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ABSTRACT

As the prompt development of Internet and digital still camera (DSC), still image is
broadly used as storage and transmissionscontents. JPEG2000 is a relatively new still image
compression standard. It has better compression’ performance than conventional JPEG
standard, and it provides many useful features. However, these features require more complex
computations and hardware resources. The-Context Formation Encoder of EBCOT tire-1 is of
high complexity in a JPEG2000 encoder. To'improve performance, the Pass-Parallel
architecture is one of the most efficient ' methods. In this thesis, a high performance and
low-power hardware architecture design of Context Formation encoder for JPEG2000 is
proposed. The new hardware architecture is implemented by three speedup methods and
pipeline technique. The area of context window of Pass-Parallel Column-Based context
formation encoder is reduced by 25% using the proposed Dual Column Passl generation
method in comparison with existing techniques. The critical path of overall system
architecture is reduced employing dual column passl generation, all coding pass and
significance change generation method and sample-parallel column-based coding method.
The new architecture is proposed to improve the computation efficiency and reduce hardware
area in pass coding operations. Finally, Our design is described with Verilog HDL code and
synthesized by Synopsys Design Compiler using TSMC CMOS 0.25um process. The
pre-layout synthesized area is 40037 pm?. In our simulation, the operation clock frequency
can reach 330 MHz. With this clock frequency, it needs 0.021 second to encode an image
with 2304 x 1728 image size.
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CHAPTER 1 INTRODUCTION

With the development of information technology and application, image
compression becomes more and more important. To address this need in the specific
domain of still image coding, a new standard, so-called “JPEG2000”, is developed by
the International Standards Organization (ISO) and International Electrotechnical
Commission (IEC). The details of JPEG200 standard are described in [1] to [4].
Compared to the traditional JPEG standard, JPEG2000 not only has better
compression performance than JPEG standard does, but also provides more features
than JPEG. In this chapter, JPEG2000 encoder overview and research motivation are
described in section 1.1 and section 1.2, respectively. Thesis organization is presented

in section 1.3.

1.1 JPEG2000 Encoder Overview

JPEG2000 is the newest standard for still image compression. It provides not
only high image quality performance but also new functionality. The features of this
standard are as follows :

1. Lossless and lossy compression

N

. Better low bit-rate compression performance than JPEG.
3. Progressive transmission by pixel accuracy and resolution
4. Bi-level compression

5. Random codestream access and processing

6. Better error resilience

\'

. Region-of-Interest Coding (ROI)



The system structure of JPEG2000 encoder is depicted in Figure 1-1. The
JPEG2000 coding system can be separated into four main parts: forward discrete
wavelet transform (FDWT), quantization, EBCOT Tier-1 Encoder (Embedded Block

Coding with Optimized Truncation) and EBCOT Tier-2 Encoder.

l Original Image Data

Preprocessing

A 4

Forward DiscreteWavelet Transform(FDWT)

A 4

Quantization

\ 4

EBCOT Tier-1 Encoder

Binary Arithmetic Encoder | Context Formation Encoder

(BAE) (CEE)

A 4

EBCOT Tier-2 Encoder

Rate Controller Bit-stream Formation
(PCRD optimization) (Packet)

JPEG2000 bit-stream

v
Figure 1-1. The system structure of JPEG2000 encoder

The preprocessing part include DC level shift and forward color transform. The
DC level shift converted source image data with unsigned format to two’s
complement format. The forward color transform converted RGB image to YUV or

YCbCr format in order to reduce the correlations among RGB colors.



The transform part uses Forward Discrete Wavelet Transform (FDWT) to
convert source image data into several sub-bands and transform image from spatial
domain to frequency domain. By using FDWT instead of DCT technique to process
images, JPEG2000 not only overcomes the block effect of JPEG standard, but also
achieves higher compression ratio with subjective image quality.

The quantization part is performed for lossy compression. After FDWT and
quantization , the FDWT coefficients of each wavelet sub-band are partitioned into
several non-overlapped code blocks (typically 64x64 or 32x32 in dimension), which
are independently coded by EBCOT.

As shown in Figure 1-1, EBCOT is composed of EBCOT Tier-1 encoder and
EBCOT Tier-2 encoder. EBCOT Tier-1 encoder is a context-based adaptive
arithmetic encoder and compresses-each code block into a respective sub-bit-stream
by applying the context-based adaptive arithmetic. coding technique. Code blocks are
independently coded by EBCOT Tier-1_-encoder.- The wavelet coefficients of a
code-block are coded bit-plane by-bit-plane from most significant bit-plane to less
significant bit-plane instead of coefficient by coefficient. EBCOT Tier-1 encoder is
composed of Context Formation Encoder (CFE) and Binary Arithmetic Encoder
(BAE). Before executing CFE, every coefficient in code blocks is converted into
sign-magnitude representation. Context Formation Encoder scans all bits in a bit plane
of a code-block in stripe-oriented scanning pattern, and generates corresponding
contexts for each bit by checking the status of the neighborhood bits. CFE sends
context label (CX) and decision (D) to BAE for generating bit stream. The Binary
Arithmetic Encoder (BAE) then encodes each bit according to the adaptively
estimated probabilities from its contexts. The outputs of Binary Arithmetic Encoder

are sub-bit-streams of each compressed code-block data.



EBCOT Tier-2 encoder is composed of Rate Controller and Bit-stream
Formation. The rate controller is executed by Post-Compression Rate-Distortion
Optimization algorithm (PCRD Optimization). After getting all the compressed
sub-bit-streams from EBCOT Tier-1 encoder, the rate controller of EBCOT Tier-2
encoder takes charge of optimized rate of bit-streams under a given bit-rate and sends
bit-streams to Bit-stream Formation. The Bit-stream Formation collects bit-streams by

packet.

1.2 Research Motivation

Although JPEG2000 has good SNR performance and new functionality, its
computational complexity is much higher than JPEG. In order to achieve high
performance features and various applications, we'must implement JPEG2000 encoder
with low cost and high throughput.rate for still image. Before design JPEG2000, we
first analyze computation time-0f cemponents.of JPEG2000 encoder. Tablel-1 [7]
shows that time consumed by each component.of JPEG2000 encoder represents the
ratio of total computation time. From Tablel-1, Context Formation Encoder (CFE) of

JPEG2000 encoder system occupies highest computation time.



Table 1-1. Profile of Run Time Percentage (%) of JPEG2000

Operation Gray Scale Image Color Image (RGB)
Lossless Lossy Lossless Lossy
Color transform N.A. N.A. 0.91 14.12
DWT 10.81 26.38 11.9 23.97
Quantization N.A. 6.42 N.A. 5.04
EBCOT Tier 1 71.63 52.26 69.29 43.85
CF Encoder 51.88 37.91 49.96 31.79
(Context Formation)
BA Encoder 19.75 14.35 19.33 12.06
(Binary Arithmetic)
EBCOT Tier 2 17.56 14.95 17.9 13.01
Layer Formation 10 9.52 9.94 7.95
Marker Insertion 7.56 5.43 7.96 5.06

The reason of the highest computation time of.the context formation encoder is
that the operations are bit-level processing. N samples need to be processed in the
context formation encoder of EBCOT tier-1foran.N-bit word. Some designs of context
formation encoder of EBCOT tier-1 in JPEG2000 have been announced in [5] to [17].
In this thesis, we focus on the analysis of context formation encoder in EBCOT Tier-1
for JPEG2000 and propose a new architecture to improve the computation efficiency

and reduce hardware area.

1.3 Thesis Organization

The organization of this thesis is as follows:
Chapter 1:

We introduce overview and features of JPEG2000 and research motivation. Four
main function block of JPEG2000 encoder is described.

Chapter 2:

We will detail structure of basic EBCOT Tier-1 Context Formation Encoder.
5




Chapter 3:

We will detail architecture of pass-parallel EBCOT Tier-1 Context Formation
Encoder.

Chapter 4:

High-speed pass-parallel methods proposed are introduced. We propose three
new methods to improve the computation efficiency and reduce hardware area.

Chapter 5:

In this chapter, we introduce the overall system architecture of the proposed fast
pass-parallel context-formation (CF) encoder, detailed internal signals of the proposed
context formation encoder, analysis of system critical path, design flow, verification
and experiment results.

Chapter 6:

A brief conclusion is described in this chapter.



CHAPTER 2 ANALYSIS OF
BASIC EBCOT TIER-1 CONTEXT
FORMATION ENCODER

2.1 Coding Scan Order and Five Coding

State Variables

The coding scan order is based on stripe-oriented scanning pattern in every bit
plane. This pattern is described in section 2.1.1. Five coding state memories are
needed in coding operations. The meaning of five coding state memories is described

1n section 2.2.2.

2.1.1 Coding Scan Order

After the DWT (Discrete Wavelet Transform) and quantization, each sub-band is
partitioned into code block (64x64 or 32x32 in dimension). As shown in Figure 2-1, a
code-block is composed of many bit planes. The coding scan order of each code block
is bit plane by bit plane, from the most significant bit plane (MSB) with at least a

non-zero element to the least significant bit plane (LSB).

MSB

MSB-1

MSB-2

MSB-3

LSB




Figure 2-1.  Bit planes in a code block and scan order
As shown in Figure 2-2, a bit plane is composed of many stripes. In every bit

plane, the coding scan order is stripe by stripe from top to bottom.

/ Stripe 1 /
@§/ T //
@/ Stripe n /

Figure 2-2.  Stripes in a bit plane and scan order
As shown in Figure 2-3, a stripe is composed of many columns. And a column is
composed of four samples. In every stripe, the coding scan order is column by column
from left to right. In every column, the coding scan order is sample by sample from top
to bottom. Each sample in each bit:plane is coded by bit plane coder (BPC) and sent to
the binary arithmetic coder (BAC),with a decision.and context. The context decision
(D,CX) of each sample would be decided by-five coding state variables, four coding

operation, and three coding passes.

(X (TXY [(7TX>

S1
Q Q Q Q
3 3 3 3 @
c c c c S2
3 8 = 3
= =} = =
S
a b

Figure 2-3. (a) Columns in a stripe and scan order
(b) Samples in a column and scan order
As shown in Figure 2-4, all quantized wavelet coefficients of each code block are
expressed in sign-magnitude representation (in 1’s complement) and divided into one

sign bit plane and several magnitude bit planes.

8



-15 51

1 0
Sign bit
0 | First’I’bit
Magnitude bit 0 1
1 0
1 0
1 1
1 1

Figure 2-4.  Wavelet coefficients in sign-magnitude representation

2.1.2 Five Coding State,Variables

There are five state variables for block coding in context formation module. They
are the sign state variable (X), magnitude-state variable (V), significance state variable

(o), the refinement state variable’(R), and already-coded state variable ( 7 ).

Sign state variable (X)

The sign bit of every sample is recorded in the sign states. The sign state of every
sample is the same across all bit planes. From Figure 2-4, a one bit in sign bit
represents a negative number and a zero bit in sign bit represents a positive number.
In the beginning of a coding process for each code block, the sign bit of every sample
is loaded to this state variable. Since every wavelet coefficient in code blocks is
converted into sign-magnitude representation, the sign state is the same when coding
every coefficient across all bit planes. All the sign state bits are kept across all bit

planes.



Magnitude state variable (V)

The magnitude state variable is used to record magnitude bit of every coefficient
in the current coding bit plane. The magnitude state is different in every bit plane for a
coefficient generated from DWT. All magnitude state bits are loaded at the start of

coding each bit plane.

Significance state variable (o)

If a sample in context window meet significance change in passl or pass3 of
current bit plane, the significance state variable records significance change of a
sample. In coding operation from MSB to LSB, the first magnitude bit of a coefficient
is called significance change (‘1’), and is called insignificance (‘0”) before the first
magnitude bit of a coefficient appears, as, illustrated in Figure 2-4. The significance
state variable of every code blockis all insignificance (0’) in setting initial value. The
significance state variable changes from zero to one when the magnitude bit of the
coefficient is the first ‘1’ in pass1l or pass3-coding operations. All the significance state
bits are reset at the start of coding cachicode block and changed according to the

coding operation of passl or pass3.

Refinement state variable (R)

In the beginning of the coding process for each code block, refinement states of
all samples are set to ‘0’. If a sample becomes significant in previous bit planes, it
should be coded firstly in magnitude refinement coding in this bit plane. And
refinement state bit is set one after a sample is coded by magnitude refinement coding
at first time in pass2 coding. All refinement state bits are reset at the start of coding

each code block and changed according to the coding operation of pass2.

Coded state variable ()
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When a sample is coded in significance propagation pass (Passl) or magnitude
refinement pass (Pass 2), the coded state bit of a sample change from zero to one. The
coded state indicates whether or not a sample has already been coded in a previous
coding pass of the same bit plane. After the clean up pass (Pass 3), the coded state bits
are all reset to zero. All coded state bits are reset after pass3 of each bit plane and
changed according to whether or not a sample has already been coded in current bit

plane.

2.2 Four Coding Operations

The context label (CX) and decision bit (D) of each sample is generated
according to the states of its neighbors in different coding operations and current bit
value. As shown in Table 2-1, the eight neighbor samples of current sample X are
classified into three groups: vertical (V0, V.1); hotizontal (HO, H1), and diagonal (DO,
D1, D2, D3). The CXD pair (context-label-and decision bit) of the sample X in
context window is generated by zero.coding (ZC), sign coding (SC), magnitude
refinement coding (MRC), and run-length coding (RLC).

The four coding operations for generating context label (CX) and decision bit (D)

are introduced below.

Table 2-1. Neighbor significance states for context label generation

DO Vo DI

HO X HI

D2 Vi D3
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Zero Coding (ZC)

Sample X in context window is insignificant in previous bit planes. And sample X
of becoming significance in current bit plane will be coded by zero coding. The context
label of sample X is generated by context label 0-8 shown in Table 2-2. The decision bit
D of sample X is equal to the magnitude bit of the current sample in the bit plane. Zero
coding is used in significant propagation pass and clean up pass. In Table 2-2,
neighbor samples of sample X are classified into 9 groups, corresponding to 9
contexts. SUMH represents the sum of significant horizontal neighbors HO and HI,
SUMYV represents the sum of significant vertical neighbors VO and V1, and SUMD
represents the sum of diagonal neighbor samples D0, D1, D2, and D3, and SUMHV

represents the sum of significant horizontal neighbors HO, H1, VO, V1.

Table 2-2. C%?{!ontext table for zero Coding

LL and LH sub-band HL sub-band HH sub-band CX
SUMH | SUMV | SUMD | SUMH ||SUMV'|.SUMD |[SUMHV| SUMD
2 X X X 2 X X >3 8
1 >1 X >1 1 X >1 2 7
1 0 >1 0 1 >1 0 2 6
1 0 0 0 1 0 >2 1 5
0 2 X 2 0 X 1 1 4
0 1 X 1 0 X 0 1 3
0 0 >2 0 0 >2 >2 0 2
0 0 1 0 0 1 1 0 1
0 0 0 0 0 0 0 0 0
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Sign Coding (SC)
As shown in Figure 2-5, if the first magnitude bit of sample W is one in

significant propagation pass or clean up pass, it will be coded by sign coding.

o(V0) X(VO0)

o(HO0) X(H0) W o(H1) X(H1)

o(V1) X(V1)

Figure 2-5. Neighbor significance and sign states for sign coding

In sign coding, the significance state and sign state of the vertical and
horizontal neighbors are classified into three contribution reference marks (0, 1,
-1). Mark ‘0’ indicates that beth vertical (or herizontal) neighbors are
insignificant, or both vertical (or horizontal) neighbors are significant but have
opposite signs. Mark ‘1’ indicates‘that-one.or both vertical (or horizontal)
neighbors are significant, and sign.of significance state is positive. Mark ‘-1’
indicates that that one or both vertical (or horizontal) neighbors are significant,

and sign of significance state is negative.

As shown in Table 2-3, horizontal contribution of sample HO, H1 is obtained

according to the significance state and sign state of sample HO, H1.
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Table 2-3. Table of horizontal contribution

o(H0) o(H1) X(HO) X(H1) SUMH
0 0 X X 0
0 1 X 0 1
0 1 X 1 -1
1 0 0 X 1
1 0 1 X -1
1 1 0 0 1
1 1 0 1 0
1 1 1 0 0
1 1 1 1 -1

As shown in Table 2-4, wvertical contribution of sample V0, V1 is obtained
according to the significance state and sign'state of sample VO, V1.

Table 2-4: Table of vertical contribution

a(V0) o(V1) X(V0) X(V1) SUMV
0 0 X X 0
0 1 X 0 1
0 1 X 1 1
1 0 0 X 1
1 0 1 X 1
1 1 0 0 1
1 1 0 1 0
1 1 1 0 0
1 1 1 1 1
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As shown in Table 2-5, context label is generated by combination of the
contribution of horizontal samples and the vertical samples. And the decision bit D is

generated by exclusive-or the XOR bit and the sign bit of coded sample.

D =sign bit & XOR bit

Table 2-5. Context table for sign coding

SUMH SUMV Context Label XOR bit
1 1 13 0
1 0 12 0
1 -1 11 0
0 1 10 0
0 0 9 0
0 -1 10 1
-1 1 11 1
-1 0 12 1
-1 -1 13 1

Magnitude Refinement Coding (MRC)

A sample that is significant in the previous bit plane will be coded by
magnitude refinement coding. If the sample is the first time coded by MRC, the
context label CX is generated by the significance states of its eight neighbors.
Otherwise the context label is fixed to be 16. Table 2-4 shows the three contexts
for magnitude refinement coding. The decision bit is the magnitude bit of the

current sample in the bit plane. MRC is only used in magnitude refinement pass.
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Table 2-6. Context table for magnitude refinement coding

R(refinement) o (significance) |[SUMH+SUMV+SUMD| Context label
1 1 X 16
0 1 >1 15
0 1 0 14

Run-Length Coding (RLC)

If four contiguous samples in a column are all pass3, enter run-length coding

mode. In run-length coding mode, there are two as follows sub-coding mode.

1. Run-length code 0 (RLC 0) : As shown in Table 2-7, if the magnitude bit
of four contiguous samples.in a:column are all zero and their pass type are
all pass3, the context:label is.coded to 17 and the decision bit is set to 0.

2. Run-length code 1{RLC1) : As shown in Table 2-8, if the magnitude bit
of any sample in fout contiguous'samples is one and their pass type are all
pass3, the context label 1S ‘coded to 17 and the decision bit is set to 1.
After RLC 1, two uniform coding are generated with context-decision
pairs, (0,18)(0,18) or (0,18)(1,18) or (1,18)(0,18) or (1,18)(1,18). The
decision values are generated according to the location of magnitude bit
in a column. After uniform coding, sign coding of the first magnitude bit
is generated. The rest samples in a column are coded by zero coding or
zero coding and sign coding after the first magnitude bit sample. If the
magnitude bit of rest sample is zero, zero coding is used. If the magnitude

bit of rest sample is one, zero coding and sign coding are used.

16



Table 2-7. Context table for run-length code 0

Coding column pass |4 samples value D CX
x1,x2,x3,x4 x1,x2,x3,x4
RLCO P3,P3,P3,P3 0000 0 17

Table 2-8. Context table for run-length code 1 with uniform coding

Coding | column pass |Column value| D CX UCl1 ucCo
x1,x2,x3,x4 | x1,x2,x3,x4 (D,CX) (D,CX)
RLC1 |P3,P3,P3,P3| 1.X, XX 1 17 0,18 0,18
RLC1 |P3,P3,P3,P3| 0,1.X,X 1 17 0,18 1,18
RLC1 |P3,P3,P3,P3 0,0,1,X 1 17 1,18 0,18
RLC1 |P3,P3,P3,P3 0,0,0,1 1 17 1,18 1,18
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2.3 Three Coding Passes

There are three coding passes in each bit plane. They are significance propagation
pass (SPP, Pass 1, P1), magnitude refinement pass (MRP, Pass 2, P2), and clean up pass

(CUP, Pass 3, P3).

Start

Get MSB to V

\ 4

Call P2 Coding Operation

T A 4

Call P1 Coding Operation Call P3 Coding Operation

Bit_Plane=Bit_Plane-1

Bit Plane=LSB?

End

Figure 2-6. Order of coding operations of three passes
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As shown in Figure 2-6, the pass3 coding operation is used in MSB. The MSB
represents the first bit plane with at least one non-zero element. The LSB represents the
last bit-plane. The Bit Plane represents current bit plane. The coding operations of
three passes are passl coding operation, pass2 coding operation and pass3 coding
operation sequentially in (MSB-1) to LSB.

As shown in Table 2-1, Sample X in context window is coded in only one of the
coding operations of three passes. As shown in Figure 2-7, the o(X) represents
significance sate of sample X in context window and the N(X) represents neighbor
significance states of sample X in context window. When o(X) is one, current coded
sample can enter pass2(P2) coding operation. When o(X) and N(X) are all zero,
current coded sample can enter pass3(P3) coding operation. When o(X) is zero and

N(X) is one, current coded sample.¢an enter passl(P1) coding operation.

C

A 4 A 4

Call P3 Call P1 Call P2
Coding Coding Coding
Operation Operation Operation

Figure 2-7. Checking of pass coding operation of sample X in context window
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Significance propagation pass (SPP, Pass1 or P1)

As shown in Table 2-1, the neighbor significance sates of sample X are c(V0),
o(V1), 6(HO), o(H1), o(D0), 6(D1), 6(D2), o(D3) and the significance state of sample
X is 6(X). The SUM represents the sum of neighbor significance states of sample X.
When o(X) is zero and the SUM is at least one, sample X enters passl coding

operation. The simple hardware description language is expressed as follows:
SUM=c(V0)| 6(V1)| 6(HO)| o(H1)| 5(D0)| o(D1)| 5(D2)| 5(D3)
if (o(X) ==0)& (SUM==1)
Pl =1'bl;
else
Pl =1'b0;
Besides, if the magnitude bit V(X) of sample X is zero or one, the sample X is
executed by zero-coding (ZC), and the coded state (1)) is set to ‘1’ immediately. Next,
if the first magnitude bit V(X) of.the sample X'is one from MSB to LSB bit plane, the

sample X is executed by sign-coding (SC),-and the significance state (o) is set to ‘1’

immediately. The simple hardware deseription-language is expressed as follows:
if(P1(X) ==1)
begin
Zero-Coding;
assign nN(X)=1;

end
else if P1(X) =1&V(X)==1)
begin
Sign-Coding;
assign o(X)=1;
end

Magnitude refinement pass (MRP, Pass2 or P2)
As shown in Table 2-1, The n(X) represents coded state of sample X in
current bit plane. The R(X) represents refinement state of sample X in previous bit

plane. The o (X) represents significance state of sample X in previous bit plane. When
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o (X) is one and the n(X) is zero, sample X of current bit plane enters pass2 coding

operation. The simple hardware description language is expressed as follows:

if(c' (X) ==1&n(X)==0)

P2 =1'bl;
else
P2 =1D0;
end
if(P2(X) ==1)
begin
if(RX)==1)
Magnitude-Refine Coding(output CXD[4:0] = 5'd16);
else
Magnitude-Refine Coding(output CXD[4:0] = 5'd14 or 5'd15);
end

Cleanup pass (CUP, Pass3 or P3)

From the above discussion, weobtain pass3 information by pass1 and pass2
information. When the o(X), the SUM and the n(X) are all zero, sample X enters
pass3 coding operation. The simple-hardware deseription language is expressed as

follows:

SUM=c(V0)| (V1) 6(HO)| 6(H1)| 6(D0)| (D1)] 6(D2)| 6(D3)
if (6(X) == 0) & (SUM == 0) & ((X) ==0)

P3 =1'bl;
else
P3 =1D0;
if(P3(X) ==1)
begin
Zero-Coding;
end
else if (P3(X) =1&V(X)==1)
begin
Sign-Coding;
assign o(X)=1;
end
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As shown in Figure 2-8, when the significance states, neighbor significance
states and magnitude bits of all four consecutive samples in a column are all zero, then

sample X1 to X4 enter pass3 coding operation and run length code 0 is executed.

A0 BO Co Stripe n-1

Al X1 C1

A2 | X2 C2

Stripe n
A3 | X3 C3

A4 | X4 C4

Figure 2-8. Neighbor significance states of samples X1 to X4 for Pass3
Example: ( column-based opetation)

The simple hardware description language is expressed as follows:

SUM = 6(A0)| o(Al)| o(A2)6(A3)| o(A4)| 5(CO)| 5(C1)| o(C2)| 5(C3)|
(C4)|c(BO)

SUM2= 6(X1)| 6(X2)| 6(X3)}-5(X4)

SUM3=n(X1D)| n(X2)| n(X3)| n(X4)

SUM4=V(X1)| V(X2)| V(X3)| V(X4)

if (SUM1 == 0) & (SUM2 == 0) & (SUM3 ==0) & (SUM4 ==0)
Run-length code O(output CXD[4:0] = 5'd17,decision= 1'b0);

When the significance states and neighbor significance states of all four
consecutive samples in a column are all zero and their magnitude bits are not all zero,
then sample X1 to X4 enter pass3 coding operation and run length code 1 is executed.

The simple hardware description language is expressed as follows:

if (SUM1 ==0) & (SUM2 == 0) & (SUM3 ==0) & (SUM4 ==1) begin
Run-length code 1(output CXD[4:0] = 5'd17,decision= 1'b1);

Uniform coding; end
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CHAPTER 3 ANALYSIS OF
PASS-PARALLEL EBCOT TIER-1
CONTEXT FORMATION
ENCODER

In this chapter, we will analyze the architecture of Pass-Parallel EBCOT Tier-1
Context Formation encoder. The Pass-Parallel context formation structure is that
three coding pass operations are executed in the same bit plane in parallel to achieve
higher computation performance and less memory requirement in comparison with

the basic EBCOT Tier-1 Context Formation enceder introduced in previous chapter.

3.1 The Core of Pass-Parallel Context

Formation Architecture

According to the basic Context Formation (CF) encoder described in previous
chapter, samples in a bit plane are coded pass by pass. The conventional three coding
pass operations caused lots of clock cycles wasted. At present, the Pass-Parallel
method is proposed to improve system performance and reduce memory requirement.

The Pass-Parallel context formation (CF) is to process three coding passes of the
same bit plane in parallel. There are some issues to be solved. First, due to processing
three coding pass operations concurrently, the samples belong to Pass 3 may become
significant earlier than the two prior coding pass operations and this situation will
mistake the following pass coding procedures for samples which belong to Pass 1 or
Pass 2. Second, if the sample that currently coded belongs to Pass1, Pass 2 or Pass 3,

the neighbor significances of the coded sample is how to be predicted.
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To solve above issues, we will discuss the form of the core of Pass-Parallel
Context Formation architecture. The core of Pass-Parallel Context Formation
architecture is context-window shift register array of three coding pass operations. Up
to now, two context-window shift register arrays proposed in papers are discussed in
this section. The first one [8], [10], [13] is that context-window shift register array
consists of two parts of 5X3 shift register array. The second one [14] is that
context-window shift register array is 5X5 pipeline shift register array. The main
purpose of context-window shift register array is to store all coded samples and
neighbor status of all coded samples. Moreover, the “stripe causal” mode and

column-based operation are also adopted.

As shown in Figure 3-1, the context window shift register array of Pass-Parallel
Context Formation Encoder is composed-of-two,parts. The Partl is formed by register
B, C and D. The Part2 is formed by tregister' A, B and C. To solve the first issue
described in this section, the coding pass operation for Pass 3 is delayed by one stripe
column to eliminate the effect between Pass3 and other two passes. Subsequently, to
eliminate the dependence of coding pass operations on the next stripe, the stripe cause
mode is also adopted. The first part is responsible to process all samples that are
coded by passl and pass2 in register C. The second part is responsible to process the
rest samples coded by pass3 in register C of the first part to shift left one column to be

coded in register B of the second part.
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BO | CO | DO
Bl [Cl] DI
B2 [¢2] D2
B3 [C3 ] D3
B4 [ c4| D4

A0 | Bo | CoO
Al | Bl | cCI
A2 | B2 |
A3 | B3| C3
A4 | B4 | C4

Figure 3-1. Two Pass-Parallel column=based 5X3'shift register arrays for significance

The coding pass operations [10] of two parts of context-windows can be
separated into three steps. The first step is that samples in register C belong to passl
or pass2 and are coded by passl or pass2. The second step is that consecutive four
samples in register D are all pass3 and are coded by run-length code. The third step is

that consecutive four samples in register D are not all pass3 and are coded by

Part2

Partl

Cn

Samples for Pass 1
Coding operation or

Pass 2 Coding operation

Bl

Samples for Pass 3 Coding

operation

states S1,S3 and sign state X0

zero-coding or sign-coding of pass3.

