Apple Computer Inc. v. Burst.com, Inc. Doc. 125 Att. 4
Case 3:06-cv-00019-MHP  Document 125-5  Filed 07/13/2007 Page 1 of 49

Exh. D

Dockets.Justia.com


http://dockets.justia.com/docket/court-candce/case_no-3:2006cv00019/case_id-175168/
http://docs.justia.com/cases/federal/district-courts/california/candce/3:2006cv00019/175168/125/4.html
http://dockets.justia.com/

Case 3:06-cv-00019-MHP

United States Patent p9

Tescher

Document 125-5

Filed 07/13/2007
[11] Patent Number: 4,541,012
[451 Date of Patent: Sep. 10, 1985

[54] VIDEO BANDWIDTH REDUCTION SYSTEM
EMPLOYING INTERFRAME BLOCK
DIFFERENCING AND TRANSFORM

DOMAIN CODING
[75] Inventor: Andrew G. Tescher, Claremont, Calif.
[73] Assignee: Compression Labs, Inc., San Jose,
Calif.
[21] Appl. No.: 336,984
[22] Filed: Jan. 4, 1982
[51] Int. CL4 HO4N 7/12
[52] US. Cl cocoreevrrvenereenreenreneenene 358/133; 358/135
[58] Field of Search ............... 358/133, 135, 136, 138,
358/13; 382/43; 364/725, 726, 727, 826, 827
[56] References Cited
U.S. PATENT DOCUMENTS
3,366,739 1/1968 Parkinson ........c.ccicoiserannes 358/133
4,179,709 12/1979 Workman . ... 358/133
4,202,011 5/1980 Koga ......c.... ... 358/136
4,216,354 8/1980 Esteban et al. .. 381/31
4,224,678 9/1980 Lynch et al. e 364/724
4,225,885 9/1980 Lux et al. ... . 340/146.3
4,237,494 12/1980 Yamaguchi ...... .... 358/280
4,254,438 3/1981 Yamazaki et al. .. ... 3587261
4,302,775 11/1981 Widergren et al. ......coeuenenes 358/136
OTHER PUBLICATIONS

Haskell-Frame to Frame Coding-IEEE Trans. on In-
for. Theory, vol. IT-20, No. 1, pp. 119-120, Jan. 1974.
Kangko-Digital  Television  Transmission-IEEE
Comm.-Jul. 1980, pp. 14-22.

Mounts, F. W., “A Video Encoding System with Con-
ditional Picture~-Element Replenishment”, The Bell
System Technical Journal, Sep. 1969.

Murray, G. Graham, Staley, Patrick A. and Thoma,
George R., “Motion-adaptive TV data compression”,

SPIE, vol. 241, pp. 51-60, Real-Time Signal Processing
1I7(1980).

Haskell, B. G. and Schmidt, R. L., “A Low-Bit-Rate
Interframe Coder for Videotelephone”, The Bell System
Technical Journal, vol. 54, No. 8, Oct. 1975.

Jones, Jr., Harry W., “A Conditional Replenishment
Hadamard Video Compressor”, SPIE, vol. 119, Appli-
cations of Digital Image Processing, (I0CC 1977).

Hein, David N. and Jones, Jr., Harry W., “Conditional
replenishment using motion prediction”, SPIE, vol.
207, Applications of Digital Image Processing IIT (1979).

Primary Examiner—Joseph A. Orsino, Jr.
Attorney, Agent, or Firm—Fliesler, Dubb, Meyer &
Lovejoy

[57] ABSTRACT

Video type information signals are compressed for
transmission and reproduction by comparing corre-
sponding blocks of -time domain information signals
from successive fields, converting a block of the time
domain information signals to a transform domain signal
represented by discrete cosine transform coefficients
when the difference between the corresponding blocks
exceeds a block difference threshold, and encoding the
transform domain coefficients for transmission to a de-
coding site. Corresponding blocks of time domain infor-
mation signals from successive fields are compared by
storing the successive fields in memory on a pixel by
pixel basis, retrieving each block on a pixel by pixel
basis, forming the difference between corresponding
pixels from the successive blocks, squaring the resulting
difference signal, summing the squares and dividing by
the number of pixels per block. Successive fields are
merged by weighted summing of corresponding pixels.

35 Claims, 8 Drawing Figures
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VIDEO BANDWIDTH REDUCTION SYSTEM
EMPLOYING INTERFRAME BLOCK
DIFFERENCING AND TRANSFORM DOMAIN
CODING

BACKGROUND OF THE INVENTION

This invention relates to information signal process-
ing in general, and in particular to the field of process-
ing time sequential information signals (such as video
signals) for the purpose of compressing the amount of
information to be transferred from an encoding site to a
decoding site.

In recent years, increasing efforts have been directed
toward providing more efficient information signal
encoding techniques used to process time sequential
information signals prior to their transmission from a
transmitting station to a receiving station. The require-
ment for more efficient encoding techniques has been
prompted by two major factors: firstly, a substantial
increase in the quantity of information required to be
transferred via communication links and, secondly,
maximum occupancy of the communication frequency
bands available for voice and data transmission. An
early technique employed to reduce the amount of in-
formation required to be transferred without substantial
degradation is the signal processing technique known as
conditional replenishment, described in"U.S. Patent No.
3,984,626 to Mounts et al., the disclosure of which is
hereby incorporated by reference. Briefly, in the condi-
tional replenishment signal processing technique, indi-
vidual line element sample signals from a successive
field of information are compared with the correspond-
ing line elements in the previous field, and the differ-
ence therebetween is tested against a fixed threshold. If
the difference exceeds the threshold: value, the new
value is encoded and transmitted to a receiving station,
along with an appropriate address code specifying the
line location of the sample to be updated in the field
memory of the receiving station. Thus, rather than
transmitting each and every line sample for every field,
only those samples which differ by a significant thresh-
old amount are transmitted, which substantially reduces
the number of samples in the communication channel
pipeline. Although this saving in the amount of actual
data flowing through the communication pipeline is
somewhat offset by the necessity of simultaneously
transmitting the address information, this disadvantage
is more than overcome by the substantial reduction in
the total number of samples which must be transmitted
in order to maintain the information current at the de-
coding site. When used to process video type informa-
tion signals, an even greater reduction in the required
number of transmitted samples is achieved due to the
inherent nature of video signals, which possess intrinsic
interfield correlation (e.g. abrupt interfield changes for
background portions of video images occur relatively
infrequently).

Another compression technique known in the art is
the use of transform domain encoding, in which each
field of information signals is divided into a number of
rectangular or square arrays of individual picture ele-
ments (for example a 16 pixel by 16 pixel array) termed
blocks, and each block is converted to the transform
domain. For each converted block, the individual trans-
form coefficients are then encoded and transmitted
along with appropriate address codes, as well as addi-
~tional overhead information (e.g. field start signals,
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frame start signals and the like). One such transform
domain processing system is disclosed in U.S. Pat. No.
4,189,748 to Reis, the disclosure of which is hereby
incorporated by reference.

Although many types of mathematical transform
functions have been proposed for implementation in a
transform domain signal processing system, in reality
most transform functions are inappropriate for imple-
mentation due to the complexity of the required logic
circuitry. This disadvantage is exacerbated in applica-
tions requiring real time signal processing by virtue of
the minimum time period required to perform the signal
processing necessary to generate the values of the trans-
form coefficients. For a general discussion of the advan-
tages and disadvantages of the different types of trans-
form functions, reference should be had to the collec-
tion of technical publications entitled “Image Transmis-
sion Techniques, Advances in Electronics and Electron
Physics, Supplement 12”, Pratt, Academic Press, 1979,
particularly the section entitled “Transform Image
Coding”.

SUMMARY OF THE INVENTION

The invention comprises a method and system for
processing time domain information signals which com-
bines the advantages of conditional replenishment and
transform domain coding in such a manner that infor-
mation signal compression of a magnitude substantially
greater than that available in known systems is achieved
while affording real time information signal processing.

In its broadest aspect, the invention provides a
method of processing time domain information signals
having a successive field format to effect substantial
compression of the signals, the method including the
steps of comparing corresponding blocks of time do-
main information signals from successive fields, con-
verting a block of the time domain information signals
to a transform domain signal represented by discrete
cosine transform coefficients when the difference be-
tween the corresponding blocks exceeds a first variable
parametric value, and encoding the transform domain
coefficients for subsequent utilization, e.g. transmission
from a transmitting station to a receiving station, re-
cording on video tape or other magnetic media, etc.
The corresponding blocks of time domain information
signals from successive fields are compared by storing
the successive fields in memory on a pixel by pixel basis,
retrieving the corresponding blocks from memory also
on a pixel by pixel basis, forming the difference between
corresponding pixels from the successive blocks, squar-
ing the resulting difference signal, summing the squares
of the resulting difference signals, and dividing the re-
sulting sum by the number of pixels per block. In the
preferred embodiment, the method is optimized by em-
ploying a total of 64 pixels per block arranged in an 8 by
8 array and by merging successive fields on a pixel by
pixel basis, the merging being performed by summing
corresponding pixels from successive fields in accor-
dance with a predetermined weighting factor of § for
the earlier appearing (previously merged) field and } for
the later appearing field.

The conversion of a block of the time domain infor-
mation signals to the transform domain is accomplished
by first transforming the individual block samples along
a first direction, which is the horizontal line direction in
the preferred embodiment, and subsequently transform-
ing the same block samples along the orthogonal direc-
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tion, which is the vertical direction in the preferred
embodiment. For each transformed block, the individ-
ual block samples corresponding to the previous field
are replaced with the updated block information, and
the transformed coefficients for the converted block are
stored in diagonal format in a diagonal memory unit. In
addition, an address code indicating the field address of
a transformed block is also stored in the diagonal mem-
ory for subsequent encoding.

The transform coefficients for each converted block
stored in the diagonal memory are encoded using a
plurality of different code tables, one of the tables being
dedicated to the first coefficient in each diagonal group,
corresponding to the DC term and representing the
average signal intensity of the converted block, and the
remaining tables being selected on a coefficient by coef-
ficient basis. Specifically, each transform coefficient
(other than the first or DC coefficient) is first quantized
by digitally dividing the coefficient by a varible para-
metric value Dy, after which the predictive mean value
of each quantized coefficient is calculated by summing
a weighted portion of the actual value of that quantized
coefficient with the predictive mean value of the previ-
ous quantized coefficient weighted by a different factor,
and the newly calculated predictive mean value is used
to select that one of the several available individual
code tables capable of encoding the quantized coeffici-
ent value with a minimum number of binary bits. In
addition to the tables noted above, separate tables are
provided for encoding the block address of the encoded
transform coefficients, for directly encoding the D.C
coefficient, and for run length coding certain coefficient
values. In the case of time domain information signals
comprising color video signals with quadrature compo-
nents two preselected quantized coefficient code tables
are used to represent the average value of each color
quadrature component of the corresponding converted
block.

To further compress the amount of information en-
coded prior to utilization, those successive transform
coefficients with zero value whose predictive mean lies
below the value of a preselected fixed threshold are
transmitted as a run length code. In addition, when the
predictive values for successive remaining cosine coeffi-
cients in the converted block lie below the preselected
fixed threshold, a single end-of-block code is generated.

The codes corresponding to a given converted block
are transferred at a availablef rate to a rate buffer in the
order of generation prior to utilization, and the number
of binary bits transferred to the buffer is monitored in
order to gauge the buffer fullness. The dynamic occu-
pancy of the buffer is used to control the value of the
variable parametric value Dk in order in minimize the
possibility of buffer overflow, utilizing a special algo-
rithm. The buffer fullness state is also used to control
the first variable parametric value—termed the block
difference threshold Tx—also by employing a special
algorithm. Thus, as the rate buffer approaches the com-
pletely filled state, the magnitude of Dy is increased,
which increases the minimum quantizing interval em-
ployed in sampling the transform coefficients during the
encoding process. In addition, the block difference
threshold Tk is similarly increased to reduce the num-
ber of blocks selected for conversion to the transform
domain and subsequent encoding. Similarly, as the state
of the buffer fullness decreases, both Dg and Tk are
lowered in value in accordance with the special algo-
rithms employed in order to increase the number of
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blocks selected for conversion to the transform domain
and to decrease the minimum quantization interval used
in the encoding process.

The codes representing the converted blocks are
formatted in the rate buffer in the following fashion.
The start of each frame is denoted by a frame sync code
signal, which is followed by a first control code signal
representative of the buffer fullness at the beginning of
the frame and a second control code signal representa-
tive of the quantizing interval Dg value at the beginning
of the same frame. The control code signals are fol-
lowed by individual block replenishment code symbols
which include a block address code specifying the field
address of the corresponding block, the DC code term
representative of the average intensity of the corre-
sponding block, and the plurality of coefficient code
terms reprentative of the predictive mean value of the
transform coefficients for the corresponding block. For
color video signal processing, the quadrature compo-
nent code terms are included between the block address
code and the DC code term. The termination of the last
block is signified by the subsequent appearance of the
frame sync code signal for the next succeeding frame.

The decoding process is essentially the inverse of the
encoding process. For each frame of encoded informa-
tion, the first and second control code signals are used
to establish the initial minimum quantization interval to
be employed for inverse quantizing the block replenish-
ment code symbols. The received replenishment code
symbols are decoded using a parallel set of inverse code
tables, which are selected using the same predictive
mean algorithm as that employed in the encoding pro-
cess. The block address, quadrature chrominance and
D.C. term codes are coupled directly to a diagonal
memory unit, while the coefficient code terms are in-
verse quantized by multiplying each code term by Dy,
using the transmitted initial value of Dg for the first
block of data, and the resulting coefficients are stored in
the diagonal memory unit. After the first block has been
decoded, the distortion constant Dy is recalculated and
the newly calculated value of Dy is used to inverse
quantize the next block of data.

The coefficients stored in the diagonal memory unit
are then transformed to time domain digital samples
using an inverse discrete cosine transform, and the re-
sulting samples are stored in an output memory unit,
replacing previous samples representing the same block.
The merged field samples stored in the output memory
unit, which replicate the merged field samples stored in
a corresponding reference memory unit at the encoder
stie, are finally processed to provide video output sig-
nals.

