340 1327 1325 1324 1316 1330 1323 1321 1317 1312 1313 1307 1308 1306 1320 1305 1302 1298 1287 1285 918 1300 1281 1280 401 1283
 854 902 1131 1333 192 120 1036 921 680 932 593 1359 1353 1354 1351 1355 1349 1348 1340 1335 1316 1322 1321 1317 1312 1313 1308 1306 1320 1301 1294 1298 1287 1286 1285 1300 1284 1280 598 659 1282
 10 845 395 1358 1351 1350 1349 1340 1328 1327 1324 1316 1322 1312 1313 1307 1308 1305 1301 1298 918 1284 401 1283 659
 476 335 243 893 844 897 511 836 1223 596 925 1353 1357 1352 1355 1349 1327 1330 1307 1320 1305 1303 1297 1289 1286 1280 401 1283 598 1282
 11 668 1256 1222 89 776 27 514 941 484 463 1358 1353 1357 1351 1350 1355 1348 1328 1325 1324 1323 1321 1312 686 1306 1320 1302 1297 1289 1287 1286 1285 918 1300 1281 1280 1136 1282
 733 1067 1360 1358 1357 1352 1355 1348 1346 1340 1328 1326 1330 1322 1321 1317 1312 1313 1307 1308 1320 1304 1305 1301 1287 1286 1285 1300 1281 1283 598 659 1136
 250 1028 589 1359 1358 1353 1354 1351 1355 1349 1348 1346 1340 1335 1322 1317 1307 1320 1304 1305 1294 1287 918 1280
 108 1360 1359 1354 1357 1350 1349 1340 1335 1328 1325 1324 1316 1323 1321 1317 1312 1307 1306 1304 1305 1302 1298 1289 1286 1285 1300 1281 1283 659 1136 1282
 668 130 1360 1359 1358 1353 1354 1357 1351 1352 1348 1340 1335 1326 1325 1317 1312 686 1320 1304 1303 1302 1297 1301 1294 1298 1286 1300 1284 401 1283 659
 636 1054 1358 1354 1357 1351 1350 1340 1328 1325 1324 1316 1322 1321 1317 1307 1306 1305 1302 1297 1294 1289 1286 1285 1300 1281 1283 598 659 1136 1282
 801 1224 1360 1358 1351 1350 1355 1349 1346 1340 1327 1325 1324 1316 1330 1322 1323 1321 1317 1313 1304 1305 1302 1297 1294 1287 1285 918 1300 1284 1280 401 1283 659
 137 955 959 1359 1353 1354 1351 1350 1355 1346 1340 1328 1326 1324 1316 1330 1322 1323 1321 1317 686 1308 1304 1297 1301 1294 1298 1289 1287 1285 918 1300 1284 1281 1280 1283 598 659 1136
 1116 72 1360 1351 1352 1350 1355 1348 1340 1335 1325 1324 1323 1313 1307 686 1306 1304 1305 1303 1301 1294 1298 1289 1287 1286 918 1300 1284 1280 1283 598 1136 1282
 555 1240 982 1359 1354 1357 1352 1350 1348 1328 1327 1326 1325 1324 1316 1321 1317 1313 1308 1306 1320 1303 1302 1297 1301 1289 1287 1286 1285 918 1281 1136 1282
 757 935 510 129 1238 1197 1241 483 342 474 111 1360 1354 1357 1351 1355 1349 1346 1340 1335 1327 1326 1316 1322 1321 1317 1312 686 1308 1306 1305 1302 1297 1298 1286 1285 918 1300 1284 659 1136
 1027 783 495 455 1360 1359 1358 1353 1357 1349 1346 1335 1328 1326 1322 1323 1321 1306 1304 1303 1302 1297 1301 1294 1289 1287 1285 1300 1282
 1034 745 1019 10 692 68 763 115 1009 76 800 1358 1353 1357 1350 1346 1340 1335 1326 1325 1324 1321 1317 1312 1313 686 1320 1303 1297 1301 1294 1298 1287 1285 1300 1280 401 1283 659 1136 1282
 955 1291 312 1360 1358 1357 1351 1350 1355 1348 1346 1340 1327 1326 1325 1316 1322 1323 1321 1313 1307 686 1308 1306 1302 1297 1301 1294 1298 1286 918 1300 401
 752 610 66 1168 653 1174 513 428 87 850 950 1360 1359 1358 1349 1340 1335 1325 1324 1316 1323 1321 1317 1306 1320 1305 1301 1298 1289 1285 1300 1281 1280 401 659 1136 1282
 76 538 1360 1353 1357 1351 1352 1350 1335 1328 1324 1316 1330 1322 1321 1317 1306 1320 1303 1297 1294 1289 1287 1286 1285 918 1284 1283 659 1136 1282
 1166 211 1075 743 349 1096 680 1137 95 161 45 1360 1358 1354 1357 1351 1350 1349 1346 1335 1328 1327 1326 1324 1330 1317 1312 686 1308 1306 1320 1304 1303 1302 1297 1294 1289 1287 1286 918 401 1283 1136
 1110 390 87 1359 1353 1354 1351 1355 1340 1327 1326 1322 1321 1313 686 1302 1298 1289 1284 1281 1280 1283 659
 1072 1225 1358 1353 1354 1352 1355 1349 1335 1316 1330 1322 1313 686 1306 1320 1305 1303 1302 1297 1301 1294 1298 1287 1285 1300 1284 1281 1280 401 598 1136 1282
 266 1360 1358 1353 1354 1357 1352 1350 1346 1335 1328 1326 1316 1330 1322 1317 1312 1313 1308 1306 1320 1303 1297 1301 1294 1289 1287 918 1300 1281 1280 401 598
 1163 450 105 1360 1359 1358 1353 1357 1352 1355 1348 1340 1327 1325 1324 1330 1323 1317 1312 1313 1307 686 1308 1306 1320 1301 1294 1289 1285 1300 1281 401 1283 598 1136 1282
 1069 908 155 827 357 705 1019 577 997 992 1360 1359 1353 1354 1350 1355 1349 1348 1340 1335 1327 1325 1330 1322 1323 1321 1313 1307 686 1308 1306 1320 1305 1303 1297 1289 1285 1284 1281 1280 401 1283 1136 1282
 872 160 1345 242 634 704 354 502 1331 955 134 1359 1358 1353 1351 1352 1349 1348 1346 1316 1317 1312 1313 1308 1320 1304 1305 1303 1302 1297 1289 1287 1286 918 1284 1280 401 1283 1136 1282
 330 1008 1359 1353 1351 1355 1348 1346 1340 1335 1328 1316 1321 1317 1313 1307 686 1306 1304 1305 1303 1301 1294 1289 1300 1284 1281 401 598 1282
 938 903 312 1360 1353 1357 1350 1349 1348 1340 1335 1328 1330 1322 1317 1307 1320 1303 1302 1301 1298 1285 401
 1010 908 433 1360 1353 1351 1352 1350 1348 1340 1335 1324 1316 1322 1323 686 1306 1303 1301 1284 1280 401 1283 1136 1282
 25 1360 1359 1354 1357 1352 1349 1346 1335 1326 1325 1324 1323 1321 1312 1313 1304 1305 1303 1294 1287 1286 1300 1284 1281 401 598 1136
 423 1119 1222 1353 1357 1351 1348 1346 1340 1335 1328 1324 1316 1330 1313 686 1306 1304 1297 1287 1286 1285 918 1300 1281 1280 401 598 659 1136
 170 216 1360 1354 1357 1355 1349 1346 1328 1326 1324 1330 1321 1313 1307 1306 1320 1304 1303 1302 1297 1294 1289 1285 918 1300 1284 1281 1280 401 1283 598 659
 349 1276 1085 1360 1359 1357 1352 1349 1348 1346 1328 1326 1325 1330 1322 1323 1313 1308 1306 1297 1301 1289 1287 1286 1285 918 1300 1283 598 659
 608 1000 1358 1353 1354 1351 1355 1349 1346 1340 1335 1328 1326 1325 1324 1330 1317 1312 1313 1307 686 1306 1320 1304 1305 1303 1302 1297 1298 1287 1285 1284 1281 1280 1282
 83 241 1360 1358 1353 1351 1352 1355 1346 1335 1328 1325 1324 1322 1321 1317 686 1308 1320 1304 1303 1302 1297 1294 1298 1289 1287 1286 1281 1280 659 1282
 310 568 687 776 1351 1350 1349 1346 1340 1327 1326 1325 1330 1323 1312 1313 686 1308 1320 1303 1297 1301 1289 1285 918 1281 1280 401 1283 659
 613 889 1240 719 773 527 963 533 431 112 1359 1358 1353 1354 1350 1355 1348 1346 1325 1330 1322 1323 1317 1313 1320 1305 1302 1297 1301 1298 1289 1286 1285 918 1284 1281 1280 598 659 1136 1282
 932 1077 1359 1354 1357 1352 1348 1346 1335 1328 1327 1325 1324 1330 1321 1317 686 1308 1304 1303 1301 1294 1287 1285 659
 1319 964 1353 1352 1350 1355 1349 1348 1346 1335 1328 1324 1323 1317 1307 1308 1306 1305 1303 1297 1294 1298 1289 1287 1286 1300 1284 1281 401 598 659
 994 313 1359 1358 1357 1351 1352 1350 1355 1348 1340 1327 1326 1322 1323 1321 1313 1308 1320 1305 1303 1301 1294 1298 1289 918 1284 1280 401 1283 598 659 1136
 252 631 0 1057 115 881 255 376 651 76 829 1360 1358 1352 1349 1316 1330 1322 1317 1312 1313 1307 686 1308 1304 1301 1294 1298 1289 1300 1284 598 1282
 414 1158 1358 1353 1357 1352 1350 1355 1349 1340 1335 1327 1326 1325 1330 1322 1321 1312 1307 1308 1320 1304 1303 1302 1297 1294 918 1300 1281 401 598 659 1136
 990 1358 1353 1354 1352 1355 1349 1346 1340 1328 1327 1325 1316 1321 1317 1313 1308 1304 1303 1301 1289 1287 1286 1285 918 1300 1280 598
 940 772 174 1266 249 1182 696 646 884 433 1360 1358 1354 1352 1350 1355 1349 1346 1340 1328 1324 1316 1322 1321 1317 1313 686 1308 1306 1304 1305 1303 1297 1301 1294 1287 918 1280 401 598 1136
 541 1071 282 161 1360 1359 1358 1353 1354 1351 1350 1355 1348 1340 1335 1328 1327 1326 1325 1324 1316 1317 1307 1308 1306 1301 1294 1298 918 1300 1284 401 1283 598 1282
 1239 1196 1360 1358 1353 1351 1350 1348 1335 1326 1325 1324 1316 1330 1323 1313 1307 1308 1320 1304 1305 1302 1294 1298 1286 1285 1281 401 1283 659 1282
 374 948 388 1360 1359 1354 1357 1350 1355 1349 1340 1335 1327 1326 1325 1330 1323 1317 1312 1307 686 1308 1304 1297 1287 1286 1285 1300 1284 1281 1280 401 1283 598 1282
 47 870 1360 1359 1354 1357 1351 1355 1328 1325 1324 1322 1323 1321 1317 1313 686 1305 1303 1297 1294 1298 1289 1285 1300 1280 401 1283 1136
 1104 869 1353 1357 1351 1350 1346 1340 1335 1328 1325 1324 1316 1322 1317 1312 1307 1308 1304 1302 1297 1301 1294 1289 1287 1281 1283 598 659 1282
 410 1244 1360 1358 1353 1354 1357 1351 1352 1335 1328 1327 1326 1330 1322 1323 1321 1312 1307 686 1304 1303 1297 1301 1289 1285 918 1300 1284 401
 1117 347 1360 1359 1358 1353 1354 1351 1355 1349 1346 1327 1325 1324 1316 1322 1323 1317 686 1308 1320 1304 1302 1294 1289 1285 918 1300 1284 1280 401 1283 659 1282
 751 432 182 295 1360 1359 1358 1353 1352 1355 1348 1340 1335 1316 1330 1322 1323 1317 1312 686 1306 1320 1305 1303 1297 1294 1298 1286 1285 1280 401 1283 1282
 222 30 492 1339 624 683 793 1142 1165 1277 1352 1350 1355 1349 1328 1326 1324 1316 1323 1313 1304 1305 1302 1297 1301 1298 1289 1286 1285 1281 598 659 1282
 1257 582 1353 1352 1350 1346 1340 1335 1327 1325 1316 1330 1322 1323 1313 1308 1305 1303 1297 1287 1285 918 1300 1284 1281 1280 401 1283 598 1136
 1055 894 1098 1044 1358 1353 1354 1357 1352 1350 1355 1349 1348 1335 1327 1326 1324 1330 1322 1321 1313 1307 1304 1301 1298 1287 1285 1300 1284 1281 1280 401 1283 1282
 735 1073 1360 1359 1353 1357 1351 1352 1355 1349 1348 1335 1325 1322 1321 1317 1308 1304 1297 1298 1289 1287 1286 1284 1281 1280 659
 1138 595 860 1360 1359 1353 1349 1340 1335 1316 1323 1321 1312 1313 1307 1308 1306 1304 1305 1302 1297 1301 1285 918 1300 1284 1283 1282
 437 1123 1359 1354 1351 1355 1349 1348 1325 1316 1330 1307 686 1308 1306 1303 1301 1298 1285 918 1300 1284 1281 401 1136 1282
 1244 877 1360 1359 1358 1350 1348 1346 1340 1335 1327 1326 1325 1324 1316 1322 1321 1317 1313 1307 686 1306 1320 1285 1281 1280 401 1283 659 1282
 103 30 733 1359 1353 1354 1357 1355 1346 1327 1326 1324 1322 1323 1321 1313 686 1308 1306 1320 1305 1297 1301 1294 1298 1287 1284 1280 1283 1136 1282
 995 1160 868 206 411 615 235 1360 1353 1354 1351 1350 1349 1348 1340 1335 1328 1326 1330 1313 1307 686 1308 1320 1304 1302 1298 1286 1285 1284 1280 1283 659 1136
 697 948 658 319 1359 1358 1353 1351 1355 1349 1348 1346 1335 1326 1325 1324 1330 1321 686 1301 1294 1298 1289 1287 1286 1281 1280 401 1283 659 1282
 1232 669 1353 1354 1357 1349 1346 1340 1328 1326 1324 1322 1323 1321 1317 1313 1307 686 1306 1320 1303 1302 1301 1294 1298 1289 1287 1286 1300 1280 401 1136 1282
 936 626 974 239 55 4 223 989 972 913 1358 1353 1354 1352 1350 1355 1346 1340 1326 1325 1323 1321 1317 1312 686 1320 1303 1302 1301 1294 1286 1285 918 1284 1281 1280 659 1136
 169 1048 63 1359 1358 1354 1351 1352 1350 1355 1348 1340 1328 1316 1330 1322 1317 1307 1308 1304 1301 1289 1285 1281 401 1283
 571 1083 86 1358 1353 1357 1350 1349 1348 1340 1328 1327 1325 1324 1316 1330 1322 1323 1321 1317 1312 1313 1307 686 1308 1306 1304 1294 1298 1286 1284 1280 1283 598 1136
 612 197 63 304 1360 1359 1358 1353 1354 1357 1351 1349 1348 1340 1326 1325 1324 1323 1321 1317 1313 1320 1304 1305 1302 1297 1289 1287 1286 1285 1300 1280 1283 659 1136 1282
 908 845 1360 1359 1353 1354 1357 1351 1352 1355 1349 1346 1340 1328 1322 1323 1317 1312 1313 686 1306 1304 1305 1303 1302 1301 1294 1287 1286 1285 1280 598 1136
 1192 51 1345 1358 1353 1354 1351 1355 1348 1346 1328 1325 1330 1322 1321 1312 1313 1306 1304 1305 1302 1297 1294 1298 1289 1286 918 401 1283 1136
 444 394 1051 1357 1350 1355 1348 1340 1335 1325 1316 1330 1323 1307 1308 1305 1302 1301 1294 1289 1286 1285 1284 1280 659 1136
 56 1279 988 1358 1354 1357 1346 1328 1326 1316 1322 1321 1312 1313 686 1320 1305 1303 1297 1301 1298 1287 1285 1300 1284 1281 401 1283 1136
 512 112 496 799 1360 1354 1351 1350 1349 1348 1340 1328 1326 1325 1330 1322 1321 1313 686 1308 1320 1304 1305 1303 1301 1294 1298 1289 1286 1285 1300 1284 1281 401 1282
 1159 1344 1359 1353 1349 1340 1328 1326 1325 1324 1322 1312 1313 686 1306 1305 1298 1289 1287 1286 918 1284 1280 598 659
 380 1215 1360 1359 1353 1357 1355 1348 1346 1328 1326 1325 1316 1330 1322 1317 1312 1307 1308 1320 1305 1303 1301 1289 1286 1300 1283 598 659
 213 599 1360 1358 1354 1357 1355 1349 1340 1335 1327 1326 1316 1322 1323 686 1308 1320 1304 1303 1302 1297 1301 1289 1286 1285 918 1300 1281 1280 1283 598 1282
 1001 350 487 941 510 219 250 902 489 599 160 1360 1358 1353 1354 1352 1350 1355 1348 1346 1340 1335 1327 1325 1330 1322 1323 1321 1317 1313 1307 686 1306 1320 1303 1302 1297 1301 1289 1287 1286 1285 918 1281 1280 401 659 1136
 682 107 1358 1350 1355 1349 1348 1340 1326 1325 1324 1316 1322 1323 1317 1307 686 1304 1305 1303 1297 1301 1294 1287 1286 918 1284 1280 401 598 659 1282
 408 650 1359 1357 1350 1355 1349 1346 1335 1327 1316 1322 1321 1312 1307 1308 1320 1302 1301 1286 918 1300 1284 1281 1283 659 1136
 469 633 150 1358 1353 1351 1352 1350 1349 1348 1346 1326 1325 1316 1330 1322 1323 1317 1308 1306 1320 1303 1302 1301 1286 1285 1284 1281 1280 598 659
 94 1046 445 1360 1354 1357 1351 1352 1350 1355 1340 1328 1327 1326 1325 1322 1323 1321 1317 1312 1313 686 1308 1320 1303 1302 1297 1301 1294 1287 1285 1284 1283 598 659 1136 1282
 13 782 1360 1358 1353 1354 1351 1352 1348 1340 1316 1330 1322 1323 1321 1312 1313 1307 686 1304 1303 1301 1298 1287 1284 1280 598 659 1136
 749 1359 1354 1350 1355 1340 1335 1326 1325 1330 1322 1323 1321 1312 1313 1307 1320 1304 1305 1297 1294 1289 1286 918 1300 1284 1281 1280 1282
 1116 482 1359 1353 1351 1350 1349 1328 1327 1326 1325 1324 1316 1322 1312 1313 1307 686 1320 1303 1302 1301 1294 1285 918 1284 598 1136 1282
 1068 727 1310 1353 1351 1350 1349 1346 1340 1335 1324 1316 1330 1321 1317 1312 1313 686 1320 1303 1302 1297 1285 918 1300 1284 1281 1283 598 1136
 873 43 1353 1349 1348 1346 1340 1335 1328 1324 1322 1312 1313 1307 686 1306 1320 1305 1303 1302 1301 1294 1285 1300 1284 1281 1283 598
 896 997 144 15 1288 111 138 669 1173 1221 240 1360 1359 1351 1352 1350 1348 1346 1340 1335 1326 1325 1324 1316 1330 1312 1307 686 1308 1320 1303 1302 1297 1298 1289 1287 1286 918 401 1283 659 1136 1282
 481 308 543 1359 1353 1354 1357 1351 1349 1348 1340 1335 1328 1327 1322 1312 1313 1308 1306 1304 1298 1287 1286 918 1284 1281 401 1283 598 659 1136 1282
 295 1073 131 67 323 708 836 764 154 926 917 1354 1351 1352 1350 1355 1349 1348 1346 1328 1327 1326 1325 1324 1316 1330 1323 1321 1317 1313 1307 686 1308 1304 1303 1302 1297 1301 1289 1287 918 1284 1281 1280 598 659 1282
 858 75 1360 1358 1353 1354 1350 1355 1346 1340 1327 1326 1324 1317 1312 1307 1308 1306 1320 1304 1294 1289 1286 1284 598 1282
 498 316 1360 1353 1354 1352 1349 1348 1346 1340 1328 1327 1324 1316 1321 1317 1312 1313 1307 1306 1304 1305 1302 1294 1287 1300 401 1283 598 1136
 900 267 1360 1359 1358 1353 1354 1357 1352 1350 1355 1349 1348 1346 1340 1335 1328 1327 1324 1316 1330 1322 1321 1317 1320 1305 1301 1294 1287 1284 1281 1280 659 1282
 75 596 1360 1358 1354 1351 1355 1349 1348 1346 1335 1324 1330 1323 1312 1308 1306 1320 1304 1302 1301 1298 918 1284 1281 401 659 1136
 1093 1344 699 656 677 1338 909 205 10 652 853 475 256 266 34 246 1342 1154 513 720 470 582 710 664 458 1157 966 294 31 405 890 836 666 621 718 731 118 422 1279 277 1359 1353 1354 1357 1349 1348 1340 1335 1327 1324 1316 1322 1312 686 1308 1305 1303 1302 1297 1294 1289 1286 1285 1300 1283 598 659 1282
 321 841 351 1150 1360 1358 1357 1349 1346 1335 1324 1330 1322 1317 1313 1307 686 1303 1298 1285 918 1300 1284 1281 1280 401 659 1136 1282
 180 614 326 512 1357 1351 1352 1355 1349 1348 1340 1328 1327 1325 1316 1330 1317 1312 1313 686 1308 1306 1304 1305 1303 1302 1298 1286 1285 1284 1281 401 598 659 1136
 238 1360 1358 1354 1357 1351 1352 1346 1327 1325 1324 1316 1323 686 1320 1303 1297 1298 1289 1287 1286 1285 1284 1280 1283 598
 27 1043 1358 1354 1350 1355 1349 1346 1327 1325 1324 1316 1330 1323 1317 1320 1304 1302 1297 1301 1294 1287 1286 1285 918 1300 1284 1281 401 1283 598 659
 440 1127 807 671 1036 793 1120 757 753 782 725 1358 1351 1352 1350 1349 1348 1346 1335 1328 1327 1326 1325 1316 1330 1323 1317 1312 1307 1308 1320 1303 1297 1300 1280 598 1136
 844 296 576 498 679 699 133 229 1082 203 920 1360 1349 1346 1340 1335 1328 1327 1326 1325 1316 1321 1312 1307 686 1308 1306 1304 1305 1303 1302 1298 1289 1287 1285 1300 1284 401 1283 598
 551 1133 172 785 812 306 895 366 1110 1360 1359 1358 1357 1351 1350 1355 1340 1335 1328 1325 1322 1321 1312 1313 1307 1308 1306 1320 1302 1298 1289 1284 1281 1280 1283
 1209 124 468 1240 1220 755 121 724 496 911 1208 1360 1359 1358 1353 1357 1351 1352 1355 1348 1326 1325 1324 1322 1323 1307 1306 1320 1305 1303 1302 1297 1298 1287 1285 918 1284 1282
 762 492 1359 1358 1351 1350 1348 1327 1326 1325 1330 1322 1321 1317 1307 686 1308 1306 1304 1303 1297 1301 1294 918 401 598
 724 923 1009 713 777 1125 718 165 406 361 1359 1358 1353 1357 1355 1340 1335 1327 1325 1324 1316 1330 1323 1317 1312 1313 1307 686 1305 1303 1302 1297 1287 1286 1285 1284 1280 401 1283 1136
 314 1066 1360 1358 1351 1355 1349 1348 1346 1340 1335 1328 1324 1316 1330 1322 1323 1321 1317 1307 686 1308 1320 1304 1305 1302 1301 1289 1300 1284 1281 1280 401 598 659 1136
 553 1135 1359 1353 1354 1357 1351 1352 1350 1355 1348 1346 1328 1316 1322 1321 1317 1312 1320 1297 1285 1281 401 1283 1136
 1049 32 1222 1358 1353 1354 1352 1349 1348 1346 1340 1335 1327 1326 1324 1316 1322 1323 1313 1307 686 1308 1306 1320 1305 1303 1301 1294 1298 1289 1285 918 1300 1284 401 1283 659 1136 1282
 844 521 1271 357 886 1071 802 277 159 683 1360 1359 1358 1354 1351 1352 1355 1348 1328 1324 1316 1322 1312 1313 1308 1320 1305 1297 1301 1298 1289 1287 1285 1284 1281 401 598 659 1282
 10 394 1052 1221 1141 321 1234 495 298 355 493 1360 1354 1351 1352 1355 1348 1340 1328 1327 1326 1324 1316 1330 1322 1312 1307 1308 1306 1320 1305 1303 1302 1297 1301 1287 1285 1300 1284 1136 1282
 47 240 1360 1359 1353 1354 1350 1348 1346 1335 1328 1327 1326 1324 1321 1313 1307 686 1308 1306 1304 1305 1303 1297 1294 1289 1287 1284 1281 1280 401 598 659 1136 1282
 492 969 380 885 507 113 175 1021 1226 1024 217 1353 1357 1351 1355 1349 1335 1328 1327 1326 1325 1324 1330 1321 1317 1312 1307 1308 1320 1304 1305 1297 1301 1287 1284 401 598 659 1136 1282
 618 904 393 1360 1359 1358 1353 1354 1357 1355 1340 1328 1327 1325 1324 1316 1330 1322 1323 1321 1312 1313 1307 686 1302 1294 1289 1287 1286 1285 1284 401 1283 598
 128 305 1359 1358 1353 1351 1352 1350 1355 1346 1340 1328 1327 1326 1325 1316 1330 1317 1307 686 1308 1320 1294 1298 1289 1286 1285 1284 1281 1280 598 659 1282
 132 336 976 535 889 153 591 1227 556 634 333 1359 1358 1357 1352 1349 1346 1340 1328 1325 1330 1321 1317 1312 686 1308 1306 1303 1302 1301 1294 1298 1287 1285 1300 1281 1280 401 1283 598 659 1136
 278 22 1055 1360 1357 1351 1352 1350 1348 1346 1335 1328 1327 1324 1330 1322 1321 1317 1312 1307 1308 1320 1304 1305 1303 1289 1285 1284 1280 659 1136
 622 264 1354 1357 1351 1350 1355 1349 1348 1346 1335 1328 1327 1325 1316 1317 1312 1313 1306 1287 1285 1300 1281 401 1283 1282
 547 408 128 1072 1360 1359 1358 1353 1357 1352 1350 1349 1346 1340 1328 1330 1322 1317 1312 1304 1305 1298 1289 1287 1300 1283 598 1136 1282
 619 615 1214 1359 1358 1354 1357 1351 1352 1349 1348 1328 1327 1324 1316 1321 1312 1307 686 1304 1305 1303 1297 1298 1286 1285 918 1300 1284 1281 401 1283 598 659 1136 1282
 151 105 1360 1359 1358 1353 1354 1351 1327 1326 1323 1317 1312 1307 686 1320 1304 1303 1302 1297 1289 1287 1285 918 1300 1284 1281 401 1283 659
 800 647 533 1360 1359 1358 1351 1350 1355 1348 1346 1335 1327 1326 1325 1324 1323 1317 1312 1307 686 1320 1304 1303 1301 1298 1289 1287 1285 1300 1281 1280 401 598 659 1136 1282
 847 1336 1261 810 298 707 1241 57 1244 712 595 1360 1359 1353 1352 1350 1346 1340 1327 1325 1316 1330 1322 1321 1313 686 1308 1306 1320 1304 1305 1303 1301 1298 1287 918 1300 1281 1280 1283 1282
 756 972 1360 1359 1358 1354 1351 1352 1350 1355 1340 1325 1316 1330 1322 1323 1321 1317 1313 1308 1306 1305 1303 1302 1297 1294 1298 1287 1285 1300 1281 1280 401 1283 598 659
 164 185 1357 1351 1346 1340 1327 1324 1316 1330 1323 1312 1308 1306 1320 1304 1303 1297 1301 1284 1281 598 659 1136
 1164 725 89 176 1360 1359 1358 1353 1354 1349 1348 1346 1335 1328 1327 1326 1325 1322 1321 1317 1312 1313 1307 1308 1306 1305 1302 1301 1294 1298 1287 1286 1285 1300 1284 401 1283 598 1136 1282
 740 1359 1353 1351 1355 1348 1346 1340 1335 1328 1316 1321 1317 1313 1307 686 1306 1304 1305 1303 1301 1294 1289 1300 1284 1281 401 598 1282
 878 296 1023 488 457 243 675 161 106 307 1343 1360 1359 1353 1357 1351 1350 1349 1348 1340 1335 1328 1326 1325 1324 1316 1330 1322 1323 1312 1306 1320 1304 1303 1297 1294 1298 1289 1287 1284 1281 1280 401 1283 659 1282
 1263 384 1353 1354 1351 1352 1350 1346 1340 1335 1327 1326 1325 1316 1322 1323 1321 1317 1308 1302 1289 1287 1285 918 1284 1281 1280 1283 598 659
 292 1359 1358 1353 1351 1355 1349 1348 1346 1335 1326 1325 1324 1330 1321 686 1301 1294 1298 1289 1287 1286 1281 1280 401 1283 659 1282
 1150 455 1353 1354 1351 1350 1355 1348 1335 1326 1325 1324 1316 1330 1323 1312 1313 1307 686 1306 1304 1305 1302 1289 1287 1286 1281 598 1136
 791 527 881 1227 915 285 51 1347 103 1262 1360 1359 1358 1357 1352 1350 1349 1328 1327 1326 1324 1330 1323 1313 1307 1306 1320 1303 1297 1294 1298 1289 918 1281 1280 401 1283 598 1136 1282
 621 373 61 1360 1357 1352 1350 1349 1348 1346 1340 1335 1326 1325 1316 1330 1322 1323 1317 1312 1308 1306 1320 1304 1305 1303 1297 1301 1287 1286 1285 918 598 1282
 662 331 1360 1359 1358 1353 1354 1357 1355 1340 1328 1326 1324 1322 1323 1321 1317 1313 1307 1306 1320 1304 1305 1303 1302 1301 1294 1298 1289 1287 918 1300 1284 1280 401 1283 659
 1073 894 1269 1161 730 957 479 79 1015 1150 829 1359 1353 1354 1357 1350 1348 1340 1328 1326 1324 1330 1322 1320 1304 1305 1302 1294 1298 1286 918 1300 1284 1281 1282
 805 568 1031 1360 1359 1358 1353 1351 1350 1348 1340 1335 1326 1325 1324 1330 1322 1312 1313 1307 686 1308 1305 1301 1298 1289 1287 1284 1281 1280 401 1283 598
 1062 589 228 1360 1359 1358 1353 1357 1352 1355 1349 1335 1328 1327 1325 1324 1330 1322 1323 1321 1307 1308 1306 1320 1305 1303 1302 1297 1289 1287 1285 918 1300 1284 1281 1280 659 1282
 638 1360 1352 1350 1355 1349 1348 1340 1335 1328 1327 1326 1325 1324 1330 1317 1313 1307 686 1305 1303 1287 1286 1283 659
 79 1009 1359 1354 1351 1355 1328 1325 1316 1323 1321 1317 1312 1313 686 1320 1305 1302 1297 1301 1298 1289 1287 1286 1285 918 1300 1281 1283 659
 1141 889 1359 1353 1354 1357 1351 1348 1346 1335 1327 1326 1325 1330 1323 1321 1312 1307 686 1320 1302 1298 1289 1287 1285 918 1300 1284 1283 598 659 1136
 243 584 1156 1360 1358 1353 1357 1351 1352 1346 1335 1328 1327 1326 1316 1322 1321 686 1306 1320 1304 1303 1302 1297 1294 1298 1285 918 1284 1281 1280 1283 1282
 475 1147 69 519 550 507 1152 267 697 1081 972 1360 1358 1352 1350 1349 1348 1340 1328 1327 1326 1324 1316 1330 1322 1321 1317 1312 1313 1307 1306 1320 1304 1303 1302 1297 1294 918 1300 1284 401 1283 598 1282
 612 669 564 352 182 34 791 616 661 658 1358 1355 1328 1326 1325 1324 1330 1322 686 1308 1320 1302 1289 1284 1280 401 1283 598
 916 857 1360 1359 1358 1353 1354 1350 1349 1348 1327 1326 1321 1312 1307 1306 1320 1304 1303 1297 1294 1298 1289 1285 401 1283 659 1282
 714 535 814 1360 1359 1353 1354 1357 1351 1349 1348 1346 1328 1327 1316 1330 1322 1323 1312 1313 1307 686 1320 1304 1305 1297 1301 1289 1287 598 659 1282
 576 341 250 1359 1358 1357 1352 1355 1346 1340 1335 1327 1326 1325 1316 1330 1322 1317 1308 1306 1320 1303 1297 1301 1294 1298 1289 1281 1280 401 1283 659 1282
 749 962 1359 1358 1351 1352 1355 1340 1327 1316 1330 1317 1312 686 1308 1305 1303 1297 1294 1286 1285 1281 659 1136 1282
 797 895 212 35 1018 2 245 1192 642 409 1288 1176 1165 1227 754 1293 125 1272 576 751 738 608 701 502 26 732 1233 1309 489 1 366 935 1144 761 1259 327 681 1358 1357 1351 1352 1349 1348 1327 1330 1321 1312 1313 1306 1304 1303 1302 1297 1301 1289 918 1284 1281 1280 1136
 937 67 1359 1358 1353 1357 1351 1350 1346 1340 1328 1327 1326 1323 1321 1313 1307 686 1308 1320 1304 1305 1301 1294 1298 1287 1286 1285 1281 401 1283 598
 877 162 730 1204 428 1039 315 880 860 1359 1353 1354 1357 1351 1352 1350 1355 1349 1346 1340 1335 1327 1324 1312 686 1320 1304 1305 1301 1289 1286 1285 1300 1281 1280 598 659 1282
 576 784 1360 1358 1353 1354 1350 1355 1349 1340 1335 1316 1330 1323 1321 1317 1312 1307 1308 1320 1302 1297 1289 1287 1285 918 1300 401 598
 230 625 638 613 239 1233 446 347 498 1360 1358 1357 1351 1355 1340 1335 1328 1327 1324 1330 1322 1323 1312 1313 1307 686 1306 1304 1305 1302 1297 1301 1285 918 1284 1280 1283 1282
 607 552 1081 97 1021 1196 308 44 1342 1272 1360 1359 1358 1354 1351 1349 1340 1328 1327 1326 1316 1330 1321 1317 1312 686 1308 1306 1305 1303 1302 1297 1301 1294 1287 1284 1281 1280 401 598 1282
 119 1126 688 1360 1359 1358 1353 1354 1327 1326 1330 1322 1323 1321 1317 686 1308 1320 1303 1297 1294 1298 1286 918 1300 1280 659
 1254 1226 1359 1353 1354 1351 1350 1355 1349 1328 1327 1326 1316 1330 1322 1323 1321 1317 1307 1308 1304 1305 1303 1294 1298 1287 1285 918 1300 1284 1280 659 1136 1282
 1098 761 291 793 155 7 219 675 555 1225 1359 1357 1351 1352 1350 1349 1348 1335 1328 1326 1325 1316 1323 1313 1307 1308 1306 1305 1303 1302 1301 1294 1289 1287 1285 918 1281 1280 401 1282
 1156 346 339 1353 1354 1351 1348 1346 1340 1325 1316 1321 1312 686 1308 1304 1305 1303 1298 1287 1285 918 1300 1284 401 1283 1136
 1109 1023 1278 1358 1355 1349 1340 1327 1326 1325 1316 1330 1321 1317 1312 1313 1307 686 1320 1303 1302 1287 1285 1300 1284 1281 1280 598 659 1282
 525 188 1359 1358 1357 1351 1350 1355 1349 1346 1328 1327 1326 1325 1316 1322 1323 1321 1317 1307 686 1306 1320 1304 1305 1297 1301 1289 1287 1286 401 598 659 1136 1282
 1274 664 1027 55 365 1124 741 444 572 877 434 700 665 371 533 1167 178 740 1072 786 523 655 467 1293 617 1157 1021 418 1207 866 1246 538 1042 972 1089 236 650 744 926 1358 1353 1354 1357 1351 1352 1350 1355 1348 1340 1328 1327 1325 1324 1330 1322 1321 1317 686 1308 1306 1320 1303 1297 1294 1286 918 1284 1281 1280 598
 1248 1359 1354 1351 1352 1355 1349 1335 1324 1330 1322 1321 1313 686 1308 1306 1304 1303 1297 1294 1298 1300 1284 1281 401 598 1282 1356
 37 1310 1360 1359 1358 1353 1350 1355 1348 1346 1327 1324 1316 1330 1322 1321 1312 1308 1306 1305 1297 1294 1298 1289 1287 1286 1285 918 1300 1281 1280 401
 588 480 392 759 1359 1354 1352 1350 1355 1349 1348 1340 1328 1327 1316 1322 1323 1321 1313 1320 1285 1300 1284 401 598 1136
 519 543 1218 1360 1359 1358 1353 1351 1350 1346 1327 1323 1321 1312 1313 1307 1308 1306 1320 1304 1305 1302 1301 1286 918 1300 1280 401 1283 598 1282
 1293 1030 929 416 1360 1353 1354 1357 1351 1352 1350 1355 1348 1340 1335 1328 1325 1330 1322 1317 1313 686 1306 1303 1302 1297 1301 1294 1298 1287 1286 918 1284 1281 1280 401 1283 598
 1112 503 870 289 74 892 533 33 928 1360 1359 1353 1354 1357 1348 1340 1326 1330 1322 686 1305 1301 1294 1298 1289 1287 1286 1285 918 1284 1280 401 1136
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 5 > 92
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 29 > 93
 92 > 59
 59 > 81
 81 > 50
 12 > 68
 36 > 51
 51 > 74
 36 > 64
 64 > 71
 76 > 13
 68 71 > 31
 31 > 40
 40 > 96
 96 > 3
 3 > 18
 31 > 48
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 96 > 60
 60 > 9
 3 13 > 20
 20 > 11
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 56 > 53
 56 > 99
 99 11 > 67
 53 96 > 37
 20 72 > 41
 17 > 19
 17 > 49
 17 > 89
 89 > 4
 19 93 > 43
 89 56 > 42
 92 17 > 57
 72 57 > 27
 40 53 4 > 55
 55 56 > 91
 25 > 38
 25 > 66
 76 18 66 > 85
 25 48 > 8
 8 72 > 39
 12 75 > 83
 51 57 > 90
 90 > 54
 38 0 > 78
 16 > 45
 45 0 > 95
 85 64 19 56 99 27 89 45 5 > 98
 73 > 58
 20 100 96 > 82
 100 5 7 > 94
 29 94 93 > 61
 61 20 63 > 28
 5 28 > 65
 90 66 65 20 54 67 83 5 > 26
 26 > 46
 8 56 50 45 92 4 95 > 44
 23 36 63 31 45 37 43 65 48 > 62
 98 99 19 85 44 74 58 7 93 9 71 60 87 36 > 110
 85 96 12 28 5 82 62 95 > 32
 64 4 8 34 67 38 16 > 86
 91 75 57 41 28 59 86 23 > 14
 87 110 76 46 73 5 > 97
 99 56 19 64 85 18 > 33
 49 66 58 37 60 51 18 > 1
 64 54 97 4 59 17 99 > 88
 48 100 53 8 14 81 20 87 3 46 80 89 33 74 90 > 105
 57 40 75 67 49 71 68 48 14 95 27 18 23 > 107
 27 54 95 97 67 74 76 > 10
 11 100 99 10 12 90 27 > 47
 89 36 94 39 20 29 > 77
 77 40 4 93 96 105 99 > 52
 107 52 > 2
 52 19 > 79
 47 31 82 81 72 27 62 2 40 38 > 30
 6 72 39 57 9 100 97 30 77 61 81 25 28 29 91 > 108
 3 53 108 5 87 51 0 86 > 22
 22 41 78 66 98 96 6 75 17 105 58 40 100 107 88 3 > 111
 34 88 95 2 47 96 55 87 11 39 6 3 73 43 49 75 40 31 28 10 23 17 51 56 89 42 79 105 53 76 13 38 > 24
 86 24 59 > 21
 89 22 94 34 24 25 92 77 > 69
 48 3 100 21 6 22 39 > 70
 70 > 15
 9 51 7 17 52 48 61 60 88 8 16 11 1 13 70 > 106
 73 80 69 3 10 42 38 66 74 92 26 19 72 17 93 31 > 116
 11 25 87 116 86 5 33 10 94 41 67 105 12 > 117
 8 61 71 97 93 16 95 25 69 110 65 24 117 66 47 62 > 104
 92 42 5 89 27 56 82 26 41 85 0 108 99 6 7 104 77 76 > 114
 114 26 50 33 18 22 99 72 67 52 98 51 97 15 > 112
 10 86 24 1 28 110 92 94 50 78 44 47 82 112 75 4 64 > 115
 82 94 38 117 13 29 114 19 39 49 22 96 53 30 68 63 > 113
 65 16 81 60 77 2 80 1 27 29 86 38 78 0 49 34 > 102
 14 106 107 30 4 65 46 11 28 56 2 73 5 44 108 21 > 103
 74 4 13 17 60 50 100 86 46 22 8 79 31 34 93 27 67 25 85 107 38 51 73 96 16 114 48 83 12 36 21 18 105 28 39 > 35
 58 96 112 0 47 40 51 53 104 4 57 106 20 69 56 > 109
 2 46 95 20 88 68 73 24 89 13 18 116 42 50 85 39 52 54 > 101
 53 16 91 104 95 83 4 11 92 21 94 45 28 50 58 56 78 76 44 8 47 7 14 81 43 93 20 10 62 25 42 59 69 38 98 > 84
 2 > 123 > 121 65 > 121 > 119 > 119 > 118 8 > 120 > 118 48 > 122 > 120 > 124 > 121 57 > 121 > 119 > 119 > 118 58 > 120 > 118 98 > 122 > 119 22 > 119 > 118 114 > 120 > 119 82 > 121 > 118 92 > 119 > 118 10 > 120 > 118 116 > 123 > 120 > 121 > 119 46 > 119 > 118 16 > 120 > 118 14 > 122 > 120 61 > 125 > 121 > 121 > 119 9 > 119 > 118 40 > 120 > 118 > 122 > 119 96 > 119 > 118 99 > 120 > 119 > 121 > 118 26 > 119 > 118 94 > 120 > 118 42 > 123 > 119 86 > 119 > 118 73 > 120 > 119 > 121 > 120 95 > 122 > 118 81 > 119 > 118 106 > 120 > 119 71 > 121 > 118 100 > 119 > 118 51 > 120 > 118 > 124 > 120 6 > 121 > 119 112 > 119 > 118 19 > 120 > 118 41 > 122 > 119 50 > 119 > 118 38 > 120 > 119 5 > 121 > 118 24 > 119 > 118 80 > 120 > 118 11 > 123 > 120 20 > 121 > 119 60 > 119 > 118 107 > 120 > 118 97 > 122 > 120 53 > 126 > 121 7 > 121 > 119 75 > 119 > 118 72 > 120 > 118 > 122 > 119 85 > 119 > 118 78 > 120 > 119 > 121 > 118 117 > 119 > 118 89 > 120 > 118 1 > 123 > 119 > 119 > 118 25 > 120 > 119 88 > 121 > 120 > 122 > 118 30 > 119 > 118 104 > 120 > 119 > 121 > 118 17 > 119 > 118 67 > 120 > 118 39 > 124 > 119 0 > 119 > 118 44 > 120 > 119 66 > 121 > 120 33 > 122 > 121 13 > 123 > 118 27 > 119 > 118 28 > 120 > 119 69 > 121 > 120 87 > 122 > 118 68 > 119 > 118 77 > 120 > 119 4 > 121 > 118 93 > 119 > 118 105 > 120 > 118 52 > 125 > 120 49 > 121 > 119 108 > 119 > 118 47 > 120 > 118 74 > 122 > 119 > 119 > 118 18 > 120 > 119 29 > 121 > 118 56 > 119 > 118 110 > 120 > 118 3 > 123 > 119 54 > 119 > 118 34 > 120 > 119 21 > 121 > 120 62 > 122 > 118 90 > 119 > 118 70 > 120 > 119 23 > 121 > 118 91 > 119 > 118 > 120 > 118 36 > 124 > 120 111 > 121 > 119 15 > 119 > 118 63 > 120 > 118 76 > 122 > 119 64 > 119 > 118 31 > 120 > 119 12 > 120 > 121 > 122 > 123 > 126
 55 > 118
 45 > 119
 59 > 120
 37 > 122
 79 > 123
 83 > 124
 43 > 125
 32 > 126

