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ITU-T RECOMMENDATION X.146

PERFORMANCE OBJECTIVES AND QUALITY OF SERVICE CLASSES
APPLICABLE TO FRAME RELAY

Summary

This Recommendation defines the reference model, national/international apportion model, frame relay service classes
and their associated delay and loss objectives, applicable to networks providing frame relay PVC or SVC service and
supporting frame relay service classes.

Source

ITU-T Recommendation X.146 was prepared by ITU-T Study Group 7 (1997-2000) and was approved under the WTSC
Resolution No. 1 procedure on the 25th of September 1998.
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FOREWORD

ITU (International Telecommunication Union) is the United Nations Specialized Agency in the field of telecommuni-
cations. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of the ITU. The ITU-T is
responsible for studying technical, operating and tariff questions and issuing Recommendations on them with a view to
standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years, establishes the
topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

The approval of Recommendations by the Members of the ITU-T is covered by the procedure laid down in WTSC
Resolution No. 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are prepared on a
collaborative basis with ISO and IEC.

NOTE

In this Recommendation the temnecognized operating agency (ROA) includes any individual, company, corporation or
governmental organization that operates a public correspondence service. Thadmmisration, ROA and public
correspondence are defined in th€onstitution of the ITU (Geneva, 1992).

INTELLECTUAL PROPERTY RIGHTS

The ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve the
use of a claimed Intellectual Property Right. The ITU takes no position concerning the evidence, validity or applicability
of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of the Recommendation
development process.

As of the date of approval of this Recommendation, the ITU had not received notice of intellectual property, protected
by patents, which may be required to implement this Recommendation. However, implementors are cautioned that this
may not represent the latest information and are therefore strongly urged to consult the TSB patent database.

0 ITU 1999

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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Recommendation X.146

PERFORMANCE OBJECTIVES AND QUALITY OF SERVICE CLASSES
APPLICABLE TO FRAME RELAY

(Geneva, 1998)

1 Scope

The purpose of this Recommendation is to define frame relay service classes with their associated delay and loss

parameters, together with allocations to national and international portions applicable to international frame relay

services in accordance with ITU-T Recommendations identified herein. This Recommendation defines frame relay

service classes that may be used to describe the information transfer phase of data networks when providing
international frame relay service (either permanent virtual connection service or switched virtual connection service).

Two frame relay performance parameters of Recommendation X.144 — frame transfer delay and committed frame loss
ratio — are used to characterize the various frame relay service classes. This Recommendation applies only to those
networks supporting the service class options of X.36 and X.76. Signalling and service class interworking issues are
covered in Recommendations X.36 and X.76.

The 3x 3 performance matrix defined in Recommendation X.134 (see Figure 1) is used as a guide to identify the applica-
bility of this Recommendation. As mentioned above, this Recommendation applies to the information transfer phase of a
frame relay virtual connection.

The parameters defined in this Recommendation may be allocated to specify the performance of end-to-end frame relay
connections or connection portions as specified in Recommendation X.144.

The frame relay service classes defined in this Recommendation describe specific design objectives for the information
transfer phase of the national and international portions of an international virtual connection. In the context of this
Recommendation, the term "service class" is equivalent to the terms "quality of service class" or "QoS class" as used in
Recommendation 1.356.

NOTE 1 — The service classes defined in this Recommendation may be augmented or modified based upon further study of the
requirements of frame relay to be supported on networks.

NOTE 2 — The defined service classes are intended to characterize frame relay connections in the available state.

This Recommendation is organized as follows:

clause 2 presents references;
— clause 3 presents abbreviations;

— clause 4 reviews the performance model of Recommendation X.144 and its national and international portions that
provide the basis for the allocations given in clause 5;

— clause 5 defines frame relay service classes applicable to the user information transfer phase of a frame relay virtual
connection, based primarily on the two performance parameters of frame transfer delay (FTD) and committed frame
loss ratio (FLR);

— clause 6 defines allocations of the service classes defined in clause 5 to the national and international portions
described in clause 4.

Recommendation X.146  (09/98) 1
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Figure 1/X.146 — Scope of this Recommendation
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2 References

The following ITU-T Recommendations and other references contain provisions which, through reference in this text,
constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All
Recommendations and other references are subject to revision; al users of this Recommendation are therefore
encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other
references listed below. A list of currently valid ITU-T Recommendationsis regularly published.