As shown in Figure 3-2, two context windows are adopted. The context window
1 is formed by register A, B and C. The context window 2 is formed by register C, D
and E. These two context windows are implemented as 5 x 5 shift register array. We

use context window 1 to judge whether the samples are coded in Pass1 or Pass2 or not.
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We use context window 2 to judge whether the samples are coded in Pass3 or not. To
solve the first issue described in this section, the coding pass operation for Pass 3 is
delayed by two stripe columns to eliminate the effect between Pass3 and other two
passes. Subsequently, to eliminate the dependence of coding pass operations on the
next stripe, the stripe cause mode is also adopted. In stripe cause mode, the samples in
the next stripe are considered to be insignificant. Take Figure 3-2 for illustration, the
significance states of A5, BS, and C5 are considered to be zeros when coding sample
B4. In context window 1, circuit of deciding pass1 or pass2 is executed and sample
B1 to B4 of passl or pass2 is coded by passl coding operation or pass2 coding
operation in a clock cycle of register B. In context window 2, circuit of deciding pass3
or pass3 run-length is executed and sample D1 to D4 of pass3 or pass3 run-length is
coded by pass3 coding operation of:pass3 run-length coding operation in a clock cycle

of register D.

A B C D E
SRS, S Samples for Pass 1
i AO/ BO, X CO, DO/ [ EO ) Stripe n-1 Coding operation or
T ﬁ_ N ﬁ?ﬁﬁ 1 Pass 2 Coding operation
Al ['Bl] C1 D1 El
B s
A2 I'B2:] C2 |-D2{ E2
k A )k /\/\/ Stripe n
63@@3 @S @3) Samples for Pass 3 Coding
/ADEQKCD/DD@ operation
A5 B5]C5]D5) ES :
N \ /\ PN K / Stripe n+1

Context window 1 Context window 2

Figure 3-2. Pass-Parallel column-based shift register array (6x5)
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To solve the second issue described in this section, the author [8][10][13]
proposed some methods to record neighbor significance state of all four consecutive
coded samples in a column and their significance state. In papers, two state variables
are described, significance state 1 (S1) and significance state 3 (S3), instead of
original significance state variable (o), refinement state variable (R), and coded state
variable (1) described in the previous chapter. If a sample belongs to Pass 1 and
becomes significant, the state variable S1 is set to ‘1°. If a sample belongs to Pass 3
and becomes significant, the state variable S3 is set to ‘1’. Besides, both significance
state variables S1 and S3 are set to ‘1’ immediately after the sample has been coded in

magnitude refinement coding of pass2.

3.2 Sample -Based Operation for

Pass-Parallel

Four coding state variables are used in pass coding operations. The
significance state variable S1 recorded passl significance change in current bit
plane or passl significance state in previous bit plane. The significance state
variable S3 recorded pass3 significance change in current bit plane or pass3
significance state in previous bit plane. The sign state variable X0 recorded sign
bits of each coefficient in code block. The magnitude state variable VO recorded
magnitude bits in bit planes. As shown in Figure 3-3, a 3X5 shift register array is
needed for S1, S3, X0. As shown in Figure 3-4, a 1X5 shift register array is needed
for VO. If a sample becomes significant after passl coding operation, the
significance state variable S1 is set to ‘1. If a sample becomes significant after
pass3 coding operation, the significance state variable S3 is set to “1’. After the
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current sample is coded by pass2 coding operation, both the significance state
variable S1 and the significance state variable S3 are set to’1” immediately. In other
words, if any of the significance state variable S1 or the significance state variable
S3 is “0’, it means that the sample has not been coded by pass2 coding operation.

Hence, the original refinement state variable can be replaced by

R =S1XOR S3

As shown in Figure 3-3, If the equation S1 | S3 of register B1 in context window
1 is zero and the any neighbor significance states of the register B1 is one, register B1
belongs to Pass 1. If register B1 in context window 1 belongs to Pass 1, the
significance states of visited register CO, C1, C2, B0, A0 are equal to passl
significance change in current bit-plane or passl significance state in the previous bit
plane. Since register B2, A1, A2 that have not been visited may become significant in
pass 3 coding operation of the previous bit plane, the-significance states of not visited
register B2, A1, A2 are equal to passil-Significance state or pass3 significance state in

the previous bit plane.

Register B1 for Pass 1
\,AO :BO ‘: Co /DO /EO Stripe n-1 coding operation or Pass
TSRS T 2 Coding operation
Al [-Bi /C?/I)?/]g_\
SN N |
(a2YB2Y c2Y D2 Y E2) Strip n .
N A A TATAT Register D1 for Pass 3
Coding operation
Context window 1 Context window 2

Figure 3-3. Pass-Parallel sample-based shift register array (3x5) for

significance state S1, S3 and sign state X0
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A B C D E
O
N

Figure 3-4. Pass-Parallel sample-based 1X5 shift register for magnitude state VO

Neighbor significance states of register B1 can be predicted by Table 3-1 for passl.

Table 3-1. The neighbor significance states of register B1 for passl

Register C Register B Register A
S1 S1 S1(S1]S3)
(Register CO) (Register B0) (Register A0)
S1 S11]S3 S11]S3
(Register C1) (Register:B1) (Register Al)
S1 S14].S3 S1]S3
(Register C2) (Register B2) (Register A2)

If the equation S1 | S3 of register B1 in context window 1 is one and the any
neighbor significance states of the register Bl do not care, Register B1 belongs to
Pass 2. If register B1 in context window 1 belongs to Pass 2, the significance states of
visited register C0, C1, C2, B0, A0 are equal to passl significance change in current
bit-plane or passl significance state in the previous bit plane. Since register B2, Al,
A2 that have not been visited may become significant in Pass 3 of the previous bit
plane, the significance states of not visited register B2, Al, A2 are equal to passl
significance state or pass3 significance state in the previous bit plane or their
magnitude bit in current bit plane. Neighbor significance states of register B1 can be

predicted by Table 3-2 for pass2. (VO represents the magnitude bit)
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Table 3-2. The neighbor significance states of register B1 for pass2

Register C Register B Register A
S1 S1 S1(S1|S3|V0)
(Register C0) (Register B0) (Register A0)
S1 S1]8S3 S1]S3|V0
(Register C1) (Register B1) (Register Al)
S1 S1]S3|V0 S1]S3|V0
(Register C2) (Register B2) (Register A2)

If the equation S1 | S3 of register D1 in context window 2 is zero and the
neighbor significance states of the register D1 are zero, register D1 belongs to Pass 3.
If register D1 in context window 2 belongs to Pass 3, the significance states of visited
register EO, E1, E2, D0, CO are equal to passl(or pass3) significance change in current
bit-plane or passl(or pass3) sighificance state’in the previous bit plane. Since register
D2, C1, C2 that have not been Visited may become. significant in pass 3 or passl of
the previous bit plane, the significance states of not visited register D2, C1, C2 are
equal to passl significance state or pass3 significance state in the previous bit plane.

Neighbor significance states of register D1 can be predicted by Table 3-3 for pass3.

Table 3-3. The neighbor significance states of register D1 for pass3

Register E Register D Register C
S1]83 S1|8S3 S1|8S3
(Register EO) (Register DO) (Register C0)
S11]83 S1|8S3 S1|8S3
(Register E1) (Register D1) (Register C1)
S1]8S3 S11]8S3 S1|8S3
(Register E2) (Register D2) (Register C2)
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3.3 Column -Based operation for

Pass-Parallel

As shown in Figure 3-4, a 5 x 5 shift register array is composed the context
window 1 and context window 2. Context window 1 is used to judge whether the
samples are coded in Passl or Pass2 or not. Context window 2 is used to judge
whether the samples are coded in Pass3 or not. The pass3 coding operation is delayed
by two stripe columns to eliminate the effect between Pass3 and other two passes.
Subsequently, to eliminate the dependence of coding operations on the next stripe, the
stripe cause mode is also adopted. As discussed above, four coding state variables are
used in pass coding operations. As shown in Figure 3-5, a 5X5 shift register array is
needed for significance state variable S1; significance state variable S3 and sign state
variable X0. As shown in Figure 3-6,:a:4X5 shift register array is needed for

magnitude state variable VO.

A0|BoYco Do E0 Stripe n-1

atfBrY c1 (o] El Samples for Pass |

></ /> <> <>< Pa:SmZPCiS)dionrg :;Zrat(i):n
a2 B2Y 2 Yoy B2

e e

A3YB3Y 3 D3 E3 Samples for Pass 3

S N N Coting operaion

A4 BaY ca Y Da) B4

N N NN N

Context window 1~ Context window 2
Figure 3-5. Pass-Parallel column-based shift register array (5x5) for

significance states S1, S3 and sign state X0
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Context window 1 Context window 2

Figure 3-6. Pass-Parallel column-based shift register array (4x5) for magnitude
state VO

All four consecutive samplesiin a column are executed by sample parallel and
pass parallel method to speed..up the .coding- performance of Pass-Parallel
Sample-Based Context Formation Encoder.-As.shown in Figure 3-7, Context window
1 is formed by context window Bl context window B2, context window B3, context
window B4. Context window B1 is responsible for checking pass type of sample B1.
Context window B2 is responsible for checking pass type of sample B2. Context
window B3 is responsible for checking pass type of sample B3. Context window B4
is responsible for checking pass type of sample B4. In order to code all consecutive
four samples in register B in parallel and produce CXD pairs simultaneously, the state

equation in upper position of each coded sample from sample B2 to B4 must be

modified.
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Samples for Pass 3 Coding

Context window 1 Context window 2

Figure 3-7. Pass-Parallel sample-parallel shift register array (5x5)

When decide pass type and context label.of sample B2, both pass type and
significant state of sample B1 had.to be consideted.- And so do samples B3 and B4,
respectively. According to prineiple idescribed-above, we obtain easily pass type and
neighbor significance states of ‘coded sample. Neighbor significance states of
column-based sample B1, B2, B3, B4 can be predicted for passl, as shown in Table
3-4, 3-5, 3-6, 3-7.

Table 3-4.The neighbor significance states of column-based sample B1 for passl

Register C Register B Register A
S1_C[0] S1_B[0] S1_A[0]
(Sample CO0) (Sample B0) (Sample A0)
S1_C[1] S1 B[1]]S3 B[] S1 _A[1]]S3_A[l]
(Sample C1) (Sample B1) (Sample A1)
S1_C[2] S1 B[2]]S3 B[2] S1 _A[2]]S3 _A[2]
(Sample C2) (Sample B2) (Sample A2)
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Table 3-5. The neighbor significance states of column-based sample B2 for passl

Register C Register B Register A
S1_C[1] S1 _B[1]|P1_S_B[1] S1_A[1]]S3_A[1]
(Sample C1) (Sample B1) (Sample A1)
S1_C[2] S1_B[2]|S3_B[2] S1_A[2]]S3_A[2]
(Sample C2) (Sample B2) (Sample A2)
S1_C[3] S1_BJ[2]]|S3_BJ[2] S1_A[3]|S3_A[3]
(Sample C3) (Sample B3) (Sample A3)

Table 3-6. The neighbor significance states of column-based sample B3 for passl

Register C Register B Register A

S1_C[2] S1_B[2]|P1_S_B[2] S1_A[2]]S3_A[2]
(Sample C2) (Sample'B2) (Sample A2)

S1 C[3] S1/B[3]|83 B[3] S1_A[3]]S3_A[3]
(Sample C3) (Sample B3) (Sample A3)

S1_C[4] S1.B[4] | S3_B[4] S1_A[4]|S3_A[4]
(Sample C4) (Sample B4) (Sample A4)

Table 3-7. The neighbor significance states of column-based sample B4 for pass1

Register C Register B Register A
S1_C[3] S1 B[3]|P1_S_BJ[3] S1 _A[3]|S3_A[3]
(Sample C3) (Sample B3) (Sample A3)
S1_C[4] S1 _B[4]|S3_B[4] S1 _A[4]|S3_A[4]
(Sample C4) (Sample B4) (Sample A4)
0 0 0
(Sample C5) (Sample B5) (Sample AS5)

Neighbor significance states of column-based sample B1, B2, B3, B4 can be

predicted for pass2, as shown in Table 3-8, 3-9, 3-10, 3-11.
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Table 3-8.The neighbor significance states of column-based sample B1 for pass2

Register C Register B Register A

S1_C[0] S1_B[0] S1_A[0]
(Sample CO0) (Sample B0) (Sample A0)

S1_C[1] S1 B[1]]S3 B[] S1 _A[1]|S3 _A[1]]V0_A[l]
(Sample C1) (Sample B1) (Sample A1)

S1 _C[2] S1 B[2]|S3_B[2]| V0 BJ[2] S1 _A[2]|S3 A[2]|V0_A[2]
(Sample C2) (Sample B2) (Sample A2)

Table 3-9. The neighbor significance states of column-based sample B2 for pass2

Register C Register B Register A

S1_C[1] S1 _B[1]|P1_S_B[1] S1_A[1]]S3_A[1]| VO_A[1]
(Sample C1) (Sample'B1) (Sample A1)

S1_C[2] S1:B[2]:S3 B[2] S1_A[2]]S3_A[2]| VO_A[2]
(Sample C2) (Sample B2) (Sample A2)

S1_C[3] S1_B[3]4:S3_B[3]|V0_B[3] S1_A[3]|S3_A[3]| VO_A[3]
(Sample C3) (Sample B3) (Sample A3)

Table 3-10. The neighbor significance states of column-based sample B3 for pass2

Register C Register B Register A

S1_C[2] S1 B[2]|P1_S _BJ[2] S1_A[2]|S3_A[2] | VO_A[2]
(Sample C2) (Sample B2) (Sample A2)

S1_C[3] S1 _BJ[3]|S3_BJ[3] S1 _A[3]|S3_A[3]] VO_A[3]
(Sample C3) (Sample B3) (Sample A3)

S1_C[4] S1 B[4]|S3_B[4] | VO_B[4] S1 _A[4]|S3_A[4] | VO_A[4]
(Sample C4) (Sample B4) (Sample A4)
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Table 3-11. The neighbor significance states of column-based sample B4 for pass2

Register C Register B Register A
S1_C[3] S1_B[3]|P1_S_B[3] S1_A[3]|S3_A[3]] VO_A[3]
(Sample C3) (Sample B3) (Sample A3)
S1_C[4] S1_B[4]]|S3_B[4] S1_A[4]|S3_A[4] | V0_A[4]
(Sample C4) (Sample B4) (Sample A4)
0 0 0
(Sample C5) (Sample B5) (Sample AS)

Neighbor significance states of column-based sample B1, B2, B3, B4 can be

predicted for pass3, as shown in Table 3-12, 3-13, 3-14, 3-15.

Table 3-12. The neighbor significance states of column-based sample D1 for pass3

Register E

Register D,

Register C

S1_E[0] | S3_E[0]
(Sample E0)

S1 D[0]|.S3 D[0]
(Sample DO0)

S1_C[0] | S3_C[0]
(Sample C0)

S3_E[1]|S1_E[1]
(Sample E1)

S1_D[1]}}S3_DJ1]
(Sample D1)

S1 _C[1]]S3_C[1]
(Sample C1)

S3_E[2]|S1_E[2]
(Sample E2)

S1 D[2]|S3 DJ[2]
(Sample D2)

S1_C[2]|S3 _C[2]
(Sample C2)

Table 3-13. The neighbor significance states of column-based sample D2 for pass3

Register E

Register D

Register C

S1_E[1]|S3_E[1]
(Sample E1)

S1 D[1]|S3 DJ[1]
(Sample D1)

S1 C[1]]S3_CJ[1]
(Sample C1)

S3_E[2]|S1_E[2]
(Sample E2)

S1 D[2]|S3 DJ[2]
(Sample D2)

S1 C[2]]S3_C[2]
(Sample C2)

S3_E[3]|S1_E[3]

(Sample E3)

S1 D[3]|S3 DJ[3]
(Sample D3)

S1 C[3]]S3_CJ[3]
(Sample C3)
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Table 3-14. The neighbor significance states of column-based sample D3 for pass3

Register E

Register D

Register C

S1_E[2]|S3_E[2]
(Sample E2)

S1_D[2]|S3_D[2]
(Sample D2)

S1_C[2]]S3_C[2]
(Sample C2)

S3_E[3]|S1_E[3]
(Sample E2)

S1_D[3]|S3_D[3]
(Sample D3)

S1_C[3]]S3_C[3]
(Sample C3)

S3_E[4]|S1_E[4]
(Sample E3)

S1_D[4]|S3_D[4]
(Sample D4)

S1_C[4]]S3_C[4]
(Sample C4)

Table 3-15. The neighbor significance states of column-based sample D4 for pass3

Register E

Register D

Register C

S1_E[3]|S3_E[3]
(Sample E3)

S1_D[3]|S3_D[3]
(Sample D3)

S1_C[3]]S3_C[3]
(Sample C3)

S3_E[4]|S1_E[4]

S1._D[4]|S3_D[4]

S1_C[4]]|S3_C[4]

(Sample E4) (Sample D4) (Sample C4)
0 0 0
(Sample E5) (Sample D5) (Sample C5)
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CHAPTER 4 Proposed High Speed
and Small-Area Pass-Parallel
Context Formation Methods

As shown in Figure 4-1, in order to fit the pass-parallel architecture, it merges
context window of three coding passes into a 5x4 shift register array. The context
window 1 which is formed by registers A, B and C is responsible to generate dual
column passl and correct coding pass and significance state for all four samples in
current and next column. The context window 2 which is formed by registers B, C
and D is responsible to execute parallel'all coding operation and generate all coding
pass. In register A, load data from sram memory to register bits Al to A4 in positive
edge of a clock cycle time. In-register B; generate-dual column passl for all four
consecutive samples in current column and coding.pass with significance state for all
four consecutive samples in next column'in positive edge of a clock cycle time. In

register C, generate all coding pass and significance state

5 X 4 Shift register array

Stripe n-1

Stripe n

VR e
Dk

NIRRT S,
& U\/ U\/ U\/U), o} o
PRGN @

/O\fo\/o\/@*gi -

Context window 1 Context window 2
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Load data from Sram memory to register bit A1,A2,A3,A4

in positive edge of a clock cycle time

Generate dual column passl for all four samples in current column and coding

pass with significance state for all four samples in next column

Generate coding pass and significance state for all four samples in current column

®

and Making Sample-Parallel coding for all four samples in current column

@ Store pass1 and pass3 significance state to register bit
D1,D2,D3,D4 in positive-edge of a clock cycle time
Figure 4-1. Pass-Parallel column-based shift register array (5x4) proposed for

static significance.state.S1,S3 and-sign state X0

for all four consecutive samples in current column and making Sample-Parallel
coding for all four consecutive samples in current column in positive edge of a clock
cycle time. In register D of state variable S1, both current passl significance state
generated in register C and significance state corresponding column in previous bit
plane implement ‘or’ operation and store the result to register bits D1 to D4 in
positive edge of a clock cycle time. In register D of state variable S3, both current
pass3 significance state generated in register C and significance state corresponding
column in previous bit plane implement ‘or’ operation and store the result to register

bit D1 to D4 in positive edge of a clock cycle time.
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In the proposed architecture, column-based operation is adopted instead of
sample-based operation. The fundamental concept of column-based operation is to
check four consecutive samples of columns simultaneously. The shift register arrays
of the significant states S1 and S3 are responsible to record the passl and pass3
significance state of coded samples, as shown in figure 4-1. The shift register array of
sign state variable XO is responsible to record the sign state of coded sample, as
shown in figure 4-1. The refinement state variable R indicates whether or not sample
coded has already been coded in magnitude refinement pass in previous bit-plane and
is set to one after a sample is coded by magnitude refinement coding at first time.
Both the significance state S1 and significance state S3 implemented ‘Exclusive-OR’
operation instead of refinement state. The shift.register array of magnitude state
variable VO is recorded by the magnitude bit of coded samples in current coding

bit-plane, as shown in Figure 4-2.

4X4 Shift register array
A B C D

StV | cessin
e
NCNC

Figure 4-2. Pass-Parallel column-based shift register array (4x4) proposed for

magnitude state VO



In this chapter we will propose three methods to improve the performance and
reduce the hardware requirement of original Pipeline Pass-Parallel Context Formation.
As shown in Figure 4-1, the first one is called Dual Column Passl Generation
(DCPG) method that is used to generate passl and passl with significance state for
current samples B1 to B4 in a clock cycle time of register B and for previous samples
C1to C4 in a clock cycle time of register C simultaneously. The second one is called
All Coding Pass and Significance Change Generation (ACSC) method that is used
to generate all coding pass and pass with significance state for sample C1 to C4 in a
clock cycle time of register C. The third one is called Sample-Parallel
Column-Based Coding (SPCC) method that is used to simultaneously handle all
four consecutive samples with correct coding pass and pass with significance state in
a clock cycle time of register C. These coding operations include run-length coding 0
(RLCO), run-length coding 1 (RLC1), uniform coding 0 (UCO), uniform coding 1
(UC1), zero coding (ZC), sign cading.(SC),-and-magnitude refinement coding (MRC).
These types of coding pass include. passl- (Significance Pass, P1), passl with
significance state (P1_S), pass2 (Magnitude Refinement Pass, P2), pass2 with the first
refinement coding (P2_1), pass3 (Clean Up Pass, P3), pass3 with run length coding 0O
(P3_RLCO0), pass3 with run length coding 1 and uniform coding (P3_RLC1 UC).

Three methods proposed will be discussed in the following sections.

4.1 Dual Column Pass 1 Generation

method

As shown in Figure 4-3, in order to simultaneously decide passl and passl with

significance state for samples B1 to B4 in register B and for samples C1 to C4 in
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register C in parallel, we process context window B1, context window B2, context

window B3, context window B4 in parallel.

5 X 3 Shift register array

A B C
Context window B1 T~
A0 | BO | CO Stripe n-1
. NS T
Context window B2 Al 'B1 1 CI1

S

Context window B3 A2 [:B2Y1.C2
N N N Stripe n
(A3YB3Y C3

Context window B4 N NN
O\
A4 [:B4:1 C4
N AN

Stripe Causal

Context window 1

Figure 4-3. A 5X3 shiftregister.context window for Dual Column Pass1

generation method

Figure 4-4 shows the shift register array of state variables used in the context
window 1. The state variable S1 or S3 is responsible to record the passl or pass3
significance state change in current bit-plane for samples in register B. The shift
register array of state variable VO is responsible to record the magnitude bit of
samples in register B. The passl significance change generated in register B is not
stored in register C. The pass type information generated in register B store in

temporary register in next clock cycle.
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A B C
S1_A[0] S1_B[0] S1_C[0]
S1_A[1] S1-B[1] S1 C[1]
S1_A[2] S1.B[2] s1.C[2]
S1_A[3] S1 B[3] S1 C[3]
S1_A[4] S1.B[4] S1.Cl4]

(a)

A B C
S3_A[0] S3_B[0] S3_C[0]
S3_A[1] S3 B[1] S3 Cl1]
S3_A[2] $3 B[2] $3 C[2]
S3_A[3] $3.B[3] S3 C[3]
S3_A[4] S3 B[4] S3.C[4]

(b)

A B C
VO_A[0] VO0_B[0] VO_CI[0]
VO_A[1] V0. B[1] VO C[1]
VO_A[2] VO B[2] V0. C[2]
VO_A[3] VO_B[3] \V0_C[3]
VO_A[4] V0. B[4] V0 C[4]

©
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Figure 4-4. Shift register array of state variables used in Dual Column Passl
generation (a) ; (b) static significance states S1, S3 ; (c) Magnitude state

VO
In order to improve speed, we divided it into three steps in dual column passl
generation method. Three steps include pre-processing for passl generation,
horizontal processing for passl generation, and vertical processing for passl

generation. These steps will be discussed in the following sections.

4.1.1 Pre-processing for Pass1 generation of

samples in register B

According to the Pass-Parallel architecture discussed in previous chapter, in
order to decide pass types of sample coded; it 1s'necessary to decide the neighbor
significance state of samples ‘coded. Since we only handle pre-processing passl
generation, horizontal and vertical ~direction-generation is not considered in this
section. The values of register C in ‘state variables S1 are not changed after passl
generation. It is different from the register C in state variables S1 of original pipeline
pass-parallel architecture. It is necessary to decide the relationship between these
variables. In next section, we need to take care of the possibility that the significance
state of an immediate vertical or horizontal neighbor may change during the current
pass. If the significance state of sample B1 in context window 1 is zero and the any
neighbor significance state of sample B1 is one, sample B1 belongs to Pass 1. As

shown in Table 4-1, the first Pass 1 generation of sample B1 is expressed as follows:
if ("(S1_BJ[1]|S3_BI[1])) & ((S1_C[0]|S1_C[1]|S1_C[2]D)|(S1_BJ[0]|S1_A[0])
|(S1_B[2]|S3_B[2])|(S1_A[1]IS3_A[1]I(S1_AI2]IS3_A[2])))
F1_P1 B[1] =1'1;
else
F1_P1 B[1] =1'O0;
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Neighbor significance states of sample B1 can be predicted, as shown in
Table 4-1.

Table 4-1 Neighbor significance states of sample B1 for pre-processing

Register C Register B Register A
S1_C[0] S1_B[0] S1_A[0]
s1_C[1] S1_B[1]|S3_B[1] S1_A[1]|S3_A[1]
s1_C[2] S1_B[2]|S3_B[2] S1_A[2]|S3_A[2]

If the significance state of sample B2 in context window 1 is zero and the any
neighbor significance state of sample B2 is one, sample B2 belongs to Pass 1. As

shown in Table 4-2, the first Pass 1 generation of sample B2 is expressed as follows:
if ('(S1_BJ[2]|S3_B[2])) &
((S1_C[1]|S1_C[2])|(S1_C[3]IST_B[1])|(S1_B[3]IS3_BI[3])
|(S1_A[1]IS3_A[LDI(SLAI2]|S3AZ]ISI_AI3]IS3_A[3])))
F1 P1 B[2] =2'bl;
else
F1 P1 B[2] =1'0;

Neighbor significance states of'sample B2 can be predicted, as shown in Table
4-2.

Table 4-2 Neighbor significance states of sample B2 for pre-processing

Register C Register B Register A
s1_C[1] S1_B[1] S1_A[1]|S3_A[1]
S1_C[2] S1_B[2]|S3_B[2] S1_A[2]|S3_A[2]
S1_C[3] S1_B[3]|S3_B[3] S1_A[3]IS3_A[3]

If the significance state of sample B3 in context window 1 is zero and the any
neighbor significance state of sample B3 is one, sample B3 belongs to Pass 1. As

shown in Table 4-3, the first Pass 1 generation of sample B3 is expressed as follows:

if ((!(S1_B[3]/S3_B[3])) &
((S1_C[2]IS1_C[3])(S1_C[4]IS1_B[2])|(S1_B[4]|S3_B[4])
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|(S1_A[2]|S3_A[2]I(SI_A[3]IS3_A[3])I(S1_A[4]IS3_A[4]))

F1_P1_BI[3]

else

F1 P1 B[3]

=1'b1,;

Neighbor significance states of sample B3 can be predicted, as shown in Table

4-3

Table 4-3 Neighbor significance states of sample B3 for pre-processing

Register C Register B Register A
s1_C[2] S1_B[2] S1_A[2]|S3_A[2]
S1_C[3] S1_B[3]|S3_B[3] S1_A[3]|S3_A[3]
S1_C[4] S1_B[4]|S3_B[4] S1_A[4]|S3_A[4]

If the significance state of sample B4 in context window 1 is zero and the any

neighbor significance state of sample B4 is one, sample B4 belongs to Pass 1. As

shown in Table 4-4, the first Pass 1 generation of.sample B4 is expressed as follows:

if ((!(S1_B[4]|S3_B[4])) & ((S1_CI[3]|S1_C[4]|S1_B[3])
|(ST_A3]IS3_A[3])I(SL_A[4]ISS_A[4]))

F1_P1_B[4]

else

F1_P1_B[4]

=1'b1;

Neighbor significance states of sample B4 can be predicted, as shown in Table

4-4.