 124 123 122 119 109
 62 48 121 126 123 119 115 113 120 103 109 101
 60 121 124 123 122 119 115 35 101
 0 32 123 119 115 103
 87 110 125 126 123 119 115 120 35
 64 52 1 126 123 119 120 103 109 84
 91 37 98 40 126 113 102 118 101 84
 94 126 122 115 113 120 102 103 35 109 101 84
 19 91 125 121 124 122 119 120 35 109 101 84
 77 92 25 24 34 94 69 22 89 55 125 126 124 122 115 113 102 118 103 35 109
 68 63 10 112 30 56 32 53 69 111 121 123 119 115 113 120 118 35 109 101 84
 29 78 125 121 126 124 122 119 115 120 102 118 35 109 84
 72 56 114 124 115 102 35 109 101 84
 57 0 124 123 122 115 113 120 103 35 101 84
 18 86 125 119 113 118 103 109
 27 110 125 123 115 113 120 102 118 35 101
 8 31 34 126 124 123 119 113 120 118 35 109 101 84
 42 110 6 125 123 115 113 120 102 118 35 101
 89 20 125 126 124 123 113 118 35 109 101 84
 31 27 38 114 21 88 43 52 53 125 122 113 120 103 35 101 84
 117 41 96 126 120 102 103 35 109 101
 96 43 31 23 56 105 13 104 125 122 119 120 102 118 35 101 84
 33 75 125 123 115 113 120 102 118 35 109 101 84
 79 38 121 124 123 119 115 113 120 35 101
 98 70 126 124 123 115 120 35 109 101
 26 53 125 121 122 115 120 35 109 101
 96 104 12 106 115 120 118 103 101
 30 91 121 126 123 122 113 120 103 101
 70 40 120 103 109 101 84
 23 104 81 32 52 97 16 17 71 121 124 122 118 35 109 101
 51 0 125 126 123 120 102 118 109 101 84
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 11 > 14
 14 > 116
 116 > 53
 11 > 57
 71 > 94
 94 > 113
 94 71 > 18
 31 > 34
 34 > 69
 69 > 81
 31 > 84
 84 > 45
 31 > 91
 91 > 96
 7 > 20
 109 > 86
 7 57 > 32
 32 > 3
 3 > 73
 23 73 > 110
 110 > 13
 110 > 95
 110 > 66
 110 > 19
 95 71 > 40
 40 > 55
 55 > 61
 55 > 100
 100 > 36
 113 95 > 8
 54 > 99
 99 > 65
 99 > 115
 113 > 46
 46 > 38
 38 84 > 67
 32 > 80
 51 > 72
 90 > 119
 119 69 65 100 46 34 31 2 99 > 87
 87 > 64
 64 > 63
 1 > 49
 51 2 > 60
 96 69 > 105
 105 7 99 > 4
 20 89 > 74
 74 > 98
 74 > 103
 103 > 88
 23 103 > 29
 41 > 83
 83 51 103 > 75
 75 > 82
 75 14 > 101
 101 > 112
 112 > 106
 106 98 94 > 42
 42 54 > 78
 64 42 57 > 118
 14 82 29 > 16
 72 112 29 106 98 94 42 103 1 > 24
 15 87 > 10
 22 > 85
 34 55 > 21
 89 118 21 22 80 98 54 67 > 37
 55 37 > 30
 42 81 40 115 87 1 25 21 > 35
 7 > 77
 77 > 104
 104 83 > 102
 103 42 98 29 72 13 38 8 45 > 52
 4 > 107
 77 66 > 76
 99 > 33
 21 > 114
 114 > 59
 114 > 93
 87 63 57 71 107 2 54 10 > 9
 18 64 114 85 96 52 95 91 103 113 118 4 107 94 35 115 > 124
 124 > 44
 106 > 0
 101 34 > 28
 81 72 119 116 109 1 > 97
 81 78 80 28 35 104 36 54 124 23 7 30 44 101 98 > 131
 102 57 25 41 20 75 105 80 99 13 43 83 36 14 0 55 > 134
 134 46 124 109 91 89 49 1 51 > 48
 131 63 52 11 80 48 92 > 70
 134 86 73 21 9 84 74 29 > 111
 0 89 111 93 66 54 > 26
 82 > 27
 94 83 > 56
 33 54 84 48 106 30 49 27 55 24 31 52 93 11 20 > 127
 75 86 1 94 112 83 78 53 29 19 48 81 127 51 27 65 > 133
 3 133 104 > 47
 4 84 0 10 56 82 18 66 133 > 58
 27 61 71 86 44 43 133 > 62
 133 44 71 62 1 66 14 81 > 12
 88 21 107 109 102 133 110 89 8 75 78 42 54 100 76 12 63 > 135
 72 38 52 77 44 27 12 74 4 60 135 20 66 25 58 89 43 > 121
 16 81 121 92 84 98 78 3 > 117
 121 75 119 124 27 34 25 78 63 101 > 17
 54 53 26 133 106 17 74 59 > 6
 82 100 55 6 94 105 62 54 > 50
 23 42 29 13 8 17 51 76 22 33 106 5 77 91 10 > 129
 71 129 14 131 37 24 5 92 44 18 96 32 34 135 112 46 > 126
 104 53 99 89 23 127 14 100 114 73 17 71 92 47 103 97 > 130
 130 15 > 108
 17 36 15 19 43 33 71 7 64 0 12 26 95 109 108 > 128
 9 69 4 34 128 103 21 25 1 87 35 88 133 80 29 84 73 > 137
 66 6 93 91 101 9 121 41 94 117 57 110 99 19 37 124 > 138
 121 3 60 11 10 88 57 86 58 28 130 102 105 53 15 131 114 22 16 > 136
 83 105 110 58 87 117 81 42 15 84 37 2 104 129 64 49 126 111 > 132
 24 106 7 51 100 2 18 31 26 77 47 101 85 38 6 60 117 56 > 125
 69 107 112 90 105 99 43 82 51 76 > 79
 113 96 26 92 49 0 22 72 118 6 34 11 109 74 69 1 28 8 62 > 122
 117 22 56 134 85 83 96 78 52 53 95 29 93 19 128 48 10 116 50 33 71 21 7 25 64 1 87 0 35 12 115 65 40 113 81 > 68
 74 118 32 95 47 126 55 66 69 3 107 112 9 21 86 13 48 2 116 > 120
 26 74 20 58 76 77 66 28 42 33 22 47 69 70 130 15 71 134 91 3 102 45 84 7 85 103 107 133 59 37 64 96 97 110 104 > 39
 85 31 5 30 76 73 113 38 32 93 128 10 72 3 41 87 130 45 > 123
 74 > 144 > 142 72 > 142 > 140 113 > 140 > 139 85 > 141 > 139 18 > 143 > 141 24 > 145 > 142 > 142 > 140 33 > 140 > 139 17 > 141 > 139 23 > 143 > 140 104 > 140 > 139 81 > 141 > 140 83 > 142 > 139 75 > 140 > 139 102 > 141 > 139 88 > 144 > 141 > 142 > 140 9 > 140 > 139 66 > 141 > 139 118 > 143 > 141 38 > 146 > 142 96 > 142 > 140 31 > 140 > 139 > 141 > 139 106 > 143 > 140 71 > 140 > 139 > 141 > 140 > 142 > 139 > 140 > 139 > 141 > 139 78 > 144 > 140 105 > 140 > 139 133 > 141 > 140 57 > 142 > 141 21 > 143 > 139 121 > 140 > 139 69 > 141 > 140 > 142 > 139 32 > 140 > 139 52 > 141 > 139 26 > 145 > 141 5 > 142 > 140 > 140 > 139 7 > 141 > 139 129 > 143 > 140 127 > 140 > 139 36 > 141 > 140 42 > 142 > 139 53 > 140 > 139 80 > 141 > 139 110 > 144 > 141 86 > 142 > 140 25 > 140 > 139 > 141 > 139 3 > 143 > 141 4 > 147 > 142 6 > 142 > 140 95 > 140 > 139 77 > 141 > 139 92 > 143 > 140 30 > 140 > 139 64 > 141 > 140 51 > 142 > 139 14 > 140 > 139 54 > 141 > 139 15 > 144 > 140 29 > 140 > 139 99 > 141 > 140 > 142 > 141 58 > 143 > 139 1 > 140 > 139 41 > 141 > 140 107 > 142 > 139 60 > 140 > 139 34 > 141 > 139 93 > 145 > 140 47 > 140 > 139 44 > 141 > 140 49 > 142 > 141 > 143 > 142 > 144 > 139 100 > 140 > 139 131 > 141 > 140 84 > 142 > 141 19 > 143 > 139 13 > 140 > 139 89 > 141 > 140 28 > 142 > 139 87 > 140 > 139 94 > 141 > 139 > 146 > 141 135 > 142 > 140 11 > 140 > 139 128 > 141 > 139 91 > 143 > 140 126 > 140 > 139 27 > 141 > 140 0 > 142 > 139 76 > 140 > 139 114 > 141 > 139 > 144 > 140 37 > 140 > 139 48 > 141 > 140 43 > 142 > 141 8 > 143 > 139 130 > 140 > 139 35 > 141 > 140 117 > 142 > 139 112 > 140 > 139 20 > 141 > 139 109 > 145 > 141 10 > 142 > 140 103 > 140 > 139 101 > 141 > 139 55 > 143 > 140 12 > 140 > 139 22 > 141 > 140 73 > 142 > 139 124 > 140 > 139 2 > 141 > 139 116 > 144 > 141 > 142 > 140 62 > 140 > 139 45 > 141 > 139 115 > 143 > 141 56 > 148 > 142 46 > 142 > 140 > 140 > 139 108 > 141 > 139 > 143 > 140 97 > 140 > 139 98 > 141 > 140 111 > 142 > 139 65 > 140 > 139 134 > 141 > 139 63 > 144 > 140 16 > 140 > 139 137 > 141 > 140 > 141 > 143 > 144 > 147 > 148
 82 > 139
 119 > 140
 59 > 141
 40 > 142
 90 > 144
 70 > 145
 67 > 146
 50 > 147
 61 > 148