— ITU-T Recommendation X.36 (1995)nterface Between Data Terminal Equipment (DTE) and Data Circuit-
Terminating Equipment (DCE) for public data networks providing frame relay data transmission service by
dedicated circuit.

— ITU-T Recommendation X.36/Amd.1 (19963witched Virtual Circuit (SVC) signalling and refinements of
Permanent Virtual Circuit (PVC) signalling.

— ITU-T Recommendation X.36/Amd.2 (199Fyame transfer priority.

— ITU-T Recommendation X.36/Amd.3 (1998&Y,ame discard priority, service classes, NSAP signalling, and proto-
col encapsulation.

— ITU-T Recommendation X.76 (1995)etwork-to-network interface between public data networks providing the
frame relay data transmission service.

— ITU-T Recommendation X.76/Amd.1 (1998yitched virtual circuits.
— ITU-T Recommendation X.76/Amd.2 (1998),ame relay service classes and priorities.

— CCITT Recommendation X.140 (1998eneral quality of service parameters for communication via public data
networks.

— ITU-T Recommendation X.144 (1995)ser information transfer performance parameters for data networks
providing international frame relay PVC service.

— ITU-T Recommendation X.144/Amd.1 (199Annex C — Some relations between frame-level and ATM-level
performance parameters.

— ITU-T Recommendation X.145 (199@erformance for data networks providing international frame relay SVC
service.

— ITU-T Recommendation G.114 (1996&)ne-way transmission time.

3 Abbreviations

This Recommendation uses the following abbreviations:
AR Access line rate for the access circuit section
CPE Customer premises equipment

DCE data circuit-terminating equipment

Dkm air route distance

DSE data switching equipment

DTE data terminal equipment

FLR,  committed frame loss ratio

FTD frame transfer delay

FTD, access circuit section frame transfer delay
FTD, international portion frame transfer delay
FTDyN  national portion frame transfer delay

FTDp edge-to-edge frame transfer delay objective
NNI network-to-network interface

PVC permanent virtual connection
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QoS

4

quality of service

access circuit section route length
route length of the international portion
route length

switched virtual connection

user-to-network interface

Reference model

The performance model for this Recommendation is that of X.144 (as presented in clause 4/X.144). For completeness,
this performance model isillustrated by Figure 2. The national and international portions of this frame relay performance
model are those used in clause 6.

DTE
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National border
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S S S
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Figure 2/X.146 — Reference model for the apportionment of national and international portions
of a multiple-network international virtual connection

Note that an end-to-end international virtual connection consists of two national portions and one international portion.
In certain cases, the international portion could consist solely of an internetwork circuit section. In this
Recommendation, the term edge-to-edge denotes the performance of the end-to-end connection excluding the two access
circuit sections. This model applies to the information transfer phase of a frame relay connection, and is applicable to
either a switched virtual connection (SVC) or a permanent virtual connection (PVC).

The Data Termina Equipment (DTE) is not part of the end-to-end international virtual connection; hence, its
contribution to the user experience is not considered in this Recommendation. Private frame relay networks are
considered as DTE, and thus neither is their performance contribution considered in this Recommendation. The subject
of quantifying the degree to which a private frame relay network contributes to the overall user experience is a subject
for further study.
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5 Network performance objectives and frame relay quality of service classes

This clause discusses the general nature of per-connection frame relay network performance objectives and the specific
quality of service (QoS) classes of Table 1 through which they are supported. Issues of estimating these network
objectives are al so discussed, as isthe weighting referred to in Table 1.

With respect to the frame relay QoS classes in Table 1, the user has the option of requesting a different QoS class for
each new SVC or PVC. While three of the four QoS classesin Table 1 have numeric objectives for both FLR. and FTD,
there is one class (class 0) for which no objectives are specified. Class O is therefore sometimes referred to as the
unspecified class.

Table 1/X.146 — Frame relay service classes

Class Network support FLR, FTD (ms)
0 Mandatory, No upper bound specified on FLR.. | No upper bound specified on FTD.
default class But FLR. will have a practical But delay will have a practica

upper bound and will not be upper bound and will not be
arbitrarily bad. arbitrarily large.