Table 4-4 Neighbor significance states of sample B4 for pre-processing

Register C Register B Register A
S1 C[3] S1 B[3] S1_A[3]|S3_A[3]
S1_C[4] S1_B[4]|S3_BJ[4] S1_A[4]1S3_A[4]
0 0 0

46




4.1.2 Horizontal Processing for passl generation of

samples in register B

We need to take care of the possibility that the significance state of an
immediate horizontal neighbor may change during the current pass. Specifically, for
samples B1, B2, B3 and B4 in register B we must take into account the possible
change of significance in samples C1, C2, C3 and B4 in register C, respectively
during the current pass. If the result F1_P1_B[1] of sample B1 in register B is zero,
the pass type of sample B1 may be changed by significance state of horizontal
samples C1 and C2 in register C. As shown in Table 4-5, the second Pass 1 of sample
B1 are expressed as follows:

F2_P1 B[1]=F1_P1 _B[1] |PL S C[1]}P1_S C[2]

Neighbor significance states of sample ‘Bl can be predicted by Table 4-5 for
horizontal processing of pass 1 generation.

Table 4-5 Neighbor significance states of sample B1 for horizontal processing

Register C Register B Register A
X X X

P1 S C[1] F1_P1 B[1] X

P1 S C[2] X X

If the result F1_P1_B[2] of sample B2 in register B is zero, the pass type of

sample B2 may be changed by significance state of horizontal samples C1, C2 and C3

in register C. As shown in Table 4-6, the second Pass 1 of sample B2 are expressed as

follows:

F2_P1 B[2]=F1_P1_B[2]|P1_S_C[1]|P1_S_C[2]|P1_S_C[3];

Neighbor significance states of sample B2 can be predicted by Table 4-6 for

horizontal processing of pass 1 generation.
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Table 4-6 Neighbor significance states of sample B2 for horizontal processing

Register C Register B Register A
P1 S C[1] X X
P1 S C[2] F2_P1 B[2] X
P1 S CJ3] X X

If the result F1_P1_B[3] of sample B3 in register B is zero, the pass type of

sample B3 may be changed by significance state of horizontal samples C2, C3 and C4

in register C. As shown in Table 4-7, the second Pass 1 of sample B3 are expressed as

follows:

F2_P1_B[3]=F1_P1_B[3] |P1_S_C[2] | P1_S_C[3] | P1_S_C[4];

Neighbor significance states of sample B3 can be predicted by Table 4-7 for

horizontal processing of pass 1 generation.

Table 4-7 Neighbor significance states of sample'B3 for horizontal processing

Register C Register B Register A
P1 S C[2] X X
P1 S C[3] F2_P1 B[3] X
P1 S _C[4] X X

If the result F1_P1_B[4] of sample B4 in register B is zero, the pass type of

sample B4 may be changed by significance state of horizontal samples C3 and C4 in
register C. As shown in Table 4-8, the second Pass 1 of sample B4 are expressed as
follows:
F2_P1 B[4]=F1_P1 B[4]| (P1_S_C[3]|P1_S_C[4])
Neighbor significance states of sample B4 can be predicted by Table 4-8 for

horizontal processing of pass 1 generation.
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Table 4-8

New neighbor significance states of sample B4

Register C Register B Register A
P1 S CI[3] X X
P1 S C[4] F1 P1 BJ[4] X

0 0 0

4.1.3 Vertical Processing for passl generation of

samples in register B

We need to take care of the possibility that the significance state of an
immediate vertical neighbor may change during the current pass. Specifically, for
samples B2, B3, B4, we must take into accountithe possible change of significance in
samples B1, B2, and B3, respectively during the current pass. The pass type and
significance state of sample B1:n register B are not changed by sample BO in register
B, because the significance state in:sample BO.belongs to the previous bit plane. As
shown in Table 4-9, the real Pass 1 and passl with significance state of sample B1 are

expressed as follows:

P1 B[1]= F2_P1_B[1]
P1 S B[1]=P1_B[1] & VO B[1]

Neighbor significance states of sample B1 can be predicted by Table 4-9 for
vertical processing of pass 1 generation.

Table 4-9 Neighbor significance states of sample B1 for vertical processing

Register C Register B Register A
X X X
X F2_P1_B[1] X
X X X
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If the result F2_P1_B[2] of sample B2 in register B is zero, the pass type of
sample B2 may be changed by significance state of vertical sample B1. As shown in
Table 4-10, the real Pass 1 and Passl with significance state of sample B2 are

expressed as follows:

P1_B[2] =P1_S_B[1]|F2_P1_B[2]
P1 S B[2]= P1_B[2] & VO_B[2]

Neighbor significance states of sample B2 can be predicted by Table 4-10 for
vertical processing of pass 1 generation.

Table 4-10 Neighbor significance states of sample B2 for vertical processing

Register C Register B Register A
X P1 S B[1] X
X F2.PL B[2] X
X X X

If the result F2_P1_B[3] of sample B3 in register B is zero, the pass type of
sample B3 may be changed by significance state of vertical sample B2. As shown in
Table 4-11, the real Pass 1 and Passl®with significance state of sample B3 are

expressed as follows:

P1 B[3] =P1_S_B[2] | F2_P1_BI[3]
P1_S_B[3]= P1_B[3] & VO_BI[3]

Neighbor significance states of sample B3 can be predicted by Table 4-11 for

vertical processing of pass 1 generation.

Table 4-11 Neighbor significance states of sample B3 for vertical processing

Register C Register B Register A
X P1 S B[2] X
X F2 P1 B[3] X
X X X
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If the result F2_P1 B[4] of sample B4 in register B is zero, the pass type of
sample B4 may be changed by significance state of vertical sample B3. As shown in
Table 4-12, the real Pass 1 and Passl with significance state of sample B4 are

expressed as follows:

P1_B[4] =P1_S_BI[3] | F2_P1_B[4]
P1_S_B[4]=P1_B[4] & VVO_B[4]

Neighbor significance states of sample B4 can be predicted by Table 4-12 for
vertical processing of pass 1 generation.

Table 4-12 Neighbor significance states of sample B4 for vertical processing

Register C Register B Register A
X P1 S B[3] X
X F2.P1 BI[4] X
X X X

4.2 All Coding Pass and Significance

Change generation method

From the method discussed in the previous section, we can obtain passl
information and pass1 with significance state for each sample in register B in parallel.
And we send passl information to register C in rise edge of next clock cycle. We can
obtain all coding pass information in the same clock cycle. These signals of coding
passes information include passl (P1_B_C), passl and significance state (P1_S C),
pass2 (P2_C), pass2 and the first time magnitude refinement coding (P2_1_C), pass3
(P3_C), pass3 and significance state (P3_S_C), pass3 run length coding 0 (P3_RLCO0),
pass3 run length coding 1 with uniform coding bit 1 (P3_RLC1_UC1), pass3 run
length coding 1 with uniform coding bit 0 (P3_RLC1 UCO0). The signal ‘P1 B C’

represents passl information from register B and is responsible to execute zero coding
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(ZC). The signal ‘P1_S_C’ represents passl with significance state information in
register C and is responsible to execute zero coding (ZC) and sign coding (SC). The
signal *P2_C’ represents pass2 information generated in register C and is responsible
to execute magnitude refinement coding. The signal ‘P2_1 C’ represents first time
pass2 information in register C and is responsible to execute the first time magnitude
refinement coding. The signal ‘P3_C’ represents pass3 information in register C and is
responsible to execute zero coding (ZC). The signal ‘P3_S_C’ represents pass3 with
significance state information in register C and is responsible to execute zero coding
(ZC) and sign coding (SC). The signal ‘P3_RLCO’ represents that the neighbor
significance states in all four samples of a column and their magnitude bit value is all
zero. The signal ‘P3_RLC1_UCL1’ represents the high bit of uniform coding in pass3.
The signal ‘P3_RLC1_UCO’ represents the low bit.of uniform coding in pass3.

As shown in Figure 4-5,-we.can generate simultaneously all coding pass in a

clock cycle of register C.
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Figure 4-5. A 5X3 Shift Register Context window for generating all coding pass
information and significance change of Pass1 or Pass3
Figure 4-6 shows the state variables used in the context window 2. The shift
register array of the state variable S1 is responsible to record the passl with

significance state for the sample coded in register B or register C. The shift register
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array of the state variable S3 is responsible to record the pass3 with significance state
for the sample coded in register B or register C. The shift register array of the state
variable VO is responsible to record the magnitude bit of sample coded in register B or

register C or register D.

B C D
S1_B[0] S1_C[0] S1_D[0]
S1-B[1] S1 C[1] S1_D[1]
S1 B[2] St C[2] S1_D[2]
1 B[3] s1.C[3] S1_D[3]
S1 B[4] S1_C[4] S1_D[4]

(@)

B C D
S3_BJ[0] S3_Clo] $3_D[0]
3. B[1] 3 C[1] S3_D[1]
53 B[?] s3.C[2] S3_D[2]
S3 B3] 3 C[3] S3_D[3]
3. B[4] 3 C[4] S3_D[4]

(b)

B C D
VO_B[0] V0_C[0] V0_DI[0]
VO B[1] VO _C1] V0_DI[1]
V0. B[2] V0. C[2] V0_DI[2]
VO_B[3] VO C[3] V0_DI[3]
V0. B4] V0 Cl4] V0_DI[4]
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Figure 4-6 Shift register array for state variables used in generating all coding pass
(@) ; (b) Static significance states S1, S3 ; (c) Magnitude state VO
The passl information of samples C1 to C4 in register C can be obtained by

following hardware description language:

if {\RST_N | START)

begin
P1 B C <=#DELAY5D0;
end
else begin
P1 B C <=#DELAY P1 B;
end

The passl with significance state of samples C1 to C4 in register C can be

obtained by following hardware description language:
assign P1 S C[1] =P1.B.C[1} & VO _C[1];
assign P1 S CJ[2] =P1 B.C[2].& VO C[2];
assign P1 S C[3}=P1 B CJ3].& V0 C[3];
assign P1 S C[4}=P1 B C[4] & V0 _C[4];

The pass2 information of samples C1to C4 in register C can be obtained by

following hardware description language:

assign P2 _C[1] =S1_C[1]]|S3_CI[1];
assign P2 _C[2] =S1_C[2]]|S3_C[2];
assign P2 _C[3] =S1_C[3]]|S3_C[3];
assign P2 _C[4] =S1_C[4]]|S3_C[4];

The first time paas2 magnitude refinement coding information of samples C1

to C4 in register C can be obtained by following hardware description language:

assign P2 1 C[1] =S1_C[1]~S3_CI[1];
assign P2 1 C[2] =S1_C[2]~S3 C[2];
assign P2 1 C[3] =S1_C[3]~S3 _C[3];
assign P2 1 C[4] =S1_C[4]~S3_C[4];

The pass3 information of samples Q®)to C4 in register C can be obtained by

following hardware description language:

assign P3_C[1] = !(P2_C[1] | P1_B_C[1]);
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assign  P3_C[2] = !(P2_C[2] | P1_B_C[2]);
assign  P3_C[3] = !(P2_C[3] | P1_B_C[3]);
assign P3_C[4] = |(P2_C[4] | P1_B_C[4]);

The paas3 with significance state of samples C1 to C4 in register C can be

obtained by following hardware description language:

assign P3_S C[1] =P3_C[1] & VO0_CI1];
assign P3_S C[2] =P3_C[2] & VO0_CJ2];
assign P3_S C[3] =P3_C[3] & V0_CJ3];
assign P3_S C[4] =P3_C[4] & VO_CJ4];

The pass3 run-length code (P3_RLCO, P3_RLC1) information of samples C1

to C4 in register C can be obtained by following hardware description language:

assign  P3_RLCO_T1=P3_C[1] & P3_C[2]& P3_C[3] & P3_C[4];
assign P3_MAG  =VO0_C[1]|V0_C[2]| VO_C[3] | VO_C[4];
assign P3_RLCO  =P3_RLCO_T1& (IP3_MAG);

assign P3_RLC1  =P3JRLCO_T1& P3_MAG;

The pass3 run-length code 1mwith. uniform code 1 (P3_RLC1 UC1)
information of samples C1 to C4 in register C can be-obtained by following hardware

description language:

assign P3_RLC1_UC1 . T1=KVO C[4]|VO_CI[3)]);
assign  P3_RLC1 UC1=!(P3_RLC1_UC1_T1|V0_C[2]|VO_C[1]);

The pass3 run-length code 1 with uniform code 0 (P3_RLC1 UCO)
information of samples C1 to C4 in register C can be obtained by following hardware

description language:

assign P3_RLC1 UCO_T1=!1(VO_C[4]|VO_C[3]);
assign P3_RLC1 UCO T2 =!(P3_RLC1 UCO T1|VO0 _C[2]);
assign P3_RLC1 _UCO = !(P3_RLC1_UCO0 T2 |VO0_C[1]);
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4.3 Sample-Parallel Column-Based
Coding method

From the method discussed in the previous section, we can obtain all coding
pass type and pass type with significance state information for samples C1 to C4 in
register C in parallel. And we can simultaneously execute all coding operation by all
coding pass information generated in register C. All coding operations for all four
consecutive samples in the same column are performed in context window 2. So we
can generate all coding pass and execute all coding operation in a clock cycle of

register C.

Figure 4-7 shows the state-variablestused in the context window 2. All
significance states is shown for magnitude refinement coding, zero coding, sign
coding in Figure 4-7 (A). The magnitude state variable is shown in Figure 4-7(B) in
order to record the magnitude bit‘of.each sample in‘register C. The sign state variable

is shown in Figure 4-7(C) in order to record the sign bit of each sample in register C.
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B C D
S1_B[0] S1_C[0] S1_D[0]
S3_B[0] S3_C[0] S3_D[0]
S1 B[1] S1 C[1] S1 D[1]
S3_B[1] S3 C[1] S3_DI[1]

P1 S B[1] P1 S C[1]
P3 'S C[1]
S1 B[2] S1.C[2] S1_D[2]
S3_B[2] S3 C[2] S3_D[2]
P1_S B[2] P1 S C[2]
P3/S C[2]
S1_B[3] S1 C[3] S1 DI[3]
S3_B[3] S3.C[3] S3_D[3]
P1 S BI[3] P1'S C[3]
P3'S C[3]
S1_B[4] S1 C[4] S1_D[4]
S3_B[4] S3.C[4] S3_D[4]
P1_S B[4] P1 'S C[4]
P3 S C[4]
(A)
B C D
VO0_BI[0] VO0_CI[0] VO0_DI[0]
VO _B[1] VO C[1] VO0_DI[1]
VO0_BI[2] V0 C[2] VO0_D[2]
VO_B[3] V0 C[3] VO0_D[3]
VO_B[4] VO _C[4] VO_D[4]

(B)
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B C D

X0_B[0] X0_C[0] X0_D[0]

X0_B[1] X0 C[1] X0_DI[1]

X0_B[2] X0_C[2] X0_D[2]

X0_B[3] X0 C[3] X0_DI[3]

X0_B[4] X0_C[4] X0_D[4]
(®

Figure 4-7 All static significance state and dynamic significance state
used in MRC, SC and ZC

As shown in Figure 4-7(a), the S1 B, S1 C, and S1_D is responsible to
records the significance state for.the sample coded in Pass 1 of the corresponding

column of the previous bit-plane, respectively-in register B, register C and register D.
The S3_B, S3_C, and S3_D is-responsible-to-records the significance state for the
sample coded in Pass 3 of the carresponding column of the previous bit-plane,
respectively in register B, register C and register D. These state variables are used for
coding operations, including ZC, SC, MRC, RLCO, RLC1 UC1, RLC1 UCO
operations that are described in previous section. Samples in register C of context
window 2 are coded concurrently by appropriate coding operations according to the

pass types generated for sample C1 to sample C4 in register C.

4.3.1 MRC Coding Expression for sample C1to C4in

Register C for Pass?2

The pass types of sample C1 to C4 in register C of context window 2 can be

easily decided by discussion in previous section. When coding samples C1 to C4 in
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register C, the significance states of their neighbor samples are also predicted. The

hard-macro of magnitude refinement coding is shown in Figure 4-8.

MRC

BO
Bl

B2

CO
> CXDI5:0] >
Cc2

DO

D1

D2

VO Cn

P2 1 Cn

Figure 4-8 Hard-macro of magnitude refinement coding
As shown in Figure 4-8, the magnitude refinement coding of sample Cn is

expressed by following hardware description language:

SUM=B0|B1|B2|C0O|C2|D0|D1|D2;
CXD[5] =VO0_Cn;
if (P2_1_Cn ==0) begin
CXD[4:0] = 5'd16;
end
else begin
if ((SUM == 0)) begin
CXD[4:0] = 5'd14;
end
else begin
CXD[4:0] = 5'd15;
end
end
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As shown in Table 4-13, the magnitude refinement coding of sample C1 is

expressed by following hardware description language:

assign BO_[1] =S1_BJ0];

assign B1_[1] =S1_BJ[1]|S3_BJ[1]|P1_S_B[1];

assign  B2_[1] =S1_BJ[2]|S3_BJ[2]|P1_S_B|2];

assign CO_[1] =S1_CJO0];

assign C2_[1] =S1_CJ[2]|S3_CI[2]|P1_S_C[2];

assign DO_[1] =S1_DIO0];

assign D1 _[1] =S1 DI[1];//S1_D[N]=S1_C[N]|P1_S _C[N]
assign D2 _[1] =S1_DI[2];/l

Table 4-13 Neighbor significance states of sample C1 for MRC

Register D Register C Register B
S1_D[0] S1_CJ[0] S1 _BJ[0]
(DO_[1]) (CO_[1]) (BO_[1])

S1 DI[1] VO C[1] S1 B[1]|S3_B[1]|
(D1_[1D) (V0,:Cn) P1 S B[1]
(B1_[1])
S1 DI[2] S1 C[2}1S3_C[2]| S1 B[2]| S3_BJ[2]|
(D2_[1]) P1 S CJ2] P1 S BJ[?]
(C2_[1]) (B2_[1])

As shown in Table 4-14, the magnitude refinement coding of sample C2 are

expressed by following hardware description language:

assign BO_[2] = S1_BJ[1]|S3_BJ[1]|P1_S_B[1];

assign B1_[2] =S1_BJ[2]|S3_BJ[2]|P1_S_B[2];

assign B2_[2] =S1_BJ3]|S3_BJ[3]|P1_S_B[3];

assign CO_[2] =S1_C[1]|P1_S_C[1];

assign C2_[2] =S1_CJ3]|S3_C[3]|P1_S_CI3];

assign DO_[2] = S1_DI[1];

assign D1 [2] =S1_DI[2];//S1_D[N]=S1_C[N]|P1_S C[N]
assign D2 _[2] =S1 DI[3];//
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Table 4-14 Neighbor significance states of sample C2 for MRC

Register D Register C Register B
S1 DJ[1] S1 C[1]|P1_S_CJ1] S1 B[1] | S3_BJ[1] |
(DO_[2]) (CO_I2]) P1_S BJ[1]
(BO_[2])
S1 DJ[2] VO0_C[2] S1 B[2]|S3_BJ[2] |
(D1_[2]) (VO0_C[2]) P1_S BJ[2]
(B1_[2])
S1 DJ3] S1 C[3]|S3_C[3]| S1 BJ[3]|S3_BJ3] |
(D2_[2]) P1_S CJ[3] P1_S BJ[3]
(C2_[2]) (B2_[2])

As shown in Table 4-15, the magnitude refinement coding of sample C3 are

expressed by following hardware description language:

assign
assign
assign
assign
assign
assign
assign
assign

BO_[3] = S1_BJ[2]|S3_B[2]|P1_S_BI[2];

B1_[3] = S1_B[3]|S3.:B[3]|PL:S_BI3];

B2_[3] = S1_B[4]{S3_B[4]|P1:S BI[4];

CO_[3] = S1_C[2]|pP1_S_C}2];

C2_[3] = S1_CJ4]|S3_C[4]|P1_S C[4];

DO_[3] = S1_Df2};

D1_[3] = S1_DI[3];//S1._D[N]=S1"C[N]|P1_S_C[N]
D2_[3] =S1_DI[4];//

Table 4-15 Neighbor significance states of sample C3 for MRC

Register D Register C Register B
S1 D[2] S1 C[2]|P1_S C[2] S1 B[2]|S3_B[2]|
(DO_[3]) (CO_I3D) P1 S BJ[2]
(BO_[3])
S1 DJ3] VO0_C[3] S1 _B[3]|S3_BI[3]|
(D1_[3]) (VO_CI3)) P1_S BI[3]
(B1_[3])
S1 D[4] S1 C[4]|S3_C[3]| S1 _B[4] | S3_B[4] |
(D2_[3]) P1 S C[4] P1 S BJ[4]
(C2_[3]) (B2_[3])

As shown in Table 4-16, the magnitude refinement coding of sample C4 are

expressed by following hardware description language:

61




assign BO_[4] = S1_BJ3]|S3_BJ[3]|P1_S_B[3];

assign B1_[4] = S1_BJ[4]|S3_BJ[4]|P1_S_B[4];

assign B2_[4]=0;

assign CO_[4] =S1 _CI[3]|P1_S _C[3];

assign C2_[4]=0;

assign DO_[4] =S1_DI[3];

assign D1_[4] = S1_DI[4];//S1_D[N]=S1_C[N]|P1_S _C[N]
assign D2 _[4] =0;//

Table 4-16 Neighbor significance states of sample C4 for MRC

Register D Register C Register B
S1 _D[3] S1 C[3]|P1_S _C[3] S1 BJ[3]|S3_BJ[3] |
(DO_[4]) (CO_[4D) P1_S B3]
(BO_[4])
S1 D[4] S1 _C[4] | S3_C[4] S1 B[4]|S3_BJ[4] |
(D1_[4]) (C1_[4D) P1_S BJ[4]
(B1_[4])
0 0 0
(D2_[4]) (C2_[4]) (B2_[4])

4.3.2 Zero Coding Expression of sharing between

Passl and Pass3 for Sample C1 to C4 in Register C

If sample C1 to C4 in register C belongs to pass 1 or pass3 and their
magnitude bit value are zero, they must be coded by zero coding (ZC). The

hard-macro of zero coding is shown in Figure 4-9.
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S B0  ZC
S B1

S B2

S CO
> CXDI[5:0] >
s C2

S DO

S D1
S D2
V0 _Cn

CB TYPE

Figure 4-9 Hard-macro of.zero coding
As shown in Figure 4-9,-the zero-coding.of sample Cn is expressed as follows:

(example for LL)

SUM H=S B1+S Di;
SUM_V =S C0+S_C2
SUM D=S B0+S D0+S B2+S D2;
SUM Hv=S B1+S D1+S C0O+S C2;
CXD[5] =VO0 Cn;
if (SUM_H==0) & (SUM_V ==0) & (SUM_D == 0)) CXD[4:0] = 5'd0;
if (SUM_H==0) & (SUM_V ==0) & (SUM_D == 1)) CXDI[4:0] = 5'd1;
if (SUM_H ==0) & (SUM_V ==0) & (SUM_D >= 2)) CXDI[4:0] = 5'd2;
if (SUM_H ==0) & (SUM_V ==1) ) CXD[4:0] = 5'd3;
if (SUM_H==0) & (SUM_V ==2) ) CXD[4:0] =5'd4;
if (SUM_H==1) & (SUM_V ==0) & (SUM_D == 0)) CXD[4:0] = 5'd5;
if ((SUM_H==1) & (SUM_V ==0) & (SUM_D >= 1)) CXDJ[4:0] = 5'd6;
if (SUM_H==1) & (SUM_V >=1) ) CXD[4:0] =5'd7;
if (SUM_H==2) ) CXD[4:0] = 5'd8;
As shown in Table 4-17, the zero coding of sample C1 is expressed by
following hardware description language:
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assign S_T_B[0] =(P1_B_C[1])? S1_BJ0] : S1_B[0]|S3_BI[0];

assign  S_T_B[1] =(P1_B_C[1])? S1_B[1]|S3_BJ[1] : S1_BJ[1]|P1_S_BJ[1]|S3_BI1];
assign  S_T_B[2] = (P1_B_C[1])? S1_B[2]|S3_B[2] : S1_BJ[2]|P1_S_BJ[2]|S3_BJ2];
assign S_T_C[0] = (P1_B_C[1])? S1_C[0]: S1_CJ0]|S3_C[0];

assign V_T_C[1] =V0_CI[1];

assign  S_T_C[2] = (P1_B_C[1])? S1_C[2]|S3_C[2] : S1_C[2]|P1_S_C[2]|S3_CI2];

assign S_T_DI[0] = (P1_B_C[1])? S1_D[0] : S1_DJ[0]|S3_DI[0];
assign S_T_D[1] =(P1_B_C[1])? S1_D[1] : S1_DI[1]|S3_D[1];
assign S_T_D[2]=(P1_B_C[1])? S1_D|2] : S1_DJ[2]|S3_D[2];
Table 4-17 Neighbor significance states of sample C1 for ZC
Register D Register C Register B
S1 DJ0] S1 _C[0] S1_BJ[0]
S1 _D[0] | S3_D[0] S1_C[0]| S3_C[0] S1 B[0]|S3_BJ0]
(S_T_DI0]) (S_T_C[0]) (S_T_B[0])
S1 DJ[1] VO0_CJ[1] S1 B[1]|S3_BJ[1]
S1 D[1]|S3_D[1] (VAT C[LD S1 B[1]|P1_S_B[1]|S3_B[1]
(S_T_DI[1]) (S_T_B[1])
S1 D[2] S1 CJ2] | S3 C?] S1 B[2]|S3_BJ[2]
S1 D[2]|S3_D[2] S1-C[2]|P1_S CJ2]|S3_€[2]| S1_B[2]|P1_S_BJ[2] |S3_BJ[2]
(S_T_DI[2]) (S_T.C[2]) (S_T_B[2])

As shown in Table 4-18, the zero coding of sample C2 is expressed by

following hardware description language:

assign S T _B[1] =(P1_B_C[2])? S1_BJ[1]|S3_BJ[1] : S1_BJ[1]|S3_B[1]|P1_S_BI1];
assign S T _B[2] =(P1_B_C[2])? S1_BJ[2]|S3_B[2] : S1_BJ[2]|S3_B[2]|P1_S_BI2];
assign S T _B[3]=(P1_B_C[2])? S1_BJ3]|S3_B[3]: S1_BJ3]|S3_B[3]|P1_S_BJ3];
assign S T C[1] = (P1_B _C[2])? S1 C[1]|P1_S _CJ1]

S1 C[1]|S3_C[1]|P1_S_CI[1]|P3_S C[1];
assign V_T _C[2] =V0_CJ[2];
assign S T _C[3]=(P1_B_C[2])? S1_CJ3]|S3_C[3] : S1_CJ3]|S3_C[3]|P1_S_CI3];
assign S T _D[1]=(P1_B_C[2])? S1_DJ[1]: S1_DI[1]|S3_DI1];
assign S T _D[2] =(P1_B_C[2])? S1_DJ[2]: S1_DI[2]|S3_DI[2];
assign S_T_D[3]=(P1_B_C[2])? S1_DI[3]: S1_DI[3]|S3_DI3];
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Table 4-18 Neighbor significance states of sample C2 for ZC

Register D Register C Register B
S1_D[1] S1_C[1]|lP1_S_C[1] S1_B[1]|S3_B[1]
S1_D[1]| S3_D[1] S1_C[1]/S3_C[1]IP1_S_C[1]|P3_S_C[1]| S1_B[1]|S3_B[1]IP1_S_B[1]

(S_T_D[1]) (S_T_CI1) (S_T_BI[1])
S1_D[2] V0_C[2] S1_B[2]|S3_BI[2]
S1_D[2]|S3_DI[2] (V_T_C[2]) S1_B[2]|S3_BI[2]|P1_S_B[2]

(S_T_D[2]) (S_T_BJ[2])
S1_DI[3] S1_C[3]|S3_C[3] S1_B[3]|S3_BI[3]
S1_D[3]|S3_DI[3] S1_C[3]|S3_C[3]|P1_S_CI3] S1_B[3]|S3_BI[3]|P1_S_B[3]
(S_T_D[3]) (S_T_CI3]) (S_T_BJ3])

As shown in Table 4-19, the zero coding of sample C3 is expressed by

following hardware description language:

assign
assign
assign
assign S T C[2]
assign
assign
assign
assign
assign

(P1_B_C[3])?