 51 12 118 148 141 144 139 132 79 68 39 123
 104 148 141 144 146 145 143 142 139 138 125 79 39
 6 105 141 147 146 139 138 140 136 79
 69 35 0 148 141 144 147 145 142 138 140 136 132 125 68 39
 74 118 32 95 47 126 55 65 85 31 144 147 143 142 138 140 122 68 120 123
 92 113 91 107 88 117 110 40 148 141 147 146 145 142 139 138 140 136 132 68 39 123
 47 115 141 145 143 142 139 138 136 122 120 39
 32 71 83 61 63 62 20 27 84 1 95 148 144 147 145 138 136 122
 1 64 25 7 21 71 33 50 147 143 142 139 125 79 68 120 39 123
 111 87 141 144 139 138 136 132 125 79 122 68 120 39 123
 77 90 45 48 100 30 144 147 146 145 140 136 122 68 120
 77 69 141 144 146 143 138 140 136 132 125 79 68 39 123
 22 144 146 145 142 139 140 132 125 122 120 123
 127 99 94 141 143 142 79 39 123
 83 0 15 148 141 144 147 145 139 136 132 125 68 120 39
 105 103 129 148 141 144 147 146 145 143 142 140 136 132 79 122 68 120 39 123
 53 13 62 148 141 144 147 143 142 140 68 120 123
 72 32 93 103 141 143 142 125 79 122 68 39
 102 111 148 141 147 146 145 143 139 140 136 79 122 120 39
 55 72 148 144 147 145 139 138 140 122 68 120 39 123
 16 62 12 112 37 91 28 60 148 141 144 145 139 138 136 132 125 79 39
 76 69 144 147 142 138 140 132 79 39 123
 110 38 82 148 147 146 142 139 132 125 79 122 120 39 123
 40 98 139 138 136 132 79 122 39
 37 101 148 141 144 147 138 132 122 120 39
 2 95 141 139 138 140 125 122 120
 133 75 147 143 142 139 138 132 120 123
 114 137 141 147 140 136 132 68 120 123
 87 101 141 144 143 139 138 132 79 122 68
 43 77 148 141 144 147 143 142 139 138 125 120 39 123
 92 50 89 71 148 141 144 146 143 142 139 136 79 123
 1 48 134 141 147 145 139 138 136 132 125 68
 2 30 148 141 147 139 125 68 120 123
 141 144 146 142 139 138 136 132 122 120 39
 67 65 148 141 147 146 145 143 139 138 125 122 68 120
 49 3 78 141 144 146 145 143 136 79 120













k148



 42 > 138
 114 > 130
 6 > 104
 59 > 120
 120 > 92
 92 > 91
 91 > 139
 138 92 > 61
 13 > 127
 127 > 17
 17 > 105
 105 > 145
 22 > 24
 139 24 > 98
 33 > 35
 102 > 52
 119 > 95
 32 > 68
 78 > 66
 6 > 40
 110 > 118
 13 > 11
 91 > 16
 16 98 > 70
 91 16 25 > 123
 43 51 > 1
 51 118 > 77
 10 > 64
 24 132 > 83
 84 120 > 116
 116 > 99
 99 > 143
 79 45 > 60
 132 > 3
 33 114 122 > 100
 122 75 > 44
 77 44 > 2
 59 44 > 19
 138 66 > 131
 131 > 63
 44 > 57
 92 105 130 19 40 75 79 136 > 142
 142 > 65
 40 102 25 131 92 1 22 118 > 46
 46 > 55
 4 122 > 12
 4 56 22 > 103
 65 103 > 72
 72 > 94
 57 72 > 125
 103 48 94 57 18 116 118 104 91 > 58
 133 69 > 54
 142 69 > 89
 89 111 > 26
 138 26 > 5
 69 68 > 20
 83 52 > 147
 51 133 52 > 121
 39 > 101
 101 69 > 62
 62 142 > 113
 113 > 27
 104 66 25 12 101 1 10 65 > 129
 30 > 81
 27 30 > 124
 91 52 14 42 43 20 136 117 > 126
 70 122 > 9
 89 143 125 59 27 54 > 141
 141 > 28
 66 > 144
 27 66 > 137
 54 118 5 147 60 26 137 141 104 > 36
 1 46 52 132 116 65 50 55 > 0
 44 6 > 67
 104 67 > 87
 121 9 43 26 66 117 > 106
 28 67 82 118 6 63 78 44 27 > 34
 125 142 32 22 60 65 64 98 > 49
 49 > 112
 49 1 28 36 77 138 130 104 > 53
 19 94 12 87 100 123 34 117 116 55 72 30 24 36 141 > 165
 34 145 > 146
 165 131 119 1 125 65 118 46 62 127 79 129 44 > 164
 81 56 164 113 16 147 59 > 7
 60 > 134
 28 45 88 59 56 110 122 > 74
 119 5 146 82 107 134 138 59 > 29
 19 27 131 29 72 94 61 > 15
 15 > 80
 99 32 138 80 89 52 120 94 30 4 > 97
 97 101 80 7 94 145 26 107 113 > 73
 77 62 51 125 117 70 45 114 127 30 20 17 73 14 13 > 160
 134 160 > 8
 112 58 63 2 145 133 19 57 6 74 123 50 3 64 > 167
 103 16 56 40 22 43 136 84 2 39 100 48 58 94 57 18 116 118 7 > 148
 116 121 148 68 143 70 81 1 > 37
 138 42 63 60 148 143 37 88 26 > 38
 56 132 95 75 121 20 61 38 > 93
 20 50 5 87 102 38 43 > 108
 147 39 37 78 137 129 45 110 74 > 71
 34 71 > 47
 47 > 140
 140 75 > 21
 111 46 120 19 25 148 47 22 18 > 86
 12 86 > 109
 109 6 88 > 90
 45 111 5 86 12 109 136 110 33 > 76
 73 25 109 114 55 51 > 96
 48 84 37 126 89 66 58 138 12 131 144 112 19 96 34 65 142 146 > 169
 111 78 11 10 29 130 76 103 134 37 28 145 136 93 138 6 70 132 > 149
 69 25 29 149 99 > 128
 128 > 31
 146 141 15 143 147 132 142 36 97 149 > 115
 0 55 50 65 116 128 109 71 79 24 139 31 108 29 97 26 > 159
 34 18 74 77 0 72 80 3 54 128 25 113 130 15 > 161
 122 107 35 161 86 36 90 78 56 83 169 4 111 134 148 105 131 115 > 151
 119 107 59 14 132 84 24 83 > 85
 138 105 39 149 96 18 70 165 1 51 47 80 20 159 53 > 166
 136 134 38 83 49 97 48 93 63 105 87 119 66 117 164 61 23 > 170
 123 96 57 33 144 46 51 50 59 61 0 114 71 81 86 76 92 > 163
 46 1 6 115 62 55 47 167 27 142 77 45 109 124 121 9 43 137 > 162
 66 93 148 28 4 112 94 33 115 125 59 27 54 104 > 168
 45 47 59 164 139 17 25 124 81 129 36 91 140 98 95 22 89 88 > 158
 91 17 109 127 80 27 61 82 140 108 14 161 9 76 68 120 67 40 169 133 60 > 156
 139 128 114 72 167 118 91 31 73 113 121 86 82 32 35 10 49 4 143 > 157
 82 31 25 71 30 3 142 68 32 98 160 130 43 21 107 11 83 149 42 > 155
 68 140 73 124 79 20 54 21 120 35 95 29 101 56 126 145 100 69 > 154
 101 120 98 14 121 129 159 122 11 40 49 89 90 16 37 2 87 144 > 152
 21 32 108 113 81 24 101 107 67 10 22 97 122 78 38 28 39 119 147 > 153
 109 144 167 8 7 93 129 46 126 53 96 97 128 131 122 47 42 98 116 48 81 99 38 54 12 137 55 149 32 117 106 124 151 56 3 > 135
 23 27 71 140 92 130 40 136 60 > 41
 90 67 95 160 9 111 16 38 126 133 103 84 63 12 33 74 5 > 150
 103 > 176 > 174 111 > 174 > 172 90 > 172 > 171 122 > 173 > 171 101 > 175 > 173 21 > 177 > 174 68 > 174 > 172 82 > 172 > 171 91 > 173 > 171 139 > 175 > 172 > 172 > 171 > 173 > 172 77 > 174 > 171 > 172 > 171 46 > 173 > 171 > 176 > 173 165 > 174 > 172 > 172 > 171 > 173 > 171 112 > 175 > 173 66 > 178 > 174 48 > 174 > 172 136 > 172 > 171 16 > 173 > 171 78 > 175 > 172 > 172 > 171 107 > 173 > 172 120 > 174 > 171 32 > 172 > 171 140 > 173 > 171 31 > 176 > 172 17 > 172 > 171 128 > 173 > 172 45 > 174 > 173 0 > 175 > 171 62 > 172 > 171 > 173 > 172 1 > 174 > 171 123 > 172 > 171 > 173 > 171 19 > 177 > 173 > 174 > 172 58 > 172 > 171 93 > 173 > 171 84 > 175 > 172 134 > 172 > 171 56 > 173 > 172 11 > 174 > 171 67 > 172 > 171 35 > 173 > 171 98 > 176 > 173 108 > 174 > 172 73 > 172 > 171 25 > 173 > 171 109 > 175 > 173 114 > 179 > 174 > 174 > 172 55 > 172 > 171 51 > 173 > 171 > 175 > 172 > 172 > 171 96 > 173 > 172 > 174 > 171 94 > 172 > 171 138 > 173 > 171 63 > 176 > 172 148 > 172 > 171 37 > 173 > 172 38 > 174 > 173 40 > 175 > 171 10 > 172 > 171 95 > 173 > 172 > 174 > 171 14 > 172 > 171 113 > 173 > 171 124 > 177 > 172 71 > 172 > 171 127 > 173 > 172 72 > 174 > 173 47 > 175 > 174 50 > 176 > 171 125 > 172 > 171 34 > 173 > 172 > 174 > 173 57 > 175 > 171 > 172 > 171 12 > 173 > 172 105 > 174 > 171 2 > 172 > 171 28 > 173 > 171 126 > 178 > 173 83 > 174 > 172 22 > 172 > 171 29 > 173 > 171 160 > 175 > 172 161 > 172 > 171 121 > 173 > 172 81 > 174 > 171 79 > 172 > 171 30 > 173 > 171 80 > 176 > 172 167 > 172 > 171 59 > 173 > 172 65 > 174 > 173 117 > 175 > 171 18 > 172 > 171 6 > 173 > 172 33 > 174 > 171 131 > 172 > 171 87 > 173 > 171 39 > 177 > 173 145 > 174 > 172 > 172 > 171 169 > 173 > 171 49 > 175 > 172 > 172 > 171 130 > 173 > 172 9 > 174 > 171 86 > 172 > 171 129 > 173 > 171 24 > 176 > 173 20 > 174 > 172 3 > 172 > 171 27 > 173 > 171 > 175 > 173 164 > 180 > 174 116 > 174 > 172 70 > 172 > 171 74 > 173 > 171 115 > 175 > 172 144 > 172 > 171 119 > 173 > 172 100 > 174 > 171 149 > 172 > 171 133 > 173 > 171 4 > 176 > 172 89 > 172 > 171 97 > 173 > 172 43 > 174 > 173 76 > 175 > 171 > 172 > 171 36 > 173 > 172 159 > 174 > 171 > 172 > 171 54 > 173 > 171 142 > 177 > 172 61 > 172 > 171 118 > 173 > 172 7 > 174 > 173 132 > 175 > 174 5 > 176 > 171 151 > 172 > 171 > 173 > 172 147 > 174 > 173 69 > 175 > 171 42 > 172 > 171 60 > 173 > 172 143 > 174 > 171 88 > 172 > 171 26 > 173 > 171 13 > 178 > 172 15 > 172 > 171 137 > 173 > 172 92 > 174 > 173 44 > 175 > 174 141 > 176 > 175 53 > 177 > 171 64 > 172 > 171 104 > 173 > 172 146 > 174 > 173 23 > 174 > 176 > 178 > 179 > 180
 110 > 171
 52 > 172
 99 > 173
 75 > 174
 8 > 177
 102 > 179
 106 > 180

 40 178 179 176 85 174 173 177 170 172 162 168 157 155 153 135 150
 15 141 178 179 85 174 173 171 166 172 163 156 155 154 153 135 41
 51 9 109 75 169 73 180 85 174 171 170 172 163 162 168 158 156 154 152
 96 99 180 179 176 175 173 171 166 172 163 158 156 152 153 135
 145 60 178 180 179 176 175 173 170 172 168 155 135 41 150
 116 88 139 176 175 85 174 173 177 171 172 163 168 158 156 157 155 153 135 41 150
 108 68 159 81 73 82 79 25 91 54 30 109 139 142 80 114 61 167 118 59 55 77 7 65 51 132 117 46 5 18 151 6 180 179 175 85 171 166 172 163 162 168 158 156 155 153 41
 4 169 178 179 176 171 170 162 156 154 152 150
 87 179 176 175 85 174 173 170 163 162 158 156 155 152 153 135 150
 101 71 7 145 90 113 61 1 87 178 180 179 85 174 173 177 171 170 168 152 153 150
 44 178 85 174 177 171 170 162 168 158 156 157 153 41 150
 84 165 146 178 179 176 177 166 172 168 156 157 135 150
 34 36 112 178 180 175 170 163 158 157 155 152
 104 73 180 179 176 174 173 171 166 170 162 158 156 157 153 41
 141 178 180 85 177 171 172 162 168 158 156 155
 94 10 180 179 175 174 173 177 171 166 170 163 156 157 155 152 153
 129 134 179 176 85 173 170 172 162 168 158 156 155 154 152
 87 136 130 140 27 144 93 97 98 54 55 151 138 88 95 141 72 52 102 22 21 30 77 6 112 169 107 24 45 70 19 133 11 36 109 7 96 176 175 174 173 172 163 162 168 156 154 153
 2 16 178 179 176 175 85 174 173 171 166 172 163 162 157 152 153 135 41
 79 97 175 85 174 177 171 166 168 156 157 155 154 153 135
 125 11 13 116 22 51 78 110 97 179 176 177 166 158 155 154 153 135 150
 80 140 76 178 179 176 175 85 174 177 171 166 170 172 162 156 154 41
 119 28 11 21 54 59 143 14 179 176 174 177 166 172 163 162 158 152 153 150
 148 180 179 176 175 177 171 166 170 162 157 135 150
 140 24 31 20 17 3 128 27 45 178 180 179 175 174 177 166 172 163 155 153 135
 50 103 178 180 179 85 177 158 156 152 153 135 150
 143 167 134 23 178 177 171 166 172 168 158 155 154 153 41 150
 75 84 161 178 179 177 166 172 163 162 168 158 157 154 135 150
 149 140 6 180 179 176 85 171 162 158 156 150
 39 115 7 85 174 173 177 171 170 172 162 158 156 157 155 154 152 135 41 150
 124 67 164 48 79 95 7 84 179 174 171 170 162 158 157 152
 35 73 178 180 179 85 174 173 177 171 166 163 158 153 135 41 150
 57 141 63 61 56 70 120 131 91 28 178 180 175 85 174 177 171 166 170 172 162 168 156 155 154 153 135 41 150
 71 39 178 176 175 177 163 162 168 156 157 154 153 135 150
 59 17 178 179 176 175 174 173 171 166 170 172 163 162 168 156 154 153
 127 37 85 173 177 171 172 168 158 156 155 154 135
 9 20 164 115 149 97 36 142 132 147 143 180 177 171 166 170 158 157 155 154 153 135 41 150
 60 22 32 142 125 133 10 68 27 178 180 179 176 175 173 166 170 162 156 155 154 152 150
 93 16 122 178 175 177 162 168 156 155 154 150
 56 178 180 179 176 85 174 177 170 172 163 168 156 154 153 41 150
 105 35 180 85 174 173 177 166 163 155 154 153
 87 110 73 180 175 85 177 171 166 172 162 168 158 156 155 154 153 41
 100 70 180 176 177 172 162 168 158 156 152 135 41 150
 115 138 180 179 175 85 166 172 168 156 157 155 153 135 41 150
 121 116 178 175 173 177 166 170 163 168 157 154 153













k164



 138 > 40
 39 > 65
 80 > 153
 153 > 64
 39 > 95
 95 > 162
 162 > 79
 55 > 123
 123 > 12
 12 > 70
 70 > 126
 126 > 18
 153 > 101
 101 > 25
 123 > 154
 154 > 17
 154 > 129
 126 > 146
 154 > 158
 123 > 71
 71 > 102
 102 > 82
 154 > 21
 21 > 152
 79 152 > 9
 138 55 > 34
 17 158 > 23
 23 > 118
 23 > 128
 128 > 141
 141 > 1
 80 129 > 10
 141 153 152 > 121
 71 9 17 > 68
 68 > 111
 68 > 131
 2 > 99
 99 70 > 86
 146 99 > 144
 2 79 > 130
 56 > 67
 67 > 90
 90 56 > 81
 82 161 > 159
 159 > 163
 159 90 > 155
 155 > 87
 99 31 > 45
 31 128 > 57
 57 > 119
 57 90 > 149
 95 45 155 > 114
 7 > 150
 150 > 157
 141 > 36
 36 > 98
 109 102 > 29
 34 126 > 13
 159 13 > 0
 13 7 > 15
 15 > 120
 15 10 > 88
 64 > 63
 63 > 78
 78 > 6
 162 10 > 77
 24 > 140
 163 10 140 > 135
 45 135 > 52
 25 135 109 > 105
 67 43 > 4
 4 > 125
 4 135 > 33
 43 67 > 83
 48 52 > 14
 14 > 8
 67 > 113
 52 70 > 145
 24 106 120 > 84
 145 84 > 5
 140 15 71 36 101 1 68 93 > 59
 28 31 > 54
 54 106 157 > 73
 73 130 > 108
 108 > 134
 138 134 > 20
 18 99 94 155 121 20 157 141 > 142
 142 77 23 43 109 108 140 106 > 160
 36 > 116
 116 14 > 143
 116 13 > 38
 38 43 > 49
 49 > 124
 56 126 > 58
 58 31 > 91
 57 72 > 139
 95 97 > 50
 80 120 > 16
 116 16 83 > 92
 29 > 42
 91 95 > 30
 56 > 137
 4 152 > 107
 159 63 81 48 95 92 55 143 > 11
 123 65 31 163 102 149 8 82 > 32
 148 107 > 74
 108 99 32 0 149 139 > 85
 121 38 > 69
 82 43 10 5 68 94 16 33 32 128 118 148 160 22 121 63 40 36 2 > 180
 7 84 49 155 160 30 > 127
 127 > 151
 127 99 120 144 69 146 163 18 180 > 60
 60 > 96
 105 45 131 157 57 38 > 62
 60 8 74 30 50 134 144 62 > 136
 152 0 1 13 55 62 4 69 > 26
 14 26 24 142 162 127 90 34 65 > 3
 17 146 52 31 7 85 42 3 > 103
 128 21 127 63 20 139 62 42 > 100
 100 116 23 118 74 84 4 > 76
 143 77 136 54 129 42 105 76 91 > 66
 151 114 157 160 36 69 78 100 74 > 112
 17 45 161 91 112 14 147 130 40 > 53
 157 24 76 96 43 60 87 > 35
 130 35 > 156
 66 67 59 159 21 144 106 3 5 25 31 100 116 23 118 76 74 151 > 185
 185 38 93 39 81 100 180 102 157 1 108 80 92 32 152 45 101 > 183
 120 29 93 11 144 70 118 183 > 117
 116 16 84 30 162 117 35 163 > 104
 4 130 92 108 183 73 > 75
 75 > 51
 56 111 160 51 146 66 106 102 > 46
 46 121 > 61
 50 75 159 131 69 72 124 > 133
 131 162 91 95 30 111 53 60 50 75 145 21 58 51 86 28 15 68 31 > 169
 75 110 61 153 83 169 107 65 28 > 122
 122 16 40 67 108 139 36 131 > 44
 1 90 60 104 17 85 44 10 76 > 89
 144 123 28 0 88 133 163 135 10 140 122 87 81 43 7 128 130 26 98 > 184
 54 134 86 145 13 183 104 65 68 156 144 163 180 158 129 64 > 186
 73 91 101 109 67 34 186 94 162 > 132
 120 139 32 23 155 1 87 146 121 138 101 26 4 153 125 136 71 13 73 > 177
 177 140 159 85 53 18 102 59 > 27
 111 69 42 36 58 150 103 159 133 79 67 65 25 87 77 > 168
 96 125 161 132 101 74 99 162 168 110 71 34 131 53 103 0 35 94 6 > 171
 22 11 128 158 149 108 4 18 63 132 9 57 61 42 171 24 21 55 > 176
 35 31 6 176 168 140 17 > 19
 57 121 97 184 147 89 176 125 49 95 36 70 119 141 168 124 75 159 39 > 174
 80 100 135 3 65 78 20 82 92 7 23 158 17 147 16 139 142 177 132 30 70 154 > 181
 81 163 106 104 15 35 48 80 43 116 186 155 149 107 82 33 11 97 138 9 119 126 > 182
 141 176 46 63 138 130 129 91 42 136 143 52 2 99 69 60 59 93 20 29 > 172
 16 92 116 102 140 25 156 160 139 11 152 184 76 129 120 146 18 161 95 52 117 > 179
 160 33 7 186 157 122 31 120 22 142 97 45 130 74 46 49 143 34 > 178
 58 53 72 110 136 70 79 51 44 59 88 39 112 134 123 104 5 122 108 90 > 167
 89 153 18 177 45 76 148 141 96 61 154 162 72 50 88 48 14 > 173
 4 146 142 152 118 17 107 57 153 46 161 40 30 89 96 91 110 114 145 133 12 > 175
 99 61 49 40 9 26 131 69 72 124 114 24 13 111 150 44 38 78 156 8 > 170
 105 44 75 24 34 2 54 66 123 15 78 94 185 135 102 155 17 148 137 > 164
 42 11 162 120 85 108 88 > 37
 112 51 103 50 114 71 52 154 105 134 67 28 38 35 20 54 106 10 157 149 147 85 > 165
 79 150 60 124 171 143 119 112 86 0 93 48 105 66 183 3 140 1 107 84 > 166
 77 61 35 80 40 117 135 26 162 65 > 41
 116 16 84 30 162 117 35 104 163 62 > 115
 152 130 84 18 40 70 98 96 42 71 21 131 60 93 73 123 65 31 163 102 149 8 82 32 184 74 113 146 63 30 119 89 61 136 34 > 47
 105 > 192 > 190 112 > 190 > 188 79 > 188 > 187 58 > 189 > 187 111 > 191 > 189 131 > 193 > 190 99 > 190 > 188 > 188 > 187 141 > 189 > 187 89 > 191 > 188 57 > 188 > 187 4 > 189 > 188 > 190 > 187 120 > 188 > 187 160 > 189 > 187 16 > 192 > 189 82 > 190 > 188 80 > 188 > 187 81 > 189 > 187 > 191 > 189 144 > 194 > 190 > 190 > 188 54 > 188 > 187 > 189 > 187 51 > 191 > 188 150 > 188 > 187 53 > 189 > 188 69 > 190 > 187 162 > 188 > 187 > 189 > 187 96 > 192 > 188 176 > 188 > 187 153 > 189 > 188 > 190 > 189 146 > 191 > 187 22 > 188 > 187 139 > 189 > 188 33 > 190 > 187 92 > 188 > 187 43 > 189 > 187 100 > 193 > 189 163 > 190 > 188 185 > 188 > 187 > 189 > 187 66 > 191 > 188 134 > 188 > 187 44 > 189 > 188 103 > 190 > 187 60 > 188 > 187 72 > 189 > 187 168 > 192 > 189 91 > 190 > 188 61 > 188 > 187 125 > 189 > 187 46 > 191 > 189 18 > 195 > 190 121 > 190 > 188 142 > 188 > 187 11 > 189 > 187 32 > 191 > 188 7 > 188 > 187 116 > 189 > 188 180 > 190 > 187 135 > 188 > 187 106 > 189 > 187 183 > 192 > 188 123 > 188 > 187 67 > 189 > 188 86 > 190 > 189 > 191 > 187 50 > 188 > 187 124 > 189 > 188 110 > 190 > 187 42 > 188 > 187 > 189 > 187 49 > 193 > 188 161 > 188 > 187 63 > 189 > 188 177 > 190 > 189 97 > 191 > 190 152 > 192 > 187 128 > 188 > 187 23 > 189 > 188 186 > 190 > 189 102 > 191 > 187 10 > 188 > 187 3 > 189 > 188 104 > 190 > 187 > 188 > 187 28 > 189 > 187 > 194 > 189 > 190 > 188 75 > 188 > 187 114 > 189 > 187 171 > 191 > 188 136 > 188 > 187 > 189 > 188 95 > 190 > 187 40 > 188 > 187 132 > 189 > 187 138 > 192 > 188 45 > 188 > 187 184 > 189 > 188 118 > 190 > 189 158 > 191 > 187 155 > 188 > 187 157 > 189 > 188 140 > 190 > 187 5 > 188 > 187 65 > 189 > 187 15 > 193 > 189 38 > 190 > 188 0 > 188 > 187 59 > 189 > 187 > 191 > 188 24 > 188 > 187 71 > 189 > 188 143 > 190 > 187 > 188 > 187 36 > 189 > 187 30 > 192 > 189 9 > 190 > 188 101 > 188 > 187 130 > 189 > 187 76 > 191 > 189 > 196 > 190 17 > 190 > 188 149 > 188 > 187 1 > 189 > 187 122 > 191 > 188 25 > 188 > 187 68 > 189 > 188 78 > 190 > 187 35 > 188 > 187 93 > 189 > 187 88 > 192 > 188 159 > 188 > 187 145 > 189 > 188 34 > 190 > 189 52 > 191 > 187 > 188 > 187 70 > 189 > 188 > 190 > 187 > 188 > 187 26 > 189 > 187 74 > 193 > 188 129 > 188 > 187 148 > 189 > 188 147 > 190 > 189 107 > 191 > 190 108 > 192 > 187 87 > 188 > 187 31 > 189 > 188 156 > 190 > 189 94 > 191 > 187 20 > 188 > 187 48 > 189 > 188 39 > 190 > 187 133 > 188 > 187 21 > 189 > 187 13 > 194 > 188 2 > 188 > 187 154 > 189 > 188 119 > 190 > 189 137 > 191 > 190 85 > 192 > 191 84 > 193 > 187 90 > 188 > 187 77 > 189 > 188 169 > 190 > 189 8 > 191 > 190 6 > 192 > 187 29 > 188 > 187 14 > 189 > 188 174 > 190 > 189 12 > 191 > 187 55 > 188 > 187 73 > 189 > 188 > 190 > 187 117 > 188 > 187 > 189 > 187 > 195 > 189 126 > 190 > 188 > 188 > 187 98 > 189 > 187 151 > 191 > 188 64 > 187 > 190 > 191 > 194 > 196
 113 > 188
 83 > 189
 19 > 190
 56 > 191
 62 > 192
 109 > 193
 27 > 194
 127 > 196

 183 7 18 193 195 191 190 196 187 178 167 173 175 170 164 165 166 47
 34 62 194 193 191 188 181 187 179 178 167 173 164 37 165
 83 58 160 150 194 192 195 190 188 181 187 182 173 164 165 166 41 115 47
 93 193 189 188 181 182 179 167 173 170 37 165 115 47
 98 134 118 2 54 152 34 127 142 24 193 192 191 181 187 172 178 175 37 165 47
 155 158 194 192 195 190 187 173 175 170 165 166
 24 67 77 30 110 51 14 63 194 193 192 191 190 196 181 187 172 178 175 170 164 166 41 47
 130 194 193 192 191 189 188 181 187 182 172 179 167 173 170 165 166
 57 53 193 192 195 191 196 182 179 175 170 164 37 166
 15 73 194 195 191 189 188 182 167 37 165 115 47
 103 120 55 194 193 190 196 181 187 172 179 173 175 166 115
 104 49 135 194 193 192 182 179 167 173 175 170 164 37 165 166 41 115
 124 184 35 194 192 195 196 189 188 181 187 182 173 175 164 41
 20 145 193 192 191 190 188 187 182 178 164 37 166 41 115 47
 6 14 12 73 117 151 83 56 194 190 196 187 172 179 167 37 166 41 115 47
 133 3 160 52 67 62 30 60 14 45 194 192 191 189 188 181 172 179 167 170 164 165 41 115
 22 160 190 196 189 188 172 179 178 167 173 175 170 37 41 115 47
 12 161 174 193 195 196 187 182 172 179 173 175 170 164 37 166 41 115
 78 85 192 195 196 182 172 178 167 175 170 165 166 41 115
 30 136 194 193 192 190 196 189 188 187 182 172 178 175 170 164 165 115 47
 168 1 193 189 187 172 178 167 170 164 37 166 115
 162 75 192 190 196 187 182 178 175 170 164 37 41 115 47
 55 128 19 136 105 184 192 190 196 181 187 172 178 170 164 37 165 115 47
 191 188 182 172 179 167 170 164 166 41 115 47
 51 192 195 196 188 172 179 178 175 37 41 47
 46 191 189 188 181 178 173 175 164 165 166 41 115 47
 51 19 21 194 193 192 190 196 188 181 182 172 178 173 170 41 115 47
 109 56 83 151 117 73 12 194 193 195 191 182 172 179 178 167 173 170 164 37 165 166 41
 9 142 194 192 190 196 189 181 182 167 173 170 115
 2 184 6 0 125 101 56 135 194 193 192 196 182 179 178 173 175 165 166
 35 114 125 120 8 25 168 57 90 194 192 195 190 188 187 172 167 175 37 165 115 47
 28 136 45 140 59 36 68 145 194 173 175 170 166 41
 5 33 194 192 190 189 181 187 182 172 175 170 164 37 166 41 115 47
 90 34 194 192 188 182 172 179 173 175 164 165 166 115
 121 6 194 193 192 191 190 181 178 173 175 170 165 166 41 115
 118 193 196 179 178 167 173 175 164 165 166 115 47
 156 9 28 195 191 190 188 187 178 173 175 170 164 37 165 166 41
 157 87 193 195 188 181 182 179 178 173 175 164 37 165 41 115 47
 120 24 144 194 196 189 188 181 187 182 173 164 37 166 115 47
 150 13 40 190 196 181 187 172 179 167 170 164 37 166 41 115
 134 177 38 26 73 120 44 97 0 194 193 190 196 189 181 187 182 178 173 170 37 165 166 115 47
 102 145 194 195 191 188 181 187 179 178 167 164 37 165 115
 21 30 128 185 194 193 196 182 179 178 173 175 170 165 166 41 115
 17 59 141 194 192 191 190 196 189 181 187 182 172 167 173 165 47
 94 78 15 193 195 191 190 196 172 179 178 167 170 164 37 166
 64 97 195 190 196 181 187 182 179 173 175 170 37 165 41
 6 2 194 193 188 182 172 179 178 170 164 37 165 166 47
 134 68 144 194 192 195 190 189 188 173 170 37 166 41 115
 18 122 99 152 94 176 155 117 121 25 195 196 188 181 182 172 37 165 166 41
 35 91 84 102 193 195 191 190 189 188 181 172 179 167 164 165 41 115 47















sdns3r6.xsd


 
	 
		 schema to validate the record of the description of the DVB-IP offering of a service Provider
		This is the phase 1.3.1 version of the schema.
		