Further compression is achieved according to the
invention by special initial processing of the luminance
and chrominance samples. The luminance signals are
sub-sampled at less than the standard rate (which is 512
lines/frame and 512 samples/line for NTSC video), the
preferred embodiment employing 256 lines/frame and
256 samples/line. Each quadrature chrominance com-
ponent is sub-sampled at less than the standard rate and
averaged over a given block. In the preferred embodi-
ment, each quadrature component is sub-sampled at
one-half the standard rate for each block line and the
sub-samples for each block line are averaged, after
which each block line average is combined to obtain a
block average. Prior to averaging, each chrominance
component sample is further modififed by discarding
the two least significant bits of the sample. After trans-
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mission from an encoding site to a decoding site, the full
range of luminance and chrominance samples is recov-
ered by individual interpolative processing of the re-
ceived luminance and chrominance samples.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an encoder
incorporating the invention;

FIG. 2 is a block diagram illustrating a decoder incor-
porating the invention;

FIG. 3 is a schematic view of a portion of a display
screen illustrating the replenishment block size;

FIG. 4 s a trellis diagram illustrating the cosine trans-
form alogorithm employed in the preferred embodi-
ment;

FIG. § is a schematic diagram illustrating the manner
in which transform coefficients are stored in a diagonal
memory unit;

FIG. 6 is set of probability distribution curves illus-
trating the manner in which the quantized coefficient
encoding tables are constructed;

FIG. 7 is a schematic diagram illustrating typical
predictive mean values for a single block; and

FIG. 8 is a schematic diagram illustrating the code
formatting for one frame of replenishment information.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Turning now to the drawings, FIG. 1 is a block dia-
gram illustrating a preferred embodiment of the en-
coded portion of the invention. As seen in this FIG.,
analog video signals are coupled to the input of an ana-
log processor unit 11 in which composite video input
signals are separated into the standard luminance and
quadrature chrominance components and converted to
multi-bit digital samples at a predetermined sampling
rate. In the preferred embodiment eight bit digital sam-
ples are taken at a 10.7 MHz sampling rate. The equiva-
lent digital samples produced in analog processor unit
11 are coupled to the input of an input digital processor
12 in which incoming field samples are merged with the
corresponding samples from the previous field in the
manner described below. The resulting individual
merged field samples from input digital processor 12 are
stored in an input memory unit 13 having a sufficient
capacity to contain one field of digital information. An
additional memory unit 14, termed a reference memory,
is coupled to the data output of input memory unit 13.
Reference memory unit 14 stores a reference field of
information for comparison with a newly merged field
stored in input memory unit 13, and has the same capac-
ity as input memory unit 13.

In operation, the individual digital samples from an
incoming field supplied to input digital processor 12 are
added to the corresponding digital samples of the previ-
ously merged field stored in input memory unit 13 on a
weighted basis, and the resulting weighted sums are
stored in input memory unit 13, replacing the previ-
ously stored samples on a pixel by pixel basis. In the
preferred embodiment, the samples are weighted by a
factor of 3 to 1 between the older samples stored in the
input memory unit 13 and the incoming field samples,
i.e. the earlier samples are multiplied by a factor of §,
the later samples are multiplied by the factor of } and
the resulting weighted samples are added together. The
weighting multiplication and the addition are accom-
plished with conventional digital multipliers and ad-
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6
ders, in combination with appropriate conventional
addressing logic.

Each newly merged field stored in input memory unit
13 is compared on a block by block basis with the refer-
ence field stored in reference memory unit 14 by means
of a block difference and decision unit 16. As illustrated
in FIG. 3, each block element consists of a rectangular
array of 8 pixels by 8 pixels, and the difference between
each block is obtained by digitally subtracting corre-
sponding pixel samples read from input memory unit 13
and reference memory unit 14 in block difference and
decision unit 16, squaring the resulting difference sig-
nals, summing the squares of the resulting difference
signals, and dividing the resuiting sum by the number of
pixels per block (64). Each block difference value so
obtained is tested against a threshold Tk supplied from
a distortion calculation unit 18. If the block difference
exceeds the threshold, the corresponding block in input
memory unit 13 is converted to a set of transform coeffi-
cients by means of a one dimension cosine transform
unit 20, and the transform coefficients are stored in a
diagonal memory unit 21 along with a corresponding
block address code specifying the field block to which
the transform coefficients correspond. In addition,
whenever a block is selected for conversion to the trans-
form domain, the reference memory unit 14 is updated
by replacing the corresponding block in reference-mem-
ory unit 14 with the newly selected block.

The conversion of each selected block to the trans-
form domain is done by a one dimensional cosine trans-
form unit 20 in two steps: a first transformation along
the horizontal direction, followed by a second transfor-
mation along the vertical direction. The cosine trans-
form unit 20 implements the well known discrete cosine
transform function:

N— .
RR) = ——L)—ZC}\,I‘ Z 1/(/)cos I:-LI—'—F—LZ 21\1' ke :|
Jj=0

where

1

\2

at zero, 1 for k (1, N—1) and zero elsewhere and com-
prises a plurality of conventional digital multiplying
accumulators configured to impiement the 8 point co-
sine transform algorithm shown in the trellis diagram of
FIG. 4. During the transformation along the horizontal
direction, developing coefficients are stored in diagonal
memory unit 21, and are subsequently recalled during
the transformation in the vertical direction. After the
selected block has been completely converted to the
transform domain, the resulting series of coefficients is
stored in diagonal memory unit 21 along with a multi-
bit digital word specifying the block address of the
block corresponding to the series of coefficients and
two multi-bit digital words specifying the average value
of the chrominance quatradure components for the
corresponding block, the coefficients being arranged in
the diagonal form illustrated schematically in FIG. 5.
The transform coefficients and corresponding block
address and chrominance quadrature digitial characters
are next encoded for subsequent transmission in the
following manner. The block address digital character
corresponding to a series of transform coefficients is

k) =
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coupled directly to a coder unit 22 which contains in
the preferred embodiment nine separate code tables,
eight tables containing a set of code characters arranged
according to the Huffman code technique, in which the
number of bits per specific character depends upon the
probability of occurrence of that character, and one
table containing a set of code characters arranged ac-
cording to a special variable length coding technique
- specified below. The special variable length code table
is dedicated for use with the block address code, and the
application of a new block address code to the dedi-
cated code table results in the generation of a block
address transmission code. The block address is actually
encoded by forming the numerical difference between
the current block address and the address of the most
recent previously encoded block address, and generat-
ing a code in accordance with the following algorithm:

If Ax=1, code 1 bit (Ag)

If Ax<32, code 1 bit zero+5 bits (Ax)

If Ax=32, code 6 bits zero+ 10 bits (Ag)
where

Ap=Ar—Ak—1

Ajx=numerical address of current block i

Ayj_1=numerical address of most recently encoded

block.

The color quadrature components are encoded using
dedicated Huffman code tables in coder unit 22. The
tables listed as table number 2 and table number 3 in
appendix A are used for the Q and I component values,
respectively. After the block address and the color
quadrature components have been encoded in the man-
ner noted above, the first coefficient in diagonal mem-
ory unit 21 corresponding to the block, and which res-
presents the average luminance of the block, is encoded
using dedicated Huffman code table number 7 shown in
appendix A. Thereafter, the cosine coefficients are pro-
cessed for encoding by passing each cosine coefficient
through a quantizer unit 23 in which the individual
coefficients are divided by a distortion constant Dy
supplied by distortion calculator unit 18. More particu-
larly, each coefficient is multiplied by the quantity
1/Dk using a digital multiplier, and the resulting
rounded product, designated as a quantized cosine coef-
ficient, is coupled to coder unit 22. In the preferred
embodiment, each quantized cosine coefficient com-
prises a 12 bit digital character having 1 sign bit and 11
bits of magnitude. For each quantized cosine coefficient
received in coder unit 22, the predictive mean value is

calculated using the following relationship:
PMg=4Cg+3PMg_

where PMg is the predictive mean value of the K#*
quantized coefficient, Cx is the value of the K* quan-
tized coefficient and PMg_ is the predictive mean
value of the K~ 1 quantized coefficient. The predic-
tive mean value PMy is used to select one of six of the
Huffman code tables 1-6 listed in Appendix A to be
used to encode the next appearing quantized coefficient,
in the manner described below. Thus, PMg is used to
select the Huffman code table for quantized coefficient
K+1, PMg4 is used for quantized coefficient K+2,
etc.

The four most significant magnitude bits of each
quantized coefficient are next examined in coder unit 22
using conventional logic circuitry and, if the most sig-
nificant four bits are zero, the quantized coefficient is
Huffman coded using one of tables 1-6 listed in appen-
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dix A. Each table 1-6 is constructed using a different
one of six probability distribution curves illustrated in
FIG. 6. Each curve comprises an exponential function,
with different curves having different mean values
ranging from 1 to 32. The calculated predictive mean
value' PMg measures the steepness of the probability
curve for a given quantized coefficient, and thus each
Huffman code table is selected for a particular quan-
tized coefficient by converting the value of PMg to the
log (base 2) equivalent value, and using the converted
value to specify the appropriate table. The table se-
lected is ideally that table capable of encoding the quan-
tized coefficient with the least number of bits.

When the four most significant bits of a quantized
coefficient are non-zero, a Huffman coded special es-
cape symbol from the appropriate table and the actual
twelve-bit quantized coefficient are transmitted. The
escape symbol is the last symbol found in the Appendix
A tables. '

Coding of the transform coefficients proceeds as de-
scribed until the predictive mean falls below a prese-
lected fixed threshold, termed the run length threshold.
When this occurs, a run length code corresponding to
the number of successive quantized coefficients having
value zero is generated by coder unit 22 using table
number 8 from appendix A. If the zero run extends to
the end of the block, a special end of block code is
generated by coder unit 22 from table number 8. The
above described encoding process is graphically illus-
trated in FIG. 7 in which the trend of the predictive
mean values is illustrated by the solid curve labelled
PM;. The run length threshold is designated by the
horizontal broken line, and the run length and end of
block segments are designated with the legends RL and
EOB, respectively. In the preferred embodiment, the
numerical value of the run length threshold is one.

The code characters generated in coder unit 22 are
stored in their order of generation in a rate buffer unit
25 having a predetermined maximum capacity N. Rate
buffer 25 is a conventional unit capable of accepting
binary input bits at a variable rate and generating bits at
the output thereof at a constant rate of 2.39 X 105 bits/-
sec. in the preferred embodiment. Since the rate at
which coder unit 22 supplies binary bits to the input of
rate buffer 25 can vary widely, while the buffer output
bit rate is constant, a rate feedback technique is incorpo-
rated into the encoder of FIG. 1 to minimize the proba-
bility of buffer overflow. For this purpose, a signal

‘representative of the number of bits actually transferred

from coder unit 22 to buffer unit 25 is coupled to distor-
tion calculator unit 18 for each replenishment block K,
and the value of the distortion constant Dy, which es-
tablishes the magnitude of the minimum quantization
interval for quantizer unit 23, is recalculated. The calcu-
lation is performed in accordance with the following
relationship:

DISTORTION CALCULATION
D=D'gk+KpBFN(Bg—N/2)

where:
BFN(X)=(X/N—|X|)
Dg=Distortion parameter for block K
D’x=Filtered distortion parameter

Dg=T-Dg_1+(1-TDg_

where

APBU00159324
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T=a constant (close to 1)
Kp=a constant
Bx=# of bits in buffer for block K
N=Max. number of bits
In addition, the distortion calculator 18 updates the 5
* value of the block difference threshold Ty for each
encoded replenishment block in accordance with the
following relationship:

REPLENISHMENT CALCULATION 10

Tx=TiniT
for BLow=Bx=BuicH
Tk=TiNiT+ KR-BFN(BLOW— BK) 15

for Bk<Brow

TL=TiNnIT+KR-BFN(BK—BHIGH)
20
for Bx>Brich
where

Tk =replenishment threshold for block K

Tinrr=initial threshold (about 5 for 8-bit input data)

Kr=multiplier constant (about 25-75) 25

Brow=Ilow cutoff (about 0.1 of buffer)

Buiga=high cutoff (about 0.75 of buffer)

Thus, as.-the buffer unit 25 fullness increases, the
quantizer unit 23 provides coarser quantization intervals
for the encoding of the transform coefficients, which 30
tends to reduce the number of bits per symbol generated
by coder unit 22, and thus tends to reduce the buffer
fullness. In addition, the block difference threshold Tk is
raised, which tends to reduce the number of blocks
selected for replenishment transformation, which also 33
tends to reduce the buffer fullness. Similarly, when the
buffer fullness decreases, the distortion constant Dy
provides finer quantization intervals for processing the
transform coefficients, which tends to increase the num-
ber of bits per symbol generated by coder unit 22; and 40
the block difference threshold Ty is lowered, tending to
select more blocks for replenishment processing, both
of which tend to increase the buffer fullness.

The manner in which the serially generated code
symbols representing the block replenishment informa-
tion are arranged for transmission from buffer unit 25 to
a decoder site is shown in FIG. 8, which illustrates one
entire frame of information. As seen in this FIG,, a
frame of information commences with a frame sync
code signal indicating the beginning of the frame, fol-
lowed by a first control code signal Bx which specifies
the state of buffer fullness at the beginning of the frame.
This control code signal is followed by the second con-
trol code signal Dy, which is the actual value of the
distortion constant at the beginning of the frame. Fol-
lowing this header information, which is used to reset
the decoder shown in FIG. 2 at the beginning of each
frame, are groups of block symbols containing the block
replenishment information. After the last such group, a
new frame sync code signal indicates the beginning of
the succeeding frame of information.

Each group of block replenishment code symbols
commences with the block address code, is followed by
the two color quadrature component code symbols and
continues with the coefficient code symbols, as indi-
cated in FIG. 8. The arrangement of the coefficient
codes indicated in FIG. 8 for the first block to be up-

45

50

55

60

65

10
dated corresponds to the representative plot shown in
FIG. 7.

The block replenishment symbols encoded in the
manner described above are transmitted over a suitable
communication link to the decoder system shown in
FIG. 2, which provides inverse processing for the re-

" ceived information code symbols. Thus, after receipt of

a frame sync code signal, the initial value of the distor-
tion constant Dy is coupled to an inverse quantizer unit
23" and the first block of replenishment information is
initially decoded in decoder unit 22'. Decoder unit 22’
contains the inverse code tables illustrated in appendix
B which generate digital values from the received code
symbols applied to the input thereof. The tables are
arranged in a manner similar to that employed in coder
unit 22, so that the block address codes, the color quad-
rature component codes and the DC coefficient code
are all applied to their respective dedicated tables, while
the cosine coefficient codes are applied on an individual -
basis to a selected one of six tables, depending on the
value of the predictive mean calculated for each re-
ceived quantized coefficient code. The emerging
twelve-bit digital characters representing the quantized
coefficients are inverse quantized in unit 23’ by simply
digitally multiplying each twelve-bit character with the
value of Dy, and the resulting inversely quantized co-
sine coefficients are stored in diagonal memory unit 21’,
along with the corresponding block address digital
character, the digital character representing the DC
term and the quadrature chrominance characters. The
coefficients are transformed to the time domain by sub-
jecting the coefficients to a two-step inverse cosine
transformation in unit 20’, with the intermediate result-
ing values being stored back in diagonal memory unit
21'. After the inverse cosine transformation process has
been completed, the resulting pixel samples are stored in
output memory unit 13, replacing the former eight by
eight block of pixel information. It should be noted that
the field of information stored in output memory unit
13’ comprises a replica of the field of information stored
in reference memory unit 14 of the FIG. 1 encoder.

The replenished field information contained in output
memory unit 13’ is coupled to an output digital proces-
'sor unit 12', and thence to analog processor unit 11’
which converts the digital video data to analog form.
The emerging analog video signals are coupled to a
suitable utilization device, such as a raster scan monitor.

As binary bits are transferred from buffer unit 25’ to
decoder unit 22', a signal representing the number of
bits transferred is coupled to distortion calculator unit
18', which updates the value of the distortion constant
Dy for each block of replenishment information. The
distortion calculator 18’ employs the same algorithm as
that noted above for distortion calculator 18.