S_T_B[2] = (P1_B_C[3])? S1_B[2]|S3_B[2] : S1_B[2]|S3_B[2]|P1_S_BI[2];
S_T_BI[3] = (P1_B_CI[3])? S1:B[3}|S3.B[3] : S1_B[3]|S3_BI[3]|P1_S_BI3];
S_T_B[4] = (P1_B_C[3])? S1_B{4]|S3._B[4] : S1_B[4]|S3_B[4]|P1_S_BI[4];
S1_C[2]|P1_S_C[2]

S1_CJ[2]{S3_C[2]|P1_S_C[2]|P3_S_CI[2];

V_T _C[3] = VO0_C[3];
S_T _C[4] = (P1_B_CI[3])? S1.C[4]|S3.C[4] : S1_C[4]|S3_C[4][P1_S_CI[4];
S_T D[2] = (P1_B_C[3])? S1_D[2] : S1_D[2]|S3_DI[2];
S_T D[3] = (P1_B_C[3])? S1_D[3] : S1_D[3]|S3_DI[3];
S_T D[4] = (P1_B_C[3])? S1_D[4] : S1_D[4]|S3_DI[4I;

Table 4-19 Neighbor significance states of sample C3 for ZC

Register D Register C Register B
S1_D[2] S1_C[2]|P1_S_C[2] S1_B[2]|S3_BI[2]
S1_D[2]]S3_D[2] S1_C[2]|S3_C[2]|P1_S_C[2]IP3_S_C[2]| S1_B[2]|S3_B[2]IP1_S B[2]

(S_T_D[2]) (S_T_C[2]) (S_T_BJ[2])
S1_D[3] VO0_C[3] S1_BI[3]|S3_BI[3]
S1_D[3]|S3_D[3] (V_T_C[3)]) S1_B[3]|S3_B[3]|P1_S_BI[3]

(S_T_D[3]) (S_T_BI3])
S1_D[4] S1_C[4]]S3_C[4] S1_B[4]|S3_B[4]
S1_D[4]|S3_D[4] S1_C[4]|S3_C[4]|P1_S_C[4] S1_B[4]|S3_B[4]|IP1_S_B[4]
(S_T_DI[4]) (S_T_C[4]) (S_T_B[4])
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As shown in Table 4-20, the zero coding of sample C4 is expressed by

following hardware description language:

assign S T _B[3]=(P1_B_C[4])? S1_BJ3]|S3_B[3] : S1_BJ3]|S3_B[3]|P1_S_BJ3];
assign S_T_B[4] = (P1_B_CJ[4])? S1_B[4]|S3_B[4] : S1_BJ[4]|S3_B[4]|P1_S_B[4];
assign S T B[5]=(P1 B C[4])? 1b0 1'b0

assign S T C[3] = (P1_B_C[4])? S1 C[3]|P1_S _CJ3]
S1 C[3]|S3_C[3]|P1_S_CI3]|P3_S_C[3];

assign V_T _C[4] =V0_C[4];

assign S T C[5]=(P1. B C[4])? 1Db0 : 1'b0

assign S_T_D[3]=(P1_B_C[4])? S1_DI[3]: S1_DI[3]|S3_DI3];

assign S_T_D[4] = (P1_B_C[4])? S1_D[4] : S1_DI[4]|S3_DI[4];

assign S T D[5]=(P1. B C[4])? 1b0 : 1b0;

Table 4-20 Neighbor significance states'of sample C4 for ZC

Register D Register € Register B
S1_DI[3] S1_C[3]|P1_S_CI[3] S1_B[3]|S3_B[3]
S1_DI[3]|S3_DI[3] S1_C[3]|S3.C[3]P1=SIC[3]|P3_S_C[3](S1_B[3]|S3_B[3]|P1_S_B[3]

(S_T_D[3]) (S_T_CI3]) (S_T_BI3))
S1_D[4] V0_C[4] S1_B[4]|S3_B[4]
S1_D[4]|S3_D[4] (V_T_C[4]) S1_B[4]|S3_B[4]|P1_S_B[4]

(S_T_D[4]) (S_T_BJ[4])
0 0 0
(S_T_D[5]) (S_T_CI5]) (S_T_BI5])

4.3.3 Sign Coding Expression of sharing between

Passl and Pass3 for Sample C1 to C4 in Register C

If sample C1 to C4 in register C belongs to pass 1 or pass3 and their
magnitude bit value are one, they must be coded by sign-coding (SC). The

hard-macro of sign coding is shown in Figure 4-10.
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Figure 4-10 Hard-macro of sign coding
As shown in Figure 4-10,.the sign..coding- of sample Cn is expressed as

follows:

always @(S_V1orS V2orX.V1or X.V2)
begin
casex ({S_V1,S V2, X V1, X V2})
4'p00xx : SUM_V = 2'b00;
4'p01x0 : SUM_V = 2'h01;
4'h01x1 : SUM_V = 2'b11;
4'p100x : SUM_V = 2'h01;
4'p101x : SUM_V = 2'b11;
4'p1100 : SUM_V = 2'b01;
4'p1101 : SUM_V = 2'b00;
4'p1110 : SUM_V = 2'b00;
4'p1111 : SUM_V = 2'b11;
endcase
end
//-1=2'b11, 0=200, 1 =2'h01
always @(S_H1orS_H2 or X_H1 or X_H2)
begin
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casex ({S_H1,S H2, X H1, X H2})
4'b00xx : SUM_H = 2'b00;
4'b01x0 : SUM_H = 2'h01;
4'b01x1 : SUM_H = 2'b11;
4'h100x : SUM_H = 2'b01;
4'p101x : SUM_H = 2'b11;
4'p1100 : SUM_H = 2'b01;
4'p1101 : SUM_H = 2'b00;
4'p1110 : SUM_H = 2'b00;
4'p1111 : SUM_H = 2'b11;

endcase

end

always @(SUM_H or SUM_V or X_Cn) begin

case ({SUM_H, SUM_V})
4'h0000: CXD ={ X _Cn,5'd9}; // O
4'h0001: CXD ={ X _Cny5'd10}; // 0 1
4'p0011 : CXD = {}X Cn,5d10}; /. O
4'p0111 : CXD = X_Cn, 5'd11};// =1
4'p1101 : CXD ={!X"Cn, 5'd11}; //-L 1
4'n0100 : CXD ={ X_Cn;5'd12}; /[ -1 O
4'p1100 : CXD ={fX.Cn, 5'd12}; /-1 O
40101 :CXD={ X _Cn,5'd13};// 1 1
4'p1111 : CXD ={!X_Cn, 5'd13}; //-1-1
default : CXD = { X _Cn, 5'd31};

endcase

-1
-1

end

As shown in Table 4-21 and Table 4-22, the sign coding of sample C1 is
expressed by following hardware description language:

assign  S_V1_1=(P1_B_C[1])? S1_C[0] : S1_CJ[0]|S3_CI0];

assign S_V2_1=(P1_B _C[1])? S1_C[2]|S3_C[2] :

S1_C[2]|S3_C[2]|P1_S_CJ2];
assign S_H1_1=(P1_B_C[1])? S1_BJ[1]|S3_BI[1]:

S1 _BJ[1]|S3_B[1]|P1_S_B[1];
assign S_H2_1=(P1_B _C[1])? S1_D[1]: S1 DI[1]|S3_D[1];
assign X _V1_1=XO0 _C[0];//S1_D[n]=S1_C[n]|P1_S_C[n]
assign X _V2_1=XO0_C[2]; // S3_D[n]=S3_C[n]|P3_S_C[n]
assign X _H1 1=XO0 B[1];
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assign X _H2 1=XO0_DI[1];
assign  X_C_1=X0_C[1];

Table 4-21 Neighbor significance states of sample C1 for SC

Register D Register C Register B
X S1_C[0] X
S1_C[0]| S3_C[0]
(S_V11)
S1 DJ[1] S1 BJ[1]|S3_BJ1]
S1 D[1]|S3_D[1] S1 B[1]|S3_BJ[1]|P1_S_BJ1]
(S_H2_1) (Sample C1) (S_H1 1)
X S1 C[2]|S3_C[2] X
S1 C[2]|S3_C[2]|IP1_S_CJ[2]
(S_v2.1)
Table 4-22 Neighbor sign states.of sample C1 for SC
Register D Register C Register B
X X0_CJ[0] X
(X211
X0_D[1] X0_C[1] X0_BJ1]
(X_H2_1) (X_C 1) (X_H1.1)
X X0_C[2] X
(X_Vv2_1)

As shown in Table 4-23 and Table 4-24, the sign coding of sample C2 is

expressed by following hardware description language:
assign S_V1 2=(P1_B C[2])? S1_C[1]|IP1_S_CI1]:

S1 _C[1]|S3_C[1]|P1_S_CJ[1]|P3_S_CI1];

assign  S_V2_2=(P1_B C[2])? S1_C[3]|S3_C][3]:

S1 _C[3]|S3_CI[3]|P1_S_CJ3];

assign S_H1 2= (P1_B_C[2])? S1_BJ[2]|S3_B[2] :

S1 BJ[2]|S3_BJ[2]|P1_S_BJ2];

assign
assign
assign
assign
assign
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assign  X_C_2=X0_C[2];

Table 4-23 Neighbor significance states of sample C2 for SC

Register D Register C Register B
X S1_C[1]|P1_S_C[1] X
S1_C[1]|S3_C[1]|P1_S_C[1]|P3_S_C[1]
(S_V1_2)
S1_DI[2] S1_B[2]|S3_BI[2]
S1_D[2]|S3_DI[2] S1_B[2]|S3_B[2]|P1_S_B[2]
(S_H2_2) (Sample C2) (S_H1.2)
X S1_C[3]|S3_CI[3] X
S1_C[3]|S3_CI[3]|P1_S_C[3]
(S_V2_2)
Table 4-24 Neighbor sign states of sample C2 for SC
Register D Register C Register B
X X0_CJ[1] X
(X_V1.2)
X0_D[2] X0_C[2] X0_BJ2]
(X_H2_2) (X_C_2) (X_H1_2)
X X0 C[3] X
(X_V2_2)

As shown in Table 4-25 and Table 4-26, the sign coding of sample C3 is

expressed by following hardware description language:

assign  S_V1 3= (P1_B_C[3])? S1_C[2]lPL_S_C[2]:
S1_C[2]|S3_C[2]IP1_S_C[2]|P3_S_C[2];
assign  S_V2 3=(P1_B_C[3])? S1_C[4]|S3_C[4] :

S1_C[4]|S3_CI[4]|P1_S_C[4];

assign  S_H1_3=(P1_B_C[3])? S1_B[3]|S3_BI[3] :

S1_BI[3]|S3_BI[3]|P1_S_B[3];

assign  S_H2_3=(P1_B_C[3])? S1_D[3] : S1_D[3]|S3_DI3];

assign
assign
assign
assign
assign

X_V1_3=X0_C[2]:
X_V2_3=X0_C[4]:
X_H1_3=X0_B[3];
X_H2_3=X0_D[3];
X_C_3=X0_C[3];
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Table 4-25 Neighbor significance states of sample C3 for SC

Register D Register C Register B
X S1_C[2]|P1_S_C[2] X
S1_C[2]|S3_C[2]|P1_S_C[2]|P3_S_C[2]
(S_V1 3)
S1_DI[3] S1_B[3]|S3_BI[3]
S1_D[3]|S3_DI[3] S1_B[3]|S3_BI[3]|P1_S_B[3]
(S_H2_3) (Sample C3) (S_H1.3)
X S1_C[4]|S3_C[4] X
S1_C[4]|S3_C[4]|P1_S_C[4]
(S_V2_3)
Table 4-26 Neighbor sign states of sample C3 for SC
Register D Register C Register B
X X0 _C[2] X
(X V1 3)
X0_D[3] VO0_C[3] X0_BJ3]
(X_H2_3) (X_C_3) (X_H1 3)
X X0_C[4] X
(X_Vv2.3)

As shown in Table 4-27 and' Table 4-28, the sign coding of sample C4 is

expressed by following hardware description language:

assign S V1 4=(P1 B C[4])? S1_C[3]|P1_S _CJ3]:
S1 C[3]|S3_C[3]|P1_S_CI3]|P3_S_C[3];

assign S V2 4=100;
assign S _H1 4=(P1_B C[4])? S1_BJ[4]|S3_B[4] :

S1 B[4]|S3_BJ[4]|P1_S BJ4];
assign S H2 4 =(P1_B_CJ[4])? S1_DJ[4] : S1_DI[4]|S3_DI[4];
assign X _V1_4=X0_C[3];
assign X V2 4=1b0 ;
assign X _H1_4 =X0_B[4];
assign X_H2_4 =X0_DI[4];
assign X _C_4=X0_C[4];
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Table 4-27 Neighbor significance states of sample C4 for SC

Register D Register C Register B
X S1_C[3]|IP1_S_CI[3] X
S1_C[3]|S3_CI[3]|P1_S_C[3]|P3_S_C[3]
(S_V1_4)
S1_D[4] (Sample C4) S1_B[4]|S3_B[4]
S1_D[4]|S3_D[4] S1_B[4]|S3_B[4]|P1_S_B[4]
(S_H2_4) (S_H1_4)
X 0 X
(S_V2_4)
Table 4-28 Neighbor sign states of sample C4 for SC
Register D Register C Register B
X X0_C[3] X
(X V1 4)
X0_DI[4] X0 C[4] X0_B[4]
(X_H2_4) (X_C_4) (X_H1_4)
X 0 X
(X_Vv2_4)

4.3.4 Run-Length Coding Expression for sample C1to

C4 in Register C for Pass3

The output signal (P3_RLCO,P3_RLC1) of Run length code is obtain by all
coding pass generation described in section 4-2. When P3_RLCO is one, the
context-decision of run length code is expressed by following hardware description
language:

assign CXD _P3 RLC 0 ={!P3 RLCO, 5'd17};
When P3_RLC1 is one, the context-decision of run length code with uniform

coding is expressed by following hardware description language:

assign CXD_P3 RLC_1 ={P3 RLC1,5d17};
assign CXD_P3 RLC1_UCO ={P3 _RLC1 UC1,5'd18};
assign CXD_P3 RLC1_UC1 ={P3 _RLC1 UCO,5'd18}:
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CHAPTER 5 ARCHITECTURE
DESIGN AND EXPERIMENT
RESULTS

In this chapter, we introduce overall system architecture of proposed pass
parallel context-formation (CF) encoder, detailed internal signals of context formation
encoder, analysis of critical path of system, design flow, verification and experiment
results. According to three methods described in previous chapter, we divided overall
system architecture into four stages. These topics above description are discussed in

next sections.

5.1 Overall Architecture of Pass-Parallel
Context Formation‘Encoder with High-Speed

and Small-Area

As shown in Figure 5-1, the top level block of overall system architecture
include four stages as follows:
The first stage: Load data from sram to shift register A.
The second stage: Shift the data of register A to register B and execute Dual
Column Pass1 generation.
The third stage: Shift the data of register B to register C, execute all coding

pass generation and sample parallel column-based coding.
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Figure 5-1 Overall architecture of Pass-Parallel Context Formation Encoder with high

speed and small area
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The fourth stage: Shift the data of register C to register D and store passl

significance change or pass3 significance change to register D.

The code block of 64x64 in dimension needs sram (1024x4 bits) of magnitude
state (VO0), sram (1024x4 bits) of sign state, sram (1024x4x2 bits) of passl
significance change (S1) or pass3 significance change (S3). Suppose the system can
read 5 bits (data of one column, the fourth data of one column in previous stripe) once
from sram (S1, S3) and write 4bits (significance change data of one column) once to
sram (S1, S3).

Controller manages the overall the data flow of the system, and generates
writing and reading address for pass3 significance state memory (S3), passl
significance state memory (S1), magnitude state memory (V0), and sign state memory
(XO0). It controls the pipeline architecture. For example, when it sent the four reading
address at the beginning, must genetate.-writing address to move the data of the first
column to memory.

The input signals of overall system architecture include ‘START’, ‘BP_NUM®,
‘RST’, “‘CLK’, ‘SUB_TYP’, X0 A 4 0>, VO A 4 1°,S1_A 4 0°,°S3_A_4 0’. Function
of input signal can be described, as shown in Table5-1.

Table 5-1 Function of input signal, proposed architecture

Input signal Function Description

START -If the signal is low to high, initiate the value of shift register to
zero. If the signal is high to low and the signal ‘clk’ is low to
high, address begin to count. Then Shift the data of the first

column to the register A.

BP NUM - If the data of dwt coefficient is expressed by magnitude-sign
format (8bits). BP. NUM is set to BP. NUM|[3:0]= 4'd7
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RST

- Reset pin. This is an active high signal.
-If the signal is low, initiate the value of shift register to zero.
- If the signal is low to high and the signal ‘START’ is high to

low, internal counter begin to count.

CLK

- System clock of synchronization.

- Force system clk to sram, controller and all shift register.

SUB TYP

-SUB_TYP [1:0]=00, System used LL sub-band.
-SUB_TYP[1:0]=01, System used LH sub-band.
-SUB _TYP[1:0]=10, System used HL sub-band.

-SUB TYP [1:0]=11, System used HH sub-band.

X0 A 4 0[4:0]

-When controller send read address to memory, memory send
five sign bitssdata (four bits from current stripe column and the

fourth bit from-previous.stripe column) to shift register A

VO A 4 1

-When controller send read address to memory, memory send
five magnitude ‘bits-data”(four bits from current stripe column

and the fourth bit from previous stripe column) to shift register A

S1 A 40

- When controller send read address to memory, memory send
five passl significance bits data (four bits from current stripe
column and the fourth bit from previous stripe column) to shift

register A

S3 A 40

- When controller send read address to memory, memory send
five pass3 significance bits data (four bits from current stripe
column and the fourth bit from previous stripe column) to shift

register A
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The  output

signals of overall system architecture include

‘CXD_P1 P3 1 ZC’,*CXD _P1 P3 2 7C’,CXD _P1 P3 3 ZC’,

“‘CXD P1 P3 4 7ZC’,*CXD P1 P3 1 SC*,‘CXD Pl P3 2 SC-,

‘CXD_P1 _P3 3 SC‘,‘CXD P1 P3 4 SC‘‘CXD P2 1 MRC’,‘CXD P2 2 MRC’,

‘CXD P2 3 MRC’,*CXD P2 4 MRC’,CXD P3 RLC_0’,'CXD P3 RLC I’

‘CXD_P3 RLC1 _UCO0’,CXD _P3 RLC1 UCI’,'P1 B_C’,'P2_C’,

‘P3 C’,'S1 D [4:1],S3 D [4:1]’,"ADDRA’,"ADDRB’,"WRITE’,'BP_INDEX".

Function of output signal can be described, as shown in Table5-2.

Table 5-2 Function of output signal, proposed architecture

Output signal

Function Description

CXD P1 P3 1 ZC

-When P1.B C[1] is highy CXD P1 P3 1 ZC[5:0] send six
bits context-decision(D,CX) for passl zero coding of the first
sample of coded column

-When P1 B/ Cjfl].is-low, CXD P1 P3 1 Z(C[5:0] send six
bits context-decision(D,CX) for pass3 zero coding of the first

sample of coded column

CXD Pl P3 2 ZC

-When P1 B (C[2] is high, CXD P1 P3 1 ZC[5:0] send six
bits context-decision(D,CX) for passl zero coding of the
second sample of coded column

-When P1_B C[2] is low, CXD P1 P3 1 ZC[5:0] send six
bits context-decision(D,CX) for pass3 zero coding of the

second sample of coded column

CXD Pl P3 3 ZC

-When P1 B C[3] is high, CXD P1 P3 1 ZC[5:0] send six

bits context-decision(D,CX) for passl zero coding of the third
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sample of coded column
-When P1 B C[3] is low, CXD P1 P3 1 ZC[5:0] send six
bits context-decision(D,CX) for pass3 zero coding of the third

sample of coded column

CXD Pl P3 4 ZC

-When P1_B C[4] is high, CXD P1 _P3 1 ZCJ[5:0] send six
bits context-decision(D,CX) for passl zero coding of the
fourth sample of coded column

-When P1 B C[4] is low, CXD_P1 P3 1 ZC[5:0] send six
bits context-decision(D,CX) for pass3 zero coding of the

fourth sample of coded column

CXD P1 P3 1 SC

-When P1 B CJ[1] is high, CXD P1 P3 1 SCJ[5:0] send six
bits context-decision(D,CX), for passl sign coding of the first
sample of coded column

-When P1 BIC[L]ris-low, €XD P1 P3 1 SC[5:0] send six
bits context-decision(D;CX) for pass3 sign coding of the first

sample of coded column

CXD P1 P3 2 SC

-When P1 B CJ[2] is high, CXD P1 P3 1 SCJ[5:0] send six
bits context-decision(D,CX) for passl sign coding of the
second sample of coded column

-When P1 B C[2] is low, CXD P1 P3 1 SC[5:0] send six
bits context-decision(D,CX) for pass3 sign coding of the

second sample of coded column

CXD P1 P3 3 SC

-When P1_B CJ[3] is high, CXD P1 P3 1 SCJ[5:0] send six
bits context-decision(D,CX) for passl sign coding of the third

sample of coded column
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-When P1 B C[3] is low, CXD P1 P3 1 SC[5:0] send six
bits context-decision(D,CX) for pass3 sign coding of the third

sample of coded column

CXD P1 P3 4 SC

-When P1_B C[4] is high, CXD P1 P3 1 SC[5:0] send six
bits context-decision(D,CX) for pass1 sign coding of the fourth
sample of coded column

-When P1 B C[4] is low, CXD P1 P3 1 SC[5:0] send six
bits context-decision(D,CX) for pass3 sign coding of the fourth

sample of coded column

CXD P2 1 MRC

-CXD P2 1 MRC [5:0] send six bits context-decision(D,CX)
for pass2 magnitude refinement coding of the first sample of]

coded column

CXD P2 2 MRC

-CXD P2 1=MRC [5:0] send:six bits context-decision(D,CX)
for pass2. magnitude-refinement coding of the second sample

of coded column

CXD P2 3 MRC

-CXD P2 1 MRC [5:0] send six bits context-decision(D,CX)
for pass2 magnitude refinement coding of the third sample of]

coded column

CXD P2 4 MRC

-CXD P2 1 MRC [5:0] send six bits context-decision(D,CX)
for pass2 magnitude refinement coding of the fourth sample of]

coded column

CXD P3 RLC 0

- CXD_P3 RLC 0 [5:0] send six bits context-decision
(D,CX)=(0,17) for pass3 run-length coding and values of]

magnitude bit of coded column are all zero.

CXD P3 RLC I

- CXD_P3 RLC 1 [5:0] send six bits context-decision
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(D,CX)=(1,17) for pass3 run-length coding and values of]

magnitude bit of coded column are not all zero.

CXD P3 RLCI UCO

-CXD P3 RLC1 UCO[5:0] send six bits uniform coding
context-decision(UCO0,18) for pass3 run-length coding and
values of magnitude bit of coded column are not all zero.
-When magnitude bit of the first sample of coded column is
one, then the value of UCO is zero.

-When magnitude bit of the second sample of coded column is
one, then the value of UCO is one.

-When magnitude bit of the third sample of coded column is
one, then the value of UCO is zero.

-When maghitude bit of the second sample of coded column is

one, then-the value of WCO is one.

CXD P3 RLC1 UCI

CXD _P3_RLCI -UEO[5:0] ;send six bits uniform coding
context-decision(UC1;18) for pass3 run-length coding and
values of magnitude bit of coded column are not all zero.
-When magnitude bit of the first sample of coded column is
one, then the value of UC1 is zero.

-When magnitude bit of the second sample of coded column is
one, then the value of UC1 is zero.

-When magnitude bit of the third sample of coded column is
one, then the value of UC1 is one.

-When magnitude bit of the second sample of coded column is

one, then the value of UC1 is one.

Pl B C

-P1 B CJ4:1] send four bits information for Pass1 type stored
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in the register C of the third stage. Four bits information can be
generated by executing dual column passl generation in

register B of the second stage.

P2 C

-P2_CJ[4:1] send four bits information for Pass2 type generated

in the register C of the third stage

P3 C

-P3_CJ[4:1] send four bits information for Pass3 type generated

in the register C of the third stage

S1 D [4:1]

-S1 D [4:1] send four bits information of passl significance
change stored in the register S1 D of the fourth stage. Four
bits information can be generated by executing both original
significance states(S1_C) in register C and passl significance

state change(P1_S_C) generated in register C ‘OR’ operation.

S3 D [4:1]

-S1 D [4:1] send four: bits ififormation of pass3 significance
change stored in-therregister S3 D of the fourth stage. Four
bits information can-be generated by executing both original
significance states(S3_C) in register C and pass3 significance

state change(P3_ S C) generated in register C ‘OR’ operation.

ADDRA

- ADDRAJ9:0] send ten bits information for reading columns
data in memory to shift register D. Ten bits information can be

generated by controller.

ADDRB

- ADDRBJ[9:0] send ten bits information for writing columns
data in shift register D to memory. Ten bits information can be

generated by controller.

WRITE

- WRITE send one bit information for writing columns data in

shift register D to memory. One bit information can be
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generated by controller.

BP_INDEX -BP_INDEX [3:0] send four bits information for indicating

current processing bit-plane.

-When BP_INDEX [3:0]=0, indicate the sixth bit-plane(MSB).

The hardware description language of top level of overall system architecture is

expressed in appendix A.1.

5.2 Detailed Internal Structure of
Pass-Parallel Context Formation Encoder with

High-Speed and Small-Area

As showed in Figure 5-2, the detailed internal structure of context formation
encoder includes shift register=A-block circuit, shift register B block circuit, shift
register C block circuit, shift register-D-bloek-¢eircuit, dual column passl generation
block circuit, all coding pass generation.circuit and sample parallel column-based
coding block circuit. The internal signal flow of context formation encoder is shown
in Figure 5-2. The neighbor significance states needed for dual column passl
generation include S1_A[4:0], S3_A[4:0], S1_B[4:0], S3_B[4:0], VO B[4:0], P1 S C[4:1]. The
neighbor significance states needed for sample-parallel column-based coding include
S1 B[4:0], S3 B[4:0], P1 S B[4:1], P1 S C[4:1], P3_S C[4:1], SI C[4:0],S3 C[4:0], VO C[4:1],
X0 C[4:0], S1 D[4:0], S3 D[4:0]. The detailed description of dual column passl
generation block circuit is discussed in section 5.2.1. The detailed description of all
coding pass generation block circuit is discussed in section 5.2.2. The detailed

description of all coding pass generation block circuit is discussed in section 5.2.3.
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Figure 5-2 Detailed internal structure of Pass-Parallel Context Formation Encoder

with high speed and small area
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5.2.1 Detailed Hardware Description of the Dual

Column Pass1 Generation

As showed in Figure 5-3, the detailed internal structure of dual column pass
generation included pre-processing pass1 generation, horizontal passl generation and
vertical passl generation. The input signals of dual passl generation circuit include
P1 S C[4:1], S1_A[4:0], S3_A[4:0], SI_B[4:0], S3 B[4:0], VO B[4:1], S1_C[4:0], S3_C[4:0]. The

output signals of dual pass1 generation circuit include P1_B[4:1], P1_S B[4:1].
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Figure 5-3 Detailed block circuit of Dual Column Pass1 generation

The hardware description language of dual column passl generation is

expressed in appendix A.2.

5.2.2 Detailed Hardware Description of all Coding

Pass and Significance Change Generation

The hardware description language of all coding pass generation and

significance change is expressed in appendix A.3.
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5.2.3 Detailed Hardware Description of

Sample-Parallel Column-Based Coding

The hardware description language of the magnitude refinement coding is

expressed in appendix A.4.

The hardware description language of the zero coding for passl coding

operation or pass3 coding operation is expressed in appendix A.5.

The hardware description language of the sign coding for passl coding

operation or pass3 coding operation is expressed in appendix A.6.