1 Mandatory Vaue< 1 x 1073, and 95th 95th percentile < 400 ms.
percentile of wel 3qhted 15-minute
values< 3 x 107>,

2 Optional Vaue < 3 x 1075, and 95th 95th percentile < 400 ms.
percentile of wel ghted 15-minute
values<1x 107

3 Optional Vaue < 3 x 1075, and 95th 95th percentile < 150 ms
percentile of weighted 15-minute (see Note 6).
vaues for month <1 x 1074,

NOTE 1 — All values are provisional and they need not be met by networks until they are revised (up or down) based on real
operational experience.

NOTE 2 — The FTD objectives apply edge-to-edge.
NOTE 3 — Basic frame relay service guarantees apply to all service level classes (i.e. minimum service availability rejjuirement

NOTE 4 — For FTD performance, all service classes apply to frames of size 256 (i.e. to frames with user information fields of
256 octets). If frames of size 128 are used to estimate compliance with these objectives, then the following tighterr@i¢h| perce
objectives for FTD should be used; 380 ms for classes 1 and 2, and 130 ms for class 3.

NOTE 5 — Classes 2 and 3 may be characterized by service availability levels higher than those of basic frame relay servjce.

NOTE 6 — In the case of service class 3, if the international portion route length exceeds 9300 km, an allowance of 625 ms per
1000 km of route length is allocated to the international portion.

NOTE 7 — For frame relay PVC connections, a one-month interval should be used to evaluate the FLRc objective.
NOTE 8 — Methods for estimating network performance for frame relay SVCs is for further study. See Appendix .
NOTE 9 — The definition of frame transfer jitter and inclusion of objectives for it in the above service classes is fatdalgher

51 Natur e of the network perfor mance objectives

FLR; objectives are expressed as a value and as a 95th percentile of weighted 15-minute averages. These
FLR. objectives apply to the total population of offered frame relay frames. FTD objectives are expressed in terms of a
95th percentile value. These objectives do not include the performance of DTES or private networks. The performance of
private networks and DTEs is a subject for further study.

Recommendation X.146  (09/98) 5



52 Statistical estimation of network performance

Estimation of performance to assess compliance with the FLR. and FTD 95th percentile objectives can be accomplished
through either continuous monitoring or via statistical estimation. Any statistically valid method for verifying that these
network objectives have been met is acceptable. Such a method could be sampling a fifteen-minute interval every three
hours and producing weighted estimates — as long as this method produces unbiased estimates of.@tHefBLR

Among others, the following points should be covered:

e aggregation period, the period of time over which the objective value is finally computed (default is one month);

and, if continuous monitoring is not used, the sampling policy elements:
» frequency of the measurement;
e duration of the measurement (time or number of frames);

« first stage computation made on every single measurement [none (i.e. rough data samples aggregated at the final
stage), average or ratio, 95th percentile];

* weighting of samples or measurements based on number of frames (offered f@miLdelivered for FTD) at the
final aggregation level if the first stage computation hides this variable.

For example, to estimate FLRa 15-minute interval (interval A with an FLRf 1%) in which 400 frames were offered
to the network should receive four times the weight of a 15-minute interval (interval B with anoFRR6) in which
100 frames were offered. This would produce a weighted average BtR(400/500) x 1%} + {(100/500)

x 2%} = 1.2%.

When estimating the 95th percentile of the 15-minute values of,RhR 15-minute values should be weighted by the
number of offered frames. For estimating the 95th percentile of FTD, all observations of FTD should be considered.

When performing any statistical estimation, a sufficiently large sample (to ensure statistical validity) must be present. In
the case of SVC-connections, sometimes either the number of frames or duration of time may be less than sufficient to
compute valid statistics to determine network compliance with the stated frame relay QoS classes. Should this occur,
collections of like SVCs may be aggregated to obtain a sufficiently large sample to allow the statistically valid
determination of the extent to which a network is meeting its QoS obligations. Examples of collections of like SVC
connections include those between the same pair of end users, or those between the same called and calling party
numbers. When such aggregation of SVCs occurs, isolated instances of failure to meet QoS objectives on individual
SVCs that have an insufficient number of frames cannot by themselves be taken as proof that the network has failed in
its obligations — only an analysis of the entire aggregate collection of data can make that determination.