Further compression of the input video is obtained by
two additional signal processing techniques. Firstly, the
luminance portion of a field of input video is subsam-
pled to provide 256 lines/frame and 256 samples/line
(65,536 pixels/frame), as opposed to the normal stan-
dard of 512 lines/frame and 512 samples/line (262,144
pixels/frame). After decoding, the full luminance field
is recovered in output digital processor 12’ by interpola-
tive processing of the actual luminance samples trans-
mitted through the system. Deleted luminance samples
are reconstructed by summing adjacent samples and
dividing the result by two. Thus, if A and B are adjacent
luminance samples in a line, the intermediate sample is
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reconstructed by forming the sum A/2+B/2, and in-
serting this result between sample A and sample B.

The quadrature chrominance components for each
8 X 8 block of input video are compressed by first dis-
carding the 2 least significant bits of each 8-bit digital 5
chrominance quadrature component sample to form
6-bit digital characters. For each 8 X 8 block, the sepa-
rate quadrature component samples are averaged over
the block by summing every other component sample in
a given line, dividing the result by four, storing the
result obtained for each line, summing the result for the
eight lines in a block and dividing the result by eight.
Specifically, for the I quadrature component for block
K, the initial sample array is:

Inhahahahehiis

I =1y

20

The first row average is:

LynxUn+I3+hs+h7)/4 25

The last row average is:

Lqyg=(Ig1+1I33+1I35+I37)/4

The block average is: 30

Lav BLock k=Uan+1an+ ... I413)/8
For the Q quadrature component, the first row average
is: 35
Qan=(Q2+ Q14+ Q16+ Q18)/4
The last row average is:
Qavs=(0s2+ Q84+ Qg6+ s8)/4
The block average is:

Qay BLOCK kK=(Aan+ Qa2+ ... Q413)/8 45
The resulting block average for each component is
stored as a 6-bit character in input memory 13. The full
chrominance field is recovered in output digital proces-
sor 12’ by inverse interpolative processing of the aver-
age chrominance samples transmitted through the sys- 30
tem.

While suitable for many applications requiring infor-
mation signal compression, the invention is especially
adapted for use in a video teleconferencing system in
which the prime criterion is bandwith reduction with
minimum degradation in the subjective quality of the
video images. At a typical sampling rate of 10.7 MHz
for digital video transmission using eight-bits per digital
sample character, the required bit rate to reliably trans-
mit video information without compression is 8.56 X 107
bits per second. By processing video signals according
to the invention, using the same sample rate and the
same size digital characters (i.e. eight-bits) in the analog
to digital converter section of the encoder, and the
digital to analog section of the decoder, compressed 65
digital video can be transmitted from the encoder buffer
unit 25 to the decoder buffer unit 25' at a rate of
2.39X 10 bits per second, which is 0.25 percent of the

55

60
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standard uncompressed digital bit rate. As will be ap-
preciated by those skilled in the art, such a substantial
reduction in the bit rate enables video information of
good picture quality to be transmitted over a communi-
cation link having a substantially narrower bandwith,
for example four conventional digital voice channels,
with the result that substantially more information traf-
fic can be routed over available communication links.

While the above provides a full and complete disclo-
sure of the preferred embodiments of the invention,
various modifications, alternate constructions and
equivalents may be employed without departing from
the true spirit and scope of the invention. For example,
while eight by eight pixel blocks are employed in the
preferred embodiment of the invention, blocks of other
sizes may be employed, if desired. The relevant criteria
for selecting appropriate block sizes are the processing
time required by the block difference and decision unit
16, the cosine transform unit 20, the quantizer unit 23,
the coder unit 22 and the distortion calculator 18. In
general, larger blocks require more processing time, and
the speed of currently available digital circuitry pro-
vides a practical limitation of about 32 pixels by 32
pixels on the maximum block size. In addition, for appli-
cations in which the amount of interframe image motion
is excessive (i.e. greater than that normally present in
video conferencing applications), a smaller block size
may be necessary in order to provide decoded video
signals of good subjective quality. Selection of smaller
block sizes, however, increases the required minimum
bit rate for the buffer units 25, 25". In addition, different
weighting factors may be employed for field merging, if
desired; however, in the development of the preferred
embodiment it has been discovered that a ratio of seven
to one results in decoded video signals which are quite
blurry, while a ratio approaching one to one results in a
substantially increased number of blocks selected for
replenishment, requiring a higher minimum bit rate for
reliable transmission and decoding. The above descrip-
tion and illustrations, therefore, should not be construed
as limiting the scope of the invention, which is defined
by the appended claims.

APPENDIX A

AR RN R AR RRN RN R XA RAANANR KRR A AR AN AN RARNARRRANR N

© 1982 Bell & Howell
TABLE 1

€ntry * Occurrences ® Length * Huffman Code w%=n

g 66718, 1 2800
1 63441. 2 £8BL3
2 7747. 3 2o05
3 2258. 4 gecs
4 894. 6 Bu27
5 44¢. 6 op24a
6 276. 7 o048
7 167. 8 POYA
8 115 8 8985
9 94 9 2137
18 61 9 2131
11 55 9 2129
12 51 9 g128
13 38. 18 8265
14 25. 11 p4DB
15 14, 11 p4acz
16 23: 11 2409
17 19. 11 gacc
18 12. 12 2985
19 9. 12 8983
28 18. 11 pacs
21 12. 12 p9el1
22 3’ 13 130C
23 5. 13 1369
24 9 12 2992

APBU00159326

Page 11 of 49




Case 3:06-cv-00019-MHP  Document 125-5  Filed 07/13/2007 Page 12 of 49

13 4,541,012 14
25 19. 12 g9Lg 119 9. 16 99A9
26 4. o 13 1367 120 g. 16 99AB
27 7. .12 2983 121 8. 16 98A7
28 6. 12 £982 : 122 g. 16 99A6
29 5. 13 1368 : ©123 g. 16 99A5
39 Q. 16 99FD 5 124 2. 16 99A4
31 6. 12 298] 125 8. 16 99A3
32 4. 13 130E 126 9. 16 99A2
33 2. 14 267E 127 8. 16 99A1
34 1. 14 2603 128 8. 16 99A0
35 a. 16 99FC
36 1. 14 2602
37 4. 13 138D 10 -
38 1. 14 2601 tokel symbots = 142561,
39 g. 16 99F 7 s\' | Entropy = 1.507
ag 8. 16 99F6 B'& fer Symbol = 1.796
41 1. 14 2600
42 g. 16 99r 5
43 8. 16 99F 4
44 9. 16 99F 3 15
45 g. 16 99F 2
40 a, 16 99F ] R R S AR AR AN AR R AN R R AT AR AR R R AR A A AR AR KRR R AR AR KRR K
47 9. 16 99F g © 1982 Bell &
48 1. 15 4CFF ] §2 bell Howell
43 Q. 16 S9EF
57 g. 16 S9EE & Entry % urr » " xw
£ g 16 99ED 20. y Occ ences Length Huffman Code
52 9. 16 99EC - 19459, 1 o908
53 B. 16 99EB 1 13767. 2 9093
54 . 16 99EA 2 4937. 3 22895
55 g. 16 99E9 3 2896 . 4 ILE
56 g. 16 99E8 4 1016, 6 8827
57 a. 16 99£7 5 568. 6 8025
58 a. 16 99E6 ‘ 25 6 352. 7 BoAC
59 0. 16 99ES 7 214. 7 2048
60 a. 16 99E4 8 136. 8 2093
61 a. 16 99E3 g g2. g 2136
62 a. 16 99E2 18 52, 18 B26F
63 9. 16 99E 1 11 42. 19 226A
64 a. 16 99E0 12 29. 19 8249
65 a. 16 99DF 30 13 32. 19 224A
66 a. 16 99rE 14 19. 11 g4D2
67 2. 16 990D 15 19, 11 24D1
68 a. 16 99DC 16 25. 11 240C
69 8. 16 990D 17 9. 12 29AF
78 g. 16 99DA 18 13. 11 2491
71 g. 16 9909 19 13. 11 2439
72 g. 16 998 35 28 6. 13 1377
73 g. 16 99p7 21 1. 15 4DD7
74 a. 16 9906 22 4. 13 125F
75 2. 16 9405 23 2. 14 26BC
76 2. 16 99p4 i 24 4. 13 125E
77 2. 16 9903 25 2. 14 26BB
78 a. 16 99p2 26 3. 13 1258
79 0. 16 9901 40 27 9. 15 4970
84 9. 16 99Dg 28 6. 13 1376
81 9. 16 99CF . “29 3. 13 125A
82 8. 16 99CE 30 4. 13 125D
83 a. 16 99CD 31 3. 13 1259
84 9. 16 99cC 32 3. 13 1258
85 . 16 99CB .33 1. 15 4DDB
86 9. 16 99CA 45 34 B. 16 SAD7
87 2. 16 99C9 35 1. 15 4DD5
88 g. 16 99C8 36 1. 15 4DD4
89 a. 16 99C7 37 8. 16 9AD6
90 Q. 16 99CE 38 1. 15 4pD3
91 . 16 99C5 39 . 16 9AD5
92 9. 16 99C4 40 g. 16 9AD4
93 a. 16 99C3 50 41 2. 16 9AD3
94 Q. 16 99C2 42 8. 16 9AD2
95 g. 16 99C1 43 1. 15 4DD2
96 g. 16 93cy 44 2. 14 26BA
97 g. 16 99BF 45 1. 15 4DpD1
98 9. 16 99BE 46 1. 15 4DDO
99 g. 16 998D 47 1. 15 4D7F
158 a. 16 99BC 55 48 2. 14 2689
101 8. 16 9988 49 1. 15 4D7E
182 . i6 99BA 58 1. 15 4D7D
163 9. 16 9989 51 2. 14 2688
104 g. 16 99p8 52 g. 16 9AD1
105 a. 16 9907 53 8. 16 SADY
106 a. 16 93986 54 g. 16 SACF
187 9. 16 99E5 60 55 g. 16 9ACE
128 9. 16 9984 56 g. 16 SACD
149 q. 16 99B3 57 1. 15 407C
110 9. 16 9982 58 Q. 16 SACC
111 0. 16 9981 59 2. 16 9ACB
112 ag. 16 99Bg 60 e. 16 9ACA
113 g. 16 99AF 61 g. 16 9ACY
114 9. 16 99AE 65 62 8. 16 9ACS
115 Q. 16 99AD 63 1. 15 4D78
116 g. 16 99AC 64 a. 16 9AC7
117 a. 16 99AB 65 1. 15 4D7A
118 2. 16 99AA 66 g. 16 9AC6
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67 a. 16 9ACS 16 62 9 892A
68 2. 14 26B7 17 72. 9 BIAA
69 2. 16 9AC4 18 46. g Bo20
78 . 9. 16 9AC3 19 56. g pB25
71 . 2. 14 26B6 22 41. 18 2178
72 g. 16 3AC2 5 21 " 29. .12 2850
73 g, 16 SAC1 22 31. 19 2053
74 g. 16 9ACH 23 2. 11 22E2
75 g. 16 9A7F 24 33, 18 8US7?
76 8. 16 SA7E 25 23. 1 B82E7
77 . 8. 16 9A7D 26 21, 11 22E4
78 a. 16 9A7C 27 19. 1i B2AE
79 a. 16 9A78B 10 28 15. 11 BOAS
84 g. 16 9A7A 29 21. 11 A2E3
81 g. 16 9A79 38 13. 11 BO98
82 a. 16 SA78 31 16. 11 BOAC
83 a. 16 SA77 32 14, 11 2993
84 g. 16 9A76 33 8. 12 2158
85 a. 16 9A75 34 4. 13 BAB3
86 a. 16 9A74 15 35 7. 12 2148
87 9. 16 9A73 36 7. 12 8147
88 2. 16 9A72 37 g. 12 255A
89 a. 16 9A71 38 6. 12 218F
99 g. 16 9A78 39 6. 12 g19E
91 a. 16 SAGF a9 7. 12 . 0146
92 8. 16 9ABE 41 5. 13 2B96
‘93 g 16 9A6D 20 42 5 13 gB95
94 g 16 9ABC 43 8. 12 F15A
95 g 16 9A6B 44 4. 13 BAB2
86 g. 16 9ABA 45 7. 12 2145
97 a. 16 9A69 46 4. 13 2AB1
98 2. 16 9A68 47 5. 13 2894
39 . 16 9A67 © 48 3. ' 13 2248
190 8. - 16 9AG6 25 49 6. 12 g180
191 a. 16 9A65 50 7. 12 2144
192 8. 16 9A64 51 4. 13 gABZ
183 g. 16 9A63 52 3. 13 f24A
104 a. 16 9A62 53 1. 14 2423
195 g. 16 9A61 54 6. 12 g18C
196 g. 16 9468 55 2. 16 1495
187 8. 16 9ALF 30 56 2. 14 157D
198 2. 16 9A1E 57 1. 14 g4a22
129 g. 16 9A1D 58 3. 13 a249
118 g. 16 9A1C 59 2. 14 157¢C
111 a. 16 9A18 62 1. 14 2421
112 a. 16 9A1A 61 3. 13 . @248
113 . 16 9A19 62 1. 14 2428
114 a. 16 9A18 35 63 3. 13 0247
115 g. 16 9A17 : 64 3. 13 2246
116 2. 16 SA16 . 65 2. 14 1578
117 g. 16 9A15 66 2. 14 157A
118 a. 16 9A14 67 3. 13 9245
119 8. 16 9A13 - 68 1. 15 2E6F
129 a. 16 9A12 69 2. 14 1579
121 g. 16 9A11 40 79 1. 15 2E6E
122 8. 16 SAlQ 71 1. 15 2E6D
123 a. 16 92E7 . 72 2. 14 1578
124 2. 16 92E6 73 4. 13 2293
125 2. 16 92E5 74 5. 13 BABF
126 8. 16 92E4 75 1. 15 2E6C
127 g. 16 S2E3 76 3. 13 9244
128 8. 16 92E2 45 77 6. 12 2108
: 74 1. 15 2EBB

79 a. 16 1494

89 1. 15 2E6A

T&Q‘ Symbo'ls = 42954. 81 1. 15 2E69
Sywhel Engwgy1 = g-géi 82 . 1. 15 2E68
r Symbol = . 83 1.” 15 2E67 -

Bits P 50 84 RETT I 15 2E66
85 S g, 16 1493

86 1. 15 2E6S

87 3. 13 2215

AR R R AR R RAR AR AR KRR N RAAR KRN RARARNCRARRANRNRTRARRNRARR 88 0. 1€ 1492
© ]982 Bell & Howell 89 1. 15 2E64
TABLE 3 99 1. 15 2E63

55 91 1. 15. 2E62

Entry * Occurrences * Length * Huffman Code 2% 92 2. 14 156F
93 1. 15 2E61

)4 16179, 2 2993 94 a. 16 1491
1 14815. 2 8082 95 2. 14 156E
2 6726, 3 2803 96 1. 15 2E69
3 3891, 3 2901 97 9. 16~ 1499
4 2383. 4 2004 60 98 g. 16 12A7
5 1615. 4 2908 39 9. 16 19A6
6 1161, 5" 2063 199 g. 16 18A5
7 722. 6 2016 101 1. 15 2E5F
8 545. 6 2914 192 9. 16 . 10A4
9 414, 7 292F 183 1. 15 2ESE
19 354, 7 2028 104 2. 14 156D
11 259, 7 2eeB 65 105 1. 15 2E5D
12 194, 8 gYSD 186 g. 16 19A3
13 141. 8 2054 187 g. 16 19A2
14 115. 8 8813 198 a. 16 1041
15 191, . 8 2011 149 a. 16 19A0
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5652.
6448.
3916.
2656.
2819.
1581.
1229.
979.
811.
618.
518,
417.
494 .
321.
256.
211,
181,
177.
156.
1449,
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93.
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71.
68.
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§9.
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23.
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17.
17.
9.
17.
15.
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8.
12.
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12.
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5.
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156C
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1998
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10995
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1991
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2207
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o298s
o0y
BBOY
B#93
BO1A
po18
225
2236
2232
8821
28
BOGE
o847
2044
BALl
BADF
2BCF
22CD
2e27
2224
BH26
8920
g19cC
2198
2119
2117
oP4aB
Bo42
2379
233A
8235
8234
2236
B22A
B985
2r8e6
222D
P6F 6
2994
26F 0
2666
B665
OCED
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199F
28C3
115B
198E
28C2
199D
28C1
18D7
378A
115A
a8cy
g8C?
199C
1159
PBAF
1BD6
B8AS
3789
3788
g87A
1158
BBA4
33RBF
ZBAE
33BE
33BD
11BF
33BC
114F
33B0
CEC!
33BA
114E
B43F
3389
2879
2878
6F7F
CECo
21F7
6F7E
6F7D
33B8
21F6
3383
6F7C
11BE
6F78
21F5
21F4
21F3
6F7A
21F2
21F1
33B2
6F79
6F78
21F@
21EF
21EE
6F77
21ED
21EC
33B1
6F76
6F75
6F74
6761
g22C

KRR AR AN AR RN A AR KRR KRR AN KA INR R KRR RRARR AR AR RRA AR KRR

1982 Bell & Howell

TABLE

5

* Entry ¥ Occurrences * Length * Huffman Code ¥*x*

WRONOUTHEWN -

16640,
1804.
1425,
978.
822.
637.
595.
522.
411.
393.