The hardware description language of the run-length code 0 is expressed as

follows:

module RLC_COLUMN_0(
CXD RLC,

CXD_P3 RLC
)i
output[5:0] CXD RLC;
input CXD_P3 RLC;
wire [5:0] CXD_RLC;
assignCXD RLC = {CXD_P3 RLC, 5'd17};

endmodule

The hardware description language of the run-length code 1 is expressed as

follows:

module RLC_COLUMN_1(
CXD RLC,

CXD P3 RLC
);
output[5:0] CXD_RLC;
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input CXD_P3 RLC;
wire [5:0] CXD RLC;
assignCXD RLC = {CXD P3 RLC, 5'd17};

endmodule

The hardware description language of the run-length code 1 with uniform

coding 0 is expressed as follows:

module RLC1_UCO(
CcXD_UC,

CXD P3 UC
);
output[5:0] CXD _UC;
input CXD_P3 UC;
wire [5:0] CXD_UC;
assignCXD UC = {CXD P3 UC, 5'd18};

endmodule

The hardware description language of the run-length code 1 with uniform

coding 1 is expressed as follows:

module RLC1_UCI(
CXD_UC,

CXD P3 UC
);
output[5:0] CXD UC;
input CXD_P3 UC;
wire [5:0] CXD_UC;
assignCXD UC = {CXD P3 UC, 5'd18};

endmodule
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5.3 Analysis of critical path of CF Overall

Architecture Proposed

Top circuit of pass-parallel context formation encoder is shown in Figure 5-4

for searching gate delay of the second stage.
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Figure 5-4 Top circuit of CF for searching gate delay of the second stage
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As shown in Figure 5-5, 5-6, 5-7, the gate delay of dual column passl

generation of the second stage is 9 gate counts.
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Top circuit of pass-parallel context formation encoder is shown in Figure 5-8

for searching gate delay of the third stage.
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Figure 5-8 Top level circuit for searching gate delay of the third stage
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As shown in Figure 5-9, the gate delay of all coding pass and significance

change generation is 5 gate counts.
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As shown in Figure 5-10, the gate delay of selecting pass1 or pass3 is 5 gate

counts for zero coding.
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As shown in Figure 5-11, the gate delay of zero coding is 8 gate counts.
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Figure 5-11 Internal circuit of zero coding

4~ =CXDET

As shown in Figure 5-12, the gate delay of selecting pass1 or pass3 is 4 gate

counts for zero coding.
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Figure 5-12 Circuit of sign coding for pass1 or pass3

As shown in Figure 5-13, the gate delay of sign coding is 9 gate counts.

="
gz
% H2es
“HI ER,
. T —1 &
' i | e
K HI RAELE P bzt
3
b— | 5
N
e ] Ly LS
=l ues | [+
= -
n 0
p— — £
— il i
£¥m14]
J = . v
s 2
a:‘g uga € cmy |
1= A N
[ » — ) |
i uss — &
- a 5
i s
. — —
‘]_4
T Ln
PR = REs Bl B o
2 = kg
3] 2
H e

Figure 5-13 Irlll‘;emal‘circunit“of sign coding
5.4 Design Flow.andVerification

The overall cell-based design flow iﬂs]Sl"i;)wn in Figure 5-1.
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C Model
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\ 4
Y Gate level
RTL Code Design Simulation
A 4
Y .
Power Analysis
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Figure 5-14  Flow chart of cell-based design
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C Model Simulation

We use C language to build verification model for simulation.

RTL Code Design

We proceed to RTL(Register Transfer Level)design using verilog language.
RTL Simulation

The RTL codes are simulated through the nc-verilog simulator.

Synthesis

We adopt Synopsys Design Compiler for the logic synthesis and nc-verilog is
used for the gate-level simulation.

Gate level Simulation

The gate-level of context formation encoder is simulated through nc-verilog

simulator.

RTL Verification

In C model verification, we use Jasper Software [19] to verify our design. We
collect the input data of CF module in-Jasper as the input data in our design, and
compare output CXD streams of Jasper and ours to verify correctness of our design.
In RTL code verification, a C model of basic EBCOT Tier-1 context formation
encoder described in chapter 2 is developed. Golden CXD pairs are generated from
random samples according to this C model. These random samples are also used to
test our design to see whether or not the outputs are the same as the golden CXDs. We
use nc-verilog to verify our design, and get consistent results, which prove that our
RTL design is correct in encoding.
Gate-level Net-list Verification

After gate-level net-list is generated by Synopsys Design Compiler, we also use
nc-verilog to run simulations with the same random samples used in RTL simulation,

and get the same results.
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5.5 Experiment Results

Table 5-3 shows the performances of proposed design in detail.

Table 5-3.

Performance of proposed design

Technology

TSMC 0.25 pm 1pSm process

Hardware Synthesizer

Synopsys® Design Compiler

Area 40037um’
Operating Frequency (MHz) "' 333 MHz
Supply Voltage (V) 2.5v
Throughput (M Sample/Sec)™ 1332
Throughput (M Pixel/Sec)™ 190.28
Power Consumption 214mw

Onelpixel = Seven:samples

*1: The operating frequency is obtained frfon the-pre-layout gate-level net-list simulation.
*2: All four consecutive samples.in a column are:coded.to €XD pairs in one clock cycle.

*3: The DWT coefficient is 8-bit wide for each pixel.( 2’s complement format).

Table 5-4 shows the typical context formation encoder performance in

comparison with other designs. From Table 5-4, our design performs better than

others.
Table 5-4. Performance comparison of Context Formation encoders
Ours NCTU[13] | NCTU[14] [10] NTU[7] NCTU[11]
Technology (um) 0.25 0.15 0.25 0.25 0.35 0.35
Mode CF CF CF Tier-1 Tier-1 Tier-1
Encoder Encoder Codec Encoder Encoder Encoder
Frequency (MHz) 333 600 100 (133) 185 50 142.8
Throughput (M/S) 190.28 342.8 12.32 X X 12.32
CF gate counts 2316 2496 X 3055 X X
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NTCU[13] is implemented by CMOS 0.15um technology. Typically, a design
implemented by 0.15um process is about 2.78x faster than by 0.25um process.
If NTCUJ[13] is implemented by CMOS 0.25um technology, the operation clock
frequency is about 216 MHz. Typically, a design implemented by 0.25um process is
about 1.96x faster than by 0.35um process. If NTCUJ[11] is implemented by CMOS
0.25um technology, the operation clock frequency is about 279.8 MHz. The gate
counts of ours are 2316. The gate counts of [13] are 2496. The gate counts of [10] are

3055.
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CHAPTER 6 Conclusion

In this thesis, we focus on the research of Pass-Parallel Column-Based
context formation encoder for JPEG2000. The EBCOT Tier-1 context formation
encoder has high computational complexity, so a high performance and low power
hardware architecture design of Context Formation encoder for JPEG2000 is
proposed for it. The new hardware architecture is implemented by three speedup
methods and pipeline technique. The architecture is proposed to improve the
computation efficiency and reduce hardware area.

In our design, the overall system architecture of Pass-Parallel Column-Based
context formation encoder is divided into four stages. The Dual Column Passl
generation method is used in the second and third stages. All coding pass and
significance change generation method and sample-parallel column-based coding
method is used in third stage. The,area, of context window of Pass-Parallel
Column-Based context formationsencoder..is-reduced 25% by Dual Column Passl
generation method in comparison with existing context window. The critical path of
overall system architecture is reduced by Dual Column Passl generation, all coding
pass and significance change generation method and sample-parallel column-based
coding method. The critical path delay of overall system architecture is 19 gate
counts.

Our design is described with Verilog HDL code and synthesized by Synopsys
Design Compiler using TSMC CMOS 0.25um process. The pre-layout synthesized
area is 40037 um? In our simulation, the operation clock frequency can reach 330
MHz. With this clock frequency, it needs 0.021 second to encode an image with 2304
x 1728 image size.

The EBCOT tier-1 context formation encoder is full with bit operation, so
hardware implementation is more efficient both system throughput and power
consumption. In the future, we can simultaneously execute samples of two columns in
5x5 shift register array by concept of Dual Column Passl1 generation method in order

to improve the system throughput.
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APPENDIX

A.1 The hardware description language of overall
system top level of context formation proposed is

expressed as follows:

modulePCF(

CXD P1 P31 7C, /l1.ZC
CXD_P1 P32 7C, 1/2.ZC
CXD_P1 P33 7C, /3 ZC

CXD_P1_P3_4_zC, I14_zC

CXD P1 P31SC,  /i1SC
CXD_P1 P32SC,  1/2.SG
CXD_P1 P33 SC,  //3:SC

CXD_P1_P3 4.SC,  //4.SC

CXD_P2_1_MRC, /11_MRG
CXD_P2_2_MRC, 112_MRC
CXD_P2_3_MRC, /1 3_MRC
CXD_P2_4_MRC, 14 MRC

CXD_P3_RLC_0,//RLC_0
CXD_P3_RLC_1,//RLC_1
CXD_P3 RLC1 UCO, //UC_0

CXD_P3_RLC1 UC1, //UC_1

P1_B_C, // FOR PASS1
P2 C, //FOR PASS2

P3_C, [//FORPASS3

S1.D_,

S3.D.,

ADDRA,
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ADDRB,

WRITE,

BP_INDEX,

X0_A_4.0,

VO A_4 1,

S1 A 4.0,

S3_A 40,

START,

SUB_TYP,

BP_NUM,

RST,

CLK

)
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [5:0]
output [4:1]
output [4:1]
output [4:1]
output
output
output [9:0]
output [9:0]

output

CXD_P1 P3 1 ZC;
CXD_P1 P3 2 ZC;
CXD_P1 _P3 3 ZC;
CXD_P1 P3 4 7C;
CXD_P1_P3 1 SC;
CXD_P1_P3 2 _SC;
CXD_P1_P3_3_SC;
CXD_P1_P3 4 SC;
CXD_P2_1_MRC;
CXD_P2_2_MRC;
CXD_P2_3_MRC;
CXD_P2_4 MRC;
CXD_P3_RLC 0;

CXD_P3_RLC 1;

/11_2C
/12_2C
113_26
Il 4-2C
/1 T.SC
1 2.8C
113_SC
/l4_SC
/I 1_MRC
/1 2_MRC
/1 3_MRC
Il 4_ MRC
/IRLC_0

//RLC_1

CXD_P3_RLC1_UCO;// UC_0

CXD_P3_RLC1_UC1;/ UC_1

P1 B_C;

P2_C;

P3_C;

[4:1] S1.D

[4:1] S3.D_;
ADDRA,
ADDRSB;

WRITE;
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output [3:0]

input
input
input
input
input
input
input
input

input

[4:0]
[4:1]
[4:0]

[4:0]

[1:0]

[3:0]

BP_INDEX;
X0_A 40;
VO A_4 1;
S1 A 4.0
S3_A_4.0;
START;
SUB_TYP;
BP_NUM:;
RST:

CLK;

//Shift Register for Context Window use

reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg

reg

//Output wire

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

wire

[4:0]
[4:0]
[4:0]
[4:0]
[4:1]
[4:1]
[4:1]
[4:1]
[4:0]
[4:0]
[4:0]
[4:0]
[4:0]
[4:0]
[4:0]

[4:0]

[5:0]
[5:0]
[5:0]
[5:0]
[5:0]
[5:0]
[5:0]
[5:0]
[5:0]
[5:0]

[5:0]

X0_A;
X0_B;
X0_C;
X0_D;
VO_A;
VO_B;
V0_C;
V0_D;

S1 A;

CXD_P1 P31 ZC;
CXD_P1 P3 2 ZC;
CXD_P1 P33 ZC;
CXD_P1 P3 4 ZC;
CXD_P1 _P3 1 SC;
CXD_P1_P3 2 SC;
CXD_P1_P3_3_SC;
CXD_P1_P3 4 SC;
CXD_P2_1_MRC;

CXD_P2_2_MRC;

CXD_P2_3 MRC;

/11_zC
/12_2C
113_2C
/14_zC
/11_SC
/12_SC
113_SC
/l4_SC
/I 1_MRC
/1 2_MRC

/13 MRC
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wire [5:0] CXD_P2_4 MRC; //4_MRC
wire [5:0] CXD_P3_RLC_0; //RLC_0
wire [5:0] CXD_P3_RLC_1; //RLC_1
wire [5:0] CXD_P3_RLC1_UCO;// UC_0

wire [5:0] CXD_P3_RLC1_UC1;//UC_1

wire [4:1] P1_B_C;

wire [4:1] P2_C;

wire [4:1] P3_C;

wire [4:1] S1 D

wire [4:1] S3 D

wire [9:0] ADDRA,;

wire [9:0] ADDRB;

wire WRITE;

wire [3:0] BP_INDEX;

/lInternal wire

wire [4:0] N_XO_A,;

wire [4:1] N_VO_A,;

wire [4:0] N_S1_A;

wire [4:0] N_S3_A;

wire [4:1] P1_S_B;

wire [4:1] P1_B;

wire [4:1] P2_1 C;

wire [4:1] P1_S_C;

wire [4:1] P1_B_C;

wire [4:1] P3_S_C;

wire P3_RLCO;

wire P3_RLCI;

wire P3_RLC1_UC1;
wire P3_RLC1_UCO;
/A —— PCF CONTROL ---

PCF_CONTROL  PCF_CONTROL_0(
ADDRA(ADDRA),
.ADDRB(ADDRB),
WRITE(WRITE),

.BP_INDEX(BP_INDEX),

START(START),
.BP_NUM(BP_NUM),

RST(RST),
103



.CLK(CLK)

)i
Il
assign N_XO0_A ={X0_A_4_0[4:0]};
assign N_VO_A ={VO0_A_4_1[4:1]};
assign N_S1_A ={S1_A_4 0[4:0};
assign N_S3_A ={S3_A_4 0[4:0]};

/I-Store Pass1 or Pass3 significance change

assign S1_D_=S1_D[4:1];
assign S3_D_ =S3_D[4:1];
//--Shift Register Operation -----
always @(posedge CLK) begin
if (IRST | START) begin
X0_A <=#DELAY 5'h0;
V0_B <=#DELAY 5h0;
S3_C <=#DELAY 5'0;
S3 D <=#DELAY 5h0;
end
else begin
X0_A <=#DELAY N_X0_A;
VO_A <=#DELAY N_VO_A;
S1 A <=#DELAY N_S1_A;
S3 A <=#DELAY N_S3_A;
end
end
always @(posedge CLK) begin
if (IRST | START) begin
X0_B <=#DELAY 5'h0;
X0_C <=#DELAY 5'h0;
X0_D <=#DELAY 5'h0;
V0_B <=#DELAY 5h0;
VO0_C <=#DELAY 5h0;
VO0_D <=#DELAY 5h0;
S1 B <=#DELAY 5'h0;
S1 C <=#DELAY 5h0;
S1 D <=#DELAY 5h0;
S3 B <= #DELAY 5'00;

S3.C <= #DELAY 5b0;
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S3 D <=#DELAY 5h0;
end
else begin
X0_D <=#DELAY X0_C;
X0_C <=#DELAY X0_B;

X0_B <= #DELAY X0_A;

VO_D <= #DELAY VO0_C;
VO0_C <= #DELAY VO0_B;

VO_B <= #DELAY VO_A;

S1. D <=#DELAY S1_C;
S1.C  <=#DELAY S1_B;

S1 B  <=#DELAY S1_A;

S3.D  <=#DELAYS3_C;
S3.C  <=#DELAY S3_B;

S3 B <=#DELAYS3 A;

end
end
//--- Dual Column Pass1 generation--

P1_PRE_CHECK  P1_PRE_CHECK(

//--All Coding Pass and Significance Change Generation--------
PCPG PCPG_0(
P1_S C(P1_S_C),
P2_C(P2_C),
105



P21 C(P2_1_C),
P1_B_C(P1_B_C),

P3_C(P3_C),

P3_S C(P3_S_C),
.P3_RLCO(P3_RLCO),
P3_RLC1(P3_RLC1),
P3_RLC1_UC1(P3_RLC1_UCL),

P3_RLC1_UCO(P3_RLC1_UCO),

.$3_C(S3_0),
S1_C(S1_C),
V0_C(V0_C),
P1_B(P1_B),
START(START),
RST(RST),
.CLK(CLK)

);

//---Sample-Parallel Column-Based Coding ----

/I FOR PASS2 Magnitude Refinement Coding USE

MRC_COLUMN MRC_COLUMNQO(
.CXD_1(CXD_P2 1=MRC
.CXD_2(CXD_P2_2 MRC
.CXD_3(CXD_P2_3_MRC

.CXD_4(CXD_P2_4_MRC

.VO0_C(V0_C),
.S1_B(S1_B),
.S1_C(S1_C),
.$1_D(S1_D),
.S3_B(S3_B),
.$3_C(S3_C),
.$3_D(S3_D),
P1_S_B(P1_S_B),
P1_S_C(P1_S_C),
P2_1_C(P2_1_C)
);
// FOR PASS1 OR PASS3 ZERO CODING USE

ZC_COLUMN_P1_P3 ZC_COLUMN_P1_P3 0(
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.CXD_1(CXD_P1_P3 1 ZC),
.CXD_2(CXD_P1_P3 2 ZC),
.CXD_3(CXD_P1_P3 3 ZC),

.CXD_4(CXD_P1_P3 4 7C),

V0_C(V0_C),
.S1_B(S1_B),
.S1_C(S1_C),
.$1_D(S1_D),
.S3_B(S3_B),
.$3_C(S3_C),
.$3_D(S3_D),
P1_S_B(P1_S_B),
P1_S_C(P1_S_C),
P1_B_C(P1_B_C),
P3_S_C(P3_S_C[3:1]),
SUB_TYP(SUB_TYR)
);
I/ FOR PASS1 OR PASS3 SIGN CODING USE
SC_COLUMN_P1_P3 SC_COLUMNL_P1_P3.0(
.CXD_1(CXD_P1_P3.1.5C);
.CXD_2(CXD_P1.P3_2_SC),
.CXD_3(CXD_P1_P3_3_SC),

.CXD_4(CXD_P1_P3_4 _SC),

X0_B(X0_B),
X0_C(X0_C),
.X0_D(X0_D),
.S1_B(S1_B),
.S1_C(S1_C),
.S1_D(S1_D),
.83_C(S3_C),
.S3_D(S3_D),
P1_S B(P1_S_B),
P1_S C(P1_S_C),
P1_B_C(P1_B_C),
P3_S C(P3_S_C)
)i
/I FOR PASS3 Run-Length Code 0 USE
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RLC_COLUMN_0 RLC_COLUMN_0_N(

.CXD_RLC(CXD_P3_RLC_0),

.CXD_P3 RLC(!'P3_RLCO0)
)i
/I FOR PASS3 Run-Length Code 1 USE
RLC_COLUMN_1 RLC_COLUMN_1_N(

.CXD_RLC(CXD_P3 RLC_1),

.CXD_P3_RLC(P3_RLC1)
)i
/I FOR PASS3 Run-Length Code 1 with uniform code 0 USE
RLC1_UCO RLC1_UCO_N(

.CXD_UC(CXD_P3_RLC1_UCO),

.CXD_P3_UC(P3_RLC1_UCO)
)i
/I FOR PASS3 Run-Length Code 1 with uniform code 1 USE
RLC1 UC1 RLC1_UC1_N(

.CXD_UC(CXD_P3_RLC1_UC1),

.CXD_P3_UC(P3.RLC1_UC1)
);
I

endmodule

A.2 The hardware description language of dual

column passl generation is expressed as follows:

moduleP1_PRE_CHECK(
P1 B,

P1 S B,
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)i
output [4:1] P1_B;
output [4:1] P1_S_B;
input [4:0] S1_A;
input [4:0] S1_B;
input [4:0] S1.C;
input  [4:0] S3_A:;
input [4:0] S3_B;
input [4:1] VO_B;
input [4:1] Pl S C;
reg [4:1] F1_P1_B;
wire [4:1] P1_B;
wire  [41] F2_P1 B;
always @(S1_AorS1 BorS1_CorS3 BorS3_A)begin
if ((1(S1_B[1]|S3_B[1])) & ((S1_C[0]|S1_C[1]|S1_C[2])|(S1_B[0]|S1_A[O])
(S1_B[2]IS3_B[2])I(S1_A[1]|S3_A[1]I(S1_A[2]|S3_A[2])))
F1_P1 B[1] =1'b1;
else
F1 P1 B[1] =10;
if ((S1_B[2]IS3_B[2])) & ((S1_C[1]IS1_C[2])|(S1_C[3]|SLBIL])I(SL. B[3]|S3_B[3])
I(S1_A[1]IS3_A[1]DI(S1_A[2]|S3_A[2DI(S1_A[S]ISZAB)))
F1_P1 B[2] =1'b1;
else
F1 P1 B[2] =10;
if (1(S1_B[3]|S3_BI[3])) & ((S1_C[2]|S1_C[3])|(S1_C[4]|S1_B[2])|(S1_B[4]|S3_B[4])
I(S1_A[2]|S3_A[2]I(S1_A[31|S3_A[DI(S1_A[4]|S3_A[4])))
F1 P1 B[3] =1Db1;
else
F1_P1 B[3] = 1'bO;
if ((1(S1_B[4]|S3_B[4])) & ((S1_C[3]|S1_C[4]|S1_B[3])
I(S1_A[3]IS3_A[BDI(S1_A[4]|S3_A[4]))
F1_P1 B[4] =1b1;
else
F1_P1 B[4] =1'bO0;
end
P1_V_CHECK P1_V_CHECKO(
P1_B(P1_B),

.P1_S_B(P1_S_B),
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F2_P1 B(F2_P1_B),
VO_B(VO_B)
);
P1_H_CHECK P1_H_CHECKO(

F2_P1_B(F2_P1_B),

F1_P1_B(F1_P1_B),
P1.S C(P1_S C)
)i

endmodule

moduleP1_H_CHECK(

F2_P1 B,

F1_P1 B,

PLS C

)i
output [4:1] F2_P1_B;
input [4:1] F1_P1_B;
input [4:1] P1_S_C;
wire [4:1] F2_P1_B;
assign F2_P1 B[1]=F1_P1 B[1] |P1_S_CI[1] |-P1.S_C[2];
assign F2_P1 B[2]= F1_P1 B[2]|P1_S_C[1]|P1 S €[2]|P1_S _C[3];
assign F2_P1_B[3]= F1_P1_B[3]|P1_S_C[2]|P1_S_C[3]|P1 S C[4];
assign F2_P1_B[4]= F1_P1 B[4]| (P1_S_C[3] | P1_S_C[4]);
endmodule

moduleP1_V_CHECK(

F2_P1 B,
V0 _B
)i
output [4:1] P1_B;
output [4:1] P1_S_B;
input [4:1] F2_P1_B;
input [4:1] VO_B;
wire [4:1] P1_S_B;
wire [4:1] P1_B;
assign P1_B[1]= F2_P1 BI[1];
110



assign P1_S B[1]= P1_B[1] & VO_B[1];
assign P1_B[2]=P1_S B[1]|F2_P1 B[2];
assign P1_S B[2]= P1_B[2] & VO_B[2];
assign P1_B[3]=P1 S_B[2]|F2_P1_B[3];
assign P1_S B[3]= P1_B[3] & VO_B[3];
assign P1_B[4]=P1_S B[3]|F2_P1 B[4];
assign P1_S B[4]= P1_B[4] & VO_B[4];

endmodule

A.3 The hardware description language of all coding
pass generation and significance change is expressed

as follows:

module PCPG(
P1_S_C,
P2_C,
P2_1 C,
P1 B_C,
P3_C,
P3_S_C,
P3_RLCO,
P3_RLCL1,
P3_RLC1_UCL,
P3_RLC1_UCO,
S3 C,
S1 C,
VO_C,
P1 B,
START,
RST,

CLK

output [4:1] P1.S C;
output [4:1] P2_C;
output [4:1] P21 C;
output [4:1] P1 B C;
output [4:1] P3_C;
output [4:1] P3_S C;
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output
output
output
output
input
input
input
input
input
input
input
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
reg
assign
assign
assign
assign
assign
assign
assign

assign

P3_RLCO;
P3_RLC1,;
P3_RLC1_UCZ,;
P3_RLC1_UCO;
[4:0] S3_C;
[4:0] S1.C;
[4:1] VO_C;
[4:1] P1_B;
START;
RST;
CLK;
[4:1] P1_S_C;
[4:1] P2_C;
[4:1] P2_1_C;
[4:1] P3_C;
[4:1] P3_S_C;
P3_RLCO;
P3_RLC1,;
P3_MAG;
P3_RLC1_UCZ,;
P3_RLC1_UCO;
P3_RLCO_T1,;
P3_RLC1_UC1_T1,;
P3_RLC1_UCO_TZ1,;
P3_RLC1_UCO_T2;
[4:1] P1_B_C;
P2_C[1] =S1_C[1]|S3_C[1];
P2_C[2] =S1_C[2]|S3_C[2];
P2_C[3] =S1_C[3]|S3_C[3];
P2_C[4] =S1_C[4]|S3_C[4];
P2_1_C[1] =S1_C[1]~S3_C[1];
P2_1_C[2] =S1_C[2]~S3_C[2];
P2_1 C[3] =S1_C[3]"S3 _C[3];

P2_1 C[4] =S1_C[4]"S3_C[4];

always @(posedge CLK)

begin

if (IRST | START)

begin

P1 B_C<=#DELAY 50;
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end

else begin

end

assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign
assign

assign

P1 B_C<=#DELAY P1_B;

end

P1_S_C[1] =P1_B_C[1] & VO_C[1];

P1_S_C[2] =P1_B_C[2] & VO_C[2];

P1_S_C[3] = P1_B_C[3] & VO_C[3];

P1_S_C[4] = P1_B_C[4] & VO_C[4];

P3_C[1] = I(P2_C[1] | P1_B_C[1]);

P3_C[2] = I(P2_C[2] | P1_B_C[2]);

P3_C[3] = (P2_C[3] | P1_B_C[3]);

P3_C[4] = I(P2_C[4] | P1_B_C[4]);

P3_S_C[1] = P3_C[1] & VO_C[1];

P3_S_C[2] = P3_C[2] & VO_C[2];

P3_S_C[3] = P3_C[3] & VO_C[3];

P3_S_C[4] = P3_C[4] & VVO_C[4];

P3_RLCO_T1=P3_C[1] & P3_C[2]&P3_C[3].& P3_C[4];

P3_MAG  =VO0_C[1]|V0_Of2]| VO_C[3}| V0:C[4];

P3_RLCO  =P3_RLCO_T1&(IP3_MAG);

P3_RLC1  =P3 RLCO_TI &P3.MAG;

P3_RLC1_UC1_T1 = (VO_C[4] | VO.C[3]);
P3_RLC1_UC1=!(P3_RLC1_UCI_T1|VO0 C[2]| VO_C[1]);

P3_RLC1_UCO_T1 = I(1V0_C[4] | VO_C[3]);

P3_RLC1_UCO_T2 = !(P3_RLC1_UCO_T1|V0_C[2]);

P3_RLC1_UCO = !(P3_RLC1_UCO_T2|V0_C[1]);

endmodule

A4

The hardware description language of the

magnitude refinement coding is expressed as follows:

moduleMRC_COLUMN(

CXD_1,
CXD_2,
CXD_3,

CXD_4,

VO_C,
S1 B,
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s1c,
S1.D,
S3 B,
S3.C,
S3.D,
PLS B,
PLS C,

P21 C

output [5:0] CXD_1;

output [5:0] CXD_2;

output [5:0] CXD_3;

output [5:0] CXD_4;

input
input
input
input
input
input
input
input
input
input
wire
wire
wire
wire
wire
wire
wire

wire

assign
assign
assign
assign
assign
assign

assign

[4:1] VO_C;
[4:0] S1_B;
[4:0] S1.C;
[4:0] S1.D;
[4:0] S3_B;
[4:0] S3.C;
[4:0] S3.D;
[4:1] P1_S_B;
[41] P1SC;
[4:1] P2.1.C;
[41] BO_;
[4:1] B1;
[4:1] B2
[4:1] co_
[4:1] c2_;
[4:1] DO_;
[4:1] D1

[4:1] D2

BO_[1] = S1_BI[0];
B1_[1] = S1_B[1]|S3_B[1]P1_S_BI[1];
B2_[1] = S1_B[2]|S3_B[2]P1_S_BI[2];
CO_[1] = S1_C[0];
C2_[1] = S1_C[2]S3_C[2]|P1_S_C[2];
DO_[1] = S1_D[0];