Although the precision of any statistical estimate should be reported with the estimate itself, the specification of the
precision of statistical estimates of FL& FTD is for further study.

53 Unspecified performance

Despite not having any numeric network objectives set in class 0, there is no implication that the performance of a
connection supporting QoS class 0 will be arbitrarily poor — some operational bounds on performance will exist even in
this case. Indeed, some network operators may unilaterally elect to support a minimal leve} of FHI® even for
connections supported by class 0.

54 Standardized Frame Size for FTD performance measur ement

Clocking delay of both access circuit sections and inter-network circuit sections can be a significant component of the
end-to-end frame transfer delay, in particular if large frames or low-speed circuit sections are in place.
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A standardized frame size (length of information field in frame relay frame) of 256 octets is to be used for making FTD
performance measurements. This ensures that the clocking delay component is not significant and that the clocking delay
contribution is not variable between different performance measurement implementations.

NOTE — It is recognized that FTD performance measurements might be made using a frame size of 128 octets, in which case the
objective values are modified accordingly (see Note 4 of Table 1).

55 Framerelay service classes

Table 1 specifies four frame relay service classes. For each QoS class three items are specified. First, the level of
network support, either mandatory or optional, is specified. Next, the committed frame loss ratio, FLRg, if applicable,
and its mean value and 95%-tiles. Finally, the requirements on the frame transfer delay, FTD (in milliseconds), is given
for each QoS class. These frame relay QoS classes apply to both frame relay PV C and frame relay SVC. User signalling
of frame relay service class at a UNI is contained in Recommendation X.36/Amd.3. Signalling of frame relay service
class at the NNI is contained in Recommendation X.76/Amd.2.

The notations of mandatory, default class, and optional in the network support column have the following
interpretations. Any network supporting these frame relay service classes must support both class 0 and class 1. Class 0
corresponds to current frame relay implementations and is thus denoted as the default class. Use of the default service
classis defined in Recommendations X.36 and X.76. Lastly, networks supporting these frame relay service classes may,
at their discretion, elect to support the optional classes 2 or 3. Users selecting class 2 or class 3 may be subject to
additional restrictions of the service provider not explicitly mentioned in this Recommendation.

6 Service class allocation methods

This clause defines methods for allocating the performance specified in the QoS classes of clause 5 to the national and
international portions of clause 4. As the objectives in the QoS classes in clause 5 exclude the performance of the access
circuit section, this aspect is discussed first in 6.2 after the introduction of route length in 6.1. Subsequently, 6.3 and 6.4
discuss the means by which the QoS class objectives of clause 5 for FTD and FLR,, respectively, are to be alocated to
national and international portions. Subclause 6.3 aso contains the end-to-end formulafor FTD.

When dlocating frame transfer delay on an edge-to-edge basis, a percentage alocation (modified when a satellite is
present) is utilized. The effects of both "complexity" and "distance" when allocating FTD are for further study. The term
"complexity" denotes network effects that increase delay as more switching and queuing stages are encountered. By
"distance” is meant those networks effects not directly related to additional switching or queuing. These are typicaly less
controllable, and route length estimates and all ocations are used for these effects.

It should be noted that as the levels of the various FLR; objectives in the frame relay QoS classes are in the range of
10-5to 3*10-3, the major effect on FLR; is due to buffer management (i.e. complexity). Thus, route length is not used as
afactor in the allocation of FLR,.

It is not anticipated that there will be more than one geostationary (or high orbit) satellite in a particular frame relay
virtual connection. The presence of a geostationary or high orbit satellite is anticipated to reduce the number of
switching nodes encountered by a virtual connection. However, the presence of more than one geostationary (or high
orbit) satellite will cause the end-to-end objective for FTD to be exceeded, for all defined service classes except for the
default class 0.

