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Picture format

A large variety of different formats are supported. In particular the 4:2:2 level of
CCIR 601 and the CCITT/CIF

Deinterlacing

The. deinterlacing is performed by motion compensated spatial interpolation for
the luminance component and by field skipping for chrominance components.

Subband decomposition

The spatial correlation is reduced using a tree structure subband decomposition
(wavelet transformation). This wavelet subband transform leads to a hierarchical
data structure.

Filter bank specification

The filter bank contains a class of bi-orthogonal filters. The analysis filters are
10 taps with coefficients in powers-of-two. The synthesis filters are 6 taps with
coefficients in powers of two. In addition they are optimally localized in the joint
spatial/frequency domain.

The filters are rectangular separable and are realized in polyphase structure.

Motion estimation

The motion is estimated by block matching. The search is performed using a coarse
to fine strategy (hierarchical). A two-step search is applied at each level, instead
of the full search, to reduce the computational complexity. A median filtering is
applied after each level to reduce the propagation of errors in estimation.

The accuracy of the motion vectors is limited to integer pels. The maximum
detected displacement is +21 pels.

Coding modes



Intraframe coding is applied after each group of 10 frames in order to reduce the
propagation of errors and to access in a short time a randomly selected frame.

Predictive and interpolative modes are applied alternatively.

Scalar quantization

A scalar quantizer is applied to the output of the subband decomposition stage.
The same step size is used for all the subbands, and the entire scene.

Adaptive entropy coding

An adaptive arithmetic coder is used to generate the bitstream. The adaptive
entropy decoder has its own internal model, so that no side information is needed
to be transmitted.

A similar adaptive arithmetic coder is used to code the motion vectors.

The entropy coder is frequently reset in order to reduce the propagation of channel
errors.

Reinterlacing

The reinterlacing is performed by simply taking the even and odd lines of the
decoded frame as odd and even fields.

Some additional features

The proposed codec is not block based.
A generic coding is inherently possible.
A fully progressive frame coding is strajghtforward.

A partial decoding of the bitstream for a lower resolution decoding is possible. This
property is spacially very suitable for fast forward mode without a buffer overfiow.

A progressive transmission is possible.

The proposed codec is particularly suitable for both constant bitrate and varialle
bitrate transmissions.

A frequency weighting matrix for quantization is straightforward but not imple-
mented.

The forward and backward compatibility between two different levels of resolutjon
is possible. :
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1 General description

This paper describes briefly the EPFL proposal for MPEG IL Although the MPEG requirement only covers
the bitrate range of 1 to 10 Mbps, the proposed codec is capable 10 function at higher and lower bitrates
without any change in its general strategy. In particular, this codec can handle any input format and it is
completely independent of the initial resolution of the input signzl. By the same occasion a total forward
and backward compatibility can be maintained within different formats and different resolutions. The core
of the system works on progressive scan, however a deinterlacing module at the input level permits to
support both interlaced and progressive formats such as ISO/CCIR €01 which is required by MPEG II and
CCITT /CIF format which is not required by MPEG II but very frequently used in several applications.
The interlaced to progressive conversion is performed by a spatial motion compensated interpolation. Ter
progressively scanned formats the conversion module is simply bypassed.

The spatial correlation is reduced by a Gabor-like wavelet transformation. Among all filters of a given
Jength, the Gabor filter has the best frequency response with respect to the Heisenberg uncertainty prin-
ciple. The wavelet transformation used here performs octave bands partitioning of the spatizl-frequency
domain. This is motivated by typical image statistics and also by the spatial frequency sensitivity of the
human visual system. In addition, this partitioning produces a multiresolution structure. Such a structure
is very suitable for a generic coding scheme by discarding or taking into account a certain number of levels
in the multiresolution pyramid. For example, an HDTV sequence can be decoded by a TV decoder and
vice versa.