3

(LRGN IR AR

2904
2205
poB2
pEHD
po87
o802
o0ee
PO1E
ga18
288C
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19 4,541,012 20
10 372. 5 2087 g5 1. 14 3FFF
11 308. S 2992 g6 1. 14 3FFE
12 270. 6 PO3E 47 2. 13 1FD3
13 248. 6 PR3A 8 4. 12 REDC
14 234. 6 2033 29 2. 13 1FD2
15 236. 6 2038 5 19 1. 14 3FFD
16 161.° 6 2289C 11 g. 16 C85A
17 143. 7 2a7E 12 3. 12 268F
18 123. 7 2an72 13 1. 14 3FFC
19 131. 7 2977 14 1. 14 3FFB
20 94. 7 2018 15 I. 14 3FFA
21 182. 7 2836 16 1. 14 3FF9
22 96."° 7 2034 10 17 g. 16 C859
23 76 7 P80 18 3. 12 26BE
24 61. 8 BYED 19 g. 16 cess
25 76. 7 284C 20 1. 14 3FF8
26 53. 8 PO6F 21 2. 16 857
27 56. - 8 B2CA 22 1. 14 3FE7
28 57. 8 208CB 23 2. 16 €856
29 A8, 8 2o1E 15 24 g. 16 C855
34 31. 9 21DA 25 1. 14 3FE6
31 43. 8 2034 26 3. 12 2353
2 28 9 2193 27 g. 16 CB854
33 31 g 2109 28 31. 9 2108
34 39. 8 ga1c
35 25. 9 28DpcC
36 37. 9 Z1FE 20
37 27. 9 2192 Total Symbols = 12959,
38 19 9 BB3A 5ymbol Entropy = 4.557
39 17, 19 B3F9 W ts Per Symbol = 4.578
40 29. 9 g1cs
41 23. 9 2YD4
42 11, 19 pED7
43 28. 9 89238 25 N
4 16_ 3386 AR R AR R A AN R A AN IR R R R R AN R A AR RN NN AR AR AKX ARRRA RN
i 1o . pEe ©°]982 Bell & Howell
46 18. 18 Q3FB ) TABLE 6
47 27. 9 2191
48 16. 12 #3983 Entry * Occurrences * Length * Huffman Code ***
49 6. 11 P35E
58 12. 10 B1AC 30 g 496. 3 2985
51 11, 10 2906 1 366. 3 28491
52 11. 19 2805 2 294. 4 PBOE
53 5. 11 A1A8 3 232. 4 068
54 12. 18 21A8 4 213. 4 2085
55 9. 11 B7FE 5 157. 5 2I1F
56 6. 11 235D 6 142, 5 2o18B
57 9. 11 B7FD 35 7 134. 5 2819
58 12. 18 B1AA 8 118, 5 212
59 4. 12 AFES 9 124. 5 2pe9
69 6. 11 235C 19 88. 5 2801
61 5. 11 PBFF 11 96. S 2003
62 7. 11 2725 12 67. 6 2831
63 17. 19 Q3F8 13 71. 6 2935
64 7. 11 2724 40 14 54, 6 201A
65 19, 18 297D 15 57. [ RILE
66 5. 11 BHFE 16 60. & goIF
67 4. 12 QEDF 17 55. 6 go1C
. 68 5. 11 20FD 18 66. 6 28427
69 5. 11 foFcC 18 45. [ 2804
g . 1. 13 BEAS 208 44, ] 2981
71 2. 13 1FF2 45 21 54, . § 2919
2 3. 12 ogcs4 22 39. 7 RA7A
73 4. 12 REDE 23 27. 7 BR37
74 6. 11 2358 24 35. 7 2268
75 3. 12 P6EF 25 31. 7 284D
76 7. 11 2643 .26 27. 7 2036
77 3. 12 A6EE 27 36. 7 2978
78 4. 12 BEDD 50 28 26. 7 2223
79 S. 11 gRF9 29 25. 7 2822
89 3. 12 B6ED 34 21. 8 POF7
B1 9. 17 6429 31 24. 7 2008
82 1. 13 26A4 32 28. 7 2838
83 3. 12 B6EC 33 22. 7 2881
84 6. 11 235A 34 25. 7 2821
85 3. 12 a6EB 55 35 19. 8 20F3
86 3. 12 PEBEA 36 16. 8 29Co
87 2. 13 1FF1 37 13. 8 2063
88 3. 12 H6EQ 38 14. 8 2298
89 1. 13 P3E3 39 13. 8 2062
94 1. 13, 23E2 49 14. 8 2975
91 a. 15 6428 41 13. 8 2p61
92 8. 16 C85F 60 42 11. 8 8015
93 2, 13 1FF@ 43 13. 8 2968
94 2. 13 1FD7 44 9. 9 21€4
95 a. 16 CBSE 45 11. 8 2B14
96 1. 13. B3E1 46 18. 9 B1ED
97 2. 16 €850 47 18. 9 A1EC
98 1. 13 B3ED 48 8. 9 2133
99 2. 13 1FD6 65 49 11. 8 2091
88 2. 13 1FD5 50 6 9 2283
a1 2. 13 1FD4 51 9. 9 B1A7
82 3. 12 ’ O6ESB 52 5. 9 2209
p3 g. 16 C€35¢C 53 5. 12 23CB
a4 g. 16 Cc858 54 4. 19 2389
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Case 3:06-cv-00019-MHP

¢ Total Symbols
* Symbol Entropy
* Bits Per Symbol

A E KRR RN A KRR AR R AN RN AR AN KRR RANRRRRRARRRRNRNNRR

© 1982 Bell & Howell
TABLE 7

Entry * Occurrences * Length * Huffman Code ***

SWN -8

—NQ~&H~QQNQ-QQN&~&@QQ--wNQ~NbN-QQ~QQNQQwN—NNN—NQmNNNN&AAwwu—NaaA

H
[SESE-ESE-R-)

1134,
- 476,
463.
482.
607.

11

——

B e e b bt bs pe s e b e

3705.
5.023
5.0847

LU Ul

2398
2387
2306
0695
2PB5
2385
BPES
21D1
B304
2265
2694
2693
8692
8691
8690
20982
2645
BE1LF
ooB4
B6I1E
261D
p61C
BF2B
2618
2108
2644
2643
B61A
2642
2641
2F2A
2648
4C9F
BF29
BF28
2619
4C9E
2618
sD37
4CSD
2617
2RR3
2036
2D35
/D34
pD33
4C9C
4C9B
4C9A
4C99
/D32
4C98
4C87
4C86
4C95
2031
pD3Q
4C84
2616
4C93
4C92
2D °'F
prE
4091
202D
4C99
4C8F
ap2c
4CBE
4C8D
2615
4Cc8C
2614
BO4E

298D
2o11
BORF
k2A%4
2801C

4,541,012

10

15

20

25

30

35

45

50

55

60

65

Document 125-5

—— e
DWN—=RNOWE NG U

n

16

632.
611.

489.
500.
583.
423.
317.
353,
344.

241.

1.

PR

Q=N -~ & -

Filed 07/13/2007
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Page 16 of 49

881F
801D
gg18
2014
2R1S
RL16
288C
2930
2985
2004
2887
2826
2812
BOZF
2921
2a1C
2eB7
2967
201A
0R27
P815
po1B
pBE2
0029
o113
2811
2ouC
2081
2032
2016
2018
2878
ROOS
BA3A
2006
oARY
2o29
2028
Qa2E
2OF2
BB76
2877
PIF3
2008
pO1B
BO1A
295C
ooB3
2966
BOSF
2026
8925
2174
2827
A2EB
B2EA
B17A
2179
2178
2BC4
2F14
28C3
291B
291A
2BC2
2918
g918
2BC1
2917
8916
2915
9BCR
B24F
2914
2913
R24E
2912
2911
2910
B9QF
Z908E
f124
298D
824D
298¢
g24C
2908
290A
2909
2908
2987
B24B
2986
2905
2904

APBU00159331



Case 3:06-cv-00019-MHP  Document 125-5  Filed 07/13/2007 Page 17 of 49

4,541,012
23 24
199 a. 15 0903 45 2. 16 13A5
181 1. 13 224A 46 g. 16 13A4
192 a. 15 2982 47 1. 15 1E88
193 g. 15 2901 48 a. 16 13A3
104 g. ‘15 2989 49 8. 16 13A2
195 1. 13 2247 5 54 a. 16 1341
106 : g. 16 SE3F 51 g. 16 13A9
197 a. 16 5E3E : 52 8. 16 139F
168 g. 16 5E3D 53 g. 16 139€
199 a. 16 SE3C 54 8. 16 1390
118 a. 16 5E38 55 g. 16 139¢C
111 : g. 16 SE3A 56 g. 16 1398
112 g. 16 SE39 10 57 a. 16 139A
113 9. 16 5E38 58 g. 16 1399
114 g. 16 5E37 59 g. 16 1398
115 g. 16 SE36 68 9. 16 1397
116 a. 16 5E35 61 8. 16 1396
117 2. 16 5E34 62 2. 16 1395
118 a. 16 5E33 63 g. 16 1394
119 g. 16 SE32 15 64 g. 16 1393
129 g. 16 5E3] 65 g. 16 1392
121 2. 16 5E30 66 g. 16 1391
122 g. 16 SE2F 67 g. 16 1399
123 g. 16 SE2E 68 a. 16 138F
124 a. 16 5E2D 69 a. 16 138E
125 a. 16 5E2C 79 2. 16 1380
126 g. 16 5E28 20 71 g. 16 138C
127 9. 16 SE2A 72 9. 16 1388
128 69. 8 POBB 73 g. 16 138A
74 . 16 1389
75 g. 16 1388
76 g. 16 1387
* Total Symbols = 14768, 77 9. 16 1386
* Symbol Entropy = 5.538 25 78 a. 16 1385
* Bits Per Symbol = 5.578 79 g. - 16 1384
8g g. 16 1383
81 2. 16 1382
82 g. 16 1381
83 2. 16 1388
AR R A AR R AR A A T AN I R AN R AR AR R AR AN AN A RN R R AN RRA AR 84 2 16 137F
1982 Bell & Howell 30 - 8% g, 16 137€
TABLE 8 86 g. 16 137D
87 g, 16 137¢C
Entry * Occurrences * Length * Huffman Code %ww® 88 g. 16 1378
89 g. 16 137A
V'] 12298 2 2981 90 g. - 16 1379
1 6198. 3 2984 91 2. 16 1378
2 3859, 4 2908 35 92 8. 16 1377
3 2618. 4 8092 23 g. 16 1376
4 24985 4 2998 94 g. 16 1375
5 1716. 5 2014 95 a. 16 1374
6 1378. 5 0883 96 8. © 16 1373
7 1869. 6 2828 97 g. 16 1372
8 959, 6 892A 98 g. 16 1371
9 815. 6 999E 40 99 a. 16 1370
18 767. 6 28080 199 2. 16 136F
11 621. 6 2085 : 1a1 2. 16 , 136€
12 471. 7 001F 182 a. 16 1360
13 491, 7 2219 123 g. 16 136C
14 349, 7 2918 184 a. 16 1368
15 151 8 2912 185 a. 16 136A
16 98, 9 0878 45 186 a. 16 1369
17 63. 9 823 187 2. 16 1368
18 57. g 0929 188 2. 16 1367
19 44, 19 aBaF 189 8. 16 1366
29 58. 9 2822 118 8. 16 1365
21 52. 19 88F 3 1 <~ 9. 16 1364
22 . 58, 9 0021 112 8. 16 1363 i
23 55. 12 20F7 s 113 g.. 16 1362
24 53, 19 2aF5 114 g. - 16 1361
25 55. 19 28F 6 115 g. 16 1369
26 52. 19 g8F 2 116 a. 16 135F
27 34, 19 294cC 117 g. 16 135E
28 14. 12 2302 118 a. 16 1350
29 6. 13 B87A3 113 g. 16 135¢C
39 18. 12 2308 s5 128 a. 16 1358
31 3. 13 2268 121 8. 16 135A
32 4. 13 926A 122 g. 16 1359
33 2. 14 B4EB 123 a. 16 1358
34 7. 13 27A7 124 8. 16 134F
35 19. 12 2138 125 g. 16 134€
36 2. 14 F4EA 126 g. 16 134D
37 3. 14 @F 4D 60 127 g. 16 134C
38 3. 14 gF4c 128 14989. 2 2903
39 1. 14 .§4D2
42 g. 16 13A7
41 1. 15 1£88 -
42 1. 15 1E8A lolgl symbois = 58475,
43 1. 15 1E89 3,.\.15ntropy = 3.216
44 g. 16 13A6 65 Btﬁer Symbol = 3.235
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4,541,012
25 26
APPENDIX B '