Performance allocations for multiple geostationary or high orbit satellites are for further study. Refinements to these
allocations that reflect variations in connection segment length and/or complexity among national portions are for further
study. Also for further study are performance allocations for portions containing low or medium orbit satellites.
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6.1 Route length calculation

Route length (Rym) is used in place of "distance” in allocating some of the FTD performance objectives. If Dy, is the
air-route distance between the portion boundaries, then the route length is calculated as follows (this is the same
calculation as found in Recommendation G.826):

e if Dgm < 1000 km, then Ry = 1.5 X Dy
« if 1000 km < Dy < 1200 km, then Ry = 1500 km;
*  if Dgm> 1200 km, then Rym = 1.25 X Dy

Thisrule does not apply if there is a satellite in the portion.

6.2 Access circuit section allocations
An access circuit section is part of anational portion.

As noted above, the major contribution to FLR. performance is complexity. The apportionment of the national portion
FLR; allocation to the access circuit section is a national matter. Hence, this Recommendation makes no allocation to the
access circuit section for FLR...

For FTD, the contribution of the access circuit section could be significant, depending on both its length and its nominal
access linerate. The following formula quantifies the access circuit section’s contribution to FTD.

The following notation is used:
AR standsfor the access line rate of the access circuit section in bits per second;

» FTDj, is the respective contribution of an access circuit section to the end-to-end frame transfer delay in milli-
seconds;

*  Rystandsfor the calculated route length of the access circuit section in kilometers.

The multiplier of 0.005 ms/km comes from Recommendation Table A.1/G.114, and allows for delay in repeaters and

regenerators. Additionally, aframe size of 256 octets, with 5 octets of overhead (atwo-octet address field, a 16-bit cyclic

redundancy check, and one flag) and 40 insertion bits for transparency is assumed.

The FTD associated with an access circuit section is:

(256 x 8 + 5 x 8 + 40) bits
(AR/1000) bit Ost

FTD, ms = + Ry km x 0005ms Okm™

6.3 Frame delay allocationsto national and international portions

For the alocation of FTD to national and international portions, the following formulas are used when no satdllite is
present. For the national portion, the route length, Ry, excludes the length of the access circuit section.

The following notation is used:
 FTDyisthe FTD of the national portion:

The FTDy is applicable to international virtual connections only. FTD for national virtual connections is outside the
scope of this Recommendation.

* FTD, isthe FTD of theinternationa portion;
FTDgisthe FTD edge-to-edge objective from Table 1;
 FTD4isthe FTD of the access circuit section associated with the national portion;

* R, isthe calculated route length of the international portion.
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The formulafor end-to-end FTD (in milliseconds) of the national portion is:

FTDN = FTD, + 0.345 x FTDg

The formulafor FTD (in milliseconds) of the international portion is:

FTD, = 0.31 x FTDg, when R; isless than 9300 km

FTD, = 6.25 x R, when R, isat least 9300 km

If a satellite is present in any portion, that portion is allocated a fixed FTD of 320 milliseconds. The value of
320 milliseconds takes into account factors such as low earth station viewing angles, and forward error correction
encoding. Most portions that contain a satellite are not expected to exceed 290 milliseconds of delay. In the case of a
satellite in one of the three portions, the remaining two portions are allocated 40 ms of delay each for their FTD
objective.

6.4 Frameloss allocations to national and inter national portions

This subclause provides allocations of the FL R objectives. As noted above, this allocation does not use the route length
of aportion due to the levels of the FLR; objectives. Since national portions often have somewhat more complexity than
international portions, this allocation dightly favours national portions. The alocation is as follows:

*  For anational portion, take 34.5% of the objective in Table 1.

»  For aninternational portion, take 31% of the objectivein Table 1.
These rules apply regardless of the presence or absence of a satellite in the portion.

The alocation is applicable to international virtual connections only. FLR, for national virtual connections is outside the
scope of this Recommendation.

Appendix |

[llustration of the weighted distribution concept for X.146
with possible application to framerelay SVC connections
and measurement methods to estimate the 95th percentileof FTD

.1 Weighted distributionsand SV C performance estimation

Various questions arise when examining the possible means by which the design objectives in Table 1 could be applied
to framerelay SV C connections:

1) Do the objectives of Table 1 really apply to al frame relay SVC connections regardless of the number of offered
frames or time duration?

2)  Will the objectives apply only to SV C connections with some minimal duration or number of offered frames?

3) How can frame relay SVC connections with different numbers of offered frames and durations be used in
estimating the network design objectives?