The temporal correlation is reduced by a hierarchical motion estimation. Tle motion field in the scene is
computed between the previous and the current frame. The motion estimation procedure starts by esii-
mating the motion field at a low resolution level and then the obtained results are injected into the next
level of resolution as initial estimates and refined at this resolution Jevel. this procedure is repeated until
the motion vectors at the original resolution are obtained. This procedure is very efficient in computation:l
cost and leads to accurate and robust estimations. Once the motion field is obtained. the current frame is
then predicted and only the error of this prediction is coded. A fully predictive coding has however the dis-
advantage that the uncovered areas cannot be predicted, and the error image Lias a ligh energy at occluded
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Figure 2: The decoder block diagram.

points. This disadvantage can be reduced partially by inserting interpolative modes hetween predictive
ones. Errors due to occlusions are then reduced considerably. However this procedure will introduce an
additional frame memory and an additional frame delay. In our current system the same vectors are used
for the predictive and the interpolative modes. Furthermore in order to avoid the propagation of errors
in estimating the vector field at each resolution level, a median filtering is applied at the end of motion
estimation for each level of resolution. To prevent the propagation of errors, and to be able to accessin a
short time any particular frame randomly, within each group of 11 frames the first one is alwayvs intraframe
coded.

The coefficients after the transformation stage are all uniformly scalar quantized. The same step size is
used inside each subband, and inside the entire scene. A generalization into different quantization steps
per subband is straightforward by introducing a visually significant weighting matrix, but it is not used in
the current system.

The output of the quantization stage is entropy coded by an adaptive arithmetic coder. The adaptation
is performed by generating and updating an internal histogram of svmbols after an already defined period
of coded symbols. The same arithmetic coder, with a different adaptive model, is used to code the motion
vectors. To avoid the propagation of the errors the models are reset frequently. In the current svsiem the
reset 1s applied after each frame.

The chrominance components are first subsampled in the vertical direction by a simple field skipping. and
then they are trezted exactly in the same wayv as for the luminance compouent. For the miotion compen-
sated predictions and interpolations, the vectors obtained for the lumirance component are used, wlere
the amplitudes and their spatial resolutions are divided by two in each direction.

Figure 1 represents the block diagram of the proposed coder, and the decoder block diagram is presented
in figure 2.
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Figure 3: The deinterlacing procedure.

2 Interlaced to Progressive Conversion

If the input is in an interlaced format, a first block implements the interlaced to progressive conversion.
The system can be used to code both ISO/CCIR 601 (interlaced) and CCITT/CIF (progressive) formats.
The conversion is based on motion compensated interpolation. Each field in the scene is interpolated into
a progressive frame, by predicting the missing lines between every two lines in the current feld. Figere 3
Ulustrates the interpolation procedure. The black points in the figure represent the actual lines in the
frame and the white pixels are to be interpolated. The pixel to be interpolated is represented in gray in
Figure 3. We assume a simple translation between two portions of lines included in a window zround this
pixel. This displacement is estimated with a 1-D spatio-temporal constraint, and uvsed for a more accurate
interpolation. Because of the computational complexity, the same displacement is assigned to a number of
neighboring pixels.

The reinterlacing is performed in the decoder by simply taking half of the lines of the decoded frames and
displaying them alternatively.

3 Gabor-like wavelet with fast implementation

The proposed video codec system performs a Gabor-like wavelet transform by recursive filtering. The basic
structure is a 1-D two channel frequency decomposition. The high frequency filter is obtained from the low
frequency filter by a = shift. The low Irequency filter in its turn is an approximation of a gaussian where
the frequency response at points # and —# have been set to zero. This operation makes the lLigh frequency
filter’s response have a zero at DC. By applying the basic two channel decomposition in a recursive wav,
all the frequency channels, except the low pass one, will have a zero at DC (see Figure 4). Moreover, the
synthecis filters are approximated by a filter having coefficients in powers-of-two. The analvsis filters are
obtained from the relation between the analysis and the synthesis filters for an exact reconstruciion, and
approximated by filters having coefficients in power-of-two. Filters with coefficients in powers-of-iwo have
very attractive implementation properties. All values can be generated from shift and addition operations.
Figure 5 gives the analvsis and the synthesis filters frequency response, for real and power-of- two coefficients.
The use of the Gabor-like wavelet transform is motivated on the one hand by the fact that Gabor func-
tions, which are gaussians modulated by complex exponentizls,
spatial/spatial-frequency domain. On the other hand, accord
receptive field profiles of the mammalan visual sV
A number of remarks seem necess

have optimal joint localization in the
ing torecent experiments, the majority of the
tem can be fit quite well by this tpe of functions.