	
	 
	 
		 
			 
				 
				 
				 
				 
				 
				 
			
			 
		
	
	 
		 
			 
				 
					 
						 
						 
						 
					
					 
					 
					 
				
			
		
	
	 
		 
			 Provides a list of TS or services discovery information
		
		 
			 
				 
					 
				
			
		
	
	 
		 
			 Provides information on Content on Demand Offerings. Note that use of this is now deprecated and BCGOffering should be used instead
		
		 
			 
				 
					 
						 
							 
								 
								 
								 
							
							 
						
					
				
			
		
	
	 
		 
			 
				 
					 
				
			
		
	
	 
		 
			 
				 
					 
						 
							 
								 
									 
										 
									
								
							
							 
						
					
				
			
		
	
	 
		 
			 Provides information on Broadband Content Guide Offerings
		
		 
			 
				 
					 
						 
							 
								 
								 
								 
								 
								 
								 
								 
							
							 
							 
						
					
				
			
		
	
	 
		 
			 Implementation of the Announcement support indicator from ETSI EN 300 468.
		
		 
			 
				 
					 
						 
						 
					
					 
					 
					 
				
			
		
		 
	
	 
		 
		 
	
	 
		 
		 
		 
	
	 
		 
			 
			 
			 
			 
			 
			 
			 
			 
		
	
	 
		 
			 
			 
				 
			
		
	
	 
		 
			 
			 
		
		 
	
	 
		 
			 
				 
					 
						 
							 
								 
									 
								
							
						
						 
							 
								 
								 
							
						
						 
							 
							 
							 
								 
									 
										 
											 
										
									
								
							
						
					
					 
					 
					 
					 
				
			
		
		 
		 
		 
	
	 
		 
		 
		 
		 
		 
		 
		 
	
	 
		 
			 
				 
			
		
	
	 
		 
			 Base class from which all offerings should be derived
		
		 
		 
	
	 
		 
			 
			 
				 
					 
						 
							 
						
					
				
			
		
	
	 
		 
			 
				 
					 
						 
							 
								 
								 
							
						
					
					 
				
			
		
	
	 
		 
			 implementation of The replacement_Service part of the Linkage_Descriptor in ETSI EN 300 468. Describes a service to try if the specified one fails.
		
		 
			 
			 
		
		 
	
	 
		 
			 The location of a service. Currently this supports either a multicast address (ASM and SSM) or RTSP.
		
		 
			 
			 
		
	
	 
		 
			 Implementation of traditional DVB SI information about a service
		
		 
			 
			 
			 
			 
			 
			 
			 
			 
		
		 
		 
	
	 
		 
		 
	
	 
		 
			 
			 
			 
			 
			 
				 
					 
				
			
			 
		
		 
		 
	
	 
		 
			 
			 
		
	
	 
		 
			 
				 
			
		
	
	 
		 
			 
				 
				 
			
		
	
	 
		 
			 
				 
			
		
	
	 
		 
			 
			 
		
	
	 
		 
			 
			 
			 
			 
		
	
	 
		 
		 
	
	 
		 
	
	 
		 
			 
		
	
	 
		 
			 General Genre of a service. Meanings are from the content_nibble_level_1 field of the content_descriptor in ETSI EN 300 468 (table 26).
		
		 
			 
			 
		
	
	 
		 
			 
		
	
	 
		 
			 
		
	
	 
		 
			 
		
	
	 
		 
			 
		
	
	 
		 
			 
			 
		
	
	 
		 
			 union of DomainType and IPType
		
		 
	
	 
		 
			 Type equivalent to the IPv4 dotted Address Notation a.b.c.d. This supports DECIMAL ONLY
		
		 
			 
		
	
	 
		 
			 A comma separated list of one or more country codes, where the codes are defined by ISO-3166.
		
		 
			 
		
	
	 
		 
			 Type for 3 letter lanuage codes. Value space is be IS 639-2 valid codes.
		
		 
			 
		
	
	 
		 
			 A unique identifier of a network. This is managed by DVB through ETSI, and listed in ETSI TR 101 162
		
		 
	
	 
		 
			 
			 
		
	
	 
		 
			 
		
	
	 
		 
			 
		
	
	 
		 
			 
		
	
	 
		 
			 A number used to identify a service within a Transport Stream. See ETSI EN 300 468
		
		 
	
	 
		 
			 The "Type" of a service (e.g. radio, TV, mosaic, ...). See ETSI EN 300 468, table 72 for details of values
		
		 
	
	 
		 
			 A number used to identify Transport Stream within an original_network. See ETSI EN 300 468
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<?xml version="1.0" encoding="UTF-8"?>

<!ELEMENT identifier (#PCDATA)>

<!ELEMENT timestamp (#PCDATA)>

<!ELEMENT deviceId (#PCDATA)>

<!ELEMENT clock EMPTY>

<!ATTLIST clock sync (lost | ntp | sntp) #REQUIRED>



<!ELEMENT ipAddress (#PCDATA)>

<!ELEMENT ipMask (#PCDATA)>

<!ELEMENT ipGateway (#PCDATA)>

<!ELEMENT timeServer (#PCDATA)>

<!--	The IP address or DNS name of time server(s)

	Up to three of these may be reported-->

<!ELEMENT ntpServer (#PCDATA)>

<!--	The IP address or DNS name of NTP server(s)

	Up to three of these may be reported-->

<!ELEMENT domain (#PCDATA)>

<!ELEMENT dnsServer (#PCDATA)>

<!--	The IP address of the DNS server(s)

	Up to three of these may be reported-->

<!ELEMENT dhcpServer (#PCDATA)>

<!ELEMENT leaseRenew (#PCDATA)>



<!--Selected item from RFC 1213 (mib-2) [10]-->

<!ELEMENT sysUpTime (#PCDATA)>



<!--Selected items from RFC 2863 (interfaces) [11]-->

<!ELEMENT ifDescr (#PCDATA)>

<!ELEMENT ifType (#PCDATA)>

<!ELEMENT ifMtu (#PCDATA)>

<!ELEMENT ifSpeed (#PCDATA)>

<!ELEMENT ifPhysAddress (#PCDATA)>

<!ELEMENT ifAdminStatus (#PCDATA)>

<!ELEMENT ifOperStatus (#PCDATA)>

<!ELEMENT ifLastChange (#PCDATA)>

<!ELEMENT ifInOctets (#PCDATA)>

<!ELEMENT ifInUcastPkts (#PCDATA)>

<!ELEMENT ifInDiscards (#PCDATA)>

<!ELEMENT ifInErrors (#PCDATA)>

<!ELEMENT ifInUnknownProtos (#PCDATA)>

<!ELEMENT ifOutOctets (#PCDATA)>

<!ELEMENT ifOutUcastPkts (#PCDATA)>

<!ELEMENT ifOutDiscards (#PCDATA)>

<!ELEMENT ifOutErrors (#PCDATA)>



<!--Selected items from RFC 2011 (ip) [12]-->

<!ELEMENT ipForwarding (#PCDATA)>

<!ELEMENT ipDefaultTTL (#PCDATA)>

<!ELEMENT ipInReceives (#PCDATA)>

<!ELEMENT ipInHdrErrors (#PCDATA)>

<!ELEMENT ipInAddrErrors (#PCDATA)>

<!ELEMENT ipForwDatagrams (#PCDATA)>

<!ELEMENT ipInUnknownProtos (#PCDATA)>

<!ELEMENT ipInDiscards (#PCDATA)>

<!ELEMENT ipInDelivers (#PCDATA)>

<!ELEMENT ipOutRequests (#PCDATA)>

<!ELEMENT ipOutDiscards (#PCDATA)>

<!ELEMENT ipOutNoRoutes (#PCDATA)>

<!ELEMENT ipReasmTimeout (#PCDATA)>

<!ELEMENT ipReasmReqds (#PCDATA)>

<!ELEMENT ipReasmOKs (#PCDATA)>

<!ELEMENT ipReasmFails (#PCDATA)>

<!ELEMENT ipFragOKs (#PCDATA)>

<!ELEMENT ipFragFails (#PCDATA)>

<!ELEMENT ipFragCreates (#PCDATA)>

<!ELEMENT ipNetToMediaPhyAddress (#PCDATA)>

<!ELEMENT ipNetToMediaNetAddress (#PCDATA)>

<!ELEMENT ipNetToMediaType (#PCDATA)>



<!--Selected items from RFC 2011 (icmp) [12]-->

<!ELEMENT icmpInMsgs (#PCDATA)>

<!ELEMENT icmpInErrors (#PCDATA)>

<!ELEMENT icmpInDestUnreachs (#PCDATA)>

<!ELEMENT icmpInTimeExcds (#PCDATA)>

<!ELEMENT icmpInParmProbs (#PCDATA)>

<!ELEMENT icmpInSrcQuenchs (#PCDATA)>

<!ELEMENT icmpInRedirects (#PCDATA)>

<!ELEMENT icmpInEchos (#PCDATA)>

<!ELEMENT icmpInEchosReps (#PCDATA)>

<!ELEMENT icmpInTimestamps (#PCDATA)>

<!ELEMENT icmpInTimestampsReps (#PCDATA)>

<!ELEMENT icmpInAddrMasks (#PCDATA)>

<!ELEMENT icmpInAddrMaskReps (#PCDATA)>

<!ELEMENT icmpOutMsgs (#PCDATA)>

<!ELEMENT icmpOutErrors (#PCDATA)>

<!ELEMENT icmpOutDestUnreachs (#PCDATA)>

<!ELEMENT icmpOutTimeExcds (#PCDATA)>

<!ELEMENT icmpOutParmProbs (#PCDATA)>

<!ELEMENT icmpOutSrcQuenchs (#PCDATA)>

<!ELEMENT icmpOutRedirects (#PCDATA)>

<!ELEMENT icmpOutEchos (#PCDATA)>

<!ELEMENT icmpOutEchosReps (#PCDATA)>

<!ELEMENT icmpOutTimestamps (#PCDATA)>

<!ELEMENT icmpOutTimestampReps (#PCDATA)>

<!ELEMENT icmpOutAddrMasks (#PCDATA)>

<!ELEMENT icmpOutAddrMaskReps (#PCDATA)>



<!--Selected items from RFC 2013 (udp)  [13]-->

<!ELEMENT udpInDatagrams (#PCDATA)>

<!ELEMENT udpNoPorts (#PCDATA)>

<!ELEMENT udpInErrors (#PCDATA)>

<!ELEMENT udpOutDatagrams (#PCDATA)>

<!ELEMENT udpLocalAddress (#PCDATA)>

<!ELEMENT udpLocalPort (#PCDATA)>

<!ELEMENT udpEntry (udpLocalAddress, udpLocalPort)>

<!ATTLIST udpEntry index CDATA #REQUIRED>

<!ELEMENT udpTable (udpEntry*)>



<!--Selected items from RFC 2863 (ifMIB)[11]-->

<!ELEMENT ifInMulticastPkts (#PCDATA)>

<!ELEMENT ifInBroadcastPkts (#PCDATA)>

<!ELEMENT ifOutMulticastPkts (#PCDATA)>

<!ELEMENT ifOutBroadcastPkts (#PCDATA)>

<!ELEMENT ifLinkUpDownTrapEnable (#PCDATA)>

<!ELEMENT ifHighSpeed (#PCDATA)>

<!ELEMENT ifPromiscuousMode (#PCDATA)>

<!ELEMENT ifConnectorPresent (#PCDATA)>

<!ELEMENT ifAlias (#PCDATA)>

<!ELEMENT ifCounterDiscontinuityTime (#PCDATA)>



<!ELEMENT freeSpace (#PCDATA)>

<!--	The current amount of free space, in bytes, on the HNED non-volatile store -->

<!ELEMENT display (#PCDATA)>

<!--	The current contents of the LCD display on the HNED (if any) -->

<!ELEMENT temperature (#PCDATA)>

<!--	The current temperature of the HNED (if instrumented) -->



<!ELEMENT snmp (sysUpTime?, ifDescr?, ifType?, ifMtu?, ifSpeed?, ifPhysAddress?, ifAdminStatus?,

ifOperStatus?, ifLastChange?, ifInOctets?, ifInUcastPkts?, ifInDiscards?, ifInErrors?,

ifInUnknownProtos?, ifOutOctets?, ifOutUcastPkts?, ifOutDiscards?, ifOutErrors?, ipForwarding?,

ipDefaultTTL?, ipInReceives?, ipInHdrErrors?, ipInAddrErrors?, ipForwDatagrams?,

ipInUnknownProtos?, ipInDiscards?, ipInDelivers?, ipOutRequests?, ipOutDiscards?,

ipOutNoRoutes?, ipReasmTimeout?, ipReasmReqds?, ipReasmOKs?, ipReasmFails?, ipFragOKs?,

ipFragFails?, ipFragCreates?, ipNetToMediaPhyAddress?, ipNetToMediaNetAddress?,

ipNetToMediaType?, icmpInMsgs?, icmpInErrors?, icmpInDestUnreachs?, icmpInTimeExcds?,

icmpInParmProbs?, icmpInSrcQuenchs?, icmpInRedirects?, icmpInEchos?, icmpInEchosReps?,

icmpInTimestamps?, icmpInTimestampsReps?, icmpInAddrMasks?, icmpInAddrMaskReps?, icmpOutMsgs?,

icmpOutErrors?, icmpOutDestUnreachs?, icmpOutTimeExcds?, icmpOutParmProbs?,

icmpOutSrcQuenchs?, icmpOutRedirects?, icmpOutEchos?, icmpOutEchosReps?, icmpOutTimestamps?, icmpOutTimestampReps?, icmpOutAddrMasks?, icmpOutAddrMaskReps?, udpInDatagrams?, udpNoPorts?,

udpInErrors?, udpOutDatagrams?, udpTable?, udpLocalAddress?, udpLocalPort?, ifInMulticastPkts?,

ifInBroadcastPkts?, ifOutMulticastPkts?, ifOutBroadcastPkts?, ifLinkUpDownTrapEnable?,

ifHighSpeed?, ifPromiscuousMode?, ifConnectorPresent?, ifAlias?, ifCounterDiscontinuityTime?)>



<!ELEMENT dhcp (ipAddress?, ipMask?, ipGateway?, timeServer*, ntpServer*, domain?, dnsServer*, dhcpServer?, leaseRenew?)>

<!ELEMENT interface (dhcp, snmp?)>

<!ATTLIST interface name CDATA #REQUIRED>

<!ELEMENT status (identifier, timestamp?, deviceId, clock?, interface*, freeSpace?, display?, temperature?)>



<!--

The status element is used to report on the current status of the HNED.



The identifier element is copied from the XML that was being processed.



An optional ISO 8601 format timestamp may be used to indicate when this XML was generated.



The deviceId element is used to further identify this device.



The clock element is used to describe the synchronization status of the clock of this HNED.



The dhcp element is used to describe the status of the dhcp client(s).

Within the dhcp element, an element for each interface may be included.

This will include the name of the device (which coincides with the configuration) and the parameters most recently received from the DHCP server for that interface.

-->
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<?xml version="1.0" encoding="UTF-8"?>



<!ELEMENT identifier (#PCDATA)>

<!ELEMENT timestamp (#PCDATA)>

<!ELEMENT deviceId (#PCDATA)>

<!ELEMENT event (identifier, timestamp?, deviceId, configuration?)>

<!ATTLIST event action (none | configure | inventory | status | update | boot) #REQUIRED>



<!--

The event action attribute is used to indicate the nature of this event.

 A value of "none" indicates that there are no events for this HNED.

 A value of "configure" is used to indicate that the HNED should report it's current configuration.

 A value of "inventory" indicates that the HNED should generate an inventory report.

 A value of "status" indicates that the HNED should generate a status report.

 A value of "update" tells the HNED to update it's configuration, either using the configuration element enclosed or, if none was included, to request a configuration normally.

 A value of "boot" indicates that the HNED should initiate a reboot.



The identifier element is copied to any XML required to further process this event.



An optional ISO 8601 format timestamp [9] may be used to indicate when this XML was generated.



The deviceId element is used to further identify this device.

-->
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<?xml version="1.0" encoding="UTF-8"?>



<!ELEMENT identifier (#PCDATA)>

<!ELEMENT timestamp (#PCDATA)>

<!ELEMENT errorMessage (#PCDATA)>

<!ELEMENT deviceId (#PCDATA)>

<!-- Allows the SP to change the automatically generated deviceId -->

<!ELEMENT timezone (#PCDATA)>

<!-- ISO 8601 format timezone (e.g. +0100 in France) -->

<!ELEMENT country (#PCDATA)>

<!-- E.164 country code (e.g. 44 in England) -->

<!ELEMENT hostname (#PCDATA)>

<!ELEMENT interval (#PCDATA)>

<!-- Period between event polls (see section 4.5 Event Polling) -->



<!-- For each non-wireless interface, the following parameters can be configured -->

<!ELEMENT dhcpClientId (#PCDATA)>

<!-- The client-id of the DHCP client -->

<!ELEMENT dhcpHwAddress (#PCDATA)>

<!-- The hardware address of the DHCP client -->

<!ELEMENT dhcpUserClass (#PCDATA)>

<!-- The user-class used by the DHCP client -->

<!ELEMENT interface (dhcpClientId?, dhcpHwAddress?, dhcpUserClass?)>

<!ATTLIST interface name CDATA #REQUIRED>



<!-- In addition, the following parameters can be configured on wireless interfaces -->

<!ELEMENT dhcpClientName (#PCDATA)>

<!-- Wireless client name -->

<!ELEMENT ssid (#PCDATA)>

<!ATTLIST ssid index CDATA #REQUIRED>

<!-- index range is 1-3 (there can be up to 3 of these) -->

<!ELEMENT mode (#PCDATA)>

<!-- AdHoc or Infrastructure -->

<!ELEMENT channel (#PCDATA)>

<!-- Channel number 1-11 (limited by national regulations) -->

<!ELEMENT power (#PCDATA)>

<!-- Transmit power, 0-100mW (limited by national regulations) -->

<!ELEMENT headers (#PCDATA)>

<!-- Radio Headers, short or long -->

<!ELEMENT encrypt (#PCDATA)>

<!-- WEP or none -->

<!ELEMENT wepKey (#PCDATA)>

<!-- Hex string, index range is 1-4, length is 40 or 128 (bits) -->

<!ATTLIST wepKey index CDATA #REQUIRED length CDATA #REQUIRED >

<!ELEMENT wpaKey (#PCDATA)>

<!-- Hex string, length is 40 or 128 bits -->

<!ATTLIST wpaKey length CDATA #REQUIRED >

<!ELEMENT mixedCells (#PCDATA)>

<!-- Access point authentication -->

<!ELEMENT authType (#PCDATA)>

<!-- None, WEP-open, WEP-shared, LEAP, EAP-SIM, EAP-TLS. -->

<!ELEMENT username (#PCDATA)>

<!ELEMENT password (#PCDATA)>

<!ELEMENT domain (#PCDATA)>

<!ELEMENT certificate (#PCDATA)>

<!-- The TLS certificate to use for authentication -->

<!ELEMENT apAuth (authType?, username?, password?, domain?, certificate?)>

<!ELEMENT wireless (dhcpClientId?, dhcpHwAddress?, dhcpUserClass?, dhcpClientName?, ssid*, mode?, channel?, power?, headers?, encrypt?, wepKey*, wpaKey?, mixedCells, apAuth?)>

<!ATTLIST wireless name CDATA #REQUIRED>



<!-- Access List Configuration

The order in which an accessEntry is added to an accessList is important. When an accessList is evaluated, each accessEntry within that list is evaluated in order, from the first to the last, until a match is found. Once that match is found, each remaining accessEntry in the accessList will be ignored. -->

<!ELEMENT action (#PCDATA)>

<!-- permit, drop or deny -->

<!ELEMENT protocol (#PCDATA)>

<!-- 0-255 or one of the following keywords:

ip, gre, icmp, igmp, ip, ipinip, nos, pim, tcp, or udp -->

<!ELEMENT srcAddress (#PCDATA)>

<!-- source IP address (e.g. 32.1.0.0) -->

<!ELEMENT srcWild (#PCDATA)>

<!-- source wildcard mask (e.g. 0.0.255.255) -->

<!ELEMENT srcPort (#PCDATA)>

<!-- source port range (e.g. 0-65535 for any port)

either a single port number or a range of two -->

<!ELEMENT dstAddress (#PCDATA)>

<!-- destination IP address (e.g. 32.1.0.0) -->

<!ELEMENT dstWild (#PCDATA)>

<!-- destination wildcard mask (e.g. 0.0.255.255) -->

<!ELEMENT dstPort (#PCDATA)>

<!-- destination port range (e.g. 0-65535 for any port)

either a single port number or a range of two -->

<!ELEMENT accessEntry (action, protocol, srcAddress, srcWild, srcPort?, dstAddress?, dstWild? , dstPort?)>

<!ELEMENT accessList (accessEntry*)>

<!ATTLIST accessList name CDATA #REQUIRED >



<!-- VPN Tunnel Configuration -->

<!ELEMENT peer (#PCDATA)>

<!-- IP address or DNS name and port number of the IPsec peer -->

<!ELEMENT natIp (#PCDATA)>

<!-- IP address or DNS name and port number if using NAT -->

<!ELEMENT voice (natIp?, port*)>



<!ELEMENT accessListName (#PCDATA)>

<!-- Name of the list to use to control which packets are to be encrypted into the tunnel -->

<!ELEMENT authentication (#PCDATA)>

<!-- esp-sha, esp-md5-hmac, ... -->

<!ELEMENT keyExchange (#PCDATA)>

<!-- isakmp, ... -->

<!ELEMENT sharedKey (#PCDATA)>

<!-- key to use for authentication, if required -->

<!ELEMENT encryption (#PCDATA)>

<!-- esp-des, esp-3des, ... -->

<!ELEMENT tunnel (peer, accessListName, authentication, keyExchange?, certificate?, sharedKey?, encryption)>

<!ATTLIST tunnel name CDATA #REQUIRED>



<!-- Remote Control Configuration -->

<!ELEMENT rcType (#PCDATA)>

<!-- Type of remote control: (RC5, RC6, NRC17, ...) -->

<!ELEMENT button (#PCDATA)>

<!-- Button number on the remote control -->

<!ELEMENT code (#PCDATA)>

<!-- Program code to be used by the button -->

<!ELEMENT speed (#PCDATA)>

<!-- Programming speed: slow, medium or fast -->

<!ELEMENT remoteControl (rcType, button, code, speed)>

<!ATTLIST remoteControl name CDATA #REQUIRED>



<!-- Simple voice messaging over IP configuration using SIP. -->

<!-- For each individual voice device -->

<!ELEMENT uid (#PCDATA)>

<!-- The identifier used to register this device with the SIP registrar -->

<!ELEMENT registrar (#PCDATA)>

<!-- The IP address or DNS name of the SIP registrar -->

<!ELEMENT ttl (#PCDATA)>

<!-- The TTL to use for all SIP and RTP packets -->

<!ELEMENT renew (#PCDATA)>

<!-- How often in seconds SIP registration is renewed -->

<!ELEMENT proxy (#PCDATA)>

<!-- The IP address or DNS name of the SIP proxy server -->

<!ELEMENT rtpPort (#PCDATA)>

<!-- Port the HNED uses to receive RTP packets if NAT is used -->

<!ELEMENT tos (#PCDATA)>

<!-- The TOS bits to use on all voice packets (e.g. 5) range 0-5 -->

<!ELEMENT rxcodec (#PCDATA)>

<!-- A list of CODECs to use to encode received analog data. CODECs include G.711, G.729, G.723 and GSM. Each CODEC is followed by a to indicate a-law or u for u-law (e.g. G711a, G729a) -->

<!ELEMENT txcodec (#PCDATA)>

<!-- A list of CODECs to use to decode received Voice data. CODECs include G.711, G.729, G.723 and GSM. Each CODEC is followed by a to indicate a-law or u for u-law (e.g. G711u, G729u, G723u) -->

<!ELEMENT port (uid?, username?, password?, registrar?, ttl?, renew?, proxy?, rtpPort?, tos?, rxcodec?, txcodec?)>

<!ATTLIST port name CDATA #REQUIRED>

<!-- The name of this voice device (Voice 0) -->



<!ELEMENT config (#PCDATA)>

<!ELEMENT otherEntity (config*)>

<!ATTLIST otherEntity name CDATA #REQUIRED>

<!-- A name that uniquely identifies this entity (ie "Gizmo") -->



<!ELEMENT configuration (deviceId?, timezone?, country?, hostname?, interval?, interface*, wireless*, accessList*, tunnel*, remoteControl?, voice*, otherEntity*)>



<!ELEMENT configure (identifier, timestamp?, errorMessage?, configuration?)>

<!ATTLIST configure action (wait | apply | save) #IMPLIED>













DVB48.dtd


<?xml version="1.0" encoding="UTF-8"?>



<!ELEMENT identifier (#PCDATA)>

<!ELEMENT timestamp (#PCDATA)>

<!ELEMENT deviceId (#PCDATA)>

<!ELEMENT errorMessage (#PCDATA)>

<!ELEMENT failure (identifier, timestamp?, deviceId, errorMessage)>



<!--

The identifier element is copied from the XML that was being processed.



An optional ISO 8601 format timestamp may be used to indicate when this XML was generated.



The deviceId element is used to further identify this device.



The errorMessage element will contain a text string describing the problem.

-->













DVB49.dtd


<?xml version="1.0" encoding="UTF-8"?>



<!ELEMENT identifier (#PCDATA)>

<!ELEMENT timestamp (#PCDATA)>

<!ELEMENT deviceId (#PCDATA)>

<!ELEMENT success (identifier, timestamp?, deviceId)>



<!--

The identifier element is copied from the XML that was being processed.



An optional ISO 8601 format timestamp may be used to indicate when this XML was generated.



The deviceId element is used to further identify this device.

-->
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<?xml version="1.0" encoding="UTF-8"?>

<!ELEMENT identifier (#PCDATA)>

<!ELEMENT timestamp (#PCDATA)>

<!ELEMENT deviceId (#PCDATA)>

<!ELEMENT vendor (#PCDATA)>

<!ELEMENT model (#PCDATA)>

<!ELEMENT serial (#PCDATA)>

<!ELEMENT name (#PCDATA)>

<!ELEMENT type (#PCDATA)>

<!ELEMENT speed (#PCDATA)>

<!ELEMENT size (#PCDATA)>

<!ELEMENT version (#PCDATA)>

<!ELEMENT checksum (#PCDATA)>

<!ELEMENT hardware (vendor, model, serial?, name?, type, speed?, size?)>

<!ELEMENT software (name, version, size, checksum)>

<!ELEMENT inventory (identifier, timestamp?, deviceId, hardware*, software*)>

<!ATTLIST inventory report (full | add | change | remove) #REQUIRED>



<!--

The inventory element is used to report on the current contents of the HNED.



The report attribute is used to designate if this XML represents the

 A value of "full" represents all components of this box

 A value of "add" represents only the component(s) added

 A value of "remove" represents only the component(s) removed

 A value of "change" represents only the component(s) that changed



The identifier element is copied from the XML that was being processed.



An optional ISO 8601 format timestamp may be used to indicate when this XML was generated.



The deviceId element is used to further identify this device.



The hardware element is used to describe the attributes of the hardware components of this HNED.



The software element is used to describe the attributes of the software components of this HNED.



Within the hardware element, an element for each interface will be included. This will include the name of the device (which coincides with the configuration) and the type of the device. This will optionally (as applicable) indicate the speed in bps of that interface (eg.e.g. 100000000 for 100Mbps ethernet) and/or the size in bytes (e.g. 90000000000 for a 90GB disk drive).



The software element is used to report on the name, version, size and checksum of each software image currently running on the HNED.