4)  Will the same methodology that is used for frame relay SV C connections also be applicable to PV C connections?
5) How can both PV C and SV C connections be used to estimate the FLR. and FTD objectivesin Table 1?

In order to answer the above questions with respect to FLR, this appendix presents a methodology for describing a
weighted distribution of FLR. applicable to both PVCs and SVCs. Both long- and short-time duration Frame Relay
connections are amenabl e to this methodol ogy.
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Key to this methodology is the notion of a basic time duration, T. The basic time durations can correspond to individual
short calls (e.g. SVCs) or to portions of longer calls (e.g. portions of PVCs). Based on the observations of FLR; over
both time intervals of a basic time duration, and intervals of time less than the basic time duration, a weighted
distribution of FLR; is defined. The definition of the weighted distribution given here does not require that the same
number of frames be sent in each time interval. Various statistics of the distribution (e.g. mean, variance, quantile) are
easily obtained.

Let there be M time intervals, and let the duration of the jth interval be T;. T; is defined as follows:
1) If theduration of aconnection islessthan or equal to T, set Tj equal to T.

2) If the duration of a connection is greater than 1, break the connection into a number of intervals of length T and a
final interval whose duration is less than or equa to T.

As an example, setting T equal to 15 minutes means that connections longer than 15 minutes will be divided into
15-minute intervals, and connections shorter than 15 minutes will not be divided.

Next, define the following quantities:

N;j = number of frames sent during interval j;
n; = number of frameslost during interval j;
p; = n/Nj = FLR for interval j;

M
N= Z NJ- = total number of frames sent during all M timeintervals,
=1

w;j = MNj/N = weight for interval j.

The weights w; are defined to handle the case where a different number of frames s sent during each interval j. Note that
the weights are normalized to M, i.e.:

In addition, in the case where all the N; are equal, i.e. the same number of frames is sent in each interval, the w; are all
equal to 1 (and they sum to M).

Using the above, a distribution for FLR (the pj) can be defined as follows. Note that FLR is a number between 0 and 1,
and divide the interval [0,1] into K binsfor FLR. The boundaries for these bins are defined by quantities Py.

Pp s PpsPy< - <Pk

The jth bin is given by the interval [Pj_;, Pj]. Note that number of bins and the P; are chosen to correspond to the
granularity for which FLR estimates are desired.
The total weight for all the intervalswhose FLR fallsin bin kis given by:

Wi = ZWJ
JRaspj<R

i.e. for bin k, the weights for all the intervals whose FLR falls within the bin (i.e. is between Py_; and Py) are summed.
Using these weights, a histogram (FLR distribution) may be plotted with FLR bin on the horizontal axis and total weight
for the bin (wy) on the vertical axis. Figure 1.1 illustrates such a distribution.
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Once the distribution of FLR is defined, statistics may be defined in the usual way. For example, the mean u and
variance a2 are given by:

M
1 2 1 2 2
=__ - == <[
vl jzzle pp ad o z W p vl

An estimate of the a-quantile may be obtained as the value p such that the cumulative distribution between 0 and p
(i.e. the area under the histogram between 0 and p) is equal to aM (note that the factor of M is present because the
weights are normalized to M rather than 1). Note that, in practice, the a quantile would be determined to the granularity
of one bin [Py_1, Py, with the area up to Py_4 being less than or equal to aM and the area up to Py being greater than or
equal to aM.

Finally, note that when the mean and variance above are obtained from measurement data, they are point estimates of the
true mean and variance; the question of statistical confidence (and associated confidence intervals) is not addressed here.
In addition, the a-quantileis an interval estimate, though the degree of statistical confidence is not addressed.

Weight (w) A&
W= 2 W,

JiPispis Py

x x

N
7\

Po Py Py P Pt Pk Px1 Pk

T0732430-99/d03

Frame Loss Ratio (p)

Figurel.1/X.146

1.2 Methodsto estimate the 95th percentile of FTD

One method to estimate the 95th percentile value is to sample the FTD with a sufficiently large number of measures, and
compute the 95th percentile from all the measures of FTD in the sample. This estimate of the 95th percentile would then
be compared to the objective in Table 1 for the 95th percentile of FTD.