ary to be given here. The complexity of the syuthesis filters is Jess
than those of the znalysis filters. This feature is very suitable for broadcasting applications. because the
receivers can be very simple. Both syuthesis and analysis filters are very short in the time domsin and

both of them contain onlv coefficients in powers-of-two. This is a further simplifcation in order 10 ale



Figure 4: Tree structure recursive filtering to perform the fast Gabor-like wavelet transform.

| Filter | Coefficients Value |
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Table 1: The value of coefficients in the synthesis and the analysis filters.

these filters suitable for video systems with medium bit rates. The relation between the low pass and high
pass filters allows a polyphase implementation of these filters.

It is also important to notice that, because of the approximations, the reconstruction obtained by these
filters is not perfect. However in all our experiments the signal to noise ratio of the reconstructed images
has been more than 46dB. In addition the reconstruction error in bright regjons is larger than the error of
reconstruction in darker regions. This property fits very well the human visual system, whose sensitivity
is Jower in bright areas.

The tree structure based on a two channel decomposition is a further simplification in implementation,
since the same filters with the same coefficients are used at different levels.

The Table 1 gives the values of the coefficients in the analysis and the synthesis filters, as used in our
implementation.
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efficients in power-of-two and the dotted lines are the ones with real values.

left: analysis filters, right:
synthesis filters.



Low Medium High
resolution resolution resolution

Frames

Motion —_— —_—

fields
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4 Hierachical motion estimation

The motion estimation is performed by a hierarchical block matching, applied to the mulnresolunon data
structure, as shown in figure 6. .

The motion model assumed by block matching is an image composed of rigid objects in tra.nslatxonal motion.
A displacement vector is obtained by matching the information content of a rectangular measurement
window, containing a certain number of pixels, with that of a corresponding measurement window within
a search area, placed in the previous frame. Due to the high complexity of a full search algorithm, as well
as to the limitation of the maximum motion vector allowed and the very noisy motion field that would
result, we have adopted the following hierarchical block matching scheme. A multiresolution representation
of images is generated by the Gabor-like wavelet transform. A first approximation of the motion field is
obtained at the lowest resolution by a 2-step search. This motion fleld is recursively down projected to
a higher resolution, used as initial conditions and refined, until the full resolution is reached. In order to
avoid a wrong approximation propagating in the highest level, a median filter is applied to the motion
field obtained at each level. The hierachical structure and the median filtering leads to a very robust and
smooth motion field. Furthermore, this strategy has a very low complexity compared to the full search

technique. The range of motion vectors is £21 pels in each direction, with pixel accuracy. However, its
improvement for higher accuracy is trivial.

5 Predictive and interpolative coding modes

The Gabor-like wavelet transform, as described in section 3, achieves spatial decorrelation. In order 1o
reduce the temporal redundancies as well, an interframe coding technrique is applied. As shown in Figure 7.
predictive and interpolative modes are applied. In predictive mode, the current frame is predicted from
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one previous frame and the motion field between these two frames, then only the error of this prediction is
coded. In interpolative mode, the current frame is predicted from one previous and one next {frame, using
the motion field obtained in the predictive mode. In order to avoid the error propagation znd also to be
able to access randomly any frame in a short time, a fully intraframe mode is applied periodically. In the
proposed system, one frame among each group of 11 frames is intraframe coded, and the remaining frames
are interpolative and predictive coded alternatively.

In order to gain one frame memory and one frame delay, the sequence of interpolative and predictive frames
is shuffled in a such a way that a predictive frame always precedes its corresponding interpolative frame.
After decoding, the sequence is deshuffled to send the proper sequence to the screen. 'Ihe deshufﬂmv will
add one frame delay at decoding, without any additional frame memory.