-->
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1 INTRODUCTION 
1.1 Sources of Packet Loss 
Packet loss can occur due to a number of causes along the path of the IPTV service.  These include: 


♦ Electrical interference in the operator’s network; 
♦ Electrical interference in the home network (e.g., Wireless); 
♦ Packet discard mechanisms in network equipment; and 
♦ Consumer Electronics (CE) network equipment response to transient commercial power 


events. 
 
Common layer 2 protocols, such as Ethernet, enforce a packet discard if there is a discrepancy in the 
Frame Check Sequence.  This behavior essentially magnifies a single bit error into a packet loss 
event.  
 
Other protocols (such as ATM) provide a mechanism to forward the errored packets allowing the 
terminal equipment to attempt some error recovery.   
 
Packet discard may also occur due to transient buffer overloads in network equipment.  The buffer 
occupancy is to some extent controllable by the operator given adequate information about the 
traffic characteristics. There may be disadvantages to attempting to manage potential for buffer 
overload events, such as capital inefficiency, from running at low link and node utilizations. 
Furthermore, even in networks with low average utilization there can be wide variations in the 
instantaneous traffic load over both short and long periods of time. Thus it can be expected that 
such transient congestion events can be observed even in well-engineered networks.  Such congestion 
losses should not be confused with persistent congestion that will occur if a link is permanently 
oversubscribed.  It shall be assumed that a service provider needs to adequately engineer for the 
services provided on their network, so that such persistent congestions should not occur and thus 
not require further consideration in this document. 
 
Video can be encoded in an open loop with a fixed quantization scale resulting in Variable Bit Rate 
(VBR) traffic with relatively constant quality, or encoded at a relatively constant bit rate with variable 
quality [Lakshman]. Current commercial digitized video packet formats have been optimized for 
dedicated transmission channels (e.g., satellite wavelengths) by various adaptation mechanisms to 
shape the traffic to a relatively constant rate.  Buffer overloads are not expected to be a significant 
issue with constant rate streams. In order to adequately dimension buffers for the statistical 
multiplexing of VBR video streams, the traffic statistics of the VBR streams need to be well- 
characterized. While statistical multiplexing gains may not be significant on a per subscriber interface 
(with < ~10 video streams), they may be significant for aggregated network interfaces (e.g., GbE 
with <~100 video streams).  VBR video traffic characterization is also important to correctly 







provision policy enforcement functions (e.g., leaky bucket traffic filters). The characterization of the 
video stream traffic is relatively complex [Seeling].  Standard traffic models for VBR video and the 
extra consideration as it pertains to source of packet loss are for further study. 
 
CE devices on commercial power are subject to the transients, surges, and brownouts of commercial 
power and the power switching events within the home. Conceptually, several IPTV Terminal 
Function (ITF) devices (e.g., residential gateway, set-top box, TV set) in the IPTV service are subject 
to this commercial power environment.  This equipment may have different responses to transient 
power events that can result in either bit error events (that Ethernet behavior then magnifies to 
packet loss) or device restarts (that impact throughput for some period of time effectively leading to 
packet loss).  
 
Such interference may be particularly severe for CE devices on commercial power where transients, 
surges, and brownouts of commercial power and the power switching events within the home can 
be expected to be common. Particularly the effect of Repetitive Electrical Impulse Noise (REIN) on 
DSL systems is well known and in-home wireless networks may be severely affected by 
noise/interference. 
 
ATIS-0800002, Architecture Requirements identifies that the architecture should withstand normal 
network operational defects. An example of a normal operational defect is the gaps in the data 
stream that may remain after various fault protection mechanisms operate. 
 
1.2 Duration of Packet Loss Events 
It would be desirable to have a common agreement concerning the maximum burst of packet loss 
that the IPTV services must withstand.  There are several different perspectives that may help to 
determine this duration. These include consideration of: 


♦ The resilience of the application protocols (such as MPEG);  
♦ The characterization of the noise environments in particular locations; 
♦ Protocol, behavior, and characteristics; and 
♦ Network architectures and operations (e.g., fault protection). 


 
1.3 Network Architectures & Operations 
The fault protection mechanisms of typical IP networks may operate at different layers and on 
different timescales. Note that these mechanisms are typically associated with point-to-point 
connections and maturity, and performance of these mechanisms for Multicast distribution of an 
IPTV service is currently unknown. The fault protection mechanism and timescales include: 


♦ Physical layer link protection (e.g., SONET) that typically operates in timescales of ~50ms; 
♦ IP Layer protection mechanisms (e.g., MPLS Fast Reroute) that typically operate in 


timescales of several hundred milliseconds; and 
♦ IP layer routing mechanisms also apply but these typically occur over longer timescales 


(seconds to tens of seconds). 
 
The IPTV service is not expected to withstand service gaps of the duration associated with IP layer 
rerouting. Table 1 illustrates the number of 1500byte packets that will be lost at various nominal 
transmission rates for service loss events of the durations specified. The main observation is that 
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significant numbers of packets may be lost for high bit rate IPTV services (e.g., High Definition 
TV). 
 
 
 


 10ms 50ms 100ms 500ms 


1Mbps 1 4 8 42 


5Mbps 4 21 42 208 


10Mbps 8 42 83 417 


 
Table 1:  Number of Packets Lost Per Duration of Loss 


 
Detailed operational error event profiles are network specific.  ANSI/TIA 921 provides some 
guidance on the expected error performance for different categories of network. 
 


Network Profile Description Random Packet Loss Max Sequential Packet 
loss 


Profile A Well Managed  IP Network 
with constrained routing 
and path distance 


<0.05% Only during link failure 


Profile B Partially Managed IP 
Network with less 
constrained routing and 
path distance 


<2% Burst <200ms, 
Occurs every 1000 sec. 


Profile C Unmanaged IP network 
(Internet) with any available 
route and path distance 


<20% Burst <10,000ms 
Occurs every 10 sec. 


 
Table 2:  Operational Error Event per Network Profile 


 
While the IPTV services are not being designed for use in a general internet environment (Profile 
C), the IPTV services should operate without significant consumer perceptible defects. 
 
1.3.1 Multicast Considerations 
Most of the preceding considerations are based on unicast services. In view of the emphasis in 
ATIS-0800003, Architecture Roadmap, on the Linear/Broadcast TV service, it is appropriate to 
consider the expected network and operations performance from multicast services.  
 
The MBone is a global multicast network based on IP multicast. [Yajnik1996] identified that there is 
significant correlation between packet loss in the MBone amongst the receiving sites, with ~70% of 
transmitted packets not received by at least one site and ~30% of transmitted packets not received 
by at least two sites. It was also observed that burst loss was a significant issue. [Handley1997] also 
reported similar results.    
 
Where individual metrics are appropriate for unicast services, with multicast services there are 
multiple receivers for a given transmission. Hence the reported statistics would be more 
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appropriately considered as distributions rather than point values. [Mosko] provides some analytic 
tools to help in this area.  
 
 
1.3.2 Network Architecture Context for Packet Loss Considerations 
The selection of appropriate packet loss mitigation mechanisms will depend in part on the network 
context. There are a number of aspects of the network context that are relevant for consideration of 
the appropriate packet loss mitigation mechanism: 


♦ IPTV services are expected to encompass a variety of data transfer modes (unicast, multicast, 
swarmcast) for different elements of the services.  Specific packet loss techniques may be 
more optimal for particular data transfer modes. 


♦ IPTV services are expected to be distributing content over a wide area. Wide area service 
distribution implies the content traversing a variety of nodes (SHE, VHO, VSO) between 
content acquisition and delivery to the consumer’s ITF device, where the content may be 
modified -- e.g., for advertising insertion. A single error correction mechanism is not 
necessarily contiguous over the end-to-end path.  


♦ The geographic distribution of IPTV services also implies a geographic distribution of 
packet loss events. For IPTV services based on unicast data transfer, the location of the 
packet loss events may not be relevant; for multicast or swarmcast data transfer, the location 
of the packet loss event may have an impact on the packet loss mitigation mechanism.  


♦ Some IPTV services (e.g., Linear/Broadcast TV) are simultaneously distributed to many 
consumers. Such a service design must consider situations where many consumers are 
impacted by the same packet loss event. The packet loss mitigation mechanisms used for 
such service must scale with the number of consumer’s ITF devices. For a national scale 
IPTV service, the number of simultaneously supported devices could be in the millions.  


♦ The IPTV services traverse the logical domains of the service provider, network provider, 
and consumer. The different scopes of control and interests of these entities may lead to 
emphasis on different mechanisms. For example, the service provider may be more 
interested in application layer error mitigation mechanisms, and the network provider may 
be more interested in link layer protection mechanisms.  


♦ Particular packet loss mitigation mechanisms will have their individual strengths and 
weaknesses, and expected range of performance in the context of a specific application. 
Some mechanisms may be best combined with other functions -- e.g., video layer post 
processing for error concealment may be expected to benefit from a close association with 
the video decode functions.  


♦ The IPTV service traffic will need to share link capacity with other traffic types that may 
have different error tolerances -- e.g., best effort internet. A variety of link technologies (e.g., 
xDSL, various wireless technologies) have a range of adjustable link specific error control 
mechanisms. These link specific mechanisms are expected to be adjusted to economically 
support the aggregate traffic error control requirements and cannot be assumed to be 
adjusted to IPTV specific limits.  
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2 IMPACT OF PACKET LOSS 
The most common adaptation of MPEG Transport Stream Packets for IP carriage is the placement 
of 7 transport stream packets in a single UDP packet (see Figure 1).  The goal is to put as many 
transport stream packets as possible in a single Ethernet frame without exceeding the default 
ethernet MTU size of 1500 bytes.  This minimizes the amount of overhead while ensuring that all 
Ethernet devices will be capable of passing the frames without special consideration. 


 


Ethernet Frame = 1,364 Bytes or 10,912 bits


IP Packet=1,356 Bytes or 10,848 bits


MPEG TS
ISO/IEC 13818-1MPEG TS


ISO/IEC 13818-1MPEG TS
ISO/IEC 13818-1MPEG TS


ISO/IEC 13818-1MPEG TS
ISO/IEC 13818-1MPEG TS


ISO/IEC 13818-1IEEE 802.3
14 octets


MPEG TS
ISO/IEC 13818-1


IETF 0791
(IP) 20 octets


IETF 0768
(UDP) 8 octets


IEEE 802.3
(FCS) 4 octets


Payload = 7 x 188 Bytes = 1,316 Bytes or 10,528 bits


IETF 1889
(RTP) 12 octets


 
Figure 1: Carriage of MPEG Transport Streams In Ethernet Frames 


 
As shown in Figure 1 this results in 10,528 bits of MPEG information being carried in each 
Ethernet frame (this is true regardless of whether the adaptation includes RTP or not).  RFC2250 
provides a mapping for MPEG Transport Streams into RTP packets.    
 
 A single bit error would result in the discard of the entire Ethernet frame. While the MPEG TS 
structures may be synchronized to the IP frame, the MPEG image frames are not synchronized to 
IP packets, and so in general, an MPEG image frame must be assumed to cross multiple IP packets.  
If the lost packet includes the MPEG image frame header information, that entire image frame may 
be lost. 
 
The impact of packet loss the terminal is dependent on is the information carried in that packet. IP 
Packets may carry a variety of traffic related to the IPTV service including: 


♦ Signaling and control; and 
♦ Video Bearer traffic -- e.g., MPEG information. 


  
The MPEG Video information is structured in terms of I-frames, P-frames, and B-frames, where I-
frames are logically complete, but P- and B-frames are interpolated between successive image 
frames.  The MPEG decoder may have some options for error concealment, but in the worst case, 
the loss of a packet may results in the loss of the image until the next complete I-frame is received. 
The MPEG image frames (I, P, or B) contain timestamps – e.g., the Program Clock Reference 
(PCR).  
 
The rate at which I-frames are sent is controllable, and impacts resiliency to packet loss, bandwidth, 
and delay.  Each I-frame can be rendered independently of all previous frames, thus enabling the 
receiver to recover from the effect of any previous packet loss.   However, I-frames are larger than 
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P- frames and B-frames and thus, use more bandwidth.  Sending I-frames at a faster rate therefore 
improves the time to recover from a packet loss and decreases the delay from when a receiver joins 
an ongoing stream and when it can start rendering that stream at the expense of additional 
bandwidth. This tradeoff between error resilience and bandwidth is a subject for further study in this 
report.  
 
Video can be encoded for scalability with multiple layers. MPEG video can also be encoded in fixed 
length (188 byte Transport Streams) and variable length (Program Streams) frame structures. A 
common packetization approach for dedicated transmission channels packs multiple MPEG-2 TS 
PDUs in a single IP packet.  When doing this, the Transport Streams (TS) PDUs do not provide any 
inherent separation between the logical structures of the MPEG stream and the IP packet, so loss of 
a single IP packet may impact TS corresponding to multiple MPEG frames or control. Improved 
packetization structures to minimize the impact of IP packet loss are a potential area for future 
study. 
 
Other types of streaming (for example H.264, AVC, or VC1) directly encapsulated in RTP, rather 
than within an MPEG-2 Transport Streams, are also within scope, and thus the impact of packet 
loss on them is also a potential area for further study.  
 
The impact of packet loss on MPEG Audio information is also an area of concern since the IPTV 
services are expected to include audio, either as a component of an IPTV content stream or as the 
main element -- e.g., Music on Demand service. The impact of packet loss on streaming audio has 
been considered for other services (for example, with internet telephony see [Jiang 2002]); however, 
given the differences in user expectation for the services and the codecs used, etc., it is not clear 
whether those studies are directly applicable for entertainment audio steams.  The impact of packet 
loss on combinations of related streams (e.g., video and audio combined as a single display to the 
end user) is a subject that should be of concern for the development of Quality of Experience 
(QoE) metrics. Such metrics are beyond the scope of this report.    
 
The impact of the loss of signaling and control information is also potentially problematic. While 
some signaling and control information may be periodically refreshed (e.g., program guide tables), 
the impact will really depend on the specific control information lost. This is in many ways more of 
a system design or protocol design robustness issue that a loss of control information. For example, 
the design of the encryption and key exchange mechanisms should be sufficiently robust since 
packet loss events are ultimately recoverable.  
 
DSL Forum Working Text WT-126 defines Triple Play Services Quality of Experience (QoE) Requirements. 
To allow general applicability, PLR guidelines similar to the requirements in WT-126 are presented 
here as plots with variables. These show PLR as a function of bit rate and time between uncorrected 
loss events in Figure 2 for isolated packet loss events, and in Figure 3 for typical DSL burst loss 
events. These figures assume that each IP packet carries 7 MPEG data packets, each 188 bytes long. 
The plots implicitly assume that error statistics are stationary and time invariant. 
 
It should be noted that IPTV quality requirements may often be stated as a “maximum” of 1 error 
event per time period – for example DVB’s requirement of a maximum of 1 visible artifact in an 
hour. This is different from the average time between events used in the plots present here. For 
example, if losses are independent and random then an average time between losses of 4 hours 
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implies that the “maximum one loss in a hour” target will be broken roughly once per day -- i.e., two 
errors are seen within the same hour roughly once per day. Equally, an average time between loss of 
half an hour means that there will very often be more than one loss in any given half hour period. 
 


Packet Loss Ratio (PLR)  for Isolated Loss Events 
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Figure 2: The PLR, After All Error Correction, Required to Meet Average Time Between Loss 


Events Of ½, 1½, And 4 Hours Assuming Isolated Lost Packets  


 


Packet Loss Ratio (PLR)  for 8 Millisecond Loss Events 
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Figure 3: The PLR, After All Error Correction, Required to Meet Average Time Between Loss 


Events Of ½, 1½, And 4 Hours Assuming Each Event Is An Uncorrectable DSL Error That Loses 8 
Milliseconds Of Contiguous Data 
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3 OPTIONS FOR REDUCING IMPACT OF PACKET LOSS  


3.1 Retransmission options 
One approach is to recover from packet loss is the use of retransmission (ARQ) protocols. A 
number of techniques may be applied to react to packet loss based on some form of feedback from 
receiver(s) to sender. Generally, the target node sends messages to the source node that report 
packet status. The messages are often acknowledgements.  There are a few variants of 
retransmission approaches, but the common thread to all feedback-based techniques is the 
exploitation of the fact that that an IP network is interactive rather than broadcast (one-way). 
 
3.1.1 TCP Retransmission/Congestion Control 
One well-known technique in the case of unicast transmissions is the Transmission Control 
Protocol (TCP), where the target node “client” acknowledges each internet packet. An advantage of 
this protocol is that the subsequent retransmissions correct the packet loss. Since the protocol sends 
acknowledgements, the technique is adaptive. The etiquette of the protocol is to reduce the packet 
transmission rate until acknowledgements indicate the absence of packet loss. The assumption 
behind this approach is that packet loss is due to congestion, which can be mitigated by reducing the 
sending rate. The degree of retransmissions scales with the degree of packet loss.  
 
Given the TCP reliability mechanism against lost packets (retransmission) is coupled with a 
congestion control mechanism (reduce sending rate dramatically when there are lost packets), it 
works quite well for the delivery of smaller amounts of data under loose time/delay constraints.   
Some believe this may not be appropriate for broadcast-grade video delivered over IP, where a 
relatively steady high-rate stream, which is not significantly reduced by congestion control, is 
important to ensure a continual high quality video play-out for the duration of a viewing.   
 
TCP also defines an option for selective acknowledgements. This technique emulates rate control, 
which is advantageous for media streams, and reduces the acknowledgement message traffic, 
however support for this option is not pervasive.  
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RFC Date Status Title Abstract 


2018 10-96 S Transmission Control 
Protocol Selective 
Acknowledgment 


Options 


This document describes a Selective Acknowledgment (SACK) 
mechanism. The target sends back SACK packets to the source 
that describe the data that has been received. The source can then 
retransmit only the missing data segments. 


3042 01-01 S Enhancing Transmission 
Control Protocol's Loss 
Recovery Using Limited 


Transmit 


This document proposes a mechanism to recover lost segments 
when a connection's congestion window is small, or when 
multiple segments are lost in a single transmission window.  The 
algorithm sends data segment in response to each of the first two 
duplicate acknowledgments using the fast retransmit algorithm. 
The mechanism can be used both in conjunction with, and in the 
absence of, the selective acknowledgments. 


3517 04-03  A Conservative Selective 
Acknowledgment (SACK) 
Loss Recovery Algorithm 
for Transmission Control 
Protocol 


 


This document presents a conservative algorithm for the selective 
acknowledgment (SACK) option.  The algorithm presented in this 
document conforms to congestion control specification (RFC 
2581) but allows efficient retransmission when multiple segments 
are lost. 


 
Legend: E = Experimental 
              I = Informational 
              S = Proposed Standard 


 Table 3: TCP Retransmission/Congestion Control Applicable References 


Another retransmission technique applicable to multicast transmissions has been studied in the 
context of reliable multicast bulk data transfer (i.e., file transfer) within the IETF RMT working 
group. The applicable references are: 
 


RFC Date Status Title Abstract 


2887 08-00 I The Reliable Multicast 
Design Space for Bulk 


Data Transfer 


This document provides an overview of the design space (file 
delivery) and application constraints. 


3048 01-01 I Reliable Multicast 
Transport Building 


Blocks for One-to-Many 
Bulk-Data Transfer 


This document describes a framework for the standardization of 
bulk-data reliable multicast transport. 


3269 04-02 I Author Guidelines for 
RMT Building Blocks 


and Protocol 
Instantiation Documents


This document provides general guidelines to assist the authors 
of Reliable Multicast Transport (RMT) building block and 
protocol instantiation definitions. 


3940 11-04 E NACK-Oriented 
Reliable Multicast 
Protocol (NORM) 


This document describes the messages and procedures of the 
negative acknowledgment (NACK) Oriented Reliable Multicast 
(NORM) protocol. 


3941 11-04 E NACK-Oriented 
Reliable Multicast 
(NORM) Building 


Blocks 


This document discusses the creation of negative 
acknowledgment (NACK) oriented reliable multicast (NORM) 
protocols. 


 
Legend: E = Experimental 
              I = Informational 
              S = Proposed Standard 


Table 4: Reliable Multicast Transport (RMT) 
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The references describe a technique, known as NACK-Oriented Reliable Multicast Protocol 
(NORM), for reliable delivery of files over multicast based on negative acknowledgements. In 
contrast to unicast Automatic Repeat reQuest (ARQ) approaches such as TCP, the NORM protocol 
is based on multicast delivery of data packets and negative acknowledgements, making it less 
verbose in that it does not require acknowledgements of each packet.  While there is considerable 
interest in the technique, adoption of negative acknowledgements is less pervasive than full 
acknowledgements of the TCP.   
 
The scope/focus of the IETF RMT work, however, is file transport rather than stream transport. 
While it is plausible that multicast stream transport would benefit from negative acknowledgement 
techniques, the scenario that motivated the above references was file transport. 
 
 
3.1.2 RTP Retransmissions 
RTP retransmission is another packet loss recovery technique for real-time applications. 
Retransmitted RTP packets are sent in a separate stream from the original RTP stream.  Like TCP 
retransmissions, it is assumed that feedback from receivers to senders is available, but RTP/UDP 
does not mandate that congestion control reduce the packet transmission rate, making it potentially 
more appropriate for broadcast grade Video. 
 
The companion protocol to the Real Time Protocol (RTP), the Real Time Control Protocol (RTCP) 
does not acknowledge single internet packets, but does report statistics on packet loss. The source 
node can evaluate the statistics to decide if adaptation is appropriate.  Recently, an extension to the 
RTCP for the Audio-visual Profile (AVP) enables receivers to statistically provide, more immediate 
feedback to senders, allowing for efficient feedback-based repair mechanisms (e.g., retransmission) 
to be implemented.   


More specifically, the RTP Retransmission-related specifications from the IETF uses a simple system 
in which clients request retransmission of specific lost packets by sending negative acknowledgements 
(RTCP NACK) to a feedback target/retransmission source over the RTCP flow of the RTP session. A 
receiver can use a single NACK packet to request transmission for one or multiple lost packets.   


To allow for the RTCP feedback target to be the same or different than the original multicast RTP 
stream source, draft-ietf-avt-rtcpssm specifies how the NACK RTCP packets are correlated to the 
multicast sender for a particular RTP stream.  Then the retransmission source responds with a 
retransmission of the missing packets, over IP unicast or alternatively via IP multicast, as follows: 
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RFC Date Status Title Abstract 


3550 07-03 S Real Time Protocol: A 
Transport Protocol for 
Real-Time Applications 


The Real Time Protocol provides end-to-end network 
transport functions suitable for applications transmitting 
real-time data, such as audio, video or simulation data, 
over multicast or unicast network services. 


3556 07-03 S Session Description 
Protocol (SDP) 


Bandwidth Modifiers for 
RTP Control Protocol 


This document defines an extension to the Session 
Description Protocol (SDP) to specify two additional 
modifiers for the bandwidth attribute.  These modifiers 
describe the bandwidth allowed for Real Time Control 
Protocol (RTCP) packets in a Real-time Transport 
Protocol (RTP) session. 


3605 10-03 S Real Time Control 
Protocol (RTCP) 


Attribute in Session 
Description Protocol 


(SDP) 


When the session crosses a network address translation 
device that also uses port mapping, the ordering of 
ports can be destroyed by the translation.  To handle 
this, the document proposes an extension attribute to 
SDP. 


3611 11-03 S Real Time Protocol 
Control Protocol 
Extended Reports (RTCP 
XR) 
 


This document defines the Extended Report (XR) 
packet type for the Real Time Control Protocol (RTCP) 
and defines how the use of XR packets can be signaled 
by an application if it employs the Session Description 
Protocol (SDP). 


RFC 
Editor 
Que 


8-04 S draft-ietf-avt-rtcp-
feedback-11.txt  


This document defines an extension to the Audio-visual 
Profile (AVP) that enables receivers to provide, 
statistically, more immediate feedback to the senders 
and thus allow for short-term adaptation and efficient 
feedback-based repair mechanisms to be implemented. 


RFC 
Editor 
Que 


9-05 S draft-ietf-avt-rtp-
retransmission-                  
J. Rey/Panasonic  
   12.txt 


This document describes an RTP payload format for 
performing retransmissions.   


RFC 
Editor 
Que 


3-06 S draft-ietf-avt-rtcpssm-
11.txt 


Extension that specifies how unicast NACK RTCP 
packets are correlated to the multicast sender for a 
particular RTP stream. 


 
Legend: E = Experimental 
              I = Informational 
              S = Proposed Standard 


 
Table 5: References for RTP and RTCP 


3.1.3 RMT or RTCP/RTP: Correlated Packet Loss Events & Retransmissions 
The feedback pattern in RMT- or RTCP/RTP- based feedback can suggest the nature of the packet 
loss, and thus dictate the tactics used to recover/repair.   For correlated packet loss events (e.g., 
many packet loss events close to the same point of a multicast tree), there would be multiple 
retransmission requests sent toward the server from multiple clients.   Thus, the retransmitted 
packets may be sent on a multicast instead of just on a unicast basis only, with different impacts on 
the distribution (in both space and time) of the retransmission, and related scalability and bandwidth 
requirements.  
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3.1.4 Forward Error Control/Interleave options 
There are at least two basic types of different FEC that can be applied to IPTV: physical layer FEC 
(generally used to provide error-correction of individual bits/symbols) and application layer FEC –
(generally used to provide erasure recovery of entire IP packets). 
 
3.1.5 Physical layer FEC 
3.1.5.1 DTV 
As a point of comparison, the ATSC standards for terrestrial DTV incorporate a Reed-Solomon 
FEC scheme with interleaving (refer A/54A, section 9.2.11). This scheme is intended to correct for 
error busts of less than 193 microseconds in duration.  
 
3.1.5.2 Satellite 
As another point of comparison, Satellite broadcast of MPEG also provides for an FEC/Interleave 
arrangement. This scheme is intended to correct for error bursts of comparable size to cable 
networks.  
 
3.1.5.3 xDSL 
DSL access networks also incorporate FEC/Interleave schemes as part of the DSL modem 
functionality. These schemes depend on the specific DSL variant, and in some cases, the depth 
of interleave may be adjusted (within a range) by the network service provider.  
 
To improve DSL reach under stationary noise conditions, DSL makes use of Trellis codes (TC) 
and Reed-Solomon (RS) codes. Coding corrects isolated bit/byte errors; however, they have the 
effect of leaving error events consisting of a small burst of bit errors. 
 
Impulsive noise destroys a sequence of consecutive bits much longer than a Trellis Code or RS 
Code is able to correct. To correct against bursts of bit errors, interleaving is used in 
combination with RS coding.  Interleaving disburses a burst of bit errors into multiple code 
words such that the errors per codeword are few enough that they can be effectively corrected.  
However, interleaving has the effect of spreading an uncorrectable burst of errors over a period 
which could be several msec. 
 
In practice, two operational modes are commonly used: fast mode, which does not use 
interleaving and introduces little delay, but is prone to impulse noise; and interleaved mode 
which can correct almost all impulse noise events at the expense of additional interleaving 
delay. 
 
The FEC interleave schemes can only correct error bursts of duration less than their interleave 
depth. The interleave depth imposes a delay on the transmission of the packets.   
 
 
3.1.6 Application Layer/Transport FEC 
Forward Error Correction (FEC) at the Application/Transport layers generally refers to packet 
erasure correction techniques. In these techniques, an amount of data is sent which is in total 
greater than the stream to be communicated, with the property that the stream can be 
reconstructed from any sufficiently large subset of the transmitted data. The stream is thus 
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resilient to a certain amount of loss (at most the difference between the transmitted and the 
original data size). 
 
In general, for streaming applications, there are considerable advantages in using systematic FEC 
codes, in which the original packets of the stream source packets are sent accompanied by a 
certain overhead of “repair” packets. The repair packets can be used to recover source packets 
which have been lost between sender and receiver. 
 
Many possible application/transport FEC schemes for streaming media exist which could be 
applied to IPTV. The following are some of the erasure correction schemes for streaming media 
that have been standardized elsewhere: 
 


♦ IETF RFC2733  
o This defines a simple mechanism for applying short block parity codes to RTP 


streams. The scheme is limited by the small number of packets that can be 
protected as a block (24 packets). This RFC has not been widely implemented 
and will likely soon be obsolete by an update which provides slightly longer 
blocks (48 packets) and the possibility to apply unequal protection to different 
parts of each packet. 