Another way is to verify that no more than 5% of the measures are above the target threshold. When this method is used,
the actua ratio above the predetermined threshold (be it 1% or 4%) and its evolution provide useful information on how
good or bad the service is and will be.

From a pure performance perspective, the two methods are equivalent, but from an implementation point of view, one
requires that all the measures be captured, while the other requires that only in the order of 5% of the measurements be
captured.
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Appendix |1

Effect of transmission delay and frame sizeon FTD

This appendix presents information to illustrate the effects which the choice of frame size and transmission trunk speed
have on FTD performance. These effects occur in both the access circuit section, and aso in the inter-node trunk
transmission link.

Clocking delays of inter-node trunk transmission link clearly contribute towards the end-to-end frame transfer delay.
Although it is a small component for frame sizes below 512 octets, this component can become more significant for
larger frame sizes and low speed transmission links. This can be seen by observing the clocking delay components
calculated for various transmission speeds, as shown in Table I1.1 below.

Table 11.1/X.146 — Clocking delay for various transmission rates and frame sizes

Transmission Framesize (FR information field)
Speeds
64 bytes 128 bytes 256 bytes 512 bytes 1024 bytes 2048 bytes
64 kbit/s 8ms 16 ms 32ms 64 ms 128 ms 256 ms
128 kbit/s 4ms 8ms 16 ms 32ms 64 ms 128 ms
256 kbit/s 2ms 4ms 8 ms 16 ms 32ms 64 ms
512 kbit/s 1ms 2ms 4ms 8ms 16 ms 32ms
1024 kbit/s 0.5ms 1ms 2ms 4ms 8ms 16 ms
1544 kbit/s 0.35ms 0.68 ms 1.35ms 2.67ms 5.3ms 10.6 ms
2048 kbit/s 0.25ms 0.5ms 1ms 2ms 4ms 8ms
34 368 kbit/s 16 ps 31us 61 ps 120 pys 240 us 480 ps
44736 kbit/s 12 us 24 us 46 ps 92 us 184 us 367 us
155520 kbit/s 35pus 7 s 13 ps 27 us 53 us 106 ps
NOTE — The frame size refers to the size of the FR information field. Also a 2-byte FR header size plus a 2-byte FCSdre|assume

Consider a national network which has a geographic span of 4000 km, consisting of 8 switching stages and inter-trunk
transmission speeds of 2 Mbit/s. Each switch contributes 1 ms of queuing delay.

— For a 512-octet test frame, each trunk will contribute a clocking delay of 2 ms (see Table 11.1). The total FTD is
calculated as & 1 ms+ 4000 kmx 0.005+ 8 x 2 ms= 44 ms. This network meets the national portion FTD
objective allocation of 51.75 ms for class 3 FR services.

— For a 256-octet test frame, each trunk will contribute a clocking delay of 1 ms (see Table II.1). The total FTD is
calculated as & 1 ms+ 4000 kmx 0.005+ 8 x 1 ms= 36 ms. This network meets the national portion FTD
objective allocation of 51.75 ms for class 3 FR services.

Now consider a national network which has a geographic span of 4000 km, consisting of 8 switching stages but whose
inter-trunk transmission speed is 1.544 Mbit/s. Each switch contributes 1 ms of queuing delay.

— For a 512-octet test frame, each trunk will contribute a clocking delay of 2.67 ms (see Table II.1). The total FTD is

calculated as 8 1 ms+ 4000 kmx 0.005+ 8 x 2.67 ms= 50.36 ms. This network meets the national portion FTD
objective allocation of 51.75 ms for class 3 FR services.
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— For a 256-octet test frame, each trunk will contribute a clocking delay of 1.35 ms (see Table II.1). The total FTD is

calculated as 8 1 ms+ 4000 kmx 0.005+ 8 x 1.35 ms= 38.8 ms. This network meets the national portion FTD
objective allocation of 51.75 ms for class 3 FR services.

Thus, it can be seen that only in the case where the number of switching stages exceeds eight (8), and the inter-node

trunk transmission speed is 1.544 Mbit/s, will the national portion FTD objective be exceeded when the test frame size is
512 octets.
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Protection against interference
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Telegraph switching
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Data networ ks and open system communications
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