6 Quantization

The proposed system is not block based. Hence a scalar quantization with the uniform step for all the
subbands is applied to the entire image. It is possible to introduce a frequency weighting of the quantization

step size, using a weighting matrix, but it is not implemented in the current system. The same comment
is valid for the dead-zones on quantizers.

7 Entropy coder

An adaptive arithmetic coder is applied at the output of the quantizer in order to generate the bitstream.
The block dizagram of this entropy coder is reported in Figure 8. The adaptive model is a simple histogram
generator. This histogram is used to provide the probability table for each symbol to be encoded. The
histogram is updated after each incoming symbol, and rescaled when a maximum occurence is reached. The

decoder is the dual of the coder part and has its own adaptive histogram. Therefore no side information
needs to be transmitted for updating the model.
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1 Deinterlacing

One line delay is necessary to compute the deinterlacing. One additional window delay of § pels allows the

start of calculations. The area of 1 line delay of 720 pels is estimated to 3.5 mm? in a standard 2u CMOS
technology.

2 Subband decomposition

The goal is to filter in 2 dimensions (X and Y) an image in order to separate it into several subbands. This
filtering is performed hierarchicaly four times. Of course, the first filtering which takes into account the
whole image (576 x 720) is the most time and silicon consuming. That is why we will first focus on that
part since the others are always less complex in term of transistor count.

The first stage of the 2D filtering is a group of two one dimensional filters (figure 1) [1]. A set of two filters
for low pass and high pass filtering in a polyphase structure is used, as shown in figure 2 [2].

The filters are clocked at the rate of the incoming data. It is assumed that the error image is obtained
when doing the difference between two images stored in 2 separated video RAMS (Size : 414 KBytes).
The difference feeds the filters in flow. A dedicated control part has to be designed in order to provide
the difference and to transfer the data to the filters. Every 74 ns a new pixel has to be processed in the
filter bank. This means that the filters will function at a frequency of 13.3 Mhz. Several well known
implementations show that this is a feasible solution. Since the size of the filters is fixed, the only variable
parameter will be the number of the delay lines at each stage. This delay is equal to two lines for the
first stage. At the second stage, the length of the delay lines will be the half of the previous one but the
number of lines will still be the same. This is illustrated on figure 3. This particularity may lead to the
implementation of the last stages on one chip.

Concerning the video RAM, It is possible to find actually on the market video RANs with an access time
equal to SO ns. Even if the speed of the video RAM would be slower. it would be possible to transfer a

certain amount of data into a multiport caclie memory. Then a controler would feed the flters with the
data at the necessary rate.
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2.1 Motion estimation

Our goal in this VLSI implementation is to provide 6500 motion vectors between two full resolution images
at a distance of 80ms. The architecture that we propose is a set of 21 elementary processors which are
connected in a tree structure (figure 4) [3). In this way we could use a six step pipe-lined procedure.
Moreover all processors connected to the same resolution level can work in parallel. The high level control
of the tree structure is not totaly defined yet. We believe that a software control, realized for instance
with a 68XXX microprocessor will be much easier to develop, compared to a dedicated controller. The
elementary processor is divided into two parts which are similar and allow a two step pipe-lined processing

of the two-step hierarchical block matching algorithm (figure 5). The operative part will be able to process
in parallel the following expression:

N N
22 laij = bijl (1)
J=11=1
Each processor will contain a multi-port RAM to speed up the access time to each pixel [4). To reduce
the size of the embedded RAM a 20 by 20 pels window focused on the reference pixel will be loaded. A
set of nine pointers will be initialized on the first pixel of each search window. An incrementation of these
registers leads to the following pixel. If we use a G-step pipe-lined procedure, we can compute a set of

16 motion vectors in full resolution every 0.1ms. The processing of the lowest resolution level implies 403
operations. A first estimation of our system is:

Video RAM 674 Kbyte
. Video RAM bandwidth 5 Mbyte/s
‘Embedded RAM 1.3 Kbyte
Embedded RAN bandwidth 50 Mbyte/s
Number of additions 34 adders / Pe 8 bit 200 Mhz
RAM area 50 mm?
Adders area 14 mm?
Routing area 15 mm?