D1_[1] = S1_D[1];//S1_D[N]=S1_C[N]|P1_S_C[N]
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assign D2_[1] =S1_D[2];//

assign  BO_[2] = S1_B[1]|S3_B[1]|P1_S_B[1];

assign BZ1_[2] = S1_B[2]|S3_B[2]IP1_S_BI[2];

assign  B2_[2] = S1_B[3]|S3_B[3]|P1_S_B[3];

assign CO_[2] =S1_C[1]|P1_S_C[1];

assign  C2_[2] = S1_C[3]|S3_C[3]IP1_S_CI3];

assign DO_[2] =S1_D[1];

assign  D1_[2] = S1_D[2];//S1_D[N]=S1_C[N]|P1_S_C[N]

assign D2_[2] =S1_D[3];//

assign BO_[3] = S1_B[2]|S3_B[2]|P1_S_BI2];

assign  B1_[3] = S1_B[3]|S3_B[3]|PL_S_B[3];

assign B2_[3] = S1_B[4]/S3_B[4]IP1_S_BI[4];

assign  CO_[3] =S1_C[2]|P1_S_C[2];

assign  C2_[3] = S1_C[4]|S3_C[4]|P1_S_C[Al;

assign DO _[3] =S1_D[2];

assign D1_[3] = S1_D[3];//S1_D[N]=S1_C[N]P4:S. C[N]

assign D2_[3]=S1_D[4];//

assign BO_[4] = S1_BJ3]|S3_BI[3]|P1_S_B[3];

assign B1_[4] = S1_B[4]|S3_B[4]|P1_S_BI4];

assign B2_[4]=0;

assign CO_[4] = S1_CI[3]|P1_S_C[3];

assign C2_[4]=0;

assign DO _[4] =S1_DI[3];

assign D1_[4] = S1_D[4];//S1_D[N]=S1_C[N]P1_S_CIN]

assign D2_[4]1=0;//

I

MRC1 MRC_1(
CXD (CXD_1),
B0 (BO_[1]),
Bl (BL_[1]),
B2 (B2_[1]),
.CO (Co_[1]),
C2  (C2_[1),
D0 (DO_[1]),
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D1 (DL_[1]),
D2 (D2_[1]),
V0_Cn (vo_c[1)),

P21 Cn (P2_1_C[1])

MRC2 MRC_2(
.CXD (CXD_2),
B0 (BO_[2]),
Bl (BL_[2)),
B2 (B2_[2)),
.CO  (CO_[2]),
€2 (C2_[2]),
D0 (DO_[2]),
D1 (D1_[2]),
D2 (D2_[2]),
.VO0_Cn (Vo_C[2)),

P21 Cn (P2_1_C[2])

MRC3 MRC_3(
.CXD (CXD_3),
B0 (BO_[3]),
Bl (B1_[3]),
B2 (B2_[3]),
.CO (Co_[3]),
C2  (c2_[3]),
.D0  (DO_[3]),
D1 (DL_[3])
D2 (D2_[3]),
.VO0_Cn (VO_C[3)),

P2.1.Cn (P2_1_C[3])

MRC4 MRC_4(
.CXD (CXD_4),
.BO  (BO_[4]),
.B1  (B1_[4]),
.B2  (B2_[4]),
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.CO  (CO_f4]),

C2  (C2_[4)),
DO (DO_[4]),
D1 (Di_[4]),
D2 (D2_[4]),
V0_Cn (VO_C[4]),

P2_1_Cn (P2_1_C[4])

endmodule

A.5 The hardware description language of the zero
coding for passl coding operation or pass3 coding

operation is expressed as follows:

module ZC_COLUMN_P1_P3(
CXD_1,
CXD_2,
CXD_3,

CXD_4,

VO_C,
S1 B,
s1 c,
S1.D,
S3 B,
S3 C,
S3.D,
P1_S B,
P1_S_C,
P1 B_C,
P3_S_C,
SUB_TYP
)i
output [5:0] CXD_1;
output [5:0] CXD_2;
output [5:0] CXD_3;
output [5:0] CXD_4;
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input  [4:1] VO_C;
input  [4:0] S1_B;

input  [4:0] S1_C;

input  [4:0] S1_D;
input  [4:0] S3_B;
input  [4:0] S3_C;
input  [4:0] S3_D;
input  [4:1] P1_S_B;
input [4:1] P1.S C;
input  [4:1] P1.B_C;
input  [3:1] P3_S C;
input  [1:0] SUB_TYP;
wire [5:0] S T_B;
wire [5:0] S TG
wire [5:0] S T_D;

wire [4:1] V_T.C;

assign S_T_B[0] = (P1_B_C[1])? S1_B[0}%S1 B[0]|S3.B[0];

assign S_T_B[1]=(P1_B_C[1])? S1_Bf1]|S3_B[i]: 81 B[1]P1:S B[1]|S3_B[1];
assign S_T_B[2] = (P1_B_C[1])? S1_B[2]|S3 B[2] : S1°B[2]P1_S_B[2]|S3_B[2];
assign  S_T_C[0] = (P1_B_C[1])? S1_C[0]: S1 ‘C[O]|S3CIOT;

assign  V_T_C[1] =VO0_C[1];

assign S_T_C[2] = (PL_B_C[1])? S1_C[2]|S3_C[2] * S C[2]|PL_S_C[2]IS3_C[2l;

assign  S_T_D[0] = (P1_B_C[1])? S1_D[0] : S1_D[0]|S3_D[0];
assign  S_T_D[1] = (P1_B_C[1])? S1_D[1] - S1_D[1]|S3_D[1];
assign  S_T_D[2] = (P1_B_C[1])? S1_D[2] - S1_D[2]|S3_D[2];

1 S1_D[0]=S1_C[0];S3_D[0]=S3_C[0]
/1'S1_D[n]=S1_C[n]IP1_S_C[n]

/1 $3_D[n]=S3_C[n]|P3_S_C[n]

assign  S_T_B[1] = (P1_B_C[2])? S1_B[1]|S3_B[1] : S1_B[1]|S3_B[1]IP1_S_BI[1];
assign  S_T_B[2] = (P1_B_C[2])? S1_B[2]|S3_B[2] : S1_B[2]|S3_B[2]IP1_S_BI[2];
assign  S_T_B[3] = (P1_B_C[2])? S1_B[3]|S3_B[3] : S1_B[3]|S3_B[3]IP1_S_B[3l:
assign S_T_C[1]=(P1_B_C[2])? S1_C[1]|P1_S_C[1]: S1_C[1]|S3_C[1]IP1_S_C[1]|IP3_S_C[1];
assign  V_T_C[2] =VO0_C[2];
assign S_T_C[3]=(P1_B_C[2])? S1_C[3]|S3_C[3] : S1_C[3]|S3_C[3]IP1_S_C[3]:
assign  S_T_D[1] = (P1_B_C[2])? S1_D[1] : S1_D[1]|S3_DI[1];
assign  S_T_D[2] = (P1_B_C[2])? S1_D[2] : S1_D[2]|S3_DI[2];
assign S_T_D[3] = (P1_B_C[2])? S1_D[3] : S1_D[3]|S3_DI[3];
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/1 S3_D[1]=S3_C[1]IP3_S_CI[1]
/1 S3_D[2]=S3_C[2]IP3_S_C[2]

/1 S1_D[3]=S1_C[3]IP1_S_C[3]

assign  S_T_B[2] = (P1_B_C[3])? S1_B[2]|S3_B[2] : S1_B[2]|S3_B[2]IP1_S_B[2];

assign S_T_B[3] = (P1_B_C[3])? S1_B[3]|S3_B[3] : S1_B[3]|S3_B[3]|P1_S_B[3];

assign S_T_BJ[4] = (P1_B_C[3])? S1_B[4]|S3_B[4] : S1_B[4]|S3_BJ[4]|P1_S_B[4];

assign S_T_C[2] = (P1_B_C[3])? S1_C[2]|P1_S_C[2]: S1_C[2]IS3_C[2]IP1_S_C[2]IP3_S_C[2];
assign  V_T_C[3] =V0_C[3];

assign S_T_C[4] = (P1_B_C[3])? S1_C[4]|S3_C[4] : S1_C[4]|S3_C[4]|P1_S_C[4];

assign  S_T_D[2] = (P1_B_C[3])? S1_D[2] : S1_D[2]|S3_DI[2];

assign S_T_D[3] = (P1_B_CI[3])? S1_D[3] : S1_D[3]|S3_DI[3];

assign  S_T_D[4] = (P1_B_C[3])? S1_D[4] : S1_DI[4]|S3_D[4];

assign S_T_B[3] = (P1_B_C[4])? S1_B[3]|S3_B[3] : S1_B[3]|S3_B[3]|P1_S_B[3];

assign S_T_BI[4] = (P1_B_C[4])? S1_B[4]|S3_B[4] : S1_B[4]|S3_BJ[4]|P1_S_B[4];

assign S_T_B[5]=(P1.B C[4])? 1b0 : .10

assign S_T_C[3] = (P1_B_C[4])? S1_C[3]|P1 S C[3]..S1_C[3]IS8"C[3]IP1_S_C[3]|P3_S_C[3;
assign V_T_C[4] =VO0_C[4];

assign S_T_C[5]=(P1_B C[4])? 1B0 : 1'00

assign S_T_D[3] = (P1_B_C[4])? S1_D{3].: S1_D[3]|S3_DI3T;

assign S_T_D[4] = (P1_B_CI[4])? S1_D[4]":S1.D[4]|S3_D[4];

assign S_T_D[5]=(P1_B _C[4])? 1b0 : 1'h0;

I

ZC_P13_1 zc_1(
.CXD (Cxp_1 ),
S_BO (S_T_B[0]),
S_B1 (S_T_B[1]),
5_B2 (S_T_B[2]),
5_CO (S_T_Clo)),

V0_Cn (V_T_C[1]),

S_C2 (S_T_C[2]),

.S_D0 (S_T_D[0]),
S_D1 (S_T_D[1D),
.S_D2 (S_T_D[2]),

SUB_TYP (SUB_TYP)
);
ZC_P13.2 ZC_2(
.CXD(CXD_2 )
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ZC P13 3

ZC P13 4

S_BO (S_T_B[1])
S B1 (S_T_BI[2]),
S B2 (S_T_BI3]),
S_Co (S_T_C[a)),
V0_Cn (V_T_C[2]),
S C2 (S_T_CI3)),
S_D0 (S_T_DI1]),
S D1 (S_T_D[2]),
S D2 (S_T_D[3]),

.SUB_TYP (SUB_TYP)

ZC_3(

.CXD (CXD_3 ):

S_BO
S_B1
S_B2
S_CO
.V0_Cn
S.C2
S_DO
S D1

S D2

(S_T_B[2]).
(S_T_BI3D).
(S_T_B[4D):
(S_T_C[2]),
(V_T_C[3]:
(S_T_C[4]).
(S_T_D[2)),
(S_T_D[3)),

(S_T_D[4)),

.SUB_TYP (SUB_TYP)

ZC_4(

.CXD(CXD_4 ),

S_BO
S_B1
S B2
S.CO
.V0_Cn
S.C2
S_DO

S D1

(S_T_BI3D).
(S_T_B[4]).
(S_T_BI5D).
(S_T_CI3D).
(V_T_C[4D),
(S_T_CI5D).
(S_T_D[3)),

(S_T_D[4)),
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S._D2 (S_T_D[5]),
SUB_TYP (SUB_TYP)
);

endmodule

A.6 The hardware description language of the sign
coding for passl coding operation or pass3 coding

operation is expressed as follows:

module SC_COLUMN_P1_P3(
CXD_1,
CXD_2,
CXD_3,

CXD_4,

X0_B,

X0_C,

X0_D,

S1 B,

S1_C,

S1 D,

S3_B,

S3_C,

S3_D,

P1 S B,

P1 S C,

P1 B_C,

P3 S C

)
output [5:0] CXD_1,
output [5:0] CXD_2;
output [5:0] CXD_3;
output [5:0] CXD_4;
input  [4:0] XO0_B;
input  [4:0] XO0_C;

input  [4:0] XO0_D;
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input
input
input
input
input
input
input
input
input
input
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

wire

wire
wire
wire
wire
wire
wire
wire
wire
wire

wire

[4:0]
[4:0]
[4:0]
[4:0]
[4:0]
[4:0]
[4:1]
[4:1]
[4:1]

[4:1]

S V1.3,
S V2_3;
S H1 3;
S H2_3;
X_V1_3;
X_V2_3;
X_H1_3;
X_H2_3;
X_C_3;

S V1 4;

122



assign
assign
assign
assign
assign
assign
assign
assign

assign

assign
assign
assign
assign
assign
assign
assign
assign

assign

assign
assign
assign
assign
assign
assign
assign
assign

assign

S_ V2 4;
S_H1 4;
S_H2_4;
X_V1 4
X_V2_4;
X_H1 4;
X_H2_4;

X_C_4;

S_V1_1=(P1_B_C[1])? S1_C[0] : S1_C[0]|S3_CI[0];

S V2_1=(P1_B_C[1])? S1_C[2]S3_C[2] : S1_C[2]|S3_C[2]IP1_S_C[2];
S_H1_1=(P1_B_C[1])? S1_B[1]|S3_B[1] : S1_B[1]|S3_B[1]|P1_S_BI[1];
S_H2_1=(P1_B_C[1])? S1_D[1] : S1_D[1]|S3_D[1];
X_V1_1=X0_C[0]; // S1_D[n]=S1_C[n]|P1_S_CIn]
X_V2_1=X0_C[2]; // $3_D[n]=S3_C[n]|P3_S_CIn]
X_H1_1=X0_B[1];

X_H2_1=X0_D[1];

X_C_1=X0_C[1];

S_V1_2=(P1_B_C[2])? S1_C[]|P1_S C[1] : S1_C[1]|S3_C[1]IP1_S_C[L]|P3_S_CI1];
S_V2_2=(P1_B_C[2])? S1_C[3]/S3. C[8] - SI=C3NISICI3]PL_S_C[3];

S_H1 2= (P1_B_C[2])? S1_B[2]|S3.B[2] : S1_B[2]|S3:B[2]P1_S_BI[2];
S_H2_2=(P1_B_C[2])? S1_D[2] ©81_D[2]|s3_D[2];

X_V1_2=X0_C[1];

X_V2_2 = X0_C[3];

X_H1_2 = X0_B[2];

X_H2_2 = X0_D[2];

X_C_2=X0_C[2];

S V1_3=(P1_B_C[3])? S1_C[2]|P1_S_C[2] : S1_C[2]|S3_C[2]IP1_S_C[2]|P3_S_C[2];
S_V2_3=(P1_B_C[3])? S1_C[4]|S3_C[4] : S1_C[4]|S3_C[4]P1_S_CI4l;
S_H1_3=(P1_B_C[3])? S1_B[3]|S3_B[3] : S1_B[3]|S3_B[3]P1_S_BI[3];
S_H2_3=(P1_B_C[3])? S1_D[3] : S1_D[3]S3_D[3];

X_V1_3 = X0_C[2];

X_V2_3 = X0_C[4];

X_H1_3 = X0_B[3];

X_H2_3 = X0_D[3];

X_C_3=X0_C[3];
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assign  S_V1_4 = (P1_B_C[4])? S1_C[3]|P1_S_CI[3] : S1_C[3]|S3_C[3]|P1_S_CI[3]|P3_S_CI3];
assign S V2 _4=1h0;

assign S _H1_4=(P1_B_C[4])? S1_B[4]|S3_B[4] : S1_BJ[4]|S3_B[4]|P1_S_B[4];

assign S_H2_4=(P1_B_C[4])? S1_D[4] : S1_D[4]|S3_D[4];

assign  X_V1 4 =X0_CJ[3];

assign X _V2 4=1b0 ;
assign  X_H1_4=X0_B[4];
assign  X_H2_4 = X0_D[4];
assign  X_C_4=X0_C[4];
I

SC_P131  SC_I(

CXD (CXD_1 ),

SVl (S.Vi1 ),
S V2 (S.v2.1 ),
S_H1  (S_H1.1 ),
S_H2  (S_H2.1 ),
X V1 (X.V11 ),
X V2 (X.V2.1 ),
X HL (X H11 ),
X H2 (X H2.1 ),
XCn (X C1)
);

SC_P13.2  SC_2(

CXD (CXD_2 ),

SVl (S.V12 ),
S.V2  (S.V2.2 ),
S_H1  (S_H1.2 ),
S_H2  (S_H2.2 ),
X V1 (X.V12 ),
X V2 (X.V2.2 ),
X HL (X H12 ),
X H2 (X H2.2 ),
XCn (XCz2)
);

SC_P13.3  SC_3(

CXD (CXD.3 ),
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SVl (S.V13 ),
S V2 (S.V2.3 ),
S_H1  (S_H1.3 ),
S_H2  (S_H2.3 ),
X V1 (XV1.3 ),
X V2 (XV2.3 ),
X_H1  (X_H1.3 ),
X_H2  (X_H2.3 ),
XCn (XC3)
);

SC_P13.4  SC_4(

CXD (CXD 4 ),

SVl (S.V14 ),
S V2 (S.V2.4 ),
S_H1  (S_H1 4 ),
S_H2  (S_H2.4 ),
X V1 (X.V14 ),
X V2 (X.V2.4 ),
X H1L (X H14 ),
X H2 (X H2.4 ),
XCn (X C4 )
);

endmodule

A.7 Design Compiler Script File

target_library = {typical.db}
symbol_library = {tsmc25.sdb}
synthetic_library = {dw_foundation.sldb}
link_library = {"*" slow.db dw_foundation.sldb}
[*read_verilog*/

read -format verilog PCF.v

read -format verilog PCF_CONTROL.v
read -format verilog P1_PRE_CHECK.v
read -format verilog P1_V_CHECK.v
read -format verilog P1_H_CHECK.v
read -format verilog PCPG.v

read -format verilog MRC_COLUMN.v
read -format verilog MRC1.v
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read -format verilog MRC2.v

read -format verilog MRC3.v

read -format verilog MRC4.v

read -format verilog ZC_COLUMN_P1_P3.v
read -format verilog ZC_P13_1.v

read -format verilog ZC_P13_2.v

read -format verilog ZC_P13_3.v

read -format verilog ZC_P13_4.v

read -format verilog SC_COLUMN_P1_P3.v
read -format verilog SC_P13_1.v

read -format verilog SC_P13_2.v

read -format verilog SC_P13_3.v

read -format verilog SC_P13_4.v

read -format verilog RLC_COLUMN_0.v

read -format verilog RLC_COLUMN_1.v

read -format verilog RLC1_UCO0.v

read -format verilog RLC1_UC1.v
current_design PCF

link

create_clock CLK -name CLK -period 3 -waveform {0-1.5}
set_dont_touch_network CLK

check_design > pcf_chk.log

compile -map_effort high -area_effort high
change_names -rules verilog -verbose -hierarchy
write -format verilog -hierarchy -output PCFALL.hv
write_sdf PCFALL.sdf

report_area > area.rpt

report_cell > areacell.rpt

report_timing > timing

remove_design -all

exit

A.8 Gate-Level Netlist

module PCF_CONTROL_DWO1_inc_10_1 (A, SUM);
input [9:0] A;
output [9:0] SUM,;
wire carry_9, carry_4, carry_2, carry_6, carry_7, carry_3, carry_8,
carry_5;

XOR2X2 U5 (.A(carry_9), .B(A[9]), .Y(SUM[Q]) );
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ADDHXL U1_1_2 (.A(A[2]), .B(carry_2), .S(SUM[2]), .CO(carry_3));
INVX2 U6 (.AA0]), .Y(SUMIO]) );
ADDHX2 UL_1_3 (.A(A[3]), .B(carry_3), .S(SUMI3]), .CO(carry_4));
ADDHX2 U1_1_4 (.A(A[4]), .B(carry_4), .S(SUM[4]), .CO(carry_5) );
ADDHX2 U1_1_1 (.A(A[1]), .B(A[0]), .S(SUM[1]), .CO(carry 2));
ADDHX2 U1_1_5 (.A(A[5]), .B(carry_5), .S(SUM[5]), .CO(carry_6) );
ADDHX2 U1_1_7 (.A(A[7]), .B(carry_7), .S(SUM[T]), .CO(carry_8) );
ADDHX2 U1_1_6 ( .A(A[6]), .B(carry_6), .S(SUM[6]), .CO(carry_7) );
ADDHX2 U1_1_8 (.A(A[8]), .B(carry_8), .S(SUM[8]), .CO(carry_9) );
endmodule
module PCE_CONTROL_DWO1_sub_10_1 (A, B, Cl, DIFF, CO);
input [9:0] A;
input [9:0] B;
output [9:0] DIFF;
input CI;
output CO;
wire carry_9, carry_4, carry_6, \DIFF[0] , \DIFF[1] , earry/8, carry 7,
carry_5;
assign \DIFF[1] =A[1];
assign \DIFF[0] =AJ0];
assign DIFF[1] = \DIFF[1] ;
assign DIFF[0] = \DIFF[0] ;
XNOR2XL U6 (.A(A[9]), .B(carry_9), .Y(DIFF[9]) ):
OR2X1 U7 (.A(A[8]), .B(carry_8), .Y(carry_9) );
XNOR2XL U8 (.A(carry_8), .B(A[8]), .Y(DIFF[8]) );
OR2X1 U9 (.A(A[7]), .B(carry_7), .Y(carry_8)):
XNOR2XL U10 (.A(carry_7), .B(A[7]), .Y(DIFF[7]));
OR2X1 U11 (.A(A[6]), .B(carry_6), .Y(carry_7));
XNOR2XL U12 (.A(carry_6), .B(A[6]), .Y(DIFF[6]) );
OR2X1 U13 (.A(A[5]), .B(carry_5), .Y(carry_6) );
XNOR2XL U14 (.A(carry_5), .B(A[5]), .Y(DIFF[5]) );
OR2X1 U15 (.A(A[4]), .B(carry_4), .Y(carry 5));
XNOR2XL U16 ( .A(carry_4), .B(A[4]), .Y(DIFF[4]));
OR2X1 U17 (.A(A[3]), .B(A[2]), .Y(carry_4));
XNOR2XL U18 (.A(A[2]), .B(A[3]), .Y(DIFF[3]) );
CLKINVX1 U19 (.A(A[2]), .Y(DIFF[2]) );
endmodule
module PCE_CONTROL_DW01_cmp2_32_0 (A, B, LEQ, TC, LT_LE, GE_GT);
input [31:0] A;
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input  [31:0] B;
input LEQ, TC;
output LT_LE, GE_GT:
wire n44, n45, n46, n47, n48, n49, n212, n213, n214, n215, n216, n217,
n218, n219, n220, n221, n222, n223, n224, n225, n226, n227, n228, n229,
n230, n231, n232, n233, n234, n235, n236, n237, n238, n239;
NOR2XL U8 (.A(B[21]), .B(B[11]), .Y (n228) );
NOR2XL U9 (.A(B[29]), .B(B[22]), .Y (n229) );
NOR2XL U10 (.A(B[5]), .B(B[8]), .Y (n225) );
NOR2XL U11 ( .A(B[26]), .B(B[6]), .Y(n220) ):
NOR2XL U12 ( .A(B[25]), .B(B[28]), .Y(n221) ):
NOR2XL U13 (.A(B[20]), .B(B[16]), .Y(n222) ):
NOR2XL U14 ( .A(B[12]), .B(B[19]), .Y(n223) ):
NOR2XL U15 ( .A(B[18]), .B(B[14]), .Y(n234) ):
NOR2XL U16 ( .A(B[17]), .B(B[13]), .Y(n231) ):
NOR2XL U17 (.A(B[10]), .B(B[9]), .Y(n232) );
NAND2BX1 U18 (.AN(n213), .B(n218), .Y(n212));
INVX2 U19 (.A(BIO]), .Y(n213) );
NAND3BXL U20 ( .AN(A[O]), .B(n216), :€(n217);-Y(n49));
NAND2BX1 U21 (.AN(B[1]), .B(A[L]), Y(n216)):
AOI2BB2X1 U22 ( .AON(A[3]), .A1N(n215),.B0(n219);-B1(A218), .Y(n239) );
NOR2BXL U23 (.AN(B[2]), .B(A[2]), .Y (n219)):
INVX2 U24 (.A(BI3]), .Y(n215) );
NAND4BBX1 U25 ( .AN(n214), .BN(A[1]), .C(n218), .D(n217), .Y(n238) ):;
INVX2 U26 (.A(B[1]), .Y(n214) );
NAND2BX1 U27 (.AN(B[3]), .B(A[3]), .Y(n218) ):
NAND2BX1 U28 (.AN(B[2]), .B(A[2]), .Y (n217) ):
NOR3XL U29 (.A(n224), .B(n226), .C(n230), .Y (n47) );
NAND4X1 U30 ( .A(n223), .B(n222), .C(n221), .D(n220), .Y(n224) );
NAND3BXL U31 ( .AN(B[23]), .B(n227), .C(n225), .Y (n226) );
INVX2 U32 (.A(B[15]), .Y(n227) );
NAND2X1 U33 (.A(n229), .B(n228), .Y(n230) );
NOR2XL U34 ( .A(n233), .B(n235), .Y (n46) ):
NAND2X1 U35 (.A(n232), .B(n231), .Y(n233) );
NAND3BXL U36 ( .AN(B[27]), .B(n236), .C(n234), .Y(n235) );
INVX2 U37 (.A(B[30]), .Y(n236) );
NOR4XL U38 (.A(B[24]), .B(B[7]), .C(B[4]), .D(B[31]), .Y (n45) );
NOR2XL U39 (.A(n237), .B(n48), .Y(n44) );

NAND2X1 U40 ( .A(n238), .B(n239), .Y (n237) );
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NOR2XL U41 (.A(n49), .B(n212), .Y(n48) );
NANDA4X1 U42 (.A(n44), .B(n45), .C(n46), .D(n47), .Y(LT_LE));
endmodule
module PCF_CONTROL_DWO01_dec_32 0 (A, SUM);
input [31:0] A;
output [31:0] SUM,;
wireC_ 0.1 1,C002C042C022PG.int001SUM 14,C0 3 2,
C_0.7.0,C 030 PGint 002 C_00 3 n241, SUM_23, SUM_29, n244,
N246, 247, n248, n249, SUM_13, n251, SUM_21, n253, SUM_25, SUM_6,
SUM_11;
assign SUM[31] = SUM_29;
assign SUM[30] = SUM_29;
assign SUM[29] = SUM_29;
assign SUM[28] = SUM_29;
assign SUM[27] = SUM_23;
assign SUM[26] = SUM_25;
assign SUM[25] = SUM_25;
assign SUM[24] = SUM_23;
assign SUM[23] = SUM_23;
assign SUM[22] = SUM_25;
assign SUM[21] = SUM_21;
assign SUM[20] = SUM_21;
assign SUM[19] = SUM_25;
assign SUM[18] = SUM_25;
assign SUM[17] = SUM_21;
assign SUM[16] = SUM_23;
assign SUM[15] = SUM_14;
assign SUM[14] = SUM_14;
assign SUM[13] = SUM_13;
assign SUM[12] = SUM_13;
assign SUM[11] = SUM_11;
assign SUM[10] = SUM_11;
assign SUM[9] = SUM_11;
assign SUM[8] = SUM_11;
assign SUM[7] = SUM_6;
assign SUM[6] = SUM_6;
CLKINVX1 U4 (.A(SUM_13), .Y(C_0 3 2));
NAND3BXL U5 ( .AN(A[1]), .B(n251), .C(SUM[0]), .Y(C_0_4 2));
NOR2XL U6 ( .A(A[3]), .B(A[2]), .Y (n247) );
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NOR3XL U7 (.A(A[0]), .B(A[2]), .C(A[1]), .Y(n246) );

XOR2XL U3_C_0_0_2 (.A(PG_int_0_0_2), .B(C_0_0_2),.Y(SUM[2]) );
OR2X2 U8 (.A(A[1]), .B(A[0]), .Y(C_0_0_2));

NAND2BX1 U9 (.AN(A[L]), .B(PG_int_0_0_2), .Y(n253) );
NAND2BX1 U10 (.AN(A[0]), .B(n244), .Y(C_0_0_3) );

XOR2XL U3_C_0_0_3 (.A(n248), .B(C_0_0_3), .Y(SUMI3]) );
XOR2XL U3_C_0_0_1 (.A(PG_int_0_0_1), .B(A[0]), .Y(SUMI[1]));
INVX2 U11 (.A(C_0_0_3), .Y(n249) );

INVX2 U3_A_0_0_0 (.A(A[0]), .Y(SUM[O]) );

INVX2 U3_A_0_0_1 (.AA[L]), .Y(PG_int_0_0_1));

AND2X2 U12 (.A(n248), .B(n249), .Y(SUM[4]) );

INVX2 U13 (.A(A[3]), .Y(n248) );

INVX2 U3_A_0_0_2 (.A(A[2]), .Y(PG_int_0_0_2));

INVX2 U14 (.A(C_0_3_0), .Y(SUM_13) );