RRARRRREE AR R KRR ARR AR RANRARARKI RN R AR K ARKRRAAN R TIRRRAAATARRRAKRRRRARRRRR R R XK k%

1982 Bell & Howell
ABLE 1

Entry * Father * Bit * Value or Sons % ROM Data: EOB,Z,E,T,D6-DJ %x»*

g none g g 2 8148

1 none 1 2o0BOO1 x g B

2 1 g BeRBYLEx a8 2

3 1 1 1 g 8 1

4 2 2 ROBRA11x g9 3
5 2 1 2 g 8 2
6 4 4 3 g 8 3

7 4 1 BELZIBEX P74

8 7 ) PBUB11ExX g 96

9 7 1 POORIB x g g5
19 9 )4 BRB1BOLX g 0 8
11 9 1 4 g 8 4
12 8 4 5 g B 5
13 8 1 BROB111x e 97
14 13 I} PRB1P1Ox 2 2 A
15 13 1 6 g 8 6
16 12 1} BOL110Ax g o8 C
17 19 1 BBELIRO] X g B S
1B 17 g 7 P 8 7
19 17 i BOEIPI ] x g BB
28 14 g BRO1110x g 9 E
21 14 1 L8 g B B
2 19 2 BR1O2D1 X 211
23 19 i .9 g 89
24 16 B BECYIRIx g gD
25 16 1 B2OLY111x P B F
26 24 2 BO1BO11xX g 13
27 24 1 - 18 2 8 A
28 28 a 12 g 8 C
29 29 1 11 g 8 B
30 25 J2) BO1BOLD X P19
31 25 1 BB1E110x 216
32 38 %) RO118L 1 x g 19
33 39 1 13 g 8D
34 22 2 BRIRIR] X 15
35 22 1 PO1BR1Px g1 2
36 35 14 PO11REAx g1 8
37 35 1 14 P 8 E
38 26 2 B18BROYx P29
39 26 1 PO1D188x 21 4
42 39 %) 15 g 8 F
41 39 1 Po11180x g 1C
42 34 4 PR11211x g 18B
43 34 1 16 g 99
44 31 g pB18111x g1 7
45 31 1 pl1O0R18x g2 2
46 44 2 17 g 9 1
47 44 1 1198881x g 61
48. 36 )% gP11118x g1 E
49 36 1 18 g9 2
5g 32 )4 22 g 9 4
51 32 1 2011010x g 1A
52 51 2 24 g 98
53 . 51 1 19 g 9 3
54 42 g 25 g 99
55 42 1 21 g 95
56 41 %] pR11181x 210D
57 41 1 BBLI1111x g 1F
5B 56 4 22 g 96
59 56 1 37 g A S
60 48 B 29 g 90D
61 48 1 23 g 9 7
62 57 2 32 g A
63 57 1 26 2 9 A
64 38 7] g18180Ex g 2 8
65 38 1 B10BRAI1 x g 21
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66
67
68
69
78

71"

72
73
74
75
76
77
78
79
8¢
81
82
83
84
85
86
87
B8

g
91

2
“

93
94
85
96
5
98
99
180
121
102
1e2
124
185
106
187
108

o i
5w

[P Y
TN bt bt bt bt bme bt b Omd bme
NMWOWONOCT & WN ~—

—t e
N NN N
B WN —

125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

65
65
45
45
69
69
71
71
73
73
75
75
76
76
64
64
8g
8o
83
83
82
82
72
72
83
839
91
91
99
90
88
88
97
97
96
96
70
79
183
183
185
185
187
187
106
186
194
184
113
113
112
112
182
192
119
119
121
121
129
129
118
118
127
127
126
126
68
68
133
133
135
135
137
137

4,541,012

27

g 28
1 27
2 19898108 x
1 g1enfrllx
2 g11pL11x
1 BlUEILOLY
2 2101108
1 Bl1OB1B]x
) 33
1 2188118x
) 218811 1x
1 48
2 35
1 32
B g121881x
1 31
2 g1o10811x
1 2121018x
2 36
1 34
%3 41
1 38
) B1122ELx
1 g191101x
2 g1o1111x
1 2181118~
8. 40
1 39
I’} 43
1 42
g B118210x
1 2118881
2°, 45
1 & 44
g 47
1 46
g B111911x
1 112198 x
g © #111988x
1 g11g1£1x
i} B119111x
1 2112118x
g 58
1 49
B 52
i 51
2] g111210x
1 B111801x
2 54
1 53
2 56
1 55
)] P111111x
1 g111108x
g g111118x
1 g1111081x
2 58
1 57
)| 60
1 59
2} 1888801 x
1 1968068 x
%) 62
1 61
) 64
1 63
%] 10188 10x
1 128091 1x
2} 1801811x
1 1000100
g 1001808 x%
1 1088181 x
B 1200111x
1 1828110x

&QQQQQQQQQQQQQ&QQQQQQQQQQQQQQQQQQQQQQQQQGQQGQQNQQQQ&QQQQGQQ&QQQNQQQQNQQQQQ

Document 125-5

a:»a-u:sa-ucnu:n:nuaaxsu:m(nuuw(uu)wtnu:m:nu:wtnu:mtnu)w(uosw(uI>>]>>(uu)>J>r,>rohJN(u>’>J>I=Nruu:N\ox>mron:>ronjmturaanoxn

m\u.rlcohwuN'nQDm&_»—wnxobomn‘n\lmmmm>wu-—-mm\1mmnmm'ﬂﬁo-—-mbmxnmm‘ﬂoc:mmma-bmﬂmr’u.oa\lChv-mﬁuwwmmn
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149
141
142
143
144
145
146
147
148
149
159
151

152
153
154
155
156
157
158
159
160
161

162
163
164

165
166
167
168
169
178
171

172
173
174

175
176
177
178
179
180
181

182
183
184

185
186

187

188
189

198
191

192
193

194

195
196

197
198
199
208
281

282
283
204

285
286
297
208
289
218
211

212
213
214

Case 3:06-cv-00019-MHP

139
139
138
138
136
136
145
145
144
144
134
134
151
151
183
153
152
152
158
158
159
159
168
158
132
132
165
165
167
167
169
169
168
168
166
166
175
175
174
174
164
164
181
181
183
183
182
182
188
180
189
189
188
188
47
47
195
185
197
197
199
199
291
201
200
200
198
188
2a7
207
296
286
186
196
213

3
-]

Q‘-QHGHQ'—Q'-'Q’-‘Q’-‘Q'—‘Q‘-’Q‘-‘Qwa'—‘a"@—@“&

4,541,012

66
65
68
67
1881018
1001801 x
78
69
72
71
1880111 1x
1801188x
1PR1118x
1881101x
74
73
76
75
1918081 x
101BUNHx
78
77
BO
79
1011218x
181881 1x
1618111x
1210180x%
1218118«
1218121 x
82
Bl
84
83
101108 %
1011880x
86
85
88
87
181111@x
181181 1x
011181 x
12011188
9p
89
92
g1
112888nx
1811111x
894
93
96
95
1118881 x
1188£18x
1181818x
118821 1x
11808111x
1180180>
112C0118x
1109181 x
98
97
189
g9
1181881 x
1181890 x
182
191
184
183
1191110x
1191811«
1181181 x

GEQQEQQEQQla&!n&!salsaIQQ!QQ!QQfSQCQ&lQGRQ!9&!26

QQ&QQ@QQQQQlSlQQQQQQQ’-‘DQQQQ&Q@Q&QQ&GQQQQQQQQQQ

Document 125-5

—wvmo\n\uu>ﬂ1acuﬂa-mrno>(:mrWﬂ«qmcnonobtouuaw

Utﬂm~4m(ﬂ0ﬂnmﬂnb»dN(ﬂml>V(u}ruH'ﬂQtDWP"Q(DO\DD(WUUIW\Jmu1m03mo)h
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Case 3:06-cv-00019-MHP  Document 125-5  Filed 07/13/2007 Page 21 of 49

4,541,012
31 32
215 213 1 1181128x g6 C
216 215 g 196 g E A
217 215 1 185 g ES
218 214 g . 188 B EC
219 214 1 197 g EB
228 212 B 1118000 x g 78
221 212 1 11901111x g 6 F
222 221 )] 118 g EE
223 221 . 1 188 B ED
224 228 g 112 g F g
225 229 1 111 g EF
226 194 g 1111801x 8 79
227 .. 194 1 1119218 g7 2
228 227 B 1118110x 2 7 6
229 227 1 111921 1x g7 3
238 229 g 1118181x 8765
231 229 1 111818L8x g7 4
232 231 2 114 B F 2
233 231 1 113 g F 1
234 230 I 116 g F 4
235 .. 230 1 115 2 F 3
236 228 )’} 1111828x g 7 8
237 228 1 1118111x B8 77
238 237 )} 118 g F 6
239 237 1 117 g F 5
248 236 2 129 2 F 8 .
241 236 1 119 g F 7
242 226 '} 1111101x 870D
243 226 1 1111818x 2 7 A
244 243 74 111110€x g 7¢C
245 243 1 11119011x g 78
246 245 g 122 2 F A
247 245 1 121 8 F 9
248 244 g 124 B F C
‘249 244 1 123 2 F B
250 242 2 1111111x g 7 F
251 242 1 111111@x B 7¢E
252 251 )24 126 g F E
253 251 1 i 125 g F D
254 258 2 128 1840
255 250 1 127 g F F

.ﬁ"..ﬂR.""-'ﬁ"..'ﬂﬁ'ﬁ‘l.‘Q'R'*'*tﬁﬁ'ﬁR"nRtﬁi‘l*lﬁﬁ*!‘ﬁﬂ'.l’ﬂﬁﬁiﬁ"Iﬂ

©® 1982 Bell & Howell
TABLE 2

**% Entry * Father * Bit * Value or Sons * ROM Data: EOB,Z,E,T,D6-Dg *n=
{ -

g none g %) 2870 -
1 none 1 goBILL ] x g 8 1 )
2 1 B2 20900 10x 28 2
3 1 1 1 28 1
4 2 2 28008811 x g 8 3
5 2 1 2 g 8 2
6 4 2 3 g 8 3
7 4 1 gBELLPrx o B 4
8 7 2 geOE118x 2906
9 7 1 PLLIIgx 2 25
ig 9 g gIe0111x 887
11 ] 1 4 28 4
12 8 '] BIC10BE % g 88
13 8 1 5 285
14 19 2 . B g 8 6
15 19 1 2891810x g9 A
16 12 Jo} . 7 g8 7
17 12 1 BOZ1EL ] x g 09
.18 17 g 2201111x g 9 F
19 17 1 8 @ 8 8
28 15 o BAC1191x 290D
21 15 1 290191 1x g 2B
22 21 ' - 9 g 89

APBU00159336
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23
24
25
26
27
28
29
39
31
32
33
34
35
36
37
38
38
48
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
68
61
62
63
64
65
66
67
68
69
8
71
72
73
74
75
76
77
78
79
Bg
81
82
83
B4
85
86
87
BB
89
99
91
92
93
94
95
96

21
23
23
28
20
27
27
i8
18
39
39
31

31

26
26
37
37
36
36
24
24
48
49
32
32
43
43
49
49
48
48
53
53
55
55
35
35
59
59
61

61

29
29
65
65
67
67
68
68
66
66
73
73
58
58
77
77
67
60
Bg
8g
82
B2
76
76
64
64
89
89
98
90
83
93
95

w
w

e e T e O e Lk L L R R i O o e R g T U U P S Y U I P S S S S GNP G

Document 125-5

4,541,012

ger1188x%
BOIBIELx
18
BE1BO1Bx
gEB1I118x
11
P1BBBOEx
BOIRBLEx
2e1eaflx
BP18111x
12
13
BZ11181x
PB1B1REX
Bg1RBL1Ix
14
1881118
2918118x
15
16
BO118REX
17
1191181x
18
18
g211818x
PR11BAIx
28
28
2118818%
21101 1x
B11BER1x
2011188
33
21
g1eg110x%
BR11118x
P1P1ROOx
gP11111x
24
22
181128 x%
218888 1x
B1PRLIREN
B1BBA1Dx
10881 1x
21110E80x
23
1908121 x
g111R18x
21012 1x
44
25
g121P11x
2108111x
29
26
B1B1BLIx
30
2191918x
1111188
27
1111111x
32
31
gi111@1x
g1g11@]x
g1g1118x
18E1810x
p118101x
g1g1lllx
B110108x
Bl1RRERAx
37

SECESESRSRURCESRGRURU RS RURURUROROESRSRURURORURORORURURURCR R RCECRUR SRR R R RO R SRR R R R R R R R R R R SR RS E R SR R R R SR SR SRS S S SR Y

>wWN(AJbNNwmb\JmVNlON\D\DNN\DDNWleWNI\)NNN\D\D*—‘NHN\DDHUHN\D\OM*AU‘J\DOO\—'QQHhm'—‘-‘t—‘mmt—‘b—-‘—NmQHm'—Q
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Case 3:06-cv-00019-MHP  Document 125-5

4,541,012
35
g7 95 1 34 2
98 54 2 36 2
g9 54 1 35 2
198 52 9 211811 1x I}
181 52 1 2119811x 2
192 101 2 . 43 2
193 101 1 38 g
104 94 g 49 2
125 94 1 39 g
186 92 2 P111188x 2
187 92 1 2118110x '
198 187 g 42 2
189 197 1 41 g
119 198 2 46 2
111 199 1 45 o)
112 69 2 g111911x 2
113 69 1 g111801x 2
114 113 Jf 49 2
115 113 1 a7 2
116 72 2 51 2
117 72 1 48 g
118 112 ] 57 2
119 112 1 59 2
129 196 9 53 a
121 196 1 52 ']
122 88 2 1999110x 2
123 88 1 g111119x% 2
124 123 ' 19908018 x 2
125 123 1 gi11l1llx 2
126 125 2 10808821 x P’
127 125 1 18008088 x 2
128 127 2 55 2
129 127 1 54 ']
138 126 ' 58 2
131 126 1 56 g
132 124 @ 1080108 x ')
133 124 1 100091 1x '}
134 133 2 60 g
135 133 1 59 2
136 132 ') 62 g
137 132 1 61 '
138 71 g 65 2
139 71 1 63 g
149 122 ' 120181 1x 2
141 122 1 1988111x 2
142 141 g 1801091 x 2
143 141 1 1001802 x 2
144 143 2 66 2
145 143 1 64 2
146 142 2 69 g
147 142 1 67 g
148 91 ' 71 g
149 9] 1 68 2
158 149 2 1901121 x 2
151 - 149 1 19081180x 2
152 151 g 72 g
153 161 1 70 2
154 159 2 74 )
155 150 1 73 2
156 39 2 1911118x 8
157 39 1 18991111x '
158 157 2 1918111x 2
159 157 1 19168098 x I
168 159 ' 1818100x 2
161 159 1 19108821 x I’
162 161 2 1918081 1x 2
163 161 1 19198018x 2
164 163 2 76 2
165 163 1 75 2
166 162 I’/ 78 2
167 162 1 77 b
168 160 2 1818110x I’}
169 160 1 1918181x 2
178 169 b 89 2
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Case 3:06-cv-00019-MHP

169
168
168
158
158
175
175
177
177
176
176
174
174
183
183
182
182
156
156
189
189
191
191
193
193
192
192
190
19¢
199
199
198
198
188
188
205
2085
287
287
286
206
204
284
213
213
212
212

45

45
219
219
221
221
223
223
222
222
220
229
229
229
228
228
218
218
235
235
237
237
236
236
234
234
243

w
2
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4,541,012

79
82
gl
12011811x
1911889x
1211818
10T1881x
B4
83
86
85
1211101
1811108x
B8
B7
9
8%
1180118x
1211111x
118801 1x
1108028 x
1108818x
1108881 x
92
91
S84
93
1109181 x
1180188x
96
95
98
97
1181818x
1180111x
1181881 x
11010828x
180
99
122
181
1101188x
1181811x
104
183
126
185
1119181 x
1181110x
1118010x
1181111x
1118801x
11186L0x
128
187
110
129
118188x%
11
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Case 3:06-cv-00019-MHP