♦ 3GPP TS26.346 Multimedia Broadcast/Multicast: Protocols and Codecs  
o This standard defines a generic framework for application of FEC to media 


streams. The framework is not specific to RTP and operates just above the UDP 
layer. This framework could be used with many FEC codes, however 3GPP 
specify and require support of a single specific code (the Digital Fountain Raptor 
code). 


♦ ETSI EN301 192 Digital Video Broadcasting: DVB Specification for Data Broadcasting 
o This defines how a link layer erasure code is intended to be used with the DVB-


H system for transmission to mobile terminals. This FEC scheme operates below 
the IP layer and is completely independent of applications and is based on a 
large Reed-Solomon erasure code. 


 
The IETF has recently initiated a new working group fecframe to standardize a framework for 
application of FEC to media streams; this is along similar lines defined by 3GPP (Multimedia 
Broadcast/Multicast Service for 3G cellular networks). The framework will not specify a 
particular FEC code but will use an approach similar to that adopted by the IETF RMT working 
group which standardized protocols for reliable file delivery over IP multicast (which, 
incidentally, may also be of interest to the IIF for multicast download -- e.g., content, service 
guides, interactive applications, or software. References for the relevant IETF RMT documents 
are included below. The RMT group defined an FEC Building Block which described how the 
specification of protocols, which use FEC, could be separated from specification of the FEC 
codes themselves. This results in a set of plug & play specifications which can be combined 
according to the needs of a given application. This approach allows the most powerful FEC 
codes to be used for streaming solutions as opposed to RFC 2733, which provides a flexible 
framework that applies to any type of streaming format (e.g., MPEG, MPEG-4, H.264 AVC, 
VC1, H.263) and also provides  FEC protection to bundles of related streams (e.g., both audio 
and video). 
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Finally, DVB has recently completed an evaluation of FEC codes for IPTV applications within 
the IPI working group. As a result of this activity, DVB is progressing an FEC specification for 
IPTV based on a layered approach with a base layer consisting of a simply parity (XOR) code 
taken from SMPTE-2002-1 and an enhancement layer based on the Raptor code as used in the 
3GPP specification mentioned above. 
 


RFC Date Status Title Abstract 


2887 08-00 I The Reliable Multicast 
Design Space for Bulk 


Data Transfer 


This document provides an overview of the design 
space and application constraints. 


3048 01-01 I Reliable Multicast 
Transport Building 
Blocks for One-to-
Many Bulk-Data 


Transfer 


This document describes a framework for the 
standardization of bulk-data reliable multicast 
transport. 


3269 04-02 I Author Guidelines for 
RMT Building Blocks 


and Protocol 
Instantiation 
Documents 


This document provides general guidelines to assist 
the authors of Reliable Multicast Transport (RMT) 
building block and protocol instantiation 
definitions. 


3450 12-02 E Asynchronous 
Layered Coding 


Protocol Instantiation 


This document describes the Asynchronous 
Layered Coding (ALC) protocol, a massively 
scalable reliable content delivery protocol. 


3451 12-02 E Layered Coding 
Transport (LCT) 
Building Block 


Layered Coding Transport (LCT) provides 
transport level support for reliable content delivery 
and stream delivery protocols.  The transport is 
specifically designed to support protocols using IP 
multicast, but also provides support to protocols 
that use unicast. 


3452 12-02 E Forward Error 
Correction Building 


Block 


This document describes how to use Forward Error 
Correction (FEC) codes to efficiently provide 
and/or augment reliability for data transport. 


3453 12-02 I The Use of Forward 
Error Correction in 
Reliable Multicast 


This memo describes the use of Forward Error 
Correction (FEC) codes to efficiently provide one-
to-many reliable data transport. Different classes of 
FEC codes and some of their basic properties are 
described.  


3695 02-04 E Compact Forward 
Error Correction 
(FEC) Schemes 


This document introduces some Forward Error 
Correction (FEC) schemes with a more compact 
FEC payload.  The schemes can deliver blocks of an 
object of indeterminate length. 


3926 10-04 E FLUTE - File Delivery 
over Unidirectional 


Transport 


This document defines a protocol for the 
unidirectional delivery of files that is suited to 
multicast networks.  The specification builds on 
Asynchronous Layered Coding, the base protocol 
for massively scalable multicast. 


 
Table 6: IETF RMT and FECFRAME RFC status (current as of the writing of this report) 
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3.1.7 Packet Loss Concealment and Error Concealment Methods 
There is a third class of techniques to mitigate the effects of packet loss and bit errors on 
television viewers. Packet Loss Concealment (PLC) and Error Concealment (EC) methods do 
not attempt to completely restore the original video frame information or audio waveform. 
Instead, these methods attempt to minimize the effect of lost or corrupted video/audio 
information by replacing it with an estimated version of the original, and thereby reduce the 
total perceived degradation events whenever the concealment method is successful. The 
fraction of degradation events that can be successfully concealed is a function of the extent of 
degradation, the specific information that was corrupted, and the complexity of the 
concealment methods employed. Concealment methods span a wide range of complexities, 
beginning with simple replacement with previous information, all the way to more elaborate 
estimation schemes that may be aided by special re-synchronization markers in the bit stream 
and decoders that can work backward to isolate the corrupted information and minimize the 
degradation that must be concealed. 
 
PLC methods are an important feature in Voice over IP system design, and continue to be a 
critical aspect of successful deployments.  Video PLC and EC have been topics of active research 
for many years. The worst concealment strategy is to do nothing and submit a corrupted media 
stream to the decoder, because the associated distortion is usually perceptible and sometimes 
objectionable.  
 
A key point is that PLC/EC methods can be deployed concurrently with Retransmission 
methods or FEC methods.  Therefore, a low complexity PLC/EC method can and should be 
deployed in the IPTV Architecture (primarily the Set-Top Box) to minimize the visible/audible 
distortion when other methods fail. 
 
The ATSC provides some discussion of the use of MPEG layer processing for error concealment 
purposes in the MPEG-2 based DTV scheme (refer A/54A section 9.5.4). These techniques are 
based on temporal and/or spatial interpolation of missing I-frames. Motion compensation 
information is not included by default in MPEG-2 I-frames, but syntax extensions have been 
developed for this purpose.  
 
Many MPEG-2 processing functions should be applicable to packets missing from an MPEG-4 
video stream, since MPEG-4 part 2 and MPEG-4 part 10/AVC/H.264 both use the same I,P,B-
frame distinction as MPEG2. Also, MPEG-4 part 10/AVC/H.264 specify additional features that 
are useful in reducing the impact of errors or packet loss on the bit stream. 
 
 


4  COMPARATIVE TRADEOFFS, PROS & CONS, TEST RESULTS 
4.1 Introduction 
For the analysis of packet loss protection mechanisms, it is fairly common to start from a simple 
(unicast) model of a client requesting content from a server.  This model may well apply for 
some scenarios, but is not necessarily sufficient for the range of IPTV services under 
consideration. In particular, it should be noted that multicast distribution mechanisms are 
under consideration and error control in such environments may impact the scaling of the 
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service.   It should also be noted that the video data stream may also be cached and potentially 
modified at various points between the location where the content is acquired (e.g., a Super 
Head End) and the home network end device that ultimately is responsible for delivering a 
contiguous result to the user’s display. Error control mechanisms should therefore be 
considered in relation to specific locations within the service distribution architecture. It may be 
that a single mechanism is not sufficient for the end-to-end service architecture. 
 


5  RETRANSMISSION VERSUS FORWARD ERROR CORRECTION 
The first observation is that the areas of applicability of retransmission techniques (e.g., TCP or 
other techniques) and FEC techniques are different. The area of applicability of the 
retransmission techniques is restricted to cases in which a bidirectional network connection is 
available between server and client. Retransmissions exploit the fact that the target node can 
report packet loss to the source node. The area of applicability of forward error correction also 
includes broadcast, where it is impossible to report packet loss. In the case of broadcast 
networks, just forward error correction is feasible. In the case of interactive networks, both 
techniques are feasible. 
 
The second observation is that the techniques are not exclusive. The media stream might be 
transported using a reliable transport protocol based on retransmissions (for example, using 
negative acknowledgements,) and additionally a forward error correction stream might also be 
provided. In this approach, the target node negative acknowledges only when the forward error 
correction fails to recover at the packet.  
 
The two techniques both introduce latency relative to the simple RTP-UDP-IP stack. In the case 
of retransmission-based approaches, the delay is at least the time required to send an 
acknowledgement and receive the replacement packet. In cases where acknowledgements may 
also be lost, the delay also includes the time required to detect that an acknowledgement has 
been lost, to retransmit the acknowledgement and receive the response. In practice, playout of 
the media must be delayed by the maximum expected such delay, otherwise playout will need 
to be paused when such events occur. In the case of the FEC-based approaches, the delay at the 
receiver is at least the longest time between sending of any FEC packet and the earliest source 
packet that it protects. The receipt of subsequent packets is then predictable.  
 
The two techniques consume more bandwidth than the simple RTP:UDP:IP stack. In the case of 
retransmission-based approaches, the extra bandwidth is for the acknowledgements and 
retransmissions. The acknowledgement bandwidth consumption is a function of the amount of 
packet loss and the number of clients. Since the packet size for the acknowledgements is small, 
the acknowledgement bandwidth consumption from a single client is modest. When 
retransmissions are sent via multicast, the retransmission bandwidth consumption is a function 
of the amount of packet loss across all clients. When retransmissions are sent via unicast, the 
retransmission bandwidth is a function of the amount of packet loss to each client and the 
number of clients. In the case of the FEC-based approaches, the bandwidth consumption 
depends on the degree of error resilience provided, but is constant independent of the 
experienced packet loss and number of clients.  
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The two techniques differ in adaptation tactics. In the case of retransmission-based approaches, 
the source node detects the presence of packet loss as soon as a negative acknowledgement is 
received, or when the absence of a positive acknowledgement is detected, and can determine 
the level of the packet loss from the ACK or NACK patterns. In the case of the FEC-based 
approaches, then whether the source node can detect the presence of packet loss depends on 
whether any feedback is provided from clients to server – for example, through the use of 
RTCP, which reports packet receipt experience. In concept the source node could then change 
the degree of Forward Error Correction. 
 
The two techniques both have implications as to whether and where in the network to cache 
media streams. In the case of the  retransmission-based approaches, it is may be necessary to 
cache the media stream near the access network in order , to reduce the chain of nodes through 
which acknowledgements flow and avoid overloading central servers with retransmission 
requests. This reduces the round trip time between source and client at the cost of embedding 
application layer functionality near the access network. FEC-based approaches do not require 
network caching of content at the edge of the network.  
 
5.1 Other Comparative Discussion 
Simple implementations of physical layer FEC affect all data in a link and impact all services 
that use that physical link.  For example, if the DSL FEC interleave were adjusted to impose a 
10ms Interleave depth, that 10ms of delay would be additive for all services crossing that DSL 
link. A 10 ms additional delay would have a detrimental impact to both VoIP services (see 
[Wright]) and TCP throughput. These considerations are especially important to consider in an 
overall analysis, as in most cases triple-play services are the goal, and providing a solution that 
helps one service but negatively impacts another service is not desirable.  For example, for web-
browsing and gaming services, the most important criteria is to minimize the delay for many 
small data exchanges, and in this case low latency is much more important than low packet loss, 
whereas for IPTV services the opposite priorities hold. 
 
More contemporary implementations of physical layer FEC use current DSL technologies that 
support dual latency paths, including ADSL (ITU-T G.992.1), ADSL2 (ITU-T G.992.3), ADSL2+ 
(ITU-T G.992.5), and VDSL2 (ITU-T G.993.2). Dual latency provides two logical data paths 
across the physical channel; one path with high interleaving delay which allows low error rates 
(“interleaved”), and one path with low interleaving delay (“fast path”) that often has higher 
error rates. Fast path may be used for delay-sensitive applications such as voice, and the 
interleaved path may be used for error-sensitive applications such as IPTV. VDSL2 also has an 
optional mechanism to dynamically change the interleaver depth to minimize impact on video 
delivery when voice channels are switched on or off.  
 
A system-wide analysis on the right balance between application layer FEC and physical layer 
FEC and operating points is an item for further study.  For example, the effect of changes in the 
xDSL noise margin could be investigated. 
  
Physical layer FEC and application layer FEC are not independent, and these dependencies 
need to be accounted for when calculating overall output error rates.  Impulsive noise is short 
duration (tens of microseconds) bursts of high-power noise. Impulse noise is mitigated in ADSL 
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and VDSL by using interleaved FEC codes, which require a sufficiently long interleaved code 
length to correct relatively long bursts of errors caused by impulse noise. For ADSL/2/2+ and 
VDSL2, strong impulse noise will usually wipe out an entire  250 microsecond DMT symbol, or 
sometimes even a small number of multiple consecutive DMT symbols. The INP value is the 
number of consecutive DMT symbols which can be reliably corrected. INP increases as delay 
increases and as coding redundancy increases. ADSL has INP = 1, this can be extended to 
INP=2 for ADSL2+, and to as high as INP=16 for VDSL2.” 
 
Transmission delay may have an impact on service quality for live broadcast and interactive 
services. The additional delay may impact other metrics of service quality metrics such as 
channel change times.  The FEC scheme also introduces additional overhead for error 
correction. This additional overhead requires additional bandwidth which may be problematic 
in some service scenarios.  
 


6 RECOMMENDATION(S) 
Given the WAN scale of IPTV services, the number of logical entities involved, and the 
potential geographic distribution of packet loss events, the variety of link technologies, and the 
sharing of those links with other traffic types, it is expected that link layer specific error control 
mechanisms alone will not be sufficient to ensure acceptable user perceptible performance. It is 
therefore recommended that the IPTV services also utilize one or more application layer error 
control mechanisms as appropriate for the specific service instance.  
 
Annexes 2 and 3 provide some simple quantitative analysis of the bandwidth, latency and 
infrastructure implications for retransmission and FEC-based application layer error control. 
Based on these analyses, both retransmissions and Application Layer FEC are applicable in 
certain network scenarios of interest for IPTV.  The implication is that the ATIS IPTV 
architecture shall accommodate both techniques.   
 
6.1  Recommended on Goal/Requirements from Carriers 
As shown in Table 2, in section 1.2, the worst case sequential packet loss burst length occurs 
during link failure with IP layer protection mechanisms [Profile A].  In this case, it is 
recommended that the IPTV architecture must be able to withstand packet loss bursts up to 
250ms in duration.  
 
6.2    Recommendation to Compliment Retransmission or FEC Methods with 
PLC/EC Methods 
A key point made in Section 3.1.5 is that PLC/EC methods can be deployed concurrently with 
Retransmission methods or FEC methods.  Therefore, a low complexity PLC/EC method can 
and should be deployed in the IPTV Architecture (primarily the Set-Top Box or ITF) to 
minimize the visible/audible distortion when other methods fail. 
 
6.3 Recommendation on Application Layer FEC Code Selection 
A detailed evaluation of FEC codes proposed for IPTV applications has been carried out by the 
Digital Video Broadcasting project in their IP Infrastructure working group. As noted in Section 
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3.1.5 their conclusion is to define a new FEC code specifically for IPTV based on a hybrid of a 
simple XOR parity code taken from SMPTE-2002-1 and the Raptor code. It is recommended that 
ATIS IIF consider adopting this DVB-specified code, when complete, for appropriate IPTV 
usage. 
 
 
References 
 
[A/54/A]  Advanced Television Systems Committee, Recommended Practice: Guide to the use 
of the ATSC Digital Television Standard, 4th December 2003. 
 
[RFC 2733] J. Rosenberg, H. Schulzrinne.  An RTP payload format for Generic Forward Error 
correction, RFC 2733, December 1999. 
 
[RFC 3640] J. van der Meer, D. Mackie, V. Swaminathan, D. Singer, P. Gentric. RTP payload 
format for transport of MPEG-4 Elementary Streams, RFC 3640, November 2003. 
 
[RFC 2887] M. Handley, S. Floyd, B. Whetten, R. Kermode, L. Vicisano, M. Luby. The Reliable 
Multicast Design Space for Bulk Data Transfer, RFC 2887, August 2000.    
 
[TR-067] DSL Forum TR-067 Issue 2, ADSL Interoperability Test Plan. 
 
[Wright]  S. Wright, A.J. Vernon, A. Whited. Voice Delay Considerations for DSL Multimedia 
Access Network Design and Operation, Proceedings of IEEE Multimedia Services Access Networks 
2005. 
 
[Krasic]  C. Krasic, K. Li, J. Walpole, The Case for Streaming Multimedia with TCP, 
Proceedings of IDMS 2001/Springer-Verlag LNCS 2158, pp 213-218, 2001. 
 
[Lakshman] T.V. Lakshman, A. Ortega, A.R. Reibman. VBR Video: tradeoffs and potentials, 
Proceedings of the IEEE, Vol. 86, No.5, pp952-973, May 1998. 
 
[Seeling] P. Seeling, M. Reisslein, and B. Kulapala. Network Performance Evaluation with 
Frame Size and Quality Traces of Single-Layer and Two-Layer Video: A Tutorial. IEEE 
Communications Surveys and Tutorials, Vol. 6, No. 3, pages 58-78, Third Quarter 2004. 
 
ANSI/TIA-921.  Network Model for Evaluating Multimedia Transmission Performance over Internet 
Protocol, 2006. 
 
[Jiang2002]  W. Jiang, H. Schulzrinne, Perceived Quality of Packet Audio under Bursty Losses 
Proceedings of IEEE, INFOCOM 2002. 
 
[Yajnik1996] M. Yajnik, J. Kurose, D. Towsley. Packet loss Correlation in the MBone Multicast 
Network: Experimental Measurements and Markov Chain Models, Proceedings of IEEE, Globecom 
1996. 
 


19 







[Handley1997]  M. Handley, An Examination of MBone Performance, Technical Report ISI/RR-97-
450, Information Sciences Institute, University of Southern California, January 1997. Available 
online at: < http://citeseer.ist.psu.edu/handley97examination.html >. 
 
[ATIS 800003] ATIS-0800003, ATIS IPTV Architecture Roadmap, August 2006.  
 
[Mosko2000]  M. Mosko, J.J. Garcia-Luna-Aceves. Analysis of Packet Loss Correlation in FEC-
Enhanced Multicast Trees, Proceedings of IEEE ICNP, 2000.  
 
 


20 



http://citeseer.ist.psu.edu/handley97examination.html





 
 


Annex A  


 
Models for DSL Link Packet Loss 


A.1 INTRODUCTION 
Once a link is set up and communicating successfully, packets are lost primarily either because 
of network congestion, or because of transmission errors. Transmission loss models are 
presented for uncorrectable errors from impulse noise on an ADSL/2/2+ or VDSL2 line. This 
work was previously presented to the DSL Forum [1]. 


A. 2 TRANSMISSION ERRORS: ADSL2+ AND VDSL2 
Copper access links are known to occasionally experience uncorrectable burst errors from 
impulse noise. Impulse noise is short duration (tens of microseconds) bursts of high-power 
noise, often caused by transients on nearby powerlines. For Internet access, TCP/IP retransmits 
correct impulse noise errors, but video service may not have such capability. Random errors 
introduced by stationary noise are usually correctable on metallic lines, and optical lines usually 
have a very low error rate, so these are ignored and only impulse noise is considered here. 
 
Impulse noise is mitigated in ADSL, ADSL2, ADSL2+, VDSL, and VDSL2 by using interleaved, 
Reed-Solomon (RS), forward error correction (FEC) codes. These codes correct the bit errors 
after they occur, and must be sufficiently long to correct relatively long bursts of errors caused 
by impulse noise. Reed-Solomon codes also enhance performance with crosstalk and 
background noise by a few dB. For ADSL/2/2+ and VDSL2, error-causing impulse noise will 
usually wipe out an entire 250 microsecond DMT symbol, or multiple consecutive DMT 
symbols. The INP value is the number of consecutive DMT symbols which can be reliably 
corrected. INP increases as delay increases and as coding redundancy increases. ADSL, ADSL2, 
and ADSL2+, originally only had INP = 1, but this has been extended to INP = 2 as an option for 
ADSL2+. VDSL2 supports INP as high as 16. 
 
The RS code block length is n bytes, the number of data bytes it carries is k, and the number of 
byte errors it can correct is t = (n - k)/2. Typically n = 255, and t = 8. Interleaving is used to 
extend the amount of correctable errors in a burst, with interleaving depth D, a burst error of 
length D*t bytes may be corrected. Relations between coding and interleaving parameters for 
DSL are described in reference [2], and some specific values are in Table 7. Typically the 
resulting delay is no greater than 8 milliseconds, which is about equal to the length of an entire 
interleaved and coded block. Uncorrectable errors generally result in this entire 8 milliseconds 
of data being lost, although many of the bits may still be correct. 
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 ADSL, 
INP = 1 


ADSL2+, 
INP = 2 


Number of correctable DMT symbol errors, 
INP 


1 2 


Total bytes per RS codeword, N 255 79 
Correctable Byte Errors per RS codeword, T 8 5 
Data bytes per codeword, K 239 69 
Net data rate (Mbps) 7.5 24 
Line data rate (Mbps) 8.0 27.48 
Interleaver depth, D 32 352 
Delay (Bytes) 7874 27378 
Delay (millisec) 7.87 7.97 
Span (millisec) 8.16 8.10 
Correctable error burst length (bytes) 256 1760 
Correctable error burst length (microsec) 256 512 
# Codewords per DMT symbol = 1/S 1 11 


Table 7: Some Representative Impulse Noise Error-Correction Parameters for DSL 


 
Models for the length of burst errors caused by impulse noise impulse noise have been 
presented [1][4][5]. A received impulse can cause an error if it is above roughly 1 to 5 milliVolts 
on a line without much excess SNR margin. It was found that the maximum magnitude of an 
impulse on a copper loop is closely modeled by the following hyperbolic distribution. The 
probability that the maximum magnitude of an impulse, H, is greater than h, given that it is 
above some positive threshold, T is: 
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The error burst length B is the time that the impulse is above a certain error-causing threshold, 
T. The following model for burst error lengths caused by impulses was found to be reasonably 
accurate: 
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Models were found using measured impulse noise data with T = Tj =0.947 milliVolts and = 33.6 
microseconds [1]. ADSL, ADSL2, ADSL2+, VDSL, and VDSL2 use discrete multi-tone (DMT) 
modulation and typically transmit a distinct DMT symbol once every 250 microseconds (4 kHz 
rate). If impulse noise causes an uncorrectable error, then typically one entire DMT symbol is 
lost, but occasionally two or sometimes even three DMT symbols may be lost. Looking at 
equation (1), it is seen that = 31.8 is much less than 250 microseconds. So, a good approximation 
for the conditional distribution is that:  
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And, the probability that a burst error length is between N and N DMT symbols, given that it is 
at least length N is:  
 


( )
22


1
11Pr ⎟


⎠
⎞


⎜
⎝
⎛


+
−⎟


⎠
⎞


⎜
⎝
⎛≈=


NN
NsymbolsDMTerroredofNumber  (2) 


 
This approximation is shown to be reasonably accurate in Table 8, which also shows great 
inaccuracy in a naïve geometric model such as that used in the Gilbert model of the previous 
section. 
 


Burst error length in 
Number 250 


microsecond DMT 
symbols 


Exact Hyperbolic 
model probability (1) 


Approximate 
Hyperbolic 


probability (2) 


Geometric 
model 


1 0.719 0.750 0.719 
2 0.151 0.139 0.202 
3 0.055 0.049 0.145 
4 0.026 0.023 0.104 


Table 8: DSL Burst Error Length Models 


 
The model estimates that 1.3% of impulses with maximum magnitude greater than 0.947 
milliVolts are at least as long as a 250 microsecond DMT symbol. This agrees with 
measurements [5] reporting that impulses longer than 200 microseconds occurred 1% to 3% of 
the time. 
 
Assuming the burst length model in equation (1), the number of DMT symbols that are wiped 
out by an impulse is estimated. Many variables affect the probability that the DMT symbol is in 
error: loop length, bit rate, impulse energy spectrum, etc. Reference [4] related these all to the 
energy in the impulse. Here, it is assumed that, only the length of the impulse determines how 
many DMT symbols are errored, assuming that at least one DMT symbol is errored.  
 
The length of a DMT symbol is 250 microseconds. It is assumed that a DMT symbol is errored if 
and only if at least 50 microseconds of the impulse occur in the symbol. So, the minimum 
impulse burst length to make two DMT symbols errored is 100 microseconds, and only if 
exactly 50 microseconds of this impulse are in each DMT symbol are they both errored. Given 
that there is an error causing impulse, its arrival time is assumed to be uniformly distributed in 
a DMT symbol. The length of an impulse is modeled as in equation (1), and the arrival time is 
assumed uniformly distributed in a DMT symbol time.  Arrival time and burst length are 
assumed to be independent, so the joint probability density is the product of the two densities. 
The conditional probability of a burst length given that it is greater than 50 microseconds is 
found, and this multiplied by the uniform probability that the burst overlaps more than 50 
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microseconds with each number of DMT symbols, and these are summed for all possible burst 
lengths. The results are shown in Table 9. 
 


#  Errored DMT Symbols, 
N 


Pr(# errored DMT Symbols = 
N | at least one error) 


1 0.848 
2 0.123 
3 0.017 
4 0.006 
5 0.003 


Table 9: Conditional Probability Estimate Of The Number Of Errored DMT Symbols Assuming That 
There Is At Least One Errored DMT Symbol, Before Error Correction 


 
The model is approximate; it represents the aggregate performance of many lines and not that 
of any individual line. It shows that in about 85% of error cases 1 DMT symbol is errored, in 
about 12% of error cases 2 DMT symbols are errored, and in about 3% of error cases 3 or more 
DMT symbols are errored. Recall that only about 2% of impulses cause any errors in the first 
place, on a line with little excess SNR margin. The arrival rate of impulses with maximum 
magnitude of 3 milliVolts or greater was approximated as one every 15 seconds [4], using 
measurements on several lines. So, with INP=1 DMT symbol protected from errors the 
uncorrectable error rate is roughly one every 1.4 hours, and with INP=2 DMT symbols 
protected from errors the uncorrectable error rate is roughly one every 7 hours. However, 
shorter loops often have fewer or no errors. Overall, increasing INP from 1 to 2 decreases the 
uncorrectable impulse noise error rate by about a factor of 5. 
 
The impulses measured here on bare copper lines here may be of shorter duration than some 
additional impulse mechanisms. Intermittent bad connectors on many CPE may generally be 
interpreted as impulse noise when the line starts "jittering."  This can cause the same effects as 
slightly bad splice, looking like an impulse periodically due to minute gyrations of the line with 
temperature, atmospheric pressure, etc. Also, POTS transients such as ring trip may leak 
through a splitter, causing long duration impulse errors. These may call for more frequent use 
of higher values of INP. More extensive field data on impulse burst lengths could be used to 
help hone the mathematical model here. 
 
If there is an unrecoverable error, then an entire interleaved block is assumed lost; typically 
about eight milliseconds of data.  
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Annex B 


 
 FEC Bandwidth Requirements 


This Annex provides (primarily by reference) a detailed description of how FEC can be applied 
for IPTV. It also provides results based on this description showing FEC bandwidth 
requirements and latency trade-offs for certain use-cases 


B.1 FORWARD ERROR CORRECTION 
One approach to Forward Error Correction for streaming multimedia services is described in 
detail 3GPP Technical Specification 26.346. In this approach, packets are grouped into source 
blocks, each block representing a specific period of time within the stream, known as a protection 
period. FEC protection is applied independently to each source block, so that the packets sent 
within each protection period consist of the original source packet plus additional FEC repair 
packets. This is illustrated in the Figure 4 below: 
 


 
Figure 4:  A Generic FEC Approach for Streaming 


 
The protection period is the minimum amount of buffering needed at the receiver for FEC 
purposes. Unless additional channel change acceleration methods are used, the protection 
period adds to the channel change time and thus it is important to minimize this time. On the 
other hand, the greater the buffering period, then the lower the overhead required to achieve 
reliability. 
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B.1.1 FEC BANDWIDTH REQUIREMENTS 
B.1.2 Short Burst Losses 
The following graphs illustrate the FEC overhead required to achieve a target quality of a mean 
time between loss events of 4 hours in the presence of burst losses of 8ms. 
 
“Loss event” in this context is defined as a case in which the FEC code is unable to correct the 
lost packets in a block. In the first set of simulations, the frequency of burst losses is such that 
the packet loss rate before FEC is approximately 5 x 10-3. This may be considered an absolute 
worst case loss rate, so FEC protection at the levels shown in this graph would be sufficient for 
any DSL line that might be considered as suitable for IPTV services. In practice, not all lines 
require FEC protection at this level and so layered sending of FEC may be considered – in this 
approach FEC data is sent on two or more multicast groups, and receivers join additional 
groups if additional protection is required. The overheads shown in Figures 4 and 5 below give 
the total bandwidth of all such multicast FEC layers.  
 