INVX2 U15 (.A(C_0_4_2), .Y(SUM_25) );

INVX2 U16 (.A(C_0_1_1), .Y(SUM_6) );

INVX2 U17 (LA(C_0_4_2), .Y(SUM_23) );

NAND2BX1 U18 (.AN(C_0_0_3), .B(n248),¥(C_0_1_1));

INVX2 U19 (.A(C_0_1_1), .Y(SUM[5]) );

NAND2BX1 U20 (.AN(A[3]), .B(n246), 2¥(C_0-2_2) );

INVX2 U21 (.A(C_0_7_0), .Y(SUM_29) %;

INVX2 U22 (LA(C_0_4_2), .Y(SUM_21) );

INVX2 U23 (LA(C_0_2_2), .Y(SUM_11) );

CLKINVX1 U24 (.A(C_0_3_2), .Y(SUM_14) );

NAND3BXL U25 ( .AN(A[0]), .B(n247), .C(PG_int_0_0_1), .Y(C_0_3_0));
NAND2X1 U26 (.A(n241), .B(SUMI[0]), .Y(C_0_7_0));

NOR2XL U27 (.A(A[3]), .B(n253), .Y (n241) );

NOR2XL U28 (.A(A[3]), .B(A[2]), .Y(n251) );

NOR2X2 U29 (.A(A[2]), .B(A[1]), .Y(n244) );

endmodule

module PCF_CONTROL (ADDRA, ADDRB, WRITE, BP_INDEX, START, BP_NUM

output [9:0] ADDRA;

input

[3:0] BP_NUM;

output [9:0] ADDRB;

output [3:0] BP_INDEX;

input

START, RST, CLK;

output WRITE;

,RST, CLK );

wire COUNTER323_3, STATE377_0, ADDRB184_8, N_VP_INDEX263_1, n271_24,

n271_17, ADDRA175_5,ADDRB184_1, n271_4, n271_29, n271_30, n135,
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ADDRAL175_8,n271_9, COUNTER323_7, ADDRB184_5, ADDRA175_1,n271_13,
n271_20, ADDRA175_3, n271_22,n271_11, n271_2, ADDRB184_7,
COUNTER323_5, n271_18, n271_32, ADDRB184_3, COUNTER323_8, n271_6,
n271_15,n271_26, ADDRA175_7, N_VP_INDEX263_3, COUNTER323 1,
\COUNTER[7] , BP_INDEX362_2,\COUNTER[3] , \COUNTER[1] , \COUNTER[8] ,
\STATE[1], n244, \COUNTER[5] , BP_INDEX362_1, \COUNTER[4]
\COUNTER[0] , \COUNTERI[9] , \STATE[0] , \COUNTER[2] , n341,
\COUNTER][6] , BP_INDEX362_3, ADDRB184_2, COUNTER323_9, n271_7,
ADDRAL75_6, n271_27, n271_14, COUNTER323_0, N_VP_INDEX263 2, n271_23,
n271_10, ADDRA175_2,n271_3, ADDRB184_6, COUNTER323 4, n271_19,
ADDRAL75_9,n271_31, n271_28, n271_8, COUNTER323_6, n271_1, ADDRB184 4,
ADDRAL175_0,n271_12,n271_21, ADDRB184_9, COUNTER323_2, ADDRA175 4,
n271_25,n271_16, ADDRB184_0, n271_5, n1029, n1030, n1031, n1032,
n1033, n1034, n1035, n1036, n1037, n1038, n1039, n1040, n1041, n1042,
n1043, n1044, n1047, n1048, n1049, n1050, n1051, n1052, n1053, n1054,
n1055, n1056, 1057, n1058, n1059, n1060, n1061, n1062, n1063, n1064,
n1065, n1066, n1067, n1068, n1069, n1070, n1071, n1072;n1073, n1074,
n1075, n1076, n1077, n1078, n1079, n1080, n1081,n1082, n1083;n1084,
n1085, n1086, 1087, n1088, n1089, n1090, n1091;/n1092, n1093, n1094,
n1095, n1096;

NAND2X1 U123 (.A(\COUNTER[8] ), .BACOUNTER[4T),-Y(n1035) );

NAND3XL U124 ( .AACOUNTER[0] ), .BACQUNTER[9] ), .CACOUNTERI[3]), .Y(
n1036) );

NAND2X1 U125 ( .AACOUNTER[6] ), . BACOUNTER[2] ), .Y(n1033) );

NAND3XL U126 ( .AACOUNTER[1]), .B(ACOUNTER[7] ), .CACOUNTER][5] ), .Y(
n1034));

NAND2X1 U127 ( .A(n1038), .B(n1037), .Y(n341) );

NOR2XL U128 ( .A(n1034), .B(n1033), .Y(n1038) );

NOR2XL U129 ( .A(n1036), .B(n1035), .Y (n1037) );

NOR2BXL U130 ( .AN(BP_INDEX[2]), .B(n1048), .Y (n1049) );

NAND2X1 U131 (.A(BP_INDEX[1]), .B(BP_INDEX[O0]), .Y (n1048) );

NAND4BX1 U132 ( .AN(n1091), .B(n1078), .C(n1092), .D(n1094), .Y (n1095) );

NAND4X1 U133 (.A(n1081), .B(n1082), .C(n1083), .D(n1084), .Y(n1091) );

NOR2XL U134 (. A(\COUNTER[7] ), .BOACOUNTER[4] ), .Y(n1092) );

INVX2 U135 (.A(n1087), .Y(n1094) );

NAND3XL U136 (.A(n1076), .B(n1077), .COACOUNTER[2] ), .Y(n1087) );

NOR3XL U137 ( .A(n1090), .B(n1078), .C(n1079), .Y(n1086) );

NAND3XL U138 ( .AACOUNTER[0] ), .BACOUNTER[2] ), C(ACOUNTERI[1] ), .Y(

n1090) );
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NOR3XL U139 ( .A(n1082), .B(n1080), .C(n1081), .Y(n1085) );

NAND2X1 U140 ( .A(n1039), .B(n1040), .Y(n1043) );

NOR2XL U141 ( .AA\COUNTER[4] ), .BACOUNTER[9] ), .Y(n1039) );

NOR2XL U142 ( .A\COUNTER[6] ), .BACOUNTER[8]), .Y (n1040) );

NAND2X1 U143 ( .A(n1041), .B(n1042), .Y (n1044) );

NOR2XL U144 (. A(\COUNTERI[3] ), .BACOUNTER[2] ), .Y(n1041) );

NOR2XL U145 (.A(\COUNTER([7] ), .BACOUNTER[5] ), .Y(n1042) );

NAND2X1 U146 ( . A(STATE[1] ), .B(n1073), .Y(n1074) );

NAND2X1 U147 ( .A(STATE[0] ), .B(n1072), .Y(n1075) );

OAI2BB2X1 U148 (.AON(N_VP_INDEX263_2), .AIN(n1030), .BO(n1050), .B1(n1047
), .Y(BP_INDEX362_2) );

XOR2XL U149 ( .A(n1047), .B(n1048), .Y(N_VP_INDEX263_2) );

NOR2X1 U150 ( .A(n1056), .B(n1057), .Y(COUNTER323_9) );

NOR2X1 U151 (.A(n1056), .B(n1058), .Y(COUNTER323_8) );

NOR2X1 U152 ( .A(n1056), .B(n1059), .Y(COUNTER323_7) );

NOR2X1 U153 ( .A(n1056), .B(n1060), .Y(COUNTER323_6) );

NOR2X1 U154 (.A(n1056), .B(n1061), .Y(COUNTERS323 5) );

NOR2X1 U155 ( .A(n1056), .B(n1062), .Y(COUNTER323_4) );

NOR2X1 U156 (.A(n1056), .B(n1063), . Y(COUNTERS323_3) );

NOR2XL U157 (.A(n1056), .B(n1065), .Y(COUNTER323.1) );

NOR2XL U158 ( .A(n1056), .B(n1066), .Y{COUNTER3230));

OAI2BB2X1 U159 (.AON(N_VP_INDEX263.3);A1N(n1030), :B0(n1050), .B1(n1052
), .Y(BP_INDEX362_3) );

XOR2XL U160 (.A(BP_INDEX[3]), .B(n1049), .Y(N_VP_INDEX263_3));

OAI2BB2X1 U161 (.AON(N_VP_INDEX263 1), .A1N(n1030), .B0(n1050), .B1(n1051
), .Y(BP_INDEX362_1) );

XOR2XL U162 ( .A(BP_INDEX[1]), .B(BP_INDEX[O]), .Y(N_VP_INDEX263_1) );

NAND2X1 U163 ( .A(RST), .B(n1088), .Y(n1050) );

OAI2BB2X1 U164 (.AON(n1093), .AIN(n1095), .BO(n1029), .B1(n1075), .Y(
n1088) );

INVX2 U165 (.A(n1074), .Y(n1093) );

INVX2 U166 (.A(n1075), .Y (n1089) );

AOI31X1 U167 ( .A0(n1053), .A1(n1029), .A2(n1054), .BO(n1055), .Y(
STATE377_0));

NAND4X1 U168 ( .A(START), .B(RST), .C(n1072), .D(n1073), .Y (n1053) );

INVX2 U169 (.A(n135), .Y(n1054) );

NOR2XL U170 (.A(n1071), .B(n1031), .Y(n1055) );

INVX2 U171 (.A(n1053), .Y(n1071) );

AOI31X1 U172 (.A0(n1069), .A1(n1070), .A2(n244), .BO(n1067), .Y(WRITE) );
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NOR2XL U173 (.A(BP_INDEX]3]), .B(BP_INDEX]2]), .Y(n1069) );

NOR2XL U174 (.A(BP_INDEX[1]), .B(BP_INDEX[0]), .Y(n1070) );

NOR2XL U175 (.A(n1044), .B(n1043), .Y (n244) );

AND2X2 U176 ( . A(ADDRB184_0), .B(n1068), .Y(ADDRBI0]) );

AND2X2 U177 (. A(ADDRB184_1), .B(n1068), .Y(ADDRBI1]) );

AND2X2 U178 ( . A(ADDRB184_2), .B(n1068), .Y(ADDRBI2]) );

AND2X2 U179 (. A(ADDRB184_3), .B(n1068), .Y(ADDRBI3]) );

AND2X2 U180 ( .A(ADDRB184_4), .B(n1068), .Y(ADDRBI4]) );

AND2X2 U181 ( . A(ADDRB184_5), .B(n1068), .Y(ADDRBI5]) );

AND2X2 U182 ( . A(ADDRB184_6), .B(n1068), .Y(ADDRBI6]) );

AND2X2 U183 ( .A(ADDRB184_7), .B(n1068), .Y(ADDRBI7]) );

AND2X2 U184 ( . A(ADDRB184_8), .B(n1068), .Y(ADDRBI8]) );

AND2X2 U185 ( .A(ADDRB184_9), .B(n1068), .Y(ADDRBI9]) );

INVX2 U186 ( .A(ADDRA175_0), .Y(n1066) );

NOR2XL U187 (.A(n1067), .B(n1066), .Y(ADDRA[0]) );

INVX2 U188 ( .A(ADDRA175_1), .Y(n1065) );

NOR2XL U189 (.A(n1067), .B(n1065), .Y(ADDRA[1]));

NOR2XL U190 (.A(n1067), .B(n1064), .Y(ADDRA[2]).);

INVX2 U191 ( .A(ADDRAL175_2), .Y(n1064) );

INVX2 U192 (.A(ADDRAL75_3), .Y(n1063) ;

NOR2XL U193 (.A(n1067), .B(n1063), .Y{ADDRAI[3]));

INVX2 U194 (.A(ADDRAL75_4), .Y(n1062)");

NOR2XL U195 (.A(n1067), .B(n1062), .Y(ADDRA[4]));

INVX2 U196 ( .A(ADDRA175_5), .Y(n1061) );

NOR2XL U197 (.A(n1067), .B(n1061), .Y(ADDRA[5]) );

INVX2 U198 ( .A(ADDRA175_6), .Y(n1060) );

NOR2XL U199 (.A(n1067), .B(n1060), .Y(ADDRA[6]) );

INVX2 U200 (. A(ADDRA175_7), .Y(n1059) );

NOR2XL U201 (.A(n1067), .B(n1059), .Y(ADDRA[7]) );

INVX2 U202 ( .A(ADDRA175_8), .Y(n1058) );

NOR2XL U203 (.A(n1067), .B(n1058), .Y(ADDRA[8]) );

INVX2 U204 ( . A(ADDRA175_9), .Y(n1057) );

NAND2X1 U205 ( .A(n1075), .B(n1074), .Y(n1068) );

INVX2 U206 (.A(n1068), .Y (n1067) );

NOR2XL U207 (.A(n1067), .B(n1057), .Y(ADDRA[9]) );

DFFXL COUNTER_reg_9_ (.D(COUNTER323_9), .CK(CLK), .Q\COUNTERI[9] ), .ON(
n1084));

DFFXL COUNTER_reg_8_ ( .D(COUNTER323_8), .CK(CLK), .Q\COUNTER[8] ), .QN(

n1083) );
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DFFXL COUNTER_reg_7_ ( .D(COUNTER323_7), .CK(CLK), .Q(\COUNTER[7] ), .QN(
n1080) );

DFFXL COUNTER_reg_6_ ( .D(COUNTER323_6), .CK(CLK), .Q\COUNTERI[6] ), .QON(
n1082) );

DFFXL COUNTER_reg_5_ (.D(COUNTER323_5), .CK(CLK), .Q(\COUNTERI[5] ), .QON(
n1081));

DFFXL COUNTER _reg 4_( .D(COUNTER323_4), .CK(CLK), .Q(\COUNTER[4] ), .QN(
n1079) );

DFFXL COUNTER_reg_3_ ( .D(COUNTER323_3), .CK(CLK), .Q\COUNTERI[3] ), .ON(
n1078));

DFFX1 COUNTER_reg_2_ (.D(COUNTER323_2), .CK(CLK), .Q(\COUNTER[2]) );

DFFX1 COUNTER_reg_1_(.D(COUNTER323_1), .CK(CLK), .Q\COUNTER[1] ), .ON(
n1077));

DFFX1 COUNTER_reg_0_ (.D(COUNTER323_0), .CK(CLK), .Q(\COUNTER[0] ), .QN(
n1076) );

DFFXL BP_INDEX_reg 3_(.D(BP_INDEX362_3), .CK(CLK), .Q(BP_INDEX[3]), .QN(
n1052) );

DFFXL BP_INDEX_reg 1_(.D(BP_INDEX362 1), .CK(CLK);.Q(BP, INDEX[1]), .QN(
n1051) );

JKFFXL BP_INDEX_reg_0_ (.J(n1030),:K(n1050), .CK(CLK), .Q(BP_INDEX[0])

)i
DFFXL STATE_reg_0_ ( .D(STATE377_0), .CK(CLK), .Q(\STATE[0] ), .QN(n1073)
)i

DFFXL BP_INDEX reg_2_(.D(BP_INDEX362_2), .CK(CLK), .Q(BP_INDEX[2]), .QN(
n1047));

AND4X2 U208 ( .A(\COUNTER[9] ), .B(\COUNTER[8] ), .C(n1085), .D(n1086),
.Y (n1029) );

AND2X2 U209 ( .A(n1031), .B(n1029), .Y(n1030) );

AND2X2 U210 ( .A(n1089), .B(RST), .Y(n1031) );

AND3X1 U211 (.A(n1093), .B(RST), .C(n1087), .Y(n1032) );

PCF_CONTROL_DWO1_inc_10_1 r441 (. A({\COUNTER[9] , \COUNTER[8]
\COUNTER[7] , \COUNTER[6] , \COUNTER([5] , \COUNTERJ[4] , \COUNTER[3] ,
\COUNTER[2] ,\COUNTER][1] , \COUNTER[0] }), .SUM({ADDRA175_9,
ADDRAL175_8, ADDRA175_7, ADDRA175_6, ADDRA175_5, ADDRA175_4, ADDRAL75_3,
ADDRAL75_2, ADDRA175_1, ADDRA175_0}));

PCF_CONTROL_DWO01_sub_10_1 r406 ( .A({\COUNTER[9] , \COUNTERI[8] ,
\COUNTER[7] , \COUNTER[6] , \COUNTER([5] , \COUNTER[4] , \COUNTER[3] ,
\COUNTER[2] , \COUNTER[1] , \COUNTERI[0] }), .B({1'b0, 1'b0, 1'b0, 1'b0,
1'b0, 1'b0, 1'b0, 1'b1, 1'b0, 1'b0}), .CI(1'b0), .DIFF({ADDRB184 9,
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ADDRB184_8, ADDRB184_7, ADDRB184_6, ADDRB184 5 ADDRB184_4, ADDRB184_3,
ADDRB184_2, ADDRB184_1, ADDRB184_0}) );

SDFFXL STATE_reg_1_(.SI(1'h0), .SE(n1096), .D(1'b1), .CK(CLK), .Q(
\STATE[1] ), .QN(n1072) );

OAI222X1 U212 ( .A0(n1032), .AL(n1029), .BO(n1032), .B1(n1031), .CO(n1032),
.C1(n1054), .Y(n1096) );

PCF_CONTROL_DWO1_cmp2_32_0 It_88 (.A({1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0,
1'00, 1'00, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'60, 1'60, 1'00,
1'00, 1'00, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'60,
BP_INDEX[3], BP_INDEX[2], BP_INDEX[L1], BP_INDEX[0]}), .B({n271_1,
n271_2,n271_3, n271_4,n271_5, n271_6, n271_7,n271_8, n271_9,
n271_10, n271_11,n271_12, n271_13, n271_14, n271_15, n271_16, n271_17,
n271_18,n271_19, n271_20, n271_21, n271_22, n271_23, n271_24, n271_25,
n271_26, n271_27, n271_28, n271_29, n271_30, n271_31, n271_32}), .LEQ(
1'00), .TC(1'b0), .LT_LE(n135));

PCF_CONTROL_DWO1_dec_32_0 sub_88 (.A({1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0,
1'00, 1'00, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 4'60,11:b0;L'b0,
1'00, 1'00, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0, 1'b0; 'b0, 1'b0, BP. NUM[3],
BP_NUMI[2], BP_NUMI1], BP_NUMI0]}), :SUMEn271 1,n271 2,;n271_3,
n271_4,n271_5,n271_6,n271_7,n274 8, n271 9, n271 10, n271 AT,
n271 12, n271_13, n271_14, n271_15,n271 46, A271 177271 _18,n271_19,
n271_20, n271_21, n271_22, n271_23, n271:24, n271_25, 127126, n271_27,
n271_28, n271_29, n271_30, n271_31, n271_32})):

NOR2X2 U215 ( .A(n1056), .B(n1064), .Y(COUNTER323 2));

NAND3X2 U216 (.A(RST), .B(n1068), .C(n341), .Y(n1056) );

endmodule

module P1_V_CHECK (P1_B,P1_S B,F2 P1 B, V0 B);
output [4:1] P1_B;
output [4:1] P1_S_B;
input [4:1] F2_P1_B;
input [4:1] VO_B;
wire \F2_P1 B[1], n24, n25, n26, n27;
assign P1_B[1] =\F2_P1 B[1] ;
assign \F2_P1_B[1] =F2_P1 _B[1];
AND2X2 U7 (.A(VO_B[4]), .B(P1_B[4]), .Y(P1_S_B[4]));
INVX4 U8 (.A(n25), .Y(P1_S_BI[2]) );
INVX2 U9 (.A(n27), .Y(P1_S_B[1]));
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INVX4 U10 (.A(n26), .Y (n24) );
NAND2X4 U11 (.A(VO_B[3]), .B(P1_B[3]), .Y(n26) );
INVXL U12 ( .A(n26), .Y(P1_S_B[3]) );
OR2X4 U13 (.A(F2_P1_BI[2]), .B(P1_S_B[1]), .Y(P1_B[2]) );
OR2X4 U14 (.A(F2_P1_BI[3]), .B(P1_S_B[2]), .Y(P1_B[3]) );
OR2X4 U15 (.A(F2_P1_B[4]), .B(n24), .Y(P1_B[4]));
NAND2X2 U16 (.A(VO_B[2]), .B(P1_B[2]), .Y(n25) );
NAND2X2 U17 (.A(F2_P1_B[1]), .B(VO_B[1]), .Y(n27) );
endmodule
module PL_H_CHECK (F2_P1_B,F1 P1 B,P1 S C):
output [4:1] F2_P1_B:
input [4:1] F1_P1_B;
input [4:1]P1_S C;
wire n19, n20, n21, n22;
OR3X2 U7 (.A(F1_P1_B[4]), .B(P1_S_C[4]), .C(P1_S_C[3]), .Y(F2_P1_B[4]) );
INVX2 U8 (.A(P1_S_C[4]), .Y(n22) ):
INVX2 U9 (.A(P1_S_C[1]), .Y(n19) ):
INVX2 U10 (.A(PL_S_C[2]), .Y(n20) );
INVX2 U11 (.A(PL_S_C[3]), .Y(n21) );

NAND4BX2 U12 (.AN(F1_P1_B[2]), .B(n19), .€(n20), .D(n21), .Y (F2_P1 B[2])

)i
OR3X4 U13 (.A(FL_P1_B[1]), .B(P1_S_C[1]: .C(P1_S_C[2]),.Y(F2 P1 B[1])
)i
NAND4BX2 U14 ( .AN(F1_P1_B[3]), .B(n22), .C(n20), .D(n21), .Y(F2_P1_B[3])
)i
endmodule

module P1_PRE_CHECK (P1_B,P1 S B,S1 A, S1 B,S1_C,S3 A, S3 B,V0 B,P1 S C
)
output [4:1] P1_B;
output [4:1] P1_S_B;
input [4:0] S1_A,;
input [4:0] S3_B;
input [4:0] S1_C;
input [4:0] S3_A,;
input [4:1]P1_S C;
input [4:0] S1_B;
input [4:1] VO_B;
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wire \F2_P1_B[4],\F1_P1 B[1],\F1_P1 B[3],\F2_P1 B[2],\F1_P1 B[2],
\F2_P1_B[3],\F2_P1 B[1],\F1_P1_B[4] , n50, n51, n52, n53, n54, n55,
n56, n57, n58, n59, n60, n61, n62, n63, n64, n65;

P1_H_CHECK P1_H_CHECKO (.F2_P1_B({\F2_P1_B[4],\F2_P1 BJ3],
\F2_P1_B[2],\F2_P1_B[1]}), .F1_P1_B({\F1_P1_B[4],\F1_P1_BI[3],
\F1_P1_B[2],\F1_P1 B[1]}), .P1.S_C(P1_S_C));

P1_V_CHECK P1_V_CHECKO (.P1_B(P1_B), .P1_S_B(P1_S_B), .F2_P1 B({
\F2_P1_B[4],\F2_P1_BI[3],\F2_P1_B[2],\F2_P1_B[1] }), .V0_B(VO0_B)

)i

OR3X2 U6 (.A(S1_C[2]), .B(S1_A[2]), .C(S3_A[2]), .Y(n57) );

OR3X2 U7 (.A(S1_C[3]), .B(S1_A[3]), .C(S3_A[3]), .Y(n56) );

OR3X2 U8 (.A(S1_BI0]), .B(S1_A[0]), .C(S1_B[2]), .Y(n65) );

NOR3X1 U9 (.A(n65), .B(S1_C[0]), .C(S3_B[2]), .Y (n54) );

AOI211X1 U10 ( .A0(n50), .A1(n53), .BO(S1_B[4]), .CO(S3_B[4]), .Y(
\F1_P1_B[4]));

AOI211X1 U11 (.A0(n55), .AL(n50), .BO(S1_B[3]), .CO(S3_B[3]), .Y(
\F1_P1 B[3]));

AND4X2 U12 (.A(n58), .B(n59), .C(n60), .D(N61), .Y (n55));

INVX2 U13 (.A(n57), .Y(n61) );

INVX2 U14 (.A(n56), .Y(n64) );

AOI211X1 U15 (.A0(n52), .A1(n51), .BO(SL.B[2]); CO(S3 BI2D7.Y(
\F1_P1_B[2]));

INVX2 U16 (.A(S1_B[4]), .Y(n58) );

INVX2 U17 (.A(S1_B[3]), .Y(n53) );

INVX2 U18 (.A(S1_B[2]), .Y(n60) );

INVX2 U19 (.A(S1_B[1]), .Y(n63) );

INVX2 U20 (.A(S3_B[4]), .Y(n59) );

INVX2 U21 (.A(S3_B[3]), .Y(n62) );

NOR4XL U22 (.A(S1_C[4]), .B(S1_A[4]), .C(S3_A[4]), .D(n56), .Y (n50) );

NOR4X1 U23 (.A(S1_C[1]), .B(S1_A[1]), .C(S3_A[1]), .D(n57), .Y(n51) );

AOI211X2 U24 (.A0(n54), .Al(n51), .BO(S1_B[1]), .CO(S3_B[L]), .Y(
\FL_P1 B[1]));

AND4X4 U25 (.A(n62), .B(n63), .C(n53), .D(n64), .Y(n52) );

endmodule

module PCPG (P1_S_C,P2_C,P2_1 C,P1_B_C,P3_C,P3_S_C, P3_RLCO, P3_RLC1,

P3_RLC1_UCL, P3_RLC1_UCO, S3_C, S1_C,VO0_C,P1_B, START, RST, CLK);

output [4:1] P1_S_C;

output [4:1] P1_B_C;

input [4:0] S3_C;
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input [4:1] P1_B;

input [4:1] VO_C;
output [4:1] P2_C;

output [4:1] P2_1_C;
output [4:1] P3_C;

input [4:0] S1_C;

output [4:1] P3_S_C;

input START, RST, CLK;

output P3_RLCO, P3_RLC1, P3_RLC1_UCL, P3_RLC1_UCO;

wire n160, n183, n184, n185, n186, n187, n188, n189, n190, n191, n192,

n193, n194, n195, n196, n197, n198, n199, n200, n201, n202, n203, n204,

n205, n206, 207, n208, n209, n210, n211;
NOR2XL U9 (.A(n195), .B(n196), .Y(P3_S_C[4]) );
NOR2X1 U10 (.A(n191), .B(n194), .Y(P1_S_C[3]) );
NOR2X1 U11 (.A(n197), .B(n198), .Y(P1_S_C[2]) );
NOR2XL U12 (.A(n191), .B(n192), .Y(P3_S_C[3]));
NOR2XL U13 (.A(n197), .B(n201), .Y(P3_S_C[2]).);

NOR2XL U14 ( .A(n199), .B(n205), .Y(P3_S.C[1]) );

SDFFTRX1P1_B_C_reg 1 _(.SI(1'b0), .SE(START), .D(PLB[1]),

RN(RST), .Q(P1_B_C[1]), .QN(n200) );
NOR2XL U15 (.A(VO_C[3]), .B(n195), .Y{n207));
NAND2X1 U16 (.A(n202), .B(n208), .Y (n196));
NAND2X1 U17 (.A(n194), .B(n209), .Y(n192) );
NAND2X1 U18 (.A(n198), .B(n210), .Y(n201) );
NAND2X1 U19 (.A(n200), .B(n211), .Y(n205));
NOR2X1 U20 (.A(n195), .B(n202), .Y(P1_S_C[4]));
NOR2X1 U21 (.A(n199), .B(n200), .Y(P1_S_C[1]));
NAND2X1 U22 (.A(n183), .B(n184), .Y(P2_C[1]) );
INVX2 U23 (.A(S3_C[1]), .Y(n183) );

INVX2 U24 (.LA(P2_C[1]), .Y(n211) );
NAND2X1 U25 (.A(n185), .B(n186), .Y(P2_C[2]) );
INVX2 U26 (.A(S3_C[2]), .Y(n185) );
INVX2 U27 (.A(S1_C[2]), .Y(n186) );
INVX2 U28 (.A(P2_C[2]), .Y(n210) );
NAND2X1 U29 (.A(n187), .B(n188), .Y(P2_C[3]) );
INVX2 U30 (.A(S3_CI[3]), .Y(n188) );
INVX2 U31 (.A(P2_C[3]), .Y(n209) );
INVX2 U32 (.A(P2_C[4]), .Y(n208) );

INVX2 U33 (.A(S3_C[4]), .Y(n190) );
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NAND2X1 U34 (.A(n189), .B(n190), .Y(P2_C[4]));

NOR3XL U35 ( .A(n160), .B(VO_C[1]), .C(VO_C[2]), .Y(P3_RLC1_UCL));