245
246
247
248
249
259
251
252
253
254
255

243
242
242

83

83
249
249
248
248

85

w
o

— e Qe I e B e Y

4,541,012
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40

TR UMOmOCOMOD g

RERXRANRARXRARARRRAANTRARANARRARKARRARY? AAXRARXINARERRRRARRNAR AR AN AR KRR R AR ¥ N ® %R K

© 1982 Bell % Howell

T

ABLE

Entry * Father ®* Bit * Value or Sons * ROM Data:

VOOV EWN—KR

none
none
1

PO R e 60 4 0t bt 4t b bt s pee
WO NN = —WWOOOO & 6l e—

N —
~N B s

~N
~

r

WWNNN NN
A& BN

BeENNWW
—— 00

w
w

ww
@ w

U WWwWwWww
om0 o

ooALD 10X
PYRLOA] X
1

2
PELEI1RE
geLEr] Ix
POOB 1L x

2
288L110x

3

4
gOLIBBL >

5
28EG111x
BOB1101x
. 6
gB01812x
2RL10LIx

7
geL1gllx

B
A001188x%
gEU1111x

g
PE19BCOx

12
02180L1x
goriTlex
2818128 x

11
gg11eL1x

12

13
gL1g1ex
ge160)1x
ga1pa10x
gB11BLEx

14
go18111x

15
g911811x
818181 x

16
2811111x

17
g188g11x -

18
2118218
g190110x

19
2211018x
BL1B9CBLx

29
2211118x

2

SRR R R R R R R R R RO RN RO R RO R R R SRR R R R R R S S i S O o R N R R RN R RN R R

CON—ONWONY— W~ M= Q= —~ = OO~ O~ RN—= O~ OO0 0NN

EOB,Z,E,T,D6-Dg *=*=*
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Case 3:06-cv-00019-MHP

49
Ap
54
54
55
55
53
53
43
43
51
51
65
65
64

64
45
45
71
71
58
5B
48
48
76
76
62
62

77
Bl
Bl
70
78
B6
B6

89
74
74
57
57
95
95
87
87
47
47

191

191

103

143
69
69

187

107

186

186
94
94
88
88
82
82

117

117

182

122

180

180

122

122

124

124

=
Y

.‘a._Q.aa‘_a._ay_g.—s.-a.—Q.n@.‘Q~—Q.dQ,JQ._Q.‘Q}-Q.—Q._Q.‘Q.aa._au_ap-a.‘m._a._a._a..Qﬁ.Q..Q.d@.,a._a.‘a._n.,&
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4,541,012

BO11108x
11181 x
21
21g1111x
B1RB121Y X
22
23
29
B1R1ROOX
24
g1pee18x
B1RROR]
1801111x
25
26
gl1gIRIX
Bl1e1g)1x
g1eR2100x
27
1900181 x
p121118x
28
Bi1Rg111x
B1B1e0Lx
39
10018182x
31
121018~
2111918x
32
43
33
P1R1188&x%
2118881 x
P1118B1x
P1o1181x
44
34
35
1008881 x
B1118080x
p118B082x
48
36
37
1188818
g111101x
811881 1x
B111186x
2118188x
39
38
1108111x
2112118
41
1181818x
47
42
50
45
51
46
1801880 x
B111@11x
52
48
54
49
g111118x
1818101 x
£111111x
11180981 x
1021881x
1000000 x

SRS RCESRS R RCRSECE R R RS RS RS R SRR RO R R R R R R R R SRS RSRC R R RS R R RS RCR R RCR R SR RO RCEGEC RS R R R R RCR O R R O SR SRR SRS R T T
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Case 3:06-cv-00019-MHP

128
129
138
131
132
133
134
135
136
137
138
139
149
141
142
143
144
145
146
147
148
149
159
151
152
153
154
165
156
157
158
159
160
lel
162
163
164
165
166
167
168
169
178
171
172
173
174
175
176
177
178
179
189
181
182
183
184
185
186
187
188
188
189
191
192
193
184
1856
196
197
198
189
288
241

127
127

93

93
139
138
133
133
134
134

73

73
139
139
149
1409
116
116
126
126

79

79
149
149
138
138
153
153
148
148

66

159
159
161
161
163
163
152
152
162
162
123
123
160
160
173
173
172
172
158
158
179
179
181
181
132
132
185
185
188
189
179
178
178
178
193
193
99
99
197
197
192
192

5
w

e R R R e e e e s R e e e R kL O T T O o U U I U AR SN NP S O I o

Document 125-5

4,541,012

57
53
1098010x
73
10111882x
1900011 x
18002120x
125
79
55
1881100x
1888110x
1200111«
74
59
56
61
58
62
68
1901118x
182181 1x
64
63

181901 1x

1901181x
66
65
76
67
181182 1x
1918800
181811@x%
1918081x
1018100x
1219810x
79
68
72
69
75
71
1911111x
77
1811886x
1918111x
B@
78
el 82
81
1180080x
1911218x
1211118x
191181 1x
84
83
1188101x
1811181x
88
85
8%
B6
1128118x
87
1100180 x
1108001 x
91
Se
1191188x
1198011x
95
92
96
93

R R R e R e e e R e e R R R g R L T T T T T T e
Moo U00NUO000UoO0DDNUNODONoCUNONONOODOAUIUOUARONO00OANDOANRNTDEEEOALLTONAELGNO S DD
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Case 3:06-cv-00019-MHP  Document 125-5  Filed 07/13/2007 Page 28 of 49

4,541,012
45 46
282 184 ' 97 g E 1
283 184 1 94 2DE
2084 199 2 1181118x g6 E
205 199 1 1102111x g6 7
286 295 2 1191981 x 69
287 285 1 1101920x 2 6 8
298 287 2 99 g E 3
299 287 1 g8 gE 2
219 206 o 192 2 E 6
211 206 1 18¢ 2 E 4
212 199 2 11911281 x @ 60D
213 109 1 1101081 1x 268
214 213 8 183 2 E 7
215 213 1 191 g ES
216 196 2 114 g F 2
217 196 1 104 2 E 8
218 212 ') 113 B F 1
219 212 1 125 g ES
228 204 ' 11188900x B 78
221 204 1 1181111x 26 F
222 221 2 187 2 EB
223 221 1 196 g EA
224 220 2 129 G ED
225 220 1 108 P EC
226 125 B 1111881x 2709
22 125 1 1119018x 72
228 227 ') 1119118x 276
229 227 1 1118811x g 73
230 229 2 1112181 x P75
231 229 1 1110128x B 7 4
232 231 2 111 P EF
233 231 1 119 g EE
234 238 2 115 g F 3
235 230 1 112 g F @
236 228 ' 1111208x g7 8
237 228 1 1118111x g7 7
238 237 '} 117 g F 5
239 237 1 116 B F 4
244 236 b 119 BF 7
241 236 1 118 B F 6
242 226 @ 11111081x 270D
243 226 1 1111010x 27 A
244 243 2 1111198 2 7¢C
245 243 1 1111211x 2 78
246 245 2 121 8 F 9
247 245 1 120 g F 8
248 244 2 123 P F B
249 244 1 . 122 9 F A
258 242 2 1111111x g 7F
251 242 1 1111110x @ 7 E
252 251 I 126 @ F E
253 - 251 1 124 2 FC
254 250 8 128 1 840
255 250 1 127 @ FF

AR RR AR AR AR AR KA AR AR R KN A R AN RN R RN A R AR KRR AR R R R RN KRN R R RR T R AR T ® AR R Rk T Wk skk kKo

© 1982 Bell & Howell
TABLE 4

®** Entry * Father * Bit * Value or Sons * ROM Data: EOB.Z.E.T.DS-DZ balialel

g none g BRROD11x g 7 3
1 none 1 2OPBAR x g B 1
2 1 2 P01 A0 % P g 4
3 1 1 PROLLIB X g B 2
4 3 g BEI10OOx 2 g8
5 3 1 7] 280
6 g 2 BERBIR1 x g @5
7 2 1 1 g8 1
8 2 2 oERgl18x g B e
9 2 1 2 g 8 2
19 [ 2 3 g 8 3
11 6 1 PEOR111x g e 7
12 8 2 2eo1118x g 8 E
13 8 1 4 P B 4
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Case 3:06-cv-00019-MHP

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
28
38
31
32
33
34
35
36
37
38
39
43
41
42
43
44
45
46
47

49
58
51
52
53
54
55
56
57
58
59
64
61
62
63
64
65
66
67
68
69
78
71
72
73

74

75
76
77
78
79
Bg
81
82
B3
84
B5
86
87
BB

Q.—Q.—Q.—Q._Q._Q._m._Q._Q._Q..a-a-—Q-Q..Q._qp_Q.uQ.AQ._a.—Q.—Q.-Q.-Qp-a.-a.-a._a.—Q.aayda.aa>4a.aa._a._a.am.‘a-h
. i |

‘BER1F1Ox

4,541,012

2901811x
5

2UL1901x
6

POg1108x%
7

Lo01181x
BO18180x%
8

9
PB188LLx
12
201811 1x
2881111x
2218021 x
12

11

13
BO18118x
go12511x
8718510
81850820 x
14

15
g180210x
PO1B101x
B311812x
8811181x
16
8190110x
17
Ba11801x
B0110C0x
g911118x
18
g511111x
19
g011180x%
8011811 x
22

28

21
8100100x

B1B81021x
24
B1B1028x
25
B1101828~
B1O8ORL x
g1218821x
1119081«
26
2101180x
g1eeellx
B11BUL
27
g1o1110x
28
29
2121111x
g189111x
R1188E1x
B1108811x
38
31
2118111x
21e1210x
g1o1811x
33

QlﬁQ!SG?QCQG!9&lS!:Q!9&!9&!9QQQQQQQESQCSQ!QQ!DQ!SQ!SQGSQENQESQISQEQQISB;NtDQEQQEQQEQQISEIQlSQtQQEQQEQQ

[CSRSEA

LRSS R RSR )

Document 125-5
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Case 3:06-cv-00019-MHP

B9
g
91
92
93
94
95

97

98

99
188
181
192
183
194
125
106
187
108
149
119
111

L S L S,
— s s bt p e e
ONOOCI A WN

128
121

122
123
124

125
126
127
128
129
138
131

132
133
134

135
136
137
138
139
148
141

142
143
144

145
146

147 .

148
149
159
151
152
153
154
155
156
157
158
159
160
161
162
163

68
89
B9
72
72
75
75
78
78
77
77
99
99
78
78
63
63
185
105
104
104
Bl
81
119
119
66
66
115
115
98
98
119
119
87
87
123
123
88
88
126
126
118
118
95
95
117
117
193
193
127
127
139

139

136
136
143
143
191
181
146
146
187
187
151
151
114
114
155
156

91

91
158
158

161

161

el e e R R e e e e e T e e R e I e T T T R R il LT Y e e T

Document 125-5

4,541,012

p1B1181x
35
18081111x
40
36
37
10808 10x
128
38
B111011x
B118810x
39
1801821 %
41
1220188y
g118118x
Bl18161x
42
188101 1x
45
43
2111800
1811100
1108120x
44
1861181x
£111018x
46
1958011x
18000801 x

pi11100x

47
1810180x%
59

B111118x.

48
119086 x
18002588
1808108 1x

54

49

52

51

53 -

1811881x
55
71
1988111x
56
19018111x
19801180x
57
1188001x
1011008
1881088 x
68
58
1901010y
11£1R11x
59
1111108y
18102160
1881 1080x
63
68
191801 1x
12001118x
64
61
1810860 7x
18018118«
1210101«
1810865 %
69
62

R R R R AR R R R R R R R R R R RO R R R R R SRR R R R R R R R R R R R R R R o S A R o e e R R R R

WOUOUOEOANDEANINTN AT A OO DO OO A OB WBUPWAAEDPWAPOUIWPPAPWUWLPAPWRP OS> ADN
mU1~UHth3anw(wvuﬁmrﬁmtv>)>aavm-mcwqm~qv~4munub-mtnétaunnva-nn-mn1»cﬂﬂafwm:ucrn>¢nau>m\nuromcﬂmrum:xm«nuc
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Case 3:06-cv-00019-MHP

164

165
166
167
168
169
179
171

172
173
174
175
176
177
178
179
180
181

182
183
184

185
186
187
188
189
194
191

192
193
194
185
196
197
198
199
20
201

282
2083
264
285
206
287
248
289
219
211

212
213
214
215
216
217
218
219
229
221

222
223
224
225
226
227
228
229
230
231

232
233
234
23%
236
237
238

150
159
154

154
121

121

160
169
159
159
138
138
142
42
133
133
178
178
181

181

111

111

185
185
187
187
186
186
125
125
141

141
184
184
197
197
112
112
200
209
282
292
204
294
179
179
196
196
189
189
147
147
215
215
217
217
208
288
221
221
223
223
216
216
281
201
214
214
231
231
222
222
220
228
237

SRR S R Y TN

wn
[y

.
—

4,541,012

72
65
70
66
75
67
BO
73
83
74
81
76
78
77
1011818~
1191850x
1181018x
1911811x
7%
1111018&x
118881 8x%
1011181x
1811111«
1011118x
84
82
87
BS
186
86
g2
88
1121081 x
119881 1x
S1
89
1198191x
1118810x
1198118x%
123
1199111x
127
98
99
1101118x%

R R R R R R R R RS R R R R R R R R SRR RS R R SRR O RS RS E RS RS R SRS RC RS R R R R R R RS R R SRS RC RO RS R SRR R R R R SR SRR SR SRR S RN
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Case 3:06-cv-00019-MHP  Document 125-5  Filed 07/13/2007 Page 32 of 49

4,541,012
53 54
239 237 1 119 g EE
242 236 g 117 g F 5B
241 236 1 113 g F 1
242 238 7] 116 2 F 4
243 230 1 115 g F 3
244 183 '] 111111@x g 7¢E
245 183 1 1111811«x g7 8
246 245 ) 119 o F 7
247 245 1 118 g F 6
248 149 ) 1111111x g7 F
249 149 1 1111191« g 70
2Ll 249 .2 ) 124 g F C
2¢l 249 1 ‘ 128 g F B
252 244 ) 122 g F A
253 244 1 121 B F 9
254 248 B 126 g FE
255 248 1 125 g F D
."“'.--‘ﬁ‘ﬁﬂtté*‘]ﬂt L3 3 HRAARAKRARN AR RRARRARERRNRARARERAANRILRRRNRNR K