In a second set of simulations, the frequency of burst losses is such that the packet loss rate 
before FEC is approximately 1 x 10-4. These show the bandwidth that would be required for an 
FEC layer used by lines with lower loss rates. 
 
8ms burst losses may be caused by electrical impulse noise on a DSL line: if the bit errors caused 
by an electrical impulse can be corrected by the physical layer, then no packet loss will result, 
but if they cannot then the bit errors are distributed over the interleaving period, causing an 
effective burst outage. In some common DSL configurations, this interleaving period is around 
8ms. 
 
Two FEC codes were simulated: 


♦ An “Ideal” code, which has the property that if a source block contains k packets then 
receipt of any k packets, with any mix of source packets and repair packets for the block, 
allows recovery of the block. 


♦ The Raptor code as specified in 3GPP TS 26.346 
 
Simulations were performed for a 2Mbit/s (i.e. SD) stream and a 6 Mbit/s (i.e., HD) stream with 
simulated time duration of 128 hours. 
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Figure 5: FEC Overhead Requirement for 2Mbit/S Stream In Presence Of 8ms Burst Losses And 
Overall Packet Loss Rate 5 X 10-3


 


 
Figure 6: FEC Overhead Requirement for 2Mbit/S Stream In Presence Of 8ms Burst Losses And 


Overall Packet Loss Rate 1 X 10-4
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Figure 7: FEC Overhead Requirement For 6Mbit/S Stream In Presence Of 8ms Burst Losses And 


Overall Packet Loss Rate 5 X 10-3 


 


 
Figure 8: FEC Overhead Requirement for 6Mbit/S Stream In Presence Of 8ms Burst Losses And 


Overall Packet Loss Rate 1 X 10-4 
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B.1.3 Longer Burst Losses 
 
FEC may also be used to correct longer burst losses such as those caused by protection 
switching events. The minimum overhead required to recover from such losses is given by the 
following formula: 
 


)1(
protection


burst


T
T


Overhead −=  


 
Where: 


Tburst  is the duration of the burst outage 
Tprotection  is the protection period 


 
In practice, a slightly higher overhead than this may be required because FEC protection is 
provided in the form of whole packets only and/or the FEC code itself has some additional 
inherent overhead. These factors can be calculated and the graphs below show the FEC 
overhead required to correct burst losses of 250ms, 200ms, and 50ms on the assumption that 
these are isolated events. 


 


 
Figure 9: FEC Overhead Requirement for 2Mbit/S Stream In Presence Of 250ms Burst Losses  
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Figure 10: FEC Overhead Requirement for 6Mbit/S Stream In Presence Of 250ms Burst Losses  


 
 


 
Figure 11: FEC Overhead Requirement for 2Mbit/S Stream in Presence Of 50ms Burst Losses  
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Figure 12: FEC Overhead Requirement for 6Mbit/S Stream in Presence Of 50ms Burst Losses 


 


 
Figure 13: FEC Overhead Requirement for 2Mbit/S Stream in Presence Of 200ms Burst Losses  
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Figure 14: FEC Overhead Requirement for 6Mbit/S Stream in Presence of 200ms Burst Losses 


 
 


B.1.4 Network Performance Requirements 
 
The simulations provided above illustrate the bandwidth requirements on a network with 
relatively high packet loss rates (for a managed network). On highly engineered networks, 
packet loss rates could be expected to be somewhat lower and burst outages may be bounded 
well below the 250ms considered above. FEC approaches can be used at both extremes of 
network performance. The end systems costs are the same at both extremes, the only difference 
being the bandwidth required. When considering FEC and networking approaches, the costs of 
this additional bandwidth should be carefully traded off against the alternative of the higher 
network engineering costs associated with achieving lower end-to-end packet loss rates. 
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Annex C 


 
 Retransmissions and Multicast 


C.1 INTRODUCTION 


This document provides an analysis of the latency and bandwidth used for real time 
retransmission in concealing errors in an access network. The following assumptions were 
made in the analysis in this document. 


Assumption 1:      Worst case packet loss ratio considered in the analysis == 5*10-3.  


When considering packet loss ratio, the analysis should also consider a 
distribution of loss ratios across subscribers in which the worst case is a 
percentage of the total.  


In order for all subscribers to experience the same worst case Packet Loss 
Ratio, one must assume that the links aggregating many subscribers are in 
extremely bad shape or the access cable plant is universally in bad shape for 
uncorrelated events or that correlated events will impact all the subscribers 
served by a retransmission server.  While one may find a network that meets 
that description (e.g., heavy use of wireless links/access), a large portion of 
the market uses optical core/aggregation and PON or DSL access and, as 
such, is the scenario that should be centrally considered. 
 
Aggregation links, which are typically optical, are engineered to have a low 
BER (typically 10-12 or better), including uplinks on DSLAMs or other access 
concentrators.  For or optical access (e.g. PON), packet losses will be 
generally low and random.  For DSL access, generally the DSLAMs are being 
deployed deeper and deeper in the access (shorter loops) to allow bit rates 
high enough for a competitive video service.   
 
For correlated events, packet loss could be due to a noise source that affects 
many or all of the DSL lines in a binder group or cable.  A binder group has 
25 pairs serving about 10 to 12 homes.  A worse-case may be a protection 
switching event or a lightning strike that causes packet loss to everyone in a 
serving area.  A serving area may be a few hundred homes or perhaps 1000 
IPTV subscribers at most. Using real world typical deployments as a guide.   
An natural or manual (bringing a node down) network outage is the notable 
exception, but is presumed to be only at the heart of the 250 msec burst loss 
number used in the analysis (not in shorter 8 msec burst loss number), which 
is a challenge for both retransmission and FEC mechanisms. 
 
Also, it is not likely that the worst case packet loss ratio of 5*10-3 is caused 
strictly by impairments on the DSL line, since a DSL modem will to retrain 
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when the BER during operation exceeds 10**-7 (WT-126 states that 10**-7 is 
worst case).  A BER of 10**-7 has a resulting packet loss ratio of 1*10**-3.  So, 
it should be noted that to obtain five times worse than that, a 5*10-3 PLR, 
then one assumes this is likely because of a poor DSL line combined with an 
impaired home network that the ITF is attached to, or some other unusual 
noise event. 
 
Furthermore, especially as DSLAMs are being deployed deeper and deeper 
in the access to allow for higher bit rates, the shorter loops will allow service 
providers to tune the retraining for a better PLR by increasing the noise 
margin. 


Because of the above considerations, this document considers a distribution 
of PLR across subscribers. The worst case distribution used in the bandwidth 
section of this analysis is a scenario where *all* subscribers are impacted with 
the worst case PLR. The document also considers a different distribution in 
which PLR is distributed between 5*10-03 and 10-04 across subscribers.  


Since there are a number of factors that may cause packet loss in the access 
infrastructure and since these factors are fairly random in nature, we use a 
normal distribution to represent the probability distribution of PLR across 
subscribers. In a normal distribution, the distribution mean is the average 
value of all samples in the distribution. The bandwidth calculations plot 
bandwidth across all values of the PLR mean from 5*10-3, as the worst case, 
on down to 1*10-4. 


Assumption 2:  Mean time between loss events post repair (after FEC/retransmission) should 
be 4 hours or more. 


Assumption 3:      Burst losses in analysis are at lengths of 8 msec and 250 msec. 


Assumption 4:      The video stream rates to be considered in the analysis are 2 Mbps and 6 
Mbps. This leads to the following loss characteristics: 


♦ A 2 Mbps stream results in 1 packet transmitted every 5.5 msec (182 
packets per second,) while a 6 Mbps stream results in 1 packet being 
transmitted every 1.8 msec (556 packets per second).  


♦ An 8 msec burst loss event results in 2 or 3 packets being dropped in a 2 
Mbps stream and 5 packets being dropped in a 6 Mbps stream. 


♦ A 250 msec burst loss results in 46 packets being dropped in a 2 Mbps 
stream and 139 packets being dropped in a 6 Mbps stream. 


Assumption 5:      The burst loss characteristics described in #4 above results in the following 
packet loss rates post repair (after FEC/retransmission): 
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♦ 2 Mbps or 6 Mbps, 8 msec loss == 7.6*10-7  


♦ 2 Mbps or 6 Mbps, 250 msec loss == 1.7*10-5 


Assumption 6:  For real time retransmission, repair packets sent by the retransmission source 
can be burst into the bandwidth allocated for the Internet Access service on 
the access link. The latency/buffering analysis will show the 
latency/buffering requirements for different burst rates based on different 
amounts of bandwidth allocated for an Internet access service on the access 
link. 


The analysis does assume a minimum of 1 Mbps available for the Internet 
Access service when all other services (voice, video) are at their maximum 
guaranteed rate. Assuming that the bandwidth allocated to the voice service 
is negligible compared to that for video, then the minimum amount of 
bandwidth of a DSL based access loop would be 2 Mbps + 1 Mbps = 3 Mbps 
for a triple play service that allocates 2 Mbps for the video service and 6 
Mbps + 1 Mbps = 7 Mbps for a triple play service that allocates 6 Mbps for 
the video service. To provide a worst case assessment of jitter, we also 
assume a lower speed up link on the DSL line. We assume 1 Mbps and 3 
Mbps up links for the 3 Mbps and 7 Mbps link speeds. 


The affect of IPTV retransmission traffic on other services using the Internet 
Access portion of the user’s bandwidth must be considered. Bursts of IPTV 
retransmission traffic will cause additional delay/packet loss for those 
services, triggering transport layer back-off and thereby significantly 
degrading the service. 


For example, if the user is using the remaining bandwidth for a progressive 
download of a video using HTTP, or interacting with other users through a 
real-time interactive game, then this will reduce the available bandwidth for 
the Internet Access Service.  Furthermore, a requirement of the 
retransmission approach is that retransmission traffic must be in a separate 
service class from both the IPTV main stream and the Internet Access traffic, 
to ensure the IPTV service itself is not degraded by the retransmission burst 
and to ensure the retransmission burst is not affected by Internet Access 
traffic. Availability of suitable forwarding classes and per hop behaviors in 
the Access Network and Home Network is therefore essential. 


C.2 RETRANSMISSION APPROACH FOR MULTICAST 


The IETF has been working on a set of specifications that form the basis for performing real 
time retransmission based in the Real Time Transport (RTP) protocol.  See section 3a of WT-009 
for more detail about the IETF specifications. 
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C.2.1 Centralized versus Distributed Retransmission 
One of the requirements of real time retransmission is that the round trip packet latency 
between the retransmission source and the retransmission receiver be as small as possible. With 
RTP based retransmission, a retransmission receiver may detect packet loss by detecting a gap 
in the RTP sequence number space. Once a lost packet is detected, a receiver will send a request 
to the retransmission source using a unicast retransmission request. The retransmission source 
then sends the missing packet(s) to the receiver(s) in one or more unicast or multicast repair 
packets. The retransmitted packet must reach the receiver before that packet’s playout time. 
Buffering at the client is used to delay the playout time for enough to make up for the round 
trip delay. To minimize buffering at the client, it is best to locate the retransmission source close 
to the retransmission receiver. In this analysis, we assume the retransmission source is located 
in either a POP or a central office. 
 
Another property of real time retransmission is that the load on the retransmission source as 
well as the retransmission bandwidth required increases linearly with the number of 
retransmission receivers served by that source. Because of this, the number of retransmission 
receivers served by a retransmission source should be minimized. Section 3.3 provides an 
analysis on the average and worst case latency associated with a retransmission server based on 
a work flow model. 
 
Lastly, since retransmissions are typically unicast from the retransmission source to the 
receiver, the amount of bandwidth used for retransmissions scales linearly with the number of 
subscribers served. To minimize the amount of bandwidth used for retransmissions, the 
retransmission source should be located topologically close to the receivers. 
 
The above requirements mean that in order for real time retransmission to scale, the 
retransmission sources must be distributed. 


C.2.2 Retransmission Server Load/Latency 
A potentially significant amount of latency associated with a real time retransmission algorithm 
is the amount of time it takes for a retransmission server to respond to a negative 
acknowledgement from a client. Standard work flow (queuing theory) analysis can be used to 
model the behavior of a retransmission server to retransmission requests from a population of 
receivers. 
 
The retransmission server can be modeled as a work process serving the retransmission 
requests. Since the retransmission requests may instantaneously exceed the capacity of the 
server, a queue is used to hold the retransmission requests until the server can process them. 
The average and worst case latency associated with this queue can be modeled using queuing 
theory analysis. 
 
The following assumptions are made:  
Assumption 1:   Packets are lost randomly at each client. The result is that distribution of 


retransmission requests is poison. 
Assumption 2:  The amount of time it takes to process retransmission requests is 


exponentially distributed across a mean. This model of processing time is 


37 







reasonable since a processor based system implemented on a real time 
operating system will have variable interrupt and process latency 
associated with retransmission processing. A case could be made that the 
processing time should be modeled as constant since each packet to be 
retransmitted is the same size. The exponential model provides a wider 
distribution of results and therefore provides a more “worst case” 
analysis. 


Assumption 3: All requests are handled by a single work process on the server. We make 
this assumption to simplify the analysis. 


 
 
The formulas below provide the basis for the analysis. 
 


♦ P{ time spent waiting in the queue <= t } = 1-rho*exp(-(mu-lambda)t), for t>0. 
♦ P{ time spent waiting in the queue = 0 } = 1-rho. 
♦ rho = lambda / mu = utilization = fraction of time the retransmission server is 


busy. 
♦ lambda = average arrival rate of requests (aggregated over all sources) (per 


second). 
♦ 1/mu = average service time of requests (in same time units as lambda, i.e., in 


seconds). 
♦ exp(t) = e^t where e is the base of the natural logarithm. 


  
Based on the requirements of section 0, we assume an average packet loss rate of 5*10-3. For the 
worst case analysis we assume that the average loss rate to each client is 5*10-3, which for a 2 
Mbps client translates into an average of 0.91 packets lost per second, and for a 6 Mbps client 
translates into an average of 2.78 packets lost per second. For the analysis, this means that 
lambda2 = (0.91) * (number of clients) for a population of 2 Mbps clients and lambda6 = (2.78) * 
(number of clients) for a population of 6 Mbps clients. 
 
Also from section 1, we look at a normal distribution of loss across subscribers in which the 
mean of the distribution varies from 5*10-3 to 10-4. Each value of the mean is multiplied by the 
packet transmission rates for a 2 Mbps (182 pps) and 6 Mbps (556 PPS) stream to come up with 
the number of lost packets per second. 
 
To obtain the average service time at the retransmission server, we can take a guess at the 
number of CPU cycles required to service a retransmission request/the speed of the processor. 
We can consider interrupt/process switching overhead as part of this CPU cycle budget since 
variation in interrupt. Process switching will be taken into account through the exponential 
model used for processing time. To provide a complete budget, we can also add the 
serialization delay on the output port. If we assume 300,000 CPU cycles to process a single 
retransmission request and a 3 Ghz processor, the amount of time it would take to process a 
single retransmission request would be 0.1 msec. The serialization delay on a 1 GigE output port 
would add .01 msec, which is an insignificant amount of the processing budget. 
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Now let’s consider the average load (rho) and the resulting latency for a population of 
retransmission clients considering the worst case assumption that each client will experience a 
5*10-3 PLR. Each 2 Mbps client will generate 0.91 retransmission requests per second on average, 
and each 6 Mbps client will generate 2.78 retransmission requests per second on average. Each 
retransmission request will be serviced in .0001 second. To generate an average 50% load on the 
retransmission server, a total of .5/(0.91 * .0001) or approximately 5,500 clients would be needed 
for 2 Mbps clients, and a total of .5/(2.78 * .0001) or approximately 1,800 clients would be 
needed for 6 Mbps clients.  For these assumptions of worst case network conditions support a 
population of 10 million 6 Mbps clients would take approximately 5,000 retransmission servers. 
 
Figure 15 shows a range of scalability numbers based on a normal distribution of loss across 
subscribers in which the mean of the distribution varies from 5*10-3 to 10-4. The low end of the 
scale with an average PLR of 5*10-3 across all subscribers shows the same results as shown 
above. The high end of the scale with an average PLR of 1*10-4 shows ~90,000 subscribers per 
retransmission server for 6 Mbps streams and 275,000 subscribers for 2 Mbps streams. The 
average PLR for a typical network will fall between these 2 extremes. 
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Figure 15: Retransmission Server Scalability Based On Average PLR Across Subscriber Base And 


Independent Random Packet Loss 


 
Retransmission servers must be designed for peaks in the traffic load that occur very rarely, in 
order to ensure reliable service. The 99th percentile latency represents an event which in fact 
occurs very often indeed (about four million packets a day for a retransmission server serving 
1,800 users with 6Mbit/s streams). The 99.9999th percentile represents events which occur 
relatively rarely (about four hundred times a day) and thus it is more reasonable to engineer to 
this case than the very common 99th percentile. 
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Based on the number of clients, the 99.9999% service latency can be determined using the 
following formula: 


t999999 = ln ((1-0.999999) / rho) / (lambda - mu) 
 
The assumptions: 


♦ Rho = .5 (50% server utilization). 
♦ Lambda2 = 5500  *.005 * 182 or approximately 5000 retransmission requests per 


second. 
♦ Lambda6 = 1800  *.005 * 556 or approximately 5000 retransmission requests per 


second. 
♦ 1/mu = .0001 second to process 1 retransmission request; mu = 10000. 


 
♦ T999999 = ln ((1-0.999999) / rho) / (lambda - mu) = ln ((1-0.999999) / .5) / (5000 


– 10000) = 2.6 msec. 
 
Based on this analysis we can make a conclusion that as long as loss to the receivers is random, 
a reasonably sized retransmission server can scale to thousands of clients (in this case 5500 
clients at 2 Mbps or 1800 clients at 6 Mbps) and the maximum service latency of a 
retransmission server will still be insignificant (2.6 msec).    


C.2.3 Retransmission Bandwidth 
Since repair packets are typically unicast from a retransmission server, the average bandwidth 
required for retransmission responses from a retransmission server will scale with the number 
of subscribers served by that server. 


C.2.4 Retransmission Server Bandwidth 
The bandwidth required by a retransmission server to serve a population of subscribers can be 
described in terms of a burst rate and burst size as well as an average bandwidth. The 
maximum burst rate is limited by the processing speed of the retransmission server and so is 
not impacted by the number of subscribers served by that server. The average rate is 
determined by the average frequency of repair packets coming from each client. 
 
Peak bandwidth from a retransmission server can be determined simply by taking the size of a 
repair packet (1316 bytes) and dividing by the time it takes the server to process each repair 
packet. In section 3.2, we provided an example processing time in the server of .0001 seconds. 
This results in a maximum peak bandwidth of 1316 * 8/0.0001 = 105 Mbps or 10% of a 1 GigE 
link.  
 
The average rate can simply be determined by taking by maximum expected retransmission 
request rate at the retransmission server and multiplying by the number of byte generated by 
each transmitted packet. From the worst case server load analysis above, the maximum rate of 
retransmission requests expected for a retransmission server designed to serve around 5,500 
clients at 2 Mbps or 1,800 clients at 6 Mbps each with an average loss rate of  (5*10-3) is around 
5000/second. When this is multiplied by the size of a retransmitted packet (1316 bytes), the 


40 







average rate from the retransmission server is 50 Mbps or 5% of a 1 GigE link. A reasonably 
sized server appliance located in a POP location could easily serve this amount of bandwidth, 
although as noted above the system needs to be engineered for peaks in load, not for the 
average. 
 
While the bandwidth from a retransmission server scales linearly with the number of 
subscribers it serves, it is illustrative to consider the amount of network bandwidth allocated for 
retransmission as a fraction of the bandwidth allocated for other unicast services such as 
Internet Access. For example, given a worst case (5*10-3) PLR across all subscribers, the average 
amount of network bandwidth that must be allocated for retransmissions per subscriber is 
around 10 Kbits/second for a 2 Mbps subscriber and around 30 Kbits/second for a 6 Mbps 
subscriber. To determine the amount of network bandwidth that must be allocated for an 
Internet Access service, we can look at the service rate offered a subscriber/the over 
subscription rate applied by the network. If we assume a minimum 1 Mbps service rate offered 
for Internet Access and a 50 to 1 bandwidth over subscription in the network, the amount of 
network bandwidth that needs to be allocated for each Internet Access subscriber is around 20 
kbps. So, the amount of network bandwidth that must be allocated for retransmissions for 2 
Mbps subscribers is around 50% of the bandwidth that must be minimally allocated for an 
Internet Access service and for 6 Mbps subscribers is around 150% of the bandwidth that must 
be minimally allocated for an Internet Access service. 
Figure 16 shows a range of retransmission bandwidth compared to Internet Access based on a 
normal distribution of loss across subscribers in which the mean of the distribution varies from 
5*10-3 to 10-4. The low end of the scale with an average PLR of 5*10-3 across all subscribers shows 
the same results as shown above. The high end of the scale with an average PLR of 10-4 shows 
3% additional bandwidth for retransmission as compared to a 1 Mbps Internet Access service 
for 6 Mbps streams and 1% for 2 Mbps streams. The average PLR for a typical network will fall 
between these 2 extremes. 
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Figure 16: Relative Retransmission Bandwidth Based on Average PLR Across Subscribers 


 
Since retransmission bandwidth scales linearly with the number of subscribers, it is less efficient 
than FEC in portions of the network where many subscribers are aggregated.  However, since 
the amount of bandwidth allocated to retransmission is quite significant compared to the 
amount of bandwidth allocated for other unicast services such as Internet Access, the cost 
differential of this bandwidth may be viewed as quite significant when compared to the cost of 
bandwidth in a DSL access network. 


C.2.5 Access Link Bandwidth 
Typically, the most bandwidth constrained part of a carriers transport infrastructure is the 
access link between the customer premises and the central office. For a DSL access network, 
each copper loop serves a single customer premises. When the overhead associated with 
retransmission is compared to FEC in this environment, the bandwidth overhead associated 
with FEC for a single broadcast channel may be directly compared to the bandwidth overhead 
for retransmission for a single subscriber. In the case of FEC, the bandwidth overhead is 
constant – the average and peak bandwidth are equal. In the case of retransmissions, the 
average may be very much lower than the peak  
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Retransmission can have significant average bandwidth advantages over FEC in this 
environment. The inherent properties of retransmission that make it more bandwidth-efficient 
in terms of average bandwidth than FEC over a link serving a single subscriber are: 


♦ Retransmission algorithms can be implemented to require no additional overhead above 
the actual lost packets to each individual client in the down stream direction. FEC 
algorithms have no means of determining actual loss pattern, so additional overhead at 
least equal to the worst case loss rate must be allocated in the down stream direction. 


♦ In DSL environments, loss can be caused by factors such as Repetitive Electrical Impulse 
Noise (REIN) which makes loss behaviors unpredictable. The impact of this on a 
retransmission service is FFS.  The impact of this on an FEC repair service has been 
studied in some detail in the DVB IPI group and detailed results for this case are 
included in another Digital Fountain paper (IIF-ARCH-498R2). 


♦ Unlike FEC, the total bandwidth overhead of retransmission algorithms (upstream + 
downstream bandwidth) can decrease slightly as burst length increases, due to 
aggregating multiple NACK requests into a single RTCP packet. 


 
Each of these points is examined in detail below. 
 


C.2.5.1 Down Stream Overhead for Retransmission 
Retransmission algorithms can be implemented to send retransmission requests only when 
packet loss is detected. An example implementation would be a retransmission client that sends 
a retransmission request when it detects a sequence number gap. If we assume that a 
probability of packet reordering is small, then this algorithm will result in packets being 
retransmitted only when loss is detected. In these cases, retransmission requires no additional 
overhead above the actual lost packets in the down stream direction. 
 
However, it must be noted that a retransmission service sends lost packets via unicast 
individually to each client, whereas for FEC the same repair packet is sent in the multicast 
stream and used by all clients independent of which packets they actually lose, so the 
downstream bandwidth on all parts of the network where traffic for multiple users is 
aggregated (i.e., everywhere except the final access link) used by FEC is orders of magnitude 
less than that used by a retransmission service. 
  


C.2.5.2 FEC vs. Retransmission with REIN 
The statistical nature of the network impairments has a clear impact on the total bandwidth 
consumed in overcoming those impairments. Given a non-real-world constant packet loss rate 
with a fixed distribution of drops, one could design an FEC scheme to exactly match to drop 
rate. One could set the protection period and FEC weight to exactly cover the fixed loss rate. 
This methodology clearly does not work as well if you use white noise or REIN (Repetitive 
Electrical Impulse Noise) models.  
 
When using random white noise, the FEC algorithm needs to be designed to cover a 
representative sample of error distributions. When using a REIN model, the FEC must be 
designed to cover the clusters of errors associated with real-world impulse noise. As an 
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example, if you design an FEC to cover an average Packet Loss Rate of 1 packet per minute, you 
would be tempted to use a 500ms protection period covering 1 dropped packet. However, a 
REIN noise model would indicate that the errors cluster. Rather than getting an error every 
minute, you would tend to get 10 clean minutes, then get a burst error event that drops 10 
packets. Also note that typical loss patterns on DSL networks occur when the link layer Reed 
Solomon protection is overcome by burst noise, causing an 8ms+ outage rather than “dribble” 
errors.  
 
In fact, no one would recommend attempting to engineer FEC for average losses only, as 
suggested above. Error control techniques in general need to be engineered for the worst case 
errors -- or, more accurately, so that events which cannot be recovered happen with negligible 
frequency. Even when engineering for independent random losses it is necessary to engineer for 
statistically unlikely events since given the bit-rates and quality targets considered, even such 
unlikely events happen sufficiently often to be of concern. 
 
The net effect is that an error correction scheme needs to be designed around correcting the 
burst rate rather than correcting the average rate. Let the average packet loss rate be D per hour 
and the cluster factor be C (i.e., when you get a noise event it takes out C packets). The ratio of 
C/D provides the average time period (in hours) over which one cluster of packets will be 
dropped. For example, if the average packet loss rate is 1 packet per second and the number of 
packets lost in a cluster is 3, then on average one cluster of packets will be dropped every 3 
seconds. For a retransmission scheme, C packets will need to be retransmitted in this time 
period. To match this efficiency with an FEC scheme, the period over which the FEC overhead 
is calculated would need to be equal to the average rate at which a cluster of packets was 
dropped (3 seconds). Since the period over which FEC overhead is calculated turns into 
constant delay as well as channel change latency at the receiver, a much shorter period must be 
chosen for FEC. We will call this period T. A typical value for T might be 500 msec. The FEC 
would have to send C correction packets every period T to be able to correct for the burst error 
that may appear in any time T. 
 
If we compare the amount of time it takes to send C packets in both retransmission and FEC, we 
can get the relative bandwidth efficiency for each scheme. This ratio is C/(D * T). To provide an 
example of the result of this formula, we can plug in the values from the example illustrated 
above. 
 


D = 1 packets per second 
C = 3 packets per burst loss 
T = 500 msec  
 
C / (D * T) = 6 


 
This ratio is the bandwidth ratio of FEC to retransmission bandwidth for links carrying traffic 
for a single subscribed -- e.g., the access link.  Note that for links in the multicast tree shared by 
multiple subscribers, the overhead bandwidth for retransmissions on this link is much higher 
(equal to the product of the number of subscribers times the bandwidth per subscriber, whether 
or not the packet loss is correlated among different subscribers). For example, the ratio of the 
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bandwidth overheads on a link shared by 5500 subscribers (the number servable by a single 
retransmission server) is 6/5500 -- i.e., the FEC bandwidth overhead on such a shared link is 
only around 0.11% of the retransmission bandwidth overhead, or alternatively the 
retransmission server sends over 900 times as much retransmission bandwidth over this link as 
the FEC overhead bandwidth.   
 
So, for the particular example above, FEC bandwidth overhead is around 6 times higher than 
the average retransmission overhead bandwidth on non-shared links. Note for this example the 
relative FEC bandwidth overhead as a percentage of the streaming rates for a 2 Mbps stream is 
3/91 = 3.2%, so even though the FEC bandwidth overhead is 6 times the retransmission 
overhead bandwidth, it is still quite modest.  
 