These area estimations are based on a 2u CMOS process [3).

3 Quantization module

Uniform or non-uniform quantization can be implemented by a simple general purpose circuit. It consist of
a multiplier, clocked with the input data rate, a small ROM to select a factor for uniform or non-uniform
quantization and a logic circuit to round the result to the desired symbol size. The inverse quantization
circuit difiers only from the fact that no rounding of the data is performed at the output of the multiplier.
The state of the art technology allows a straigthforward integration of this circuit for the working frequency
of interest (13.5 Mhz). Being this module very simple and always placed after and before the direct and
reverse wavelet subband transform an integration in the chips of those modules is suggested.

4 Entropy coder
The entropy coder can be divided in two main functional parts:

* a coder that performs aritmetic operations on the bitstream
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S
o an adaptive model that assigns to each codeword two numbers (the probability interval of the symbol)

which feed the coder for the aritmetic operations. The model is adaptive because these two numbers
depend not only on the incoming symbol but also on the running statistics of the data flow.

4.1 Aritmetic coder

In general the operation necessary to encode each input symbol are : two multiplications, two additions,
two multiple shift operations, a control to avoid improper carry propagation (bit stuffing). Since some
operations can be executed in parallel flows, the only speed constraint to consider has to be applied on
the sequence of one addition one multiplication and a multiple shift operation for each input symbol clock
interval (48 ns). Available technology for CMOS IC allows an implementation of the described sequence
of operations, that satisfies the time constraint for the required aritmetic precision (16 x 16).

4.2 Adaptive model
The adaptive model module has to perform the following operations:
o collection of the statistics of the input data in real time.
¢ a probability interval for each input symbol assignment.
¢ encoding of the input data into a probability interval for the operation of the aritmetic coder

It requires :

o two RAM arrays, one for the tracking of the statistic (1024 x 8 bit), one for the assignement of the
probability interval (1024 X 8 bit) -

o an ALU processor that, each n clock perid , updates the probability interval table.

In conclusion the implementation of the aritmetic coder and the adaptive model in one entropy coder IC
is certainly feasible with the current available CMOS technology.

5 Entropy decoder

The entropy decoder performs the same operations of the encoder but in reverse order. For the implemen-
tation of this module all the considerations done for the encoder remain valid.

6 Delay evaluation and synchronizations

The diagram of figure 6 gives the delay study as well as the timing in the encoder. In a first approximation,
the delays less than a few lines are neglected. According to this diagram the encoder has a delay of 120
ms.

Similarly, figure 7 represents the diagram of synchronization of the decoder. In this diagram the delay due
to the buffer which is equal to 40 ms (The buffer size in the svstem is equal to one frame memory ) is taken
into account. Hence, the overall coding/decoding delay is equal to 4 frames or 200 ms.
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Figure 6: Synchronization diagram of the encoder
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ECOLE POLYTECHNIQUE FEDERALE DE LAUSANNE

PROPOSAL FOR MPEG2
TEST SEQUENCES GRAPHS

Here follow the graphs illustrating the performances of the system. The simulations were carried out
on the test sequences according to the specifications given by MPEG2 Draft Proposal Description.
For each test sequence we will show:

o the number of bytes for each component (Y, U, V and motion vectors)
e the total number of bytes for each frame
o the number of bytes transmitted every 0.4 seconds

e the signal-to-noise ratio for each field and each component



Spuodas 3°( L1349 $934q Jo 1oquInu

1woyjoq swesy 12d 5934q Jo quing [ej03 :1eddp iz am3rg

sOIx

08 09 oy 0T 0

ovt oct 001

~ OV n T 0 o

y0IX

1y3u woyjeq ‘Afpayoadsar syusuodwos A ‘0 ‘A 9] wojjoq ‘q8u 1addn 4391

juanodwos 103004
13ddp 1 amSig

0s1 001 0s 0 051 I

: : 000€ 00 0s Oo00z
i {oo0s¢ L _ Jooov
S Jooor | | ___ ; 'm) 4 0009
L 00s¥ L _ 10008
_ : 0005 . : 00001