9'5 Beii & Howell
TABLE 5

Entry * Father * Bit * Value or Sons * ROM Data: EOB,Z,E,T,D6-Dg =x=

g none g PR 1x g B3
1 none 1 BELERL 1 x 2 B
2 1 4 pBLBR1IEY BB 2
3 1 1 BRBR1IO 1 x g 85
4 2 2 2 28948
5 2 1 1 g8 1
6 )4 2 BEL1EC > g 2 8
7 4 1 BRBLLILC g 9 4
8 7 g 2 g 8 2
9 7 1 BBOEI1Ix g 8 7
19 3 2 BELETLEX g 8 6
11 3 1 g1l g 28
12 19 7] BEOYIDT x 880
13 19 1 3 8 8 3
14 9 2 pBL1118~> g o E
15 9 1 4 g 8 4
16 6 g BELCIO1Ex g 9 A
17 6 1 BBELIBL L x 2 8 9
18 17 7} 5 2 865
19 17 1 BRI 1x g8 F
20 16 2 6 B 8 6
21 16 1 ) PO180L0x g 18
22 11 2 © geigrles g1 2
23 11 1 . BRELIRES g o C
24 23 2 7 g 8 7
25 23 1 BOIARL 1 x 211
26 12 14 8 g 8 8
27 12 1 2810100« g1 4
28 14 g 9 2 8 9
29 14 1 211811 x g 18E
38 19 12} BEIBLILx g 16
31 19 1 18 B 8 A
2 21 2 11 g 8 B
33 21 1 BgA11118x% 21 ¢t
34 25 2 12 B 8¢C
35 25 1 2A1B11x g 17
36 22 %) eIl g 15
37 22 1 #1901 1x g 13
38 37 g 13 g 80D
39 37 1 BOI10L]x 219
49 27 2 2108018 x g 22
41 27 1 14 g 8 E
42 36 B 15 g 8 F
43 36 1 BO118£0x g1 8
44 3% 8 16 g9 @
45 34 1 g211818x g 1A
46 35 g 17 g 91
47 35 1 Bilg1110x B 2E
48 43 )2J BioRBLD g 290
49 43 1 18 g9 2

APBU00159347



354
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

78
71
72
73
74
75
76
77
78
79
89
81
82
83
84
BS
86
B7
88
B9
L
91
92
93
94
95
56
97
98
99
100
121
182
143
124
185
186
107
188

——
-
=W

et 0t bt et s b e e pma
s bt bt et bt s e

WOV B WA =

—
N
L]

121
122
123
124
125
126

Case 3:06-cv-00019-MHP

39
39
45
45
29
29
55
55
54
54
33
33
60
69
48
48
57
57
49
49
69
69
61
61

.73

73
59
S8
77
77
52
52
68
68
83
83
76
76
72
72
66
66
47
47
93
93
89
89
92
92
98
98
64
64
59
59
104
194
81
81
109
109
79
79
82
82
114
114
99
99
193
193
185
185
123
123
125

i A R e e e R e R R R R e e L Lo T T o S Y kT Tl RE - FOR S RUR IRy SO S
3]

4,541,012

2108110>
19
P101000x
28
#011181x
PB11108
21
2198001 x
22
g118100x
AE1T1T1x
2180100x
25

23
#118011x
24
g1O1181x
26
F191001x
810801 1x
27

28
g101180x
P198181x
29
1801818
g121011x
8180111
3g
£111808x
3]
g1181108x
P111981x
g191010%
37

32

128

33

34
8118050
35
1811821
g118021x
218111 1x
. 36
18081988
38

43
8118012
B111211x
. 63
39

49
g1111080x%
g118181x
B1111€1x
41
1908811
1000021 x
g118111x
51

42

44
180111 1x
g111019x
47

45
1916110x
19010080
46
188118 1x
48
19800880x
g111118%
1062118x
g111111x
49
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Case 3:06-cv-00019-MHP

127
128
129
139
131
132
133
134
135
-136
137
138
139
149
141
142
143
144
145

14t

147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
1€8
169
170
171
172
173
174
175
176
177
178
179
18
161
182
183
184
185
166
187
188
18
194
191
192
193
194
195
196
197
198
199
20c
201

242

125
122

122

1088
198
139
139
187
187

95

95
137
137
124
124
136
136
118
118
144
144

75
149
149
151
151
128
128

148

148
113
113
159
159
158
159
133
133
164
164
142
142

169

117
117
172
172
129
129

91

91
179
179
181
181
158
158
156
156
180
180
175
175
190
189
182
192
178
178
197
187
168
168
196
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9]
~
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4,541,012

1112111x
50
1211000x
1828818x
52
53
19010810x
58
54
1880111x
1080181 x
85
1118810x%
60
56
1812188x
57
1881081 x
1101811x
5@
1118121 x
16061118
1001011 x
18100801 x
10¢1120x
66
61
64
62
18111@81x
65
18111048
1910p26x
73
67
69
68
181001 1x
126
82
72
11201848 x
1918181x
71
111111€Ex%
1P10111x
76
72
1811111x
.84
74
L198218x
1011018x
1811118x
1211811x
77
75
128
78
11801 10x
79
83
8o
1180000x%
1181968x
11BBEB 1%
1111188x
91
B1
1180181x
118801 1x
86
85
93
B7
122
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Case 3:06-cv-00019-MHP

25K
251
252
253
254
255

RRXRARRXRK RN

59

186
186
186
285
285
191
191
249
289
211
211
145
145
215

215

204
204
219
219
214
214
208
208
225
225
139
139
229
229
231
231
147
147
2308
238
127
127
228
228
241
241
240
240
224
224
193
193
249
+ 249
171
171
248
248
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88
1191121x
1188111x

95

89
11198000x%
1101081 x
1101118x
1191019x

95

92
1181111x
1181100x

99

9S4

98
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D
6
6
D
D
7
6
6
6
D
D
6
6
3
D
E
E
E
E
E
4
7
7
E
E
7
7
7
7
E
£
E
E
F
E
F
F

7
7
F
F
F
F
F
F
7
7
F
F
F
F
F
F
"

mew fntry ® Fathér * Bit * Value or Sons * ROM Data:
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—
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oM wWN

none
none

——
Nan—m—=WWoOORRNN ~— —

O e e e Rl

PEPEB] I x
PgRBOT Y x
BAREBLIOx
BRCOIA]x
pEOZIL1x
1}
BELO1IALX
PBL10L0x
2O12RBEX
1
pEB1IB]1x
pRBOL1Gx
2
goB1IO1Ax
3
PHT1110x
gOG1B01x

(SR

ECESR RS ECRCRC RS RS R IV RS R
anonoOoRNOo—NNonNREN
WMWPRNOE—ROLERNUIN— W

8
D
7
A
9
g
8
E
A
F
C
F
C
3
E
2
2
7
1
5
4
e
1
F
B8
8
3
6
4
A
9
D
B
1
E
6
g
A

9
3
2
8
4
7
5
F
D
B
9
D
A
F
C
L]

®

EO

60
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Case 3:06-cv-00019-MHP

16
16
13
13
12
18
23
23
22
22
15
15
18
18

32
32
33
33
26
26
24
24
17
17
42
42
45
45
43
43
49
49
48
48
29
29
36
36
34
34
44
44
28
20
63

47
47
4p
AQ
54
54
62
62
30
30
75
75
65
65

61

57

57
53
53
58
58
74
74
73
73
38
38
97
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8015181 x
BI01111x
4
gO11111x
5
go0110] x
' BEP118Bx
BO10180x
3
BU1881 ] x
7

8
Bg11811x
B1op1R]x

9
AB1RBE X
pe1Bs1gx
BEI1121x

19
A11180x
11
B181181x
12
B186R10x
13
PIIR1 18X
go1102Ex
g811110x
poIB111x
14
21OBEL1x
g811818x%
8P11891x
15
16
17
DIBIBEIx
P1BRBI 1 x
18
19
B1018088x
PiR1P1Ax
28
g1R1111x
21
g188108x
P1oRRIB X
22
P1Bg111x
26
23
24
g11igllx
Bl1ERI >
25
27
g18118E~
P1o1PI1Ix
2108116
29
28
P2118110x
30
R118188x
31
g11B810x
32
P111800x
33
B111081x
34
g119181x
35
BI1L111Ex
p1111k1x
36
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Case 3:06-cv-00019-MHP

94

<

bt bn b bt et b bk e b s
P 2 s e e s e b e
ROUONOC S WR) —

121

9B
60
60
95
95
78
79
82
82
94
94
80
8o
88
88
78
78
99
89
84

BG

86
115
1156

69

69
119
11¢
112
112
107
187

g1

91
126
126
128
128

93

93
133
133
118
118
137
137
138
138
123
123
142
142
132
132
168
108
148

148 -

119
119
136
136
155
155
154
154
152
162
160
168
163
163
164
164
127

=
W
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1900818x
p110841x
P110BE0x
39
37
38
g118111x
189108
40
43
41
45
42
44
g111118x
47
46
1881108x
48
g111101x
49
128
p111810x
78
50
18001808
g111188x
1100191
51
52
1808111x
1811806x
53
190R80Ux
1818182
1800881 x
11818081x
55
54
162188 1x
188801 1x
57
56
1081181x
1888181
1880118
11118085x
65
58
1881006
96
73
59
63
BR
180181 1 x
61
79
62
1918820 x
64
188111 1x
1881118x
67
66
69
68
181885 1x
1811111
1911120
1910018
181601 1x
1111180
8
71
191181€x
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Case 3:06-cv-00019-MHP

169
178
171
172
173
174
175
176
177
178
179
974
181

182
182
184
185
166
17
188
18Y
199
191

192
183
194
195
186
197
198
199
208
281

282
283
24

245
2086
287
208
209
219
211

212

213
214

215
216
217

218

219
221
221

222
223

224

225
226
227
228
229
238
231

232
233
234
235
236
237
238
239
240
241
242
243
244

245

127
169
169
171
171
170
179
124
124
177
177
168
168
181

181

162
162
185
185
184
184
161

161

191

181

193
193
185
195
176
176
180
igg
120
120
283
283
285
285
194

194

129
129
211

211

204

204
2g2
282
217
217
192
192
221

221

228
228
190

190

227
227

- 229

229
228
228
216
216
226
226
237
237
139
139
241
241
236
236

a
n
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1910101 x
1918111x

12181 10x

74
72
76
75
1188011
1211881
- 85
77
1188128
1811811
82
78
1811118
1811181x
83
81
86
B4
1118881 x
1180880x
1181118x
11880881 x
1181820
1188018x
91
87
89
88
92
9g
11281188
1198]19x
118181 1x
118511 1x
97
93
121

g8
1118101x
1181181x
185
188
118808 x
181111x
183
182
196

i
1
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Case 3:06-cv-00019-MHP  Document 125-5  Filed 07/13/2007 Page 39 of 49

4,541,012
67 541,01 68
246 240 B 122 2 F A
247 240 1 118 g F 7
248, 165 I} 1111118x 2 7 E
249 165 1 1111181x B 7D
251 249 2 123 g F B
251 249 1 121 2 F 9
2582 248 %) 126 2 F E
253 248 1 124 g F C
254 219 B 127 g F F
255 218 1 125 2 F D

ANKRRRRRKRTWR TR KWW WN

»

AAKRRERRRKRRNRRRARARARRRRRRAAR KRR R LA RAA AN KRR KRR K

© 1982 Bell & Howell
TABLE 7

Intry * Father * Bit * Value or Sons * ROM Data: EOB,Z,E,T,D6-DB *=**

g none 4 pBBe1Y1x g 87
1 none 1 PRBBEY) x g B
2 1 ) peuRIglx P B 4
3 1 1 2808018 g B2
4 3 B pRLegrllx g B8 3
5 3 1 POL1188x g 8 C
[ 4 2 2ER1111x 2 2 F
7 4 1 2 2890
8 2 2 POLBIB1x 2 85
9 2 1 PR1BLEBE X 218
10 8 2 2888118 x 2 B8 6
11 8 1 gars1gllx 2 8B
12 19 2 B211118x g1 E
13 10 1 1 P B
14 2 2 go18181x 2165
15 9 1 QLL18POx 2 BB
16 15 2 2B11818x g 1A
17 15 1 BRLIBL Y x g 8 9
18 17 g PBIBOL1x g1 3
19 17 1 BOE181Ex 2 8 A
28 19 2 gel11lllx g 1F
21 18 1 2 2 8B 2
2 11 4 3 2 8 3
23 11 1 g011801 x g 189
24 5 o gO011L]x g 80D
25 5 1 PBR11108x g 0 E
26 24 2 4 2 8 4
27 24 1 6 2 8 6
28 25 2 BO1B1BEX g1 4
2 25 1 5 g 85
30 6 2 7 g 8 7
31 6 1 g188811x g 2 3
32 9 )74 BP1RRLIx g 11
33 9 1 gp1Bg18x g 12
34 32 2 B8 2 8 8
35 32 1 g g 89
36 33 g 18 P2 B A
37 33 1 go11181x 210D
38 18 2 11 2 8B
39 18 1 gl1ep1Lg % B 265
4z 28 2 2101118x g 2 ¢t
41 28 1 12 2 8¢C
2 14 2 Z1o800Bx g 28
43 14 1 gO18118x g 16
44 43 ] BO1B111x g 17
45 43 1 2O11828x g 18
46 44 g 14 g 8B E
47 44 1 13 g 8D
48 45 g g121811x g 2B
49 45 1 15 g 8 F
58 23 2 16 g 99
51 23 1 24 g 9 8
52 16 2 gB110811x g 18
53 16 1 o181 18x% g 26
54 52 B g1B1818x% g2 A
55 52 1 BO11108x g1cC
56 55 %4 17 g 91
57 55 1 29 g 90D
58 37 2 2118111x g 37
59 37 1 18 g 9 2
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Case 3:06-cv-00019-MHP

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
8o
81
82
- B3
B4
85
B6
87
BB
89
9g
91
92
93
94
85
96
97
88
99
180
181
. 182
183
184
195
106
187
168
199

=

b bes e e b Bt b b bt
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[OUODNOO B WN -

—
~n N
N »—

123

—
~nN
~

125
126
127
128
129
138
131
132

133
134
135

12
12
20
20
42
42
65
65
67
67
31
31
7.1
71
39
39
53
53
76
76
64
64
81
81
54
54
48
48
B8O
80
77
77
48
40
66
66
63
63
78
78
91
g1
93
93
97
97
9S4
94
87
87
58
58
101
191
107

o
-
[, BN

[EPRN NI )
WWRNE ==

BN RN N R e e s bt e

— s
N
~NNN

127
126
126
138
139
133
133

*
N=
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28

19

20
5118090868x%
g1019080x
PLlE2AR] x
B1O1111x
B1O0B1Ox
39

21

33
Z1BR21LELx

53

22

23

26
B188111x
PI1EI1MIx
Bl1BBOx

25
PlR211BE>
PlBlomlx

27

52

35

35

31
g118118x
48

32

34
g119918x

36
11881 1x
B11B101x

37

38
211901208 x

42

%1

43
F111888x%

44

47

45

46

48
g111821x
50

49

51
21111820x%
P11111lx
54
g111011x
B11190108x
55

58
1991801x
’ 56
Pliligix
128

57
g111118x
Y]

59
19080801 x
1800088 x

61

63
1908B18x
62
1809011 1x
1998011x
1000108 x%
112811@1x
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Case 3:06-cv-00019-MHP

136
137
138
139
140
141
142
143
144
145
146
147
148
144
150
151

152
153
154
155
156
157
158
159
160
161

162
163
164

165
1066
167
168
1¢9
178
171

172
173
174
175
176
177
178
17¢
164
181

162
183
184
18D

1EG

188
189
1an
191
192
193
194
125
196
197
198
129
28L
221
262
2£3
204
205
286
2€7
238
209
218

134
134
137
137
138
138
132
132
143
143
118
118
146
146
149
149
151
151
152
152
155
155
154
154
142
142
150
150
163
163
165
165
164
164
147
147
171
171
173
173
162
162
177
177
176
176
148
148
183
183

185 -

185
187
187
178
1780
186
186
172
172
184
184
197
197
186
196
182
182
283
283
285
285
191
191
204

—
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64
1900181x
1020118x
1111180x

65
1111111x
181080008x%
18010080x

69

66
18F101Ex
1812101 x
1501101 1x
1801021 ) x
1918001
18011086~
1081181x

1£5
18681111x
1881110x

68

67

71

78

76

72
18110£0x
1918018«
1910120
191801 1x

74

73

78

75
1811111x
1818118
118888 x
1810111x

88

77
1811218x%
1011001 %

8!