On the other hand, the retransmission bandwidth overhead is over 900 times higher than the 
FEC bandwidth overhead on links shared by all 5500 subscribers.  In this example, this means 
that the retransmission bandwidth overhead is around 2750% that of the original stream on the 
link shared by all subscribers, compared to an FEC bandwidth overhead of 3.2%.  Thus, for 
example, the bandwidth out of the retransmission server that serves 5500 clients for a single 2 
Mbps stream is around 55 Mbps, compared to 2.064Mbit/s for the FEC case. 
 


NOTE: In the FEC evaluation for IPTV in DVB IPI, a REIN model was considered and simulations were done 
for the REIN model in the spirit of what is described in this section. This simulation model was agreed to be 
realistic by a number of companies.  It seems that results based on this REIN model would be a good 
source of information to look towards for actual FEC performance. 


 


C.2.5.2.1 Correlated Losses 
As noted above, an analysis based on burst losses produces somewhat different results from an 
analysis based on purely random losses. This section considers a further issue which is the 
effect of correlations between losses between different subscribers. 
 
Clearly, for FEC, the packet recovery process at each subscriber is a local process independent 
of other subscribers. Therefore correlations in losses have no effect on the operation of FEC. 
 
For retransmission-based approaches, the required retransmission server capacity increases if 
there are correlations in packet loss to different subscribers.  For example, packet loss just below 
a retransmission server in the multicast tree results in the same packet loss by all subscribers 
serviced by that retransmission server.  Thus, if 5500 subscribers are serviced by such a 
retransmission server, if it takes 0.1 ms to service each retransmission request, then there is at 
least a 550 ms service time delay for some of the subscribers.  If a retransmission of such a 
packet is again lost for a client, then this introduces additional delays. Note that 550 ms does not 
include network transmission times between the subscribers and retransmission server, so the 
overall channel zapping delay is likely to be much larger.   Note also that the service time delay 
in this example grows linearly with product of the number of subscribers and the number of 
lost packets over a short interval of time (e.g., if instead of losing just 1 packet, every other 
packet is lost for 5 packets total), then the service delay time is at least 2750 ms for the first 
retransmission for at least some of the 5500 subscribers.  Thus, with this type of correlated 
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packet loss, a retransmission server servicing 5500 subscribers provides a quality of service that 
is clearly inadequate. 
 
The analysis here shows that the range of subscribers per retransmission server considered 
earlier based on independent random packet loss is an overestimate for a correlated packet loss 
model -- i.e. the retransmission server described above could in fact service many fewer 
subscribers than the figures calculated using the assumption of random loss. Thus, supporting 
correlated loss models either requires many more retransmission servers or the buffer size at the 
clients must be increased. In either case, the difference is an order of magnitude.   
 
However, the likelihood of isolated loss correlated across many subscribers is mitigated in 
common network deployments by the fact that the aggregation links from which highly 
correlated loss may occur are typically optical links. Since BER on optical links is typically 
engineered to 10-12 or better, random packet loss associated with optical links is very low.  
Therefore, isolated packet losses are typically more dominated by the access network and the 
home network. By contrast, burst outages caused by protection switching events could be 
expected to impact many subscribers simultaneously 
 
For access lines, there will be an uncorrelated contribution and a correlated contribution to 
overall packet loss on DSL.  If in-house wiring is used, then most of the noise will be from 
sources in the home (e.g., light dimmers, blow dryer, etc.) so they will be uncorrelated with 
other homes.  Other packet losses could be due to noise sources that affect many or all of the 
DSL lines in a binder group, or in a cable.  A binder group has 25 pairs serving about 10-12 
homes or about 2 to 6 IPTV subscribers on average.  A possible example may be a lightning 
strike that causes packet loss to everyone in a serving area.  A serving area will be more likely a 
few hundred homes or perhaps 1000 IPTV subscribers at most. 
 


C.2.5.3 Total NACK Bandwidth Overhead for Retransmission 
The total bandwidth overhead associated with retransmission requests (i.e., NACKs) can be 
determined by taking the ratio of bandwidth associated with retransmission requests over the 
bandwidth of the lost/retransmitted packets. For RTP based retransmission method, the size of 
a retransmission request packet is around 60 bytes while the size of a retransmitted packet is 
around 1316 bytes. If a separate NACK packet is sent for every retransmitted packet, the total 
NACK bandwidth overhead as a function of the retransmission bandwidth overhead is around 
4.5% per subscriber. 
 
Retransmission request overhead can decrease with burst loss. With RTP based retransmission, 
a single NACK packet can be used to request more than one lost packet. Additional lost packets 
can be specified in a NACK using a bit map, so the additional overhead for specifying multiple 
lost packets is negligible. This means that total retransmission overhead can decrease in direct 
proportion to the burst size. In return, aggregation of retransmission requests in this way 
requires the client to postpone sending of retransmission requests for the earlier lost packets 
and therefore increases the size of the buffer (overall latency/channel change) required at the 
client. 
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From section 1, a total of 2 burst loss periods (8 msec and 250 msec) and 2 stream rates are 
examined as part of this analysis. The combination results in burst sizes of 3, 5, 46, and 139 
packets. We assume a client retransmission algorithm in which the client sends a retransmission 
request when it detects a sequence number gap. These burst sizes result in the following total 
retransmission request bandwidth overhead values per subscriber: 1.5%, 0.9%, 0.09%, and 
0.03%. 


C.2.6 Client Buffering Requirements 


IP Set Tops already include a fixed jitter buffer that must be sized based on the worst case 
expected network jitter for video. The major contributor to network jitter for video is scheduling 
latencies induced when packets from other traffic classes (i.e., voice packets) are scheduled 
ahead of video packets. This type of jitter increases linearly with the number of hops the video 
takes through the network. When a distributed architecture is used for retransmission sources, 
the number of hops between the retransmission source and the STB is much smaller than the 
number of hops between the video encoder and the STB. In addition, since retransmission 
traffic has a very low average rate and a relative high burst rate, retransmission packets are 
typically scheduled in a separate scheduling class from the video flow itself. Because of this, the 
network jitter associated with retransmissions will typically be much smaller than for the video 
stream itself. 


Receiver implementations of RTP based retransmission typically use the jitter buffer as the 
retransmission receiver buffer as well. Since the network jitter associated with retransmissions 
is much smaller than the jitter associated with the video stream, the buffering specifically 
associated with retransmission may be reduced by the size required for the jitter buffer to 
compensate for network jitter of the video stream. Commonly, the fixed jitter buffer in an IP Set 
Top is between 50 and 100 msec. 


With RTP retransmission, a retransmission receiver may detect packet loss by detecting a gap in 
the RTP sequence number space. This means that the retransmission request will not be sent at 
least until the first packet after the loss sequence is received by the receiver. In this analysis, we 
consider loss periods of 8 msec and 250 msec. 


C.2.6.1 Round Trip Latency Calculation 


The amount of time it takes for the retransmitted packet to come back to the client depends on 
the round trip delay from the client to the server, the amount of time for the retransmission 
server to respond to the retransmission request, and network jitter in the path from the client to 
the server. 


The round trip delay from the client to the server consists of speed of light delays and 
serialization delays as packets are transmitted in physical links. 


If the retransmission source was located in a central office, the distance between the 
retransmission source and the STB would typically be < 20 miles or .2 msec for the RTT 
transmission delay. If the retransmission source was located in a POP, the distance between the 
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retransmission source and the STB would typically be < 80 miles or 1 msec for the RTT 
transmission delay.  


Since the lowest speed link in the network path is typically the access link, it can be used as the 
basis for determining constant delay due to serialization as well as jitter. Serialization delay for 
the RTCP NACK packet on the access link should be negligible since the packet is fairly small. 
Serialization delay for the repair packet can be determined by the size of the repair packet (1316 
bytes) divided by the access link speed. From section 1, we can assume worst case access link 
speeds of 3 Mbps and 7 Mpbs for serialization delay. For a 3 Mbps link, serialization delay is 3.5 
msec while for a 7 Mbps link the serialization delay is 1.5 msec. 


Typically, DSL links used for IPTV have Reed Soloman forward error correction and 
interleaving enabled. An 8 msec interleaver block is often used.  With framing/processing 
delays in the DSL transceivers, one would expect about a 10 msec RTT for the DSL link with an 8 
msec interleave factor.  Another common interleave is a 16 msec interleave, which results in an 18 
msec RTT for the DSL link. For this analysis, we will consider a value of 14 msec RTT on the DSL 
link due to interleaving, which is half way between 10 and 18 msec.  


Jitter for the NACK and repair packets can be minimized by putting each of these types of 
packets into a link scheduling class on the DSL line that minimizes jitter. Both NACK and repair 
packets could be put into a signaling scheduling class on the DSL line that uses the bandwidth of 
the Internet Access service to minimize jitter and maximize throughput for repair packets. This 
scheduling class could be shared by other classes of signaling such as SIP signaling for voice 
services. Jitter for both NACK and repair packets can also be minimized on the DSL line if ATM 
cell encapsulation is used and separate ATM SARs are used per ATM traffic class. The ATM 
SAR when combined with an ATM scheduler minimizes jitter due to packets from the Internet 
Access service to 1 cell or 53 bytes. 


With an ATM based scheduler, the main source of jitter for both NACK and repair packets is 
packets carried in either the same or a higher priority scheduling class. For NACK packets, this 
may be incurred from voice and/or voice signaling packets being transmitted at the same time 
as the NACK packet. If we assume a worst case voice signaling packet of 600 bytes and worst 
case up link speeds of 1 Mbps and 3 Mbps, the NACK packet could experience worst case jitter 
of 4.8 msec and 1.6 msec respectively. The main source of jitter for the repair packet is a video 
packet being sent at the same time as the repair packet. This results in a worst case jitter of 3.5 
msec for a 3 Mbps link and 1.5 msec for a 7 Mbps link. 


The worst case server latency from section 3.2, based on independent random packet loss, is 2.6 
msec. 


Adding up all the worst case latencies for a retransmission request / response, we end up with: 


Propagation Delay (Speed of light) = 1 msec 


Serialization Delay = 3.5 msec (3 Mbps link); 1.5 msec (7 Mbps link) 


DSL Interleave Delay = 14 msec 
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Jitter = 4.8 msec (up link) + 3.5 msec (3 Mbps down link); 


1.6 msec (up link) + 1.5 msec (7 Mbps down link) 


Server Latency = 2.6 msec 


Worst case retransmission round trip time = 29 msec (3 Mbps link); 


20.4 msec (7 Mbps link) 


The above calculation assumes that there is no contribution to round trip time from queuing 
delays at intermediate nodes. This assumes that link speeds in the access network are 
sufficiently high that serialization delays are insignificant and that there is little or no cross 
traffic that could cause queuing delays. This may be true, for example, if the video traffic 
originates from a small number of locations. Jitter will be significant on these links only if there 
is a large amount of cross traffic. An example of cross traffic is when traffic of the same class 
(video) comes in on different ingress interfaces and out on the same egress interface. 


C.2.7 Lost Retransmissions 


If a retransmission receiver does not send a NACK until loss is observed using sequence 
numbers, it is impossible for either a NACK or retransmission packet to be dropped due to an 
initial burst loss event. This means that for a NACK or retransmitted packet to be lost, second 
loss event must occur almost immediately after the initial loss event. If we assume that loss 
events are randomly distributed the probability of a loss event occurring almost immediately 
after the initial loss event is (loss event probability) squared. 


From section 1, we assume a worst case loss probability of 5*10-3 and an effective loss rate of 
7.6*10-7 after retransmission. Given that 7.6*10-7 is less than the square of 5*10-3, the 
retransmission algorithm must take into account lost retransmitted packets. 


A retransmission receiver may take lost retransmission packets into account by waiting for the 
worst case round trip latency before sending another retransmission request This leads to worst 
case latency behavior of 2*RTT. This amounts of 58 msec for a 3 Mbps link and 41 msec for a 7 
Mps link given the worst case round trip latency analysis of section 3.4.1. 


C.2.8 Latency for Burst Loss 


The final factor to consider when determining latency at the client is low long it takes to 
transmit the packets that are lost. From section 3.4.1, we assume that repair packets are 
scheduled over the DSL link using a separate scheduling class from the video stream itself. 
Since the average rate of repair packets is extremely low, this scheduling class could take 
bandwidth from the Internet Access service without significantly impacting that service. 


Please note that this needs to be demonstrated. Other services seem likely to be affected by 
peaks in the retransmission traffic 
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This means that the scheduling class for retransmitted packets can guarantee bandwidth at the 
rate of the Internet Access service.   


Please note that assumes that all the Internet Access service bandwidth is temporarily fully used 
for retransmitted packets when there are retransmissions. This would seem almost certainly to 
cause back-off for other services, which is a fairly significant impact. 


From section 1, we assume the minimum bandwidth allocated to the Internet Access service is 1 
Mbps, video stream rates of 2 Mbps and 6 Mbps, and burst loss periods of 8 msec and 250 msec. 
The following table provides transmission latency for the burst loss periods and video stream 
rate specified in this analysis for different Internet Access rates. 


 


 8 msec loss  250 msec loss  


Internet Access Rate 2 Mbps 6 Mbps 2 Mbps 6 Mbps Stream 


1 Mbps 16 msec 48 msec 500 msec 1.5 sec 


2 Mbps 8 msec 24 msec 250 msec 750 msec 


4 Mbps 4 msec 12 msec 125 msec 375 msec 


6 Mbps 2.6 msec 8 msec 83 msec 250 msec 


8 Mbps 2 msec 6 msec 63 msec 188 msec 


Table 10:  Latency Associated With Burst Loss Greatly Depends On the Amount of Bandwidth 
Allocated To the Internet Access Service 


C.2.9 Total Latency 


The total worst case latency for retransmission can be determined by adding the loss period, the 
worst case round trip latency from section 3.4.2, and the latency for burst loss from section 3.4.3. 
The table below provides total worst case latency for the burst loss periods and video stream 
rate specified in this analysis for different Internet Access rates. 


 


 8 msec loss  250 msec loss 
 


 


Internet Access Rate 2 Mbps 6 Mbps 2 Mbps 6 Mbps Stream 


1 Mbps 82 msec 97 msec 808 msec 1.8 sec 
 


2 Mbps 74 msec 73 msec 558 msec 1 sec 


4 Mbps 70 msec 61 msec 433 msec 666 msec 


6 Mbps 68.6 msec 57 msec 391 msec 541 msec 


8 Mbps 68 msec 55 msec 371 msec 479 msec 
 


Table 11: Internet Access Rate 
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C.3.1 Other Considerations 


Other things that need to be considered in a full analysis of a retransmission-based repair 
service include: 


♦ Like the many other servers involved in modern IPTV and VoD service, the 
retransmission servers are vulnerable to denial of service (DoS) attacks.  Many of same 
mechanisms used to protect those servers are applicable to the retransmission servers.   
 
Authentication and authorization of retransmission requests may be required 
depending on whether or not other mechanisms such as IP address authorization are in 
place before an ITF is allowed to use the service -- e.g., during network attachment. In 
general, the IPTV and VoD systems are vulnerable to attack to the extent that malware 
can be injected into ITFs, or the extent to which any nodes participating in the service are 
not subject to other authorization checks. Depending on the trust model applied in 
general to the IPTV service (e.g., securing the signaling plane, securing the IP network 
itself, etc.), authorization machinery specific to retransmission may or may not be 
needed. 


♦ In the case where something specific to retransmission servers is required, and as long as 
standard RTCP mechanisms are used to request retransmissions, SRTP may be deployed 
to provide the necessary protections. If per-request cryptographic authorization (i.e., 
SRTP) is needed, those functions do need to be accounted for in determining the 
scalability and capacity of the servers. 


♦ Note that most attacks using RTCP feedback storms can be prevented by simply 
enforcing a maximum rate at which RTCP feedback packets (including NACK packets) 
will be processed by the retransmission source from any retransmission receiver. This 
can be implemented using a policer per retransmission receiver. This function could 
either be implemented in the retransmission receiver or in a network element that is 
downstream or co-located with the RTCP feedback receiver. Since policing is a fairly low 
overhead function compared to authentication, it is probably a more pragmatic 
approach to dealing with RTCP based attacks. 


♦ Note that attacks may be mounted from any application or transport protocol where the 
ITF generates either feedback or protocol requests for service. For example HTTP, RTSP, 
and SIP are examples of other protocols that may be used by an ITF to generate 
application requests to servers within the network. Authentication and key management 
systems will be required to prevent attacks from these protocols as well as, so it is 
unlikely a system will be put in place for RTCP alone.  


♦ Also, RTCP- and RTCP-based feedback can be -- and likely will be -- used for more than 
just NACK-based retransmission. One of the most basic functions of RTCP feedback 
packets is to provide quality of reception feedback from ITF to an RTP source node. Any 
provider wishing to leverage RTCP based feedback for quality monitoring purposes will 
need to deal with issue of securing RTCP independent of NACK-based feedback.  From 
an evaluation point of view, we assert that using RTCP based feedback for 
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retransmission will not likely add any fundamentally new DoS prevention mechanisms 
not already in consideration. 


♦ If authentication and authorization of retransmission requests is required, this will add 
to the processing time per request and further reduce server capacity. Key management 
for the authentication and authorization scheme (i.e., establishing whether the 
retransmission request is valid) also adds complexity.  


 


C.4 OTHER CONSIDERATIONS 


♦ Clearly, FEC and retransmissions operate in somewhat different ways. When comparing 
bandwidth, it is not a simple matter of comparing a single figure for each method: both 
average and burst bandwidth must be considered, and the comparison is different 
depending on where in the network you compare. In particular: 


o On the link to an individual user, retransmissions require a much lower average 
bandwidth than FEC. However, the peak bandwidth is much higher and may be 
taken from bandwidth allocated to other services, likely impacting the operation 
of those services. In contrast, FEC bandwidth on the user’s link is constant and a 
modest fraction of the overall stream bandwidth. 


o Since retransmission based systems use real time feedback to determine when to 
send packets, they can optimally adapt to any loss pattern from a client. As 
shown in section 3.3.2, this property of retransmission makes it more efficient (in 
terms of overall bandwidth consumption) than FEC over non shared access links 
such as DSL access links. 


o On links carrying traffic for many users, average retransmission bandwidth is 
multiplied by the number of users such that it may consume many times as 
much bandwidth as the stream itself. In contract, FEC bandwidth remains a 
constant small fraction of the stream bandwidth independent of the number of 
users. 


♦ Retransmission bandwidth and server capacity requirements are highly dependent on 
the level of correlation of packet losses across users. For example, if packets are lost just 
downstream of the retransmission server (affecting all users of that server), then this can 
affect capacity by an order of magnitude. 


♦ Since in real networks, all users do not experience the same worst case packet loss 
behavior, the amount of bandwidth allocated for retransmission can be based on 
statistical packet loss behavior across a large population of subscribers.  


♦ As the calculations above illustrate, engineering of retransmissions server and network 
capacity is affected by many factors, including loss rate, correlation of losses, capacity 
and placement of retransmission servers, availability of “best-effort” bandwidth to use 
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for retransmissions (which may vary from user to user). These factors may change as the 
network scales requiring constant re-engineering of the retransmissions system. In 
contrast, the amount of FEC bandwidth required depends only on the worst cases losses 
expected for a single user and the protection period chosen – constant re-engineering is 
not required. 
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Good Morning





It’s a real pleasure to be asked to make the Keynote Address for this workshop on IPTV today





I hope you find it stimulating, and please do ask questions and contribute to the discussions during the day – both in the room here and during the “infamous” DVB coffee breaks when some of the real value emerges.





After introducing the agenda for the day, I will share with you my personal perceptions of the IPTV market opportunities and the areas where DVB has a very valuable contribution to make – for the benefit of those of us who see an attractive commercial future in this market














Outline


			AL-FEC in DVB-IP


			AL-FEC evaluation


			Setup


			Selected Results


			Conclusions


			AL-FEC Specification Overview


			Motivation - hybrid code


			Specification overview


			Selected Results


			Remaining work























AL-FEC in DVB-IP


			Application Layer FEC is considered as an important component in DVB-IP to support a large variety and numbers of IPTV clients


			A Task Force within TM-IPI dealt with the specification of AL-FEC


			The TF has completed its specification work


			The DVB TM approved the AL-FEC specification


			Final approval and publication needs to await meetings of DVB CM and SB


			Expected publication: February 2007 























Specification Process


			Agreed simulation and evaluation criteria


			Loss models: statistically independent and repetitive electrical impulse noise (8 ms burst losses)


			Evaluation criteria: mean-time between packet losses (MTBP) for 96 hours simulation


			Additional latency due to FEC <100ms and < 400ms


			Sending arrangements defined


			Measure: bandwidth costs to support MTBP 4 hours


			Detailed simulation results collected


			Results lead to final specification























AL-FEC Evaluation - Conclusions


			Two candidate FEC codes were considered: 


			SMPTE 2022-1 (Pro-MPEG COP3) *


			“FEC Framework“ with Digital Fountain Raptor codes 


			Neither of the two codes is optimal in all cases


			Sending arrangement has impact on the performance


			Regarding implementation aspects no significant issues were identified with either code


			The Raptor code supports various future requirements


			Typically there is a threshold between 5 x 10-5 and 2 x 10-4 packet loss above which Raptor improves on Pro-MPEG





* SMPTE-2022-1 is a soon-to-be-approved SMPTE standard describing the FEC code also known as Pro-MPEG Forum Code of Practice #3 




















Example 1 – 2Mbit/s stream


With burst sending, below the threshold, Pro-MPEG (blue) uses less overhead than Raptor (green)


FEC Overhead required as fraction of original stream


Loss model


REIN = 8ms random burst outages


Additional latency caused by introduction of FEC


End-to-end packet loss rate


Sending arrangement for Pro-MPEG




















Example 2 – 6 Mbit/s stream


With constant sending, below the threshold, overheads are similar 




















Hybrid Pro MPEG/Raptor Code


			Both codes have areas of applicability where they improve on the other


			Two codes were not considered an option


			Hybrid of SMPTE 2022-1 1D column code and Raptor


			First FEC packets sent for a block are SMPTE 2022-1 1D column packets


			When more protection is required, additional Raptor-encoded packets are sent


			Hybrid SMPTE 2022-1/Raptor decoder can combine both SMPTE 2022-1 and Raptor packet























Independent Codes vs. Hybrid


			Independent options





			Hybrid code





Multicast bandwith


Source Stream


FEC 1: Pro-MPEG


FEC 2: Raptor


Low overhead for lowest loss lines


Higher overhead for higher loss lines


FEC 1: Pro-MPEG


Source Stream


FEC 2: Raptor


Low overhead for lowest loss lines


Incremental overhead for higher loss lines


Multicast bandwith























Hybrid Code - Specification


			The hybrid code is a single code, with two layers


			A base layer based on the SMPTE 2022-1 1D column code (backwards compatible with existing Pro-MPEG equipment)


			An enhancement layer based on the Raptor code


			Scenario comparable to scalable video coding in broadcast 


			Decoders either use SMPTE 2022-1 column packets alone or they combine data from both layers


			Specification contains


			Encoding rules


			Reference decoder (performance) for base layer


			Reference decoder (performance) for combining base layer and enhancement layer


			Will be published as an Annex to the DVB-IP phase 1.3 specification (TS 102 034) 























Specification outline


			Section E.1 - Introduction


			Section E.2 - Terms and Acronyms


			Section E.3 - SMPTE 2022-1 based code


			This section defines the subset of the Pro-MPEG CoP3 FEC code that must be supported


			Primarily defined by exceptions/clarifications to the SMPTE 2022-1 specification


			more later


			Section E.4 - Raptor based code


			Defines the Raptor code and how it is applied to streaming media


			Uses concept of “FEC Framework” and “FEC Schemes” taken from IETF RMT, 3GPP MBMS and now IETF FECFRAME


			more later























Specification outline ctd.


			Section E.5 - FEC Decoder


			Many decoder algorithms are possible - we do not specify a particular one, but instead define the minimum requirements that FEC decoders must meet


			MUST support SMPTE 2022-1 packets (if the AL-FEC is supported at all)


			MAY support Raptor packets


			Defines what “support” means: i.e. to claim support the decoder must actually use the packets to recover lost data wherever mathematically possible


			Describes a possible approach to hybrid decoding which meets the requirements























Specification outline ctd.


			Section E.6 - FEC Content Delivery Protocols


			Puts together the components from E.3 and E.4, together with the FEC SD&S data, to form complete FEC protocols for:


			Multicast MPEG-2 Transport Stream encapsulated in RTP


			Unicast MPEG-2 Transport Stream encapsulated in RTP


			Multicast audio/video directly within RTP – to allow for DVB-IP phase 2 - informative


			Unicast audio/video directly within RTP - phase 2 - informative


			Section E.7


			Formal FEC encoder specification for Raptor























SMPTE 2022-1


			Simple interleaved parity code


			Maximum block size 400 packets (20 x 20)
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FEC Framework


			Generic framework for application of FEC to streaming media


			First defined in 3GPP based on IETF RMT work


			Now progressing in IETF FECFRAME


			Supports arbitrary packet flows, not just RTP


			Defines:


			Mapping of packet data into “source blocks”


			Partition of “source block” into FEC symbols (source symbols)


			Labeling of source symbols and repair symbols


			Packet formats for source and repair data


			DVB-IPI specification adopts and enhances this Framework to support fully backwards compatible operation for the MPEG-2 TS case


			No modification of source packets


			Packet labeling based on RTP sequence numbers























FEC Framework ctd.


			The FEC Framework is a “basis” for a protocol: a complete protocol requires the addition of an “FEC Scheme” which defines all the things that are specific to a particular FEC code


			Flexible approach: allows easy adaptation to other scenarios or to other FEC codes


			The proposed DVB-IPI specification defines two FEC Schemes for Raptor


			Raptor FEC Scheme for MPEG-2 Transport Streams encapsulated in RTP


			Raptor FEC Scheme for arbitrary packet flows (in particular A/V encapsulation directly in RTP - for DVB-IP Phase 2)























Raptor code


			Raptor constructs repair data from a particular sequence of XOR operations amongst portions of the original packets


			Defined in terms of explicit encoding sequences: sequence of XOR operations for each supported block size is specified in text files attached to specification


			Similar approach to DVB S2 LDPC code specification


			The Raptor code is identical to that adopted by DVB IPDC, except:


			Only a limited set of block sizes are supported


			This is OK for streaming where variation in block size is limited


			Blocks can be padded to one of the supported lengths (no need to actually send the padding)


			Greatly simplifies encoder implementation and reduces computational complexity


			However, existing IPDC FEC encoders and decoders could also be re-used for DVB-IP implementations























Base Layer Performance


Process received SMPTE 2002-1 packets


Decode as many source packets as possible


Complete?


Stop


Yes


No




















Enhancement Layer Performance


Process received SMPTE 2022-1 packets


Decode as many source packets as possible


Use received and decoded source packets, remaining SMPTE 2022-1 packets and Raptor repair packets as input to hybrid decoder


Complete?


Stop


Yes


Complete?


Stop


Yes


No


Error!


No




















Performance example, 6Mbit/s, burst loss








Region where only Pro-MPEG packets used




















Performance example, 2Mbit/s, random loss








Region where only Pro-MPEG packets used


This could be achieved with Pro-MPEG packets only and Raptor P3, but this would increase overhead required for terminals at higher loss rates




















Performance example, 2Mbit/s, random loss








Region where only Pro-MPEG packets used with Raptor P3


Overhead for higher loss case increased by 50% for Raptor P3


Region where only Pro-MPEG packets used




















Hybrid advantages


			Equivalent performance to SMPTE 2022-1 for the subset of SMPTE 2022-1 that actually works well


			No license fees anticipated for equipment restricted to this case


			No change from the Pro-MPEG repair packet format – backwards-compatible with existing Pro-MPEG specification


			Equivalent performance to Raptor in other cases


			Can be introduced incrementally


			Receivers implementing only the SMPTE 2022-1 part of the hybrid code are unaffected by introduction of additional Raptor packets


			Similar flexibility to Raptor-only


			Independent setting of protection amount and protection period


			Supports advantageous methods such as layered sending and unicast faststart well


			Supports direct encapsulation of A/V over RTP (Phase II)























To be done ...


			Additional setup information required for FEC


			Multicast addresses and ports for the FEC repair data


			Unicast ports for the FEC repair data


			Maximum size/duration of FEC blocks (may be used by receivers for memory and timing optimisation)


			Symbol size and max symbols per block for Raptor


			Will be included in main body of DVB-IP phase 1.3 specification 


			Implementation Guidelines will be drafted


			Formal approval and publication
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Thank you!




















Minimum FEC overhead
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