0st 001 0s 0st 001 0s 0

L _ " 1

Ll i , i

L ; £

I L v

' , yorx V'l _ o’

SqIAN6 USPIes) I9MO[ ]



X ‘A ‘Nl ‘SPPY PPO 3Y3 Jo oyl asion 0} [eudis

0s1t

oot

0s

1€

[A%

Kpanpadsar sjuomoduiod

:939[ wopoq ‘yqBur 1addn ‘391 33ddp :F em3ig

0st

r §'IT

_ __ 2 ., 18T

0st

001

. §'eT

0s 0

15°LT

8T

S8t

£patypadsar sjmsuodurod

A CA ‘N ‘SPRY uaa3 a1} Jo oyjer astou 03 Tendis 339 woyjoq ‘4ydu saddn ‘q39f 19ddpy g aamdig

0st

001 0s

§'6T
0t
S0t
i€
gie

[A>

0st

00t

0s 0

150¢

[ 14

0st

00t

0§ 0

158t

§'6T

s

* S0¢



8
jusuodurod 103994
- Bu woyjeq Aparydadssr sjusuodwos A ‘p ‘A 3§91 woyoq ‘9q8u 1addn ‘4391 10ddp) :g emSig
051 001 0s 0 0st 00T 0s 0
Spuodas °( L1343 s934q jo 13quunu ‘wroyjoq ‘ourely 1ad $934q Jo 1aquinu fejo} :reddp) :g a1nSrg v T 0001 T . 0
- Hoost | _ LI
- f _ ¢0
1 194 4 19 € ST [4 S 1 S0 Om.m - <0002 i _
r 1
- 1002
i ak4
: * 000¢ : : OIS |
i 15
0s1 001 0s oo 0s1 001 0§ oH
; , ) : . . 7% < _ I
L : _w 0 I
ov1 oct 001 B - 0 or 0z 0 _
: _ 1 i
- e N -
- b , . ’ orx S 1 ' =
- 9

. _ . . 8 SQIAI6 JEPUS[ED 73 O[IqOIN



0t

£Learpadsal sjuauodurod

X ‘A ‘0 ‘spRYy ppo a1 Jo oner astou oy [eudis :3jof wopeq ‘yydiur 1addn ‘4391 1addp :g amBry

0s1

A __{ 7 ﬁj‘z‘ {61
i * | -N..a
C | Mgy
M.mom ﬁ * * MMN

Kparydadsar symsuodwod

A ‘A ‘L ‘SPI?Y uaas 33 Jo ol astou o3 peudts :9j9f wojjoq ‘pgSu raddn ‘yef taddpn :z emSrg

0st

§9T
Lz
§'ie

$8T

6T

0s1

891

[ATA
& 'Ly
9Ll

0St

A

Al




0s

9T

8¢

0t

(43

24

0s1

L1a2anoadsar syusuoduwon

A ‘A ‘0 ‘SPI?Y ppo 343 jo orjel astou o3 reudts 939 wojoq ‘g3 zaddn ‘301 12ddp (71 sam8ry

o
2]
o

¥ 8t

0T

0s1

: 8T

o
v
(=]

WM 8T

001

[44
144
9t
8T
0t
[AY

€1

oSt

X ‘A ‘1 ‘sP[3Y waA2 23 Jo otyer aston 0y [euSis '339] woyzoq ‘yqSu 19dd

001

A[2aty03dsar symanoduros
n ‘991 1addp oy amsiy

0sT

001

Lz




Spuodas (g L1212 $934q jo 1aqunu

‘woyjoq ‘durely 1ad $334q Jo Iaquunu ej0} :1addp g1 smSig

[

S 94 Se 3 §T ST 1Y 0
. ) 2 I
ov1 0Tl 001 08 09 oy 0T 0

+01X

11

juauodwod 10399

8L woyjoq {Apanoadses syusuodwon A ‘) ‘A 439l Wopoq ‘9qBu zaddn ‘yp 1addp :g s

000t

- 10002
- -1000¢
- -1 000
3 ~1000¢

0st 001 0s 0
! * 0009

0st 00t 0S 0
T T 14Y

90

,__,._m____%__i 80

L %

01X vl

sqNe °1ddog

0St 001 0 0
. : 0
L . 41
i
’ . y0TX st
0ST 001 0s oﬁ
- T
- £
= % v
) ‘ y01X §



91 o1

juauoduros 103094
13q3u woyjoq ‘Kpparyoadsar syusuodiuos AR e wo3eq ‘4q8u 1addn ‘9391 12ddpy g1 am31g