79

83

82
1198181
181118£Ex
11BBL1Ex
18111R1x
11288288 x%
1811118x%

85

84

8E
1101880 x%

89

87

9g

88
11802122x
1198811 x

92

91

84

93
1181818x
1180118x
11012€1x
1108111x

97

95

191

96

99
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Case 3:06-cv-00019-MHP  Document 125-5  Filed 07/13/2007 Page 42 of 49

4,541,012
73 74
211 204 1 98 g E 2
212 282 B 1121188% g6 C
213 202 1 118101 1x g 6B
214 213 5] 182 P E B
215 213 1 188 g E 4
216 212 J'} 184 g E 8
217 212 1 183 gE 7
218 135 [} 1119181x g 75
219 135 1 1181118x g6 E
229 219 2 1118818x g 72
221 219 1 1181111x g 6 F
222 221 I’} 1119881 x g 71
223 22 1 1110070 > g7 £
224 223 g 127 gEB
225 223 1 126 gEA
226 222 o 189 gED
227 - 222 1 198 g EC
228 228 . 2 1119180x g7 4
229 220 1 1118011x g7 3
238 229 '] 11 gEF
231 229 1 118 gEE
232 228 g 113 gF 1
233 228 1 112 gF 8
234 218 [} 1111081x g7 89
235 218 1 1118118x 976
236 235 [} 1111880x g 7 8
237 235 1 1118111 x g 7 7
238 237 2 115 gF 3
239 237 1 114 gF 2
249 236 2 117 gF 5
241 236 1 116 gF 4
242 234 '] 1111081 1x B 78
243 234 1 1111818x g7 A
244 243 [} 119 g F 7
245 243 1 118 g F 6
246 242 8 121 g F S
247 242 1 . 128 g F B
248 139 2 1111118x g 7E
' 249 139 1 1111181x g 70D
250 249 [} 123 g F B
251 249 1 122 g F A
252 248 '} 125 g F D
253 248 1 ., 124 g FC
254 141 J'4 127 gFF
255 141 1 126 g FE

'*'.*ﬂt"itlﬁﬂ%i.*"ll.!ﬂRl“.lﬂ'tﬂﬁ**ﬁ*ﬁti‘**!ﬁﬂﬁtﬂﬁﬁ.ﬁ*ﬂ'i'ﬁtﬂttuﬂ**

© 1982 Bell & Howell
TABLE 8

x%x Entry * Father * Bit * Vajue or Sons * ROM Data: EoB,Z.E,T,D6-DF =

)4 none g peReRTIx g o1
1 none 1 PROLEE DX g B2
2 2 7] peBR1IBL X g @5
3 2 1 %) g 8 R
4 1 g poORL I x g o 3
5 1 1 128 4829
3 4 2 1 g 81
7 4 1 gOLLIALx g B4
8 7 44 PRL1IBRAX g 08
9 7 1 2 g 8 2
19 2 2 gEoOR1llx g g7
11 2 1 go0B118x g B €
12 11 2 3 g 8 3
13 11 1 28181 1x g 2B
14 18 2 4 g B 4
15 19 1 POLIAL X g B C
16 8 2 . - P 85
17 8 1 PeL1B18x g B A
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What is claimed is:

1. A method for processing time domain information
signals having a successive field format to effect sub-
stantial compression of said signals, said method com-
prising the steps of:

comparing corresponding blocks of time domain in-

formation signals from successive fields to form a
block difference signal;
converting a block of said time domain information
signals to transform domain signals including a
D.C. coefficient representing the average intensity
of a converted block and a plurality of discrete
transform coefficients when said block difference
signal exceeds a first variable parametric value;

varying said first variable parametric value in accor-
dance with the number of blocks selected for con-
version; and

encoding said transform domain coefficients for sub-

sequent utilization.

2. The method of claim 1 wherein said step of com-
paring includes the steps of storing successive fields of
said time domain information signals in a first memory
device on a pixel by pixel basis, and retrieving said
corresponding blocks from said memory device on a
pixel by pixel basis.

3. The method of claim 2 further including the step of
replacing a block pf pixel elements in said memory
device with the corresponding block in a successive

10

15

20

25

field when said difference exceeds said first variable 30

parametric value.

4. The method of claim 2 wherein said step of storing
includes the step of merging successive fields on a pixel
by pixel basis.

5. The method of claim 4 wherein said step of merg-
ing is performed by summing corresponding pixels from
successive fields in accordance with a predetermined
weighting factor.

6. The method of claim 5 wherein the pixels from the
first appearing merged field are weighted by a factor of:
2 and the pixels from the later appearing field are'
weighted by a factor of 1.

7. The method of c1a1m 1 wherein said step of con-
verting is performed by transforming said block along a
first direction and subsequently transforming said block:
along the orthogonal direction.

8. The method of claim 7 wherein said first direction
corresponds to a horizontal line of raster scan informa-:
tion and said orthogonal direction corresponds to ai
vertical column of raster scan information.

9. The method of claim 7 wherein said step of con-
verting includes the step of storing said transform coef-
ficients in diagonal format in a second memory device.

10. The method of claim 9 further including the step.
of storing the field address of each transformed block in
said second memory device.

11. A method for processmg time domain mformatlon
signals having a successive field format to effect sub-
stantial compression of said signals, said method com-
prising the steps of:

comparing corresponding blocks of time domain in-

formation signals from successive fields to form a
block difference signal, said step of comparing
including the steps of storing successive fields of
said time domain information signals in a first mem-
ory device on a pixel by pixel basis, retrieving said
corresponding blocks from said memory device on
a pixel by pixel basis, forming the difference be-
tween corresponding pixels from said successive

40

50

55

60

‘PMg=
‘mean value of the K quantized coefficient, Cg is the
ivalue of the K* quantized coefficient and PMg 1 is the

82

blocks, squaring the resulting pixel difference sig-
nals, summing the squares of said resulting pixel
difference signals, and dividing the resulting sum
by a number of pixels per block to form said block
" difference signal;
converting a block of said time domain information
signals to transform domain signals including a
D.C. coefficient representing the average intensity
of a converted block and a plurality of discrete
transform coefficients when said block difference
signal exceeds a first variable parametric value; and
encoding said transform domain coefficients for sub-
sequent utilization.
12. The method of claim 11 wherein each block com-
prises a total of 64 pixels grouped in an 8 by 8 array.
13. A method for processing time domain information
signals having a successive field format to effect sub-
stantial compression of said signals, said method com-
prising the steps of:
comparing corresponding blocks of time domain in-
formation signals from successive fields to form a
block difference signal;
converting a block of said time domain information
signals to transform domain signals including a
D.C. coefficient representing the average intensity
of a converted block and a plurality of discrete
transform coefficients when said block difference
signal exceeds a first variable parametric value; and
encoding said transform domain coefficients for sub-
sequent utilization, including the steps of providing
a plurality of different code tables, dividing each of
said plurality of discrete transform coefficients by a
second variable parametric value to obtain a corre-
sponding quantized coefficient, calculating the
predictive value of each quantized coefficient, se-
lecting one of said plurality of code tables in accor-
dance with the predictive value, and generating a
code representing said quantized coefficient from
said selected table.
14.. The method of claim 13 wherein said step of cal-
culating is performed in accordance with the formula
1Cx+3PMg-_1, where PMg is the predictive

predictive mean value of the K— 1 quantized coeffici-
ent.

15. The method of claim 13 wherein said step of en-
coding includes the steps of providing a dedicated code
table for encoding each DC coefficient and selecting
said dedicated table for each said DC coefficient.

16. The method of claim 13 wherein said time domain
information signals are color video signals having quad-
rature components, and wherein said step of encoding

. includes the steps of providing individual code tables

for said quadrature components, calculating the average
value of each quadrature component for the converted
block, and selecting a code value representing said aver-
age value from the corresponding individual quadrature
component table.

17. The method of claim 13 wherein said step of en-
coding further includes the step of generating an ad-
dress code specifying the field address of the converted
block.

18. The method of claim 17 wherein said step of gen-
erating includes the steps of providing an address code
table having code values arranged in accordance with
the following formula:

If Ag=1, code 1 bit (Ax)

If Ap<32, code 1 bit zero+5 bits (Ax)

If Ax=32, code 6 bits zero-+ 10 bits (Ax)
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where

Ax=Ar—Ak-1

Ax=numerical address of current block

Ay_1=numerical address of most recently encoded

block, 5
and selecting said address code table for each said ad-
dress code.

19. The method of claim 13 wherein said step of en-
coding further includes the steps of comparing said
predictive value with a preselected fixed threshold
value, and generating a run length code specifying the
total number of successive quantized coefficients of
zero value when said predictive value lies below said
preselected fixed threshold value.

20. The method of claim 19 wherein said step of en-
coding further includes the step of generating an end of
block code when the predictive values for successive
remaining quantized coefficients in the converted block
lie below said preselected fixed threshold value.

21. The method of claim 19 wherein said codes are
multi-bit binary codes, and wherein said method further
includes the steps of transferring said codes to a buffer
in the order of generation; monitoring the number of
bits transferred to said buffer, and varying said first and
second parametric values in accordance with said num-
ber of transferred bits in order to minimize buffer over-
flow. .

22. The method of claim 21 wherein said second
parametric value is varied in accordance with the for-

20

25

mula: 30
D=D g+ Kp-BFN(Bxk—N/2)
where
BFN(X)=X/N-|X}) 35
Dg=Distortion parameter for block K
D’k =Filtered distortion parameter
D'g=T-Dg_1+(1-TNDkg—-1
40

where

T =a constant (close to 1)

Kp=a constant

Bgx=# of bits in buffer for block K

N=Max. number of bits. 45

23. The method of claim 22 wherein said first para-
metric value is varied in accordance with the alternate
formula: -

CTx=Tivir 50
for BLow=sx=BHIGH
Tk=TiNiT+KR-BFN(BLow— BK)
for Bxk<Brow 55
Tx=TiniT+KR-BFN(BKk—BHIGH)
“-for Bxk>BriGH
where 60
Tx=replenishment threshold for block K
T nir=initial threshold (about 5 for 8-bit input data)
K g =multiplier constant (about 25-75)
Brow=low cutoff (about 0.1 of buffer)
Bargr=high cutoff (about 0.75 of buffer). 65

24. The method of claim 13 wherein each of said code
tables comprises a Huffman code table.

25. A method of encoding transform coefficients
representing time domain information signals having a
successive field format prior to transmission over a

84

communication link in order to effect substantial com-
pression of said signals, said transform coefficients being
arranged in a plurality of groups, each group represent-
ing an N by N block of field information signals, said
method comprising the steps of:

(a) providing a plurality of code tables:

(b) generating a block address code from a first dedi-
cated one of said code tables, said block address
code representing the field address of the block
represented by a group of said transform coeffici-
ents;

(c) generating a DC coefficient code representing the
average intensity of said block from a second dedi-
cated one of said plurality of code tables; and

(d) generating a succession of codes representing the
remaining transform coefficients corresponding to
said block by calculating the predictive value of
each said remaining transform coefficient, selecting
one of said plurality of code tables in accordance
with said predictive value, and generating a code
representing the corresponding transform coeffici-
ent from said selected table.

26. The method of claim 25 wherein said step of cal-
culating is performed in accordance with the formula
PMg=1 Cg+3% PMg_1, where PMg is the predictive
mean value of the K coefficient, Ck is the actual value
of the K coefficient and PMg_1 is the predictive mean
value of the K— 1% coefficient.

27. The method of claim 25 wherein said time domain
information signals are color video signals having quad-
rature components, and wherein said method of encod-
ing includes the steps of providing individual code ta-

"bles for said quadrature components, calculating the

average value of each quadrature component for said
block, and selecting a code value representing said aver-
age value from the corresponding individual quadrature
component table.

28. The method of claim 25 wherein said method of
encoding further includes the steps of comparing each
said predictive value with a preselected threshold value,
and generating a zero run length code specifying the
total number of successive predictive values lying
below said preselected threshold value.

29. The method of claim 28 wherein said codes are
multi-bit binary codes, wherein said method of encod-
ing further includes dividing each of said remaining
transform coefficients by a variable parametric value to
obtain corresponding quantized remaining coefficients
for use in forming the predictive values, and wherein
said method further includes the steps of transferring
said codes to a buffer in the order of generation, moni-
toring the number of bits transferred to said buffer, and
varying said variable parametric value in accordance
with the following formula:

D=D'k+KpBFN(Bx—N/2)

where
BFN(X)=X/(N—|X|)
Dx=Distortion parameter for block K
D’k =Filtered distortion parameter

Dg=TDg_1+(1-TNDg_1

where
T=a constant (close to 1)
Kp=a constant
Bx=# of bits in buffer for block K
N=Max. number of bits.
30. The method of claim 28 further including the step
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of generating an end of block code when the predictive
values for successive remaining transform coefficients
in said block lie below said preselected threshold value.

31. The method of claim 25 wherein said transform
coefficients comprise discrete consine transform coeffi-
cients.

32. A method for processing time domain information
signals for transmission over a communication link, said
time domain information signals having a successive
field format, said method comprising the steps of:

comparing corresponding sub-field blocks of time

domain information signals from successive fields
to form a block difference signal;

converting a sub-field block of said time domain in-

formation signals to a transform domain signal
represented by a D.C. coefficient representing the
average intensity of the converted block and a
pluality of discrete transform coefficients when
said block difference signal between the corre-
sponding blocks exceeds a ﬁrst variable parametric
value; and

generating a frame sync code signal indicating the

beginning of a frame;

generating a first control code signal Bk representa-

tive of the fullness of a transmission rate buffer at
the beginning of said frame;

generating a second control code signal Dk represen-

tative of a second variable parametric value at the
beginning of said frame; and

generating a plurality of block replemshment code

symbols each representative of the value of trans-
form coefficients corresponding to individual sub-

10

20

25
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35

40

45

50

55

60

65
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field blocks having interfield block differences
greater than said first variable parametric value,
each said block replenishment code symbol includ-
ing a block address code specifying the field ad-
dress of the corresponding block, a D.C. code term
representative of said D.C. coefficient of the corre-
sponding block, and a plurality of coefficient code
terms representative of the value of said plurality of
discrete transform coefficients as quantified ac-
cording to said second control code signal D for
the corresponding block.

33. The method of claim 32 wherein said time domain
information signals are color video signals having quad-
rature components, and wherein said step of generating
block replenishment code symbols includes the step of
providing first and second color code terms in each of
said plurality of said block replenishment code symbols
irepresenting the average value of each quadrature com-
ponent for said corresponding block between said block
address code and said DC code term.

34. The method of claim 32 wherein said step of gen-
erating block replenishment code symbols includes the
step of providing a run length code term specifying the
total number of successive transform coefficient zero
values having a predictive mean value less than a prese-
lected fixed threshold value.

35. The method of claim 32 wherein said step of gen-
erating block replenishment code symbols includes a
step of providing an end of block code term when the
predictive values for successive remaining transform
coefficients in said corresponding block lie below a

preselected fixed threshold value.
e N *  * * * *
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