SPu0das 3 L1242 s934q Jo Iaquunu :u0330q ‘auresy 13d s934q jo I>qUInu [e309 :xeddn 31 oSy 0st 001 0s oo 0st 001 0s oo
. - 10002 U
S 134 14 e € §T [4 §1 1 S0 oN L \‘ <0
i 41000¥
- 1" : L
L P 10009
I 1 _ . 0008 . . yorx s 1
L - 19
: : : : . : : . : 01 1 s
o L oﬁ_u o. oo 0st 9.: o.m oo
___ Wit i i b z
I 0 09 oy 0z 0 X A : V _
ovl ozt 00 8 ; : i A " 0 k‘ e
| ol - v
I 1z _ |
L 41 |
L e r 9
| ? . oS _ o1k 8
- 8
’ . . ' . . yo1x Of

SqIN6 SIUUS], 9[qeL,



Spuodas g £1942 $234q Jo 1aquinu :woyjoq ‘suresj 1ad s334q Jo roquinm [ejoy :19ddp) 9T amSig

moﬁxﬂ

01X

St woyjoq Apanoadsar sjuauodwod A ‘n ‘A

000¢

00s¢

61

joeuodwod 103094
9391 woyjoq ‘4qdur Jaddn ‘o1 Jaddpy :z1 amSBig

0st 001 0s 0
. v 0
L E_ ___c ,__ | ___5. ,:; 0001
- 1000T
L 4000¢€
t — 000
0St o.w om.o

—

SQIAIp uspler) Jamopg



7z 12

Atoarydadsas syusuoduros

A[earpadsar syusuodmos
. A ‘A ‘N ‘SPI?Y Uaa3 21} Jo owe:r asiou o) eudts 9391 wojoq ‘4ySu 1addn ‘4931 1oddpy :6T omItg

A ‘A ‘N 'SPIY PPO a3 Jo oner asiou oy reudts :359] woyroq ‘4qSu zaddn ‘939 12dd) :0g 218y

i shie o O

0st 001 0s 0
0ST oot 0s 0. . : c61
o 10T
= 1 1S°1T
- 150C
. i e i 1
- (44 81T
_ _ €z : 24
0 oS 0
S 1 S 0
om.mm 0 ﬁ, oo o $'97 0¢ ; LT
~oe I | K S0 182
o i Ly s I
S0t (il % | i 1¢ ez
o w\_ 1 8T
1€ N N S8z S'1e L 0€



spuo2as §°() L1943 s234q Jo Jequinu :wojjoq ‘awrer} 1ad s33Aq Jo Iaquunu [e10} :1addp :zz 23y

¥

T €1 o 0
T T T ™ T T T 91l
- {81
L 1T
r 177
2 ) 2 1 . " piTE: ¥z
orl ot 001 08 09 ov 0T oo
- 11
- T
- 12
- 14
N [l I L 1 1 v0m¥ W

€2

jganoduros 103094

yTu woytoq Apandadsat sjusuodwod A ‘n ‘A e[ wojeq ‘9qBu 1addn ‘yge[ ;eddp 1z 2Ty

0st 001 (1]Y 0 (4191 00t 0¢ 0
. T 0001 T T 0
s oost \_—__ i { il I,_\
! _ 0002
- Hocoz
- 000¥
- -400ST
. t 000t . t 0009
0¢1 001 0 oo 0st 001 0s oo
i I
i f i looe L ,_.__ i _x __~ {f_ rf_ "
__.
o 1000V - 4
s 0009 | ¢
_ . 0008 . R

SQAIP Jepus[e) 73 SOl



X ‘A ‘N ‘SPIPY ppo ay3 jo o1jer astou o3 reuds

0s1

001 0

S 0

. T LT

Wbk

8T
§'8C

e

-

*

_

9¢

£[oAtypadsar sjusuoduton

3] woyjoq ‘4y8tx 13ddn ‘gge1 12ddp :pg smSiyg

0st 00t 0s A oﬂ:
L | {61
! . 4561
. 2 0z
051 001 0s ooN
L $'9T

z

T

s
_

" ST

A ‘A ‘N 'SPIY U2A3 37y Jo onyex astow 0y [euSis 333 woleq ‘q8u 13dd

05t

T 9T

%
}( s9z
_ _zz I
sz
8z

1 = 974

Se

0s1

001

£12A1p03dsa1 syuawoduron
n ‘q391 19ddp) :gz amSig

T 991
1891

UL T

1v'Ll

0S1

L 9Lt

<
s
=4

i

T 244
154

9t

’w.wu




Spu023s §°( 41949 $314q Jo IoquInu

87

‘wojoq dweyy 1ad s214q jo 1equng [ej03 :1addp) :9z omStg

S 14 133 € T (4 1 1 S0 oH
- 15T

- 1
L X4

2 2 ' . 2 ' . L e €

ob1 0t1 001 08 09 (L4 1[4 oo

- [4

- 14

. 1 2 L L 2 VOHX 9

px4

jasuodurod 103934

q3u woyeq !K[panoadsar symauodwos A ‘) ‘A :39[ wojoq “4qfu 1addn ‘3391 12ddp) :cg ammBig

oSt 001 0s %, 01 001 0s %
- {000z P s el M oose
{ A
- - ooov ‘
- 000
- 40009
. . 0008 : 0009
0ST 001 0S % 05T 001 0§ %
Y {__ WLy, Wl " L __ W 41
! 7 I e____ “ ity
oo [ T e
- qooor | 1t
- 1r
: : 0009 . TR S

SQIAIp SIUUa], 3[qE],



0€

APanoadsar syusuoduwon

A ‘A ‘Nl ‘SPI2Y Ppo 343 Jo otje1 ssou 03 [endis 391 wopoq “yqB8ur saddn ‘y361 12ddp :gz emSryg

05t

0s

0t

q¢E

143

9¢

oSt 001 0s O
L e 1174
L 15T
. ; o€
ost

A ‘A ‘N ‘SPIRY uaas 97} jo oyel ssiou o3 reusts

U

001

0s

9C
8z
0¢
[43
123

9¢

6¢

13391 woyoq “4gqdu

oSt

001

A[eayoadsar syusnodwos
1ddn ‘4351 20ddp) 17 omSig

0T

0s1

001

(A




1€

%31 sdqI\p SITUI, d[qey,
%L8°0 sdqpy TepUaE) 7 S[IQOW
%960°0 sdqy TapIen) 19moLg
%¥F'0 sdqIN6 SWESY, 3(qEL,
%190 sdquy6 orddog
%S2 0 sdqp6 TepUsre] 73 310N
L 9%G82°0 sdq\6 UIpIED) IaMO[ ]
[ abonquasiag poaysang a9uanbag 153 |

"2[qe3 SULMO[[O] 9T} Ul UAOYS dIe $90UanDas 1593 PIPOd 23 I0f UOIFRULIONI PRIYIIA0 9],

‘anbruyosy Suyfnys 319 pofTe? OS 243 jo stweawt Aq paure}qo st Louaredsmer; aYT,

‘uoryisod paxy ul aIe Sp[aYy [017T0D 3} i$IUIRIISTOD OU SRY JUrel} gIes jo JqJua| agy ey} os 1ojeredss
® se pasn st ey v -enbruysoey Suxsidinux STLMO[[0} 943 jo sueawr £q jno patires st sdusnbes Yoes
UYL UIRI] DRI JO pUT SUIRI YOTI UIYHA P[OY YOS JO UOLRZINOIYIUAS 9y} ptre UOIPR} PP 9],

SurxerdiynA