NOR2XL U36 (.A(V0_C[1]), .B(n193), .Y(P3_RLC1_UCO));

NOR2XL U37 (.A(n207), .B(VO_C[2]), .Y(n193) );

NOR2XL U38 ( .A(n206), .B(n203), .Y(P3_RLCL));

INVX2 U39 (.A(n204), .Y (n206) );

NAND3XL U40 (.A(n197), .B(n199), .C(n160), .Y(n204) );

NAND4X1 U41 (.A(P3_C[1]), .B(P3_C[2]), .C(P3_C[3]), .D(P3_CI[4]), .Y(n203)
)i

INVX2 U42 (.A(n205), .Y(P3_C[1]) );

INVX2 U43 (.A(n201), .Y(P3_C[2]) );

INVX2 U44 (.A(n192), .Y(P3_C[3]) );

INVX2 U45 (.A(n196), .Y(P3_C[4]) );

NOR2XL U46 ( .A(n203), .B(n204), .Y(P3_RLCO));

XOR2XL U47 (.A(S1_C[4]), .B(S3_C[4]), .Y(P2_1_C[4]) );

XOR2XL U48 (.A(S1_C[3]), .B(S3_C[3]), -Y(P2_1_C[3]) );

XOR2XL U49 (.A(S3_C[2]), .B(S1_C[2]), -Y(P2_1,€[21));

XOR2XL U50 (.A(S3_C[1]), .B(S1_C[1]), -Y(P2_1_C[1]));

INVX2 U51 (.A(VO_C[4]), .Y(n195) );

INVX2 U52 (.A(VO_C[3]), .Y(n191) );

INVX2 U53 (.A(VO_C[2]), .Y(n197) );

INVX2 US4 (.A(VO_C[1]), .Y(n199) );

INVX2 US5 (.A(S1_C[4]), .Y(n189));

INVX2 US6 (.A(S1_C[3]), .Y(n187));

INVX2 US7 (.A(S1_C[1]), .Y(n184));

AND2X2 U58 (.A(n191), .B(n195), .Y (n160) );

SDFFTRX4 P1_B_C_reg_4_(.SI(1'b0), .SE(START), .D(PL_B[4]), .CK(CLK),
RN(RST), .Q(P1_B_C[4]), .QN(n202) );

SDFFTRX4 P1_B_C_reg_3_(.SI(1'b0), .SE(START), .D(PL_B[3]), .CK(CLK),
RN(RST), .Q(P1_B_C[3]), .QN(n194) );

SDFFTRX4 P1_B_C_reg_2_(.SI(1'b0), .SE(START), .D(PL_B[2]), .CK(CLK),

RN(RST), .Q(P1_B_C[2]), .QN(n198) );

endmodule

module MRC1 ( CXD, B0, B1, B2, C0, C2, DO, D1, D2, VO_Cn, P2_1_Cn);

output [5:0] CXD;

input B0, B1, B2, CO, C2, DO, D1, D2, VO_Cn, P2_1_Cn:

wire VO_Cn_wire, P2_1_Cn_wire, n75, n76, n77;
assign CXD[5] = V0_Cn_wire;
assign CXD[3] =P2_1_Cn_wire;
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assign CXD[2] =P2_1_Cn_wire;
assign CXD[1] = P2_1_Cn_wire;
assign VO_Cn_wire =V0_Cn;
assign P2_1_Cn_wire =P2_1 Cn;
OR4X1 U6 (.A(DO), .B(D2), .C(n75), .D(C2), .Y(n76) );
OR3X2 U7 (.A(C0), .B(D1), .C(B0), .Y(n75) );
INVX2 U8 (.A(n77), .Y(CXD[0]) );
OAI31X1 U9 (.A0(B2), .A1(n76), .A2(B1), .BO(P2_1_Cn_wire), .Y(n77));
INVX2 U10 (.A(P2_1_Cn_wire), .Y(CXD[4]) );
endmodule
module MRC2 ( CXD, B0, B1, B2, C0, C2, DO, D1, D2, VO_Cn, P2_1 Cn);
output [5:0] CXD;
input  BO, B1, B2, C0, C2, DO, D1, D2, VO_Cn, P2_1_Cn;
wire VO_Cn_wire, P2_1_Cn_wire, n66, n67, n68;
assign CXD[5] = V0_Cn_wire;
assign CXD[3] =P2_1_Cn_wire;
assign CXDJ[2] = P2_1_Cn_wire;
assign CXD[1] = P2_1_Cn_wire;
assign VO_Cn_wire =VO_Cn;
assign P2_1_Cn_wire =P2_1 Cn;
OR4X1 U6 (.A(DO0), .B(C2), .C(n67), .D(B0);..Y (n66)):
OR3X2 U7 (.A(D2), .B(D1), .C(C0), .Y (n67));
INVX2 U8 (.A(n68), .Y(CXD[0]) );
OAI31X1 U9 (.A0(B2), .A1(n66), .A2(B1), .BO(P2_1_Cn_wire), .Y(n68) );
INVX2 U10 (.A(P2_1_Cn_wire), .Y(CXD[4]) );
endmodule
module MRC3 ( CXD, B0, B1, B2, C0, C2, DO, D1, D2, VO_Cn, P2_1 Cn);
output [5:0] CXD;
input  BO, B1, B2, C0, C2, DO, D1, D2, VO_Cn, P2_1_Cn;
wire VO_Cn_wire, P2_1_Cn_wire, n72, n73, n74;
assign CXD[5] = VO_Cn_wire;
assign CXD[3] =P2_1_Cn_wire;
assign CXD[2] =P2_1_Cn_wire;
assign CXD[1] = P2_1_Cn_wire;
assign VO_Cn_wire =V0_Cn;
assign P2_1_Cn_wire =P2_1 Cn;
OR4X1 U6 (.A(C0), .B(D1), .C(n72), .D(BO), .Y(n73));
OR3X2 U7 (.A(D0), .B(D2), .C(C2), .Y(n72) );
INVX2 U8 (.A(n74), .Y(CXD[0]) );
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OAI31X1 U9 (.A0(B2), .A1(B1), .A2(n73), .BO(P2_1_Cn_wire), .Y(n74) );
INVX2 U10 (.A(P2_1_Cn_wire), .Y(CXD[4]) );
endmodule
module MRC4 ( CXD, B0, B1, B2, C0, C2, DO, D1, D2, VO_Cn, P2_1 Cn);
output [5:0] CXD;
input  BO, B1, B2, C0, C2, DO, D1, D2, VO_Cn, P2_1_Cn;
wire VO_Cn_wire, P2_1_Cn_wire, n69, n70, n71;
assign CXD[5] = V0_Cn_wire;
assign CXD[3] =P2_1_Cn_wire;
assign CXDJ[2] = P2_1_Cn_wire;
assign CXD[1] = P2_1_Cn_wire;
assign VO_Cn_wire =V0_Cn;
assign P2_1_Cn_wire =P2_1 Cn;
OR4X1 U6 (.A(D1), .B(D0), .C(n70), .D(CO0), .Y(n69) );
OR3X2 U7 (.A(D2), .B(B2), .C(C2), .Y(n70) );
INVX2 U8 (.A(n71), .Y(CXD[0]) );
OAI31X1 U9 (.A0(B1), .A1(B0), .A2(n69), .BO(P2..1 'Chiwire),.Y (n71) );
INVX2 U10 (.A(P2_1_Cn_wire), .Y(CXD[4]));
endmodule
module MRC_COLUMN ( CXD_1, CXD_2, CXD_3,€XD_4,V0:C, S1 B, S1.C, S1_D, S3_B,
S3_C,S3 D,P1 S B,P1. S C,P2.1C);
output [5:0] CXD_1;
output [5:0] CXD_2;
input [4:0] S3_B;
output [5:0] CXD_3;
input [4:0] S3_D;
output [5:0] CXD_4;
input [4:1] VO_C;
input [4:0] S1_D;
input [4:0] S3_C;
input [4:0] S1_C;
input [4:1]P1_S C;
input [4:1]1P2_1_C;
input [4:0] S1_B;
input [4:1]P1_S B;
wireCO_2,B1_1,C0_4,C2_2,\B2 [2],C2_1,\B2_[3],\B2_[1],
C2_3,C0_3;
MRC1 MRC_1 (.CXD(CXD_1), .B0O(S1_B[0]), .B1(B1__1), .B2(\B2_[1]), .CO(
S1_C[0]), .C2(C2__1), .DO(S1_D[0]), .D1(S1_D[1]), .D2(S1_DI[2]),
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VO_Cn(VO_C[1]), .P2_1_Cn(P2_1_C[1]) );

MRC3 MRC_3 (.CXD(CXD_3), .B0(\B2_[1] ), .B1(\B2_[2] ), .B2(\B2_[3] ),
.CO(CO__3),.C2(C2__3),.D0(S1_DI[2]), .D1(S1_D[3]), .D2(S1_D[4]),
.V0_Cn(VO0_CI3]), .P2_1 Cn(P2_1_C[3]));

MRC4 MRC_4 (.CXD(CXD_4), .BO(\B2_[2] ), .B1(\B2_[3] ), .B2(1'h0), .CO(
CO0__4),.C2(1'b0), .DO(S1_D[3]), .D1(S1_DI[4]), .D2(1'b0), .VO_Cn(VO_C
[4]), .P2_1 Cn(P2_1_C[4]));

MRC2 MRC_2 (.CXD(CXD_2), .BO(B1__1), .B1(\B2_[1]), .B2(\B2_[2] ), .CO(
CO__2),.C2(C2__2),.DO(S1_D[1]), .D1(S1_D[2]), .D2(S1_D[3]), .VO_Cn(
VO_C[2]), .P2_1_Cn(P2_1_C[2]));

OR3X2 U6 (.A(S3_C[4]), .B(S1_C[4]), .C(P1_S _C[4]), .Y(C2_3));

OR2X2 U7 (.A(S1_CI[1]), .B(P1_S CI[1]), .Y(CO__2));

OR2X2 U8 (.A(S1_CI[3]), .B(P1_S CI[3]), .Y(CO__4));

OR2X2 U9 (.A(S1_C[2]), .B(P1_S C[2]), .Y(CO__3));

OR3X2 U10 (.A(S1_BJ[4]), .B(S3_B[4]), .C(P1_S B[4]), .Y(\B2_[3]));

OR2X2 U11 (.A(CO__4), .B(S3_C[3]), .Y(C2__2));

OR3X2 U12 (.A(S3_B[3]), .B(S1_B[3]), .C(P1_S_B8]}Y(\B2.[2]) );

OR2X2 U13 (.A(CO__3), .B(S3_C[2]), .Y(C2%:. 1)):;

OR3X2 U14 (.A(S3_B[1]), .B(S1_B[1]), .€(P1_S Bf1])=.Y(B1 .1),);

OR3XL U15 (.A(S3_B[2]), .B(S1_B[2]),-C(P1_S_B[2]),+Y(\B2_[1]) );

endmodule

module ZC_P13_1 (CXD, S_B0, S_B1,S_B2,S_C0,V0_Cn, S_C2,S.D0;S_D1,S_D2,
SUB_TYP);

output [5:0] CXD;

input  [1:0] SUB_TYP;

input S_BO,S_B1,S_B2,S_CO0,V0_Cn,S_C2,S DO,S_D1,S D2

wire CXD299_1, SUM_H_0, CXD299_3, SUM_HV_0, SUM_D_1, n265_3, n323, n259_3,
VO0_Cn_wire, n259 2, SUM_D_0, n265 2, SUM_D_2, SUM_V_0, CXD299 2, n375,
n309, n300_4, CXD299_0, n551, n552, n553, n917, n918, n919, n920, n921,
n922, n923, n924, n925, acell_4820 _U147_Z 0, acell_4820_U147_Z_1,n927,
n928, n929, n930, n931, n932, n933, n934, n935, n936, n937, n938, n939,
n940, n941, n942, n943, n944, n945, n946, n947, n948, n949, n950, n951,
n952, n953, n954, n955, n956, n957, n958, n959, n960, n961, n962, n963,
n964, n965, n966, n967, add_61_3 g _array 0 0,add 61 3 g array 1 0,
add_61_3 pog_array_0_0, n968, n969, n970, n971, add_63 3 _g_array_0_0,
add_63_3 g_array_1 0,add_63_3_pog_array_0_0, n972, n973, n974, n975,
n976, n977, n978, n979, n980, n981, n982, n983, n984, n985, n986, n987,
n988, n989, n990, n991, n992, n993, n994, n995, n996, n997, n998, n999,

n1000, n1001, n1002, n1003, n1004, n1005, n1006, n1007, n1008, n1009,
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n1010, n1011, n1012, n1013, n1014, n1015, n1016, 1017, n1018, n1019,
n1020, n1021, n1022, n1023, n1024, n1025, n1026, n1027, n1028;
assign CXDI[5] = VO_Cn_wire;
assign VO_Cn_wire =V0_Cn;
NAND2X1 U178 ( .A(S_C2), .B(S_D1), .Y(n969) );
OR2X2 U179 (.A(S_D1), .B(S_C2), .Y(add_63_3_pog_array 0_0));
NAND2X1 U180 (.A(S_D2), .B(S_DO), .Y(n965) );
OR2X2 U181 (.A(S_D0), .B(S_D2), .Y(add_61_3 pog_array 0 _0));
MXI2XL U182 (.S0(S_B0), .B(n964), .A(n967), .Y(n259_3) );
XNOR2XL U183 (.A(S_D2), .B(S_DO0), .Y(n967) );
NOR2BXL U184 (.AN(n965), .B(n966), .Y (n964) );
INVX2 U185 ( .A(add_61_3_pog_array_0_0), .Y (n966) );
NAND2X1 U186 ( .A(n963), .B(n961), .Y(n309) );
MXI2XL U187 (.S0(S_C0), .B(n968), .A(n971), .Y(n265_3) );
XNOR2XL U188 (.A(S_C2), .B(S_D1), .Y(n971) );
NOR2BXL U189 (.AN(n969), .B(n970), .Y(n968) );
INVX2 U190 ( .A(add_63_3_pog_array_0_0), .Y (n970).);
INVX2 U191 ( .A(n969), .Y(add_63_3_g_array_ 0 0));
NAND3XL U192 (.A(n927), .B(n928), .C(n952),:Y{n948) );
XNOR2XL U193 (.A(n259_2), .B(n924)%Y/(SUM_D_1));
INVX2 U194 ( .A(n965), .Y(add_61_3_g_array 0-0));
INVX2 U195 (.A(SUM_D_1), .Y(n961) );
OAI21XL U196 (.A0(n1025), .A1(n990), .BO(n1018), .Y(n1017));
NOR2XL U197 ( .A(n991), .B(n992), .Y(n990) );
NAND3XL U198 (.A(n1007), .B(n1006), .C(n919), .Y (n1016) );
NAND3XL U199 (.A(n1024), .B(n1022), .C(n1027), .Y(n1019) );
NAND2X1 U200 ( .A(n1023), .B(n1012), .Y(n1022) );
NAND4X1 U201 (.A(SUM_HV_0), .B(n1011), .C(n1026), .D(n1001), .Y (n1027) );
INVX2 U202 (.A(n1022), .Y(n991) );
OAI31X1 U203 ( .A0(n1021), .A1(n1001), .A2(n1002), .BO(n921), .Y(n1028) );
INVX2 U204 (.A(n993), .Y(n1021) );
NAND2X1 U205 ( .A(n309), .B(n1020), .Y(n993) );
XOR2XL U206 (.A(n259_3), .B(S_B2),.Y(SUM_D 0));
NAND3XL U207 (.A(SUM_V_0), .B(n927), .C(n375), .Y(n1006) );
AOI31X1 U208 ( .A0(n996), .A1(n994), .A2(n997), .BO(n998), .Y (n995) );
NAND2X1 U209 ( .A(n918), .B(n954), .Y(n996) );
NAND4X1 U210 ( .A(SUM_D_0), .B(n1020), .C(n1000), .D(n993), .Y(n997) );
INVX2 U211 (.A(n1007), .Y(n998) );

NAND2X1 U212 ( .A(n954), .B(n323), .Y(n1007) );
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OAI21XL U213 (.A0(SUB_TYP[1]), .A1(n1009), .BO(n986), .Y(n1013));
OAI211XL U214 (.A0(n1010), .A1(n1012), .BO(n1018), .CO(n1024), .Y (n1015)
);

NAND2X1 U215 ( .A(n1011), .B(SUM_D_0), .Y(n1010) );

XOR2XL U216 ( .A(n265_3), .B(S_B1), .Y(SUM_HV_0) );

INVX2 U217 (.A(n1010), .Y(n1023) );

NAND2X1 U218 ( .A(n962), .B(n963), .Y(n323) );

NOR2XL U219 (.A(SUM_D_0), .B(SUM_D_1), .Y(n962) );

NAND2X1 U220 ( .A(n918), .B(n949), .Y(n1003) );

INVX2 U221 (.A(SUM_D_0), .Y(n1001) );

NAND4X1 U222 ( .A(SUM_H_0), .B(n927), .C(n945), .D(n928), .Y (n994) );

NAND4X1 U223 (.A(n1026), .B(n1018), .C(n1024), .D(n1008), .Y(n953) );

NAND2X1 U224 ( .A(n918), .B(n956), .Y(n1026) );

NAND4X1 U225 ( .A(n957), .B(n1012), .C(n552), .D(n551), .Y(n1018) );

INVX2 U226 (.A(SUM_HV_0), .Y(n1012) );

NAND3XL U227 (.A(SUM_D_0), .B(n956), .C(n1000), .Y(n1024) );

NAND3XL U228 ( .A(n552), .B(n551), .C(n1000), .Y{(n1008)y);

INVX2 U229 (.A(n1026), .Y (n992) );

INVX2 U230 (.A(n1024), .Y(n1025) );

INVX2 U231 (.A(n1008), .Y(n1011) );

OAI211XL U232 (.A0(n946), .AL(n947), BO(n919), :CO(RIBOYY(n951).);

NAND3XL U233 (.A(n927), .B(n928), .C(n917),:Y(n946) );

OR2X2 U234 (.A(SUM_D_2), .B(SUM_D_1), .Y(n947)):

INVX2 U235 (.A(n1005), .Y (n960) );

NAND4X1 U236 ( .A(n948), .B(n996), .C(n1006), .D(n1007), .Y(n1005) );

INVX2 U237 (.A(n946), .Y (n1020) );

NAND3XL U238 (.A(SUM_H_0), .B(n945), .C(n375), .Y(n1009) );

XOR2XL U239 (.A(S_D1), .B(S_B1), .Y(SUM_H_0) );

INVX2 U240 (.A(n922), .Y(n945) );

INVX2 U241 (.A(acell_4820_U147_Z_1),.Y(n972));

NAND3XL U242 (.A(n1002), .B(n1014), .C(n921), .Y(n950) );

NAND3XL U243 (.A(n917), .B(n927), .C(n1000), .Y(n1002) );

INVX2 U244 (.A(n947), .Y(n1000) );

NAND2X1 U245 ( .A(n917), .B(n920), .Y(n1014) );

INVX2 U246 (.A(SUM_V_0), .Y(n928) );

XOR2XL U247 (.A(S_C2), .B(S_C0), .Y(SUM_V_0));

AOI222XL U248 ( .A0(S_B2), .A1(n935), .B0(S_DO0), .B1(S_B0), .C0(S_D2),
.C1(n936), .Y (n934) );

NAND2X1 U249 ( .A(n959), .B(n943), .Y (n935) );
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INVX2 U250 (.A(n936), .Y (n959) );

INVX2 U251 (.A(S_D2), .Y(n943) );

NAND2X1 U252 ( .A(n941), .B(n942), .Y (n936) );

INVX2 U253 (.A(S_DO), .Y(n941) );

INVX2 U254 (.A(S_BO0), .Y (n942) );

AOI222XL U255 ( .A0(S_C2), .A1(n932), .BO(S_C0), .B1(S_D1), .CO(S_B1),
.C1(n933), .Y(n931) );

NAND2X1 U256 ( .A(n958), .B(n940), .Y (n932) );

INVX2 U257 (.A(n933), .Y (n958) );

INVX2 U258 (.A(S_B1), .Y(n940) );

NAND2X1 U259 ( .A(n938), .B(n939), .Y (n933) );

INVX2 U260 (.A(S_C0), .Y(n938) );

INVX2 U261 (.A(S_D1), .Y(n939) );

OAI21XL U262 (.AO(SUB_TYP[1]), .A1(n974), .BO(n975), .Y(CXD299_3));

NAND2X1 U263 ( .A(n922), .B(n944), .Y (n974) );

INVX2 U264 (.A(SUM_H_0), .Y(n944) );

OAI221X1 U265 (.AO0(SUB_TYP[1]), .A1(n979), .BO(SUB.TYR[1]), .B1(n980),
.C0(n981), .Y(CXD299 1) );

NAND3XL U266 (.A(SUM_V_0), .B(n927), .C(n917),.Y(n979)");

INVX2 U267 (.A(n923), .Y (n927) );

INVX2 U268 (.A(n1004), .Y(n980) );

NAND2X1 U269 (.A(n977), .B(n993), .Y (n1004));

AO0I221X1 U270 ( .A0(n973), .A1(n1016), .BO(n553), .B1(n1017), .CO(n1013),
.Y (n981) );

INVX2 U271 (.A(n979), .Y (n954) );

OAI211XL U272 (.A0(n982), .A1(n983), .BO(n984), .CO(n985), .Y(CXD299_0)

)i

NOR2XL U273 (.A(n995), .B(n999), .Y (n982) );

INVX2 U274 (.A(n1006), .Y(n999) );

NAND2X1 U275 (.A(SUB_TYP[1]), .B(n937), .Y(n983) );

INVX2 U276 (.A(SUB_TYP[0]), .Y(n937) );

NAND3XL U277 (.A(n987), .B(n977), .C(n1028), .Y (n984) );

AOI31X1 U278 ( .A0(n553), .A1(n1018), .A2(n1019), .BO(n1013), .Y(n985) );

OAI221X1 U279 ( .A0(SUB_TYP[1]), .A1(n976), .BO(SUB_TYP[1]), .B1(n977),
.C0(n978), .Y(CXD299 2));

NOR2XL U280 ( .A(n988), .B(n989), .Y (n976) );

INVX2 U281 (.A(n1014), .Y(n988) );

INVX2 U282 (.A(n1003), .Y(n989) );

NAND2X1 U283 ( .A(n323), .B(n949), .Y (n977) );
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INVX2 U284 (.A(n994), .Y(n949) );

AOI221X1 U285 (.A0(n973), .A1(n1005), .BO(n553), .B1(n1015), .CO(n1013),
.Y(n978) );

NAND4X1 U286 ( .A(n986), .B(n975), .C(n929), .D(n930), .Y (n300_4) );

NAND3XL U287 (.A(n553), .B(n956), .C(n957), .Y(n986) );

INVX2 U288 (.A(n931), .Y(n956) );

INVX2 U289 (.A(n934), .Y(n957) );

NAND2X1 U290 ( .A(n973), .B(n920), .Y(n975) );

INVX2 U291 ( .A(n983), .Y(n973) );

OAI31X1 U292 (.A0(n1004), .A1(n955), .A2(n950), .BO(n987), .Y (n929) );

INVX2 U293 (.A(n1009), .Y (n955) );

INVX2 U294 ( .A(SUB_TYP[1]), .Y(n987) );

AO0I222XL U295 ( .A0(n973), .A1(n951), .BO(n952), .B1(n987), .CO(n553),
.C1(n953), .Y(n930) );

INVX2 U296 ( .A(n974), .Y(n952) );

TLATX1 CXD_reg 3_(.D(CXD299_3), .G(n300_4), .Q(CXD[3]) );

TLATX1 CXD_reg_1_(.D(CXD299_1), .G(n300_4)7.Q(CXPEL]) );

TLATX1 CXD_reg 0_(.D(CXD299 _0), .G(n300 4), .Q(CXD[0]));

TLATX1 CXD_reg 2_ (.D(CXD299_2), .6(n300.4); .Q(CXD[2])):

OR2X2 U297 (.A(add_63_3 g_array_1_0), .B(n925), .Y(n551) );

XOR2XL U298 (.A(n265_2), .B(n925), .Y{n552) ):

AND2X2 U299 (.A(SUB_TYP[0]), .B(SUB_TYP[L]), .Y(n553) );

AND2X2 U300 ( .A(n945), .B(n944), .Y (n917) );

AND2X2 U301 ( .A(n1000), .B(n1001), .Y(n918) );

AND2X2 U302 (.A(n993), .B(n994), .Y (n919) );

AND2X2 U303 (.A(n923), .B(n928), .Y (n920) );

AND2X2 U304 ( .A(n1003), .B(n979), .Y (n921) );

INVX2 U305 (.A(SUM_D_2),.Y(n963) );

INVX2 U306 ( .A(add_63 3 g_array_1_0),.Y(n265_2));

AOI21X1 add_63_3 U1 4 0 0 (.A0(add_63_3 pog_array_0_0), .A1(S_C0), .BO(
add_63_3 g_array_0_0),.Y(add_63 3 g_array_1 0));

INVX2 U307 (.A(add_61_3 g_array_1_0),.Y(n259_2));

AOI21X1 add_61_3 U1 4 0 0 (.A0(add_61_3 pog_array_0_0), .A1(S_BO), .BO(
add_61_3 g_array 0_0),.Y(add_61_3 g_array_1 0));

AND2X2 U308 (.A(S_D1), .B(S_B1), .Y(n922) );

AND2X2 U309 (.A(S_C2), .B(S_C0), .Y(n923) );

NAND2X1 U310 ( .A(n259_3), .B(S_B2), .Y(n924) );

OAI2BB2X1 U311 ( .AON(SUM_H_0), .AIN(SUB_TYP[1]), .B0O(n973), .B1(n928),
.Y (acell_4820_U147_Z_0));
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OAI2BB2X1 U312 (.AON(n922), .ALN(SUB_TYP[1]), .BO(n973), .B1(n927), .Y(
acell_4820 U147 7 1));
NAND2X1 U313 ( .A(n265_3), .B(S_B1), .Y(n925) );
NAND2BX1 U314 ( .AN(acell_4820_U147_Z_0), .B(n972), .Y(n375) );
NOR2XL U315 (.A(add_61_3_g_array_1 0),.B(n924), .Y(SUM_D_2));
TLATX1 CXD_reg_4_(.D(1'b0), .G(n300_4), .Q(CXD[4]) );
endmodule
module ZC_P13 2 (CXD, S_B0, S_B1,S_B2,S_C0,V0_Cn,S_C2,S _D0,S_D1,S_D2,
SUB_TYP);
output [5:0] CXD;
input  [1:0] SUB_TYP;
input S_BO,S_B1,S_B2,S_CO,V0_Cn,S_C2,S DO,S_D1,S D2;
wire n261_3, SUM_H_0, n325, n377, n267_2, n302_4, n311, CXD301_3, SUM_HV_0,
SUM_D_1, CXD301_1, VO_Cn_wire, SUM_D_0, CXD301_0, SUM_D_2, SUM_V_0,
CXD301_2, n267_3,n261_2, n780, n781, n782, n783, n784, n785, n786,
n787,n788, n789, n790, acell_4536_U43_Z 0, acell_4536_U43_Z_1, n792,
n793, n794, n795, n796, n797, n798, n799, n800;:n801, n802, n803, n804,
n805, n806, n807, n808, n809, n810, n811; n812, n813, n814, n815, n816,
n817, n818, n819, n820, n821, n822, n823, n824, n825, net9887; net9888,
net9889, net9978, net9979, net9980, N850, N851, n852;.n853, N854, n855,
n856, n857, n858, n859, n860, n861, n862, n863,:N864, M865, n866, n867,
n868, n869, n870, n871, n872, n873, n874,n875, n876, n877,,n878, n879,
n880, n881, n882, n883, n884, n885, n886, n887, 888, n889, n890, n891,
n892, n893, n894, n895, n896, n897, n898, n899, n900, n901, n902, n903,
n904, n905, n906, n907, n908, n909, n910, n911, n912, n913, n914, n915,
n916;
assign CXD[5] = V0_Cn_wire;
assign VO_Cn_wire =V0_Cn;
NAND2X1 U180 ( .A(S_BO0), .B(S_D2), .Y(n854) );
OR2X2 U181 (.A(S_D2), .B(S_B0), .Y (net9979) );
NAND2X1 U182 ( .A(n782), .B(n879), .Y(n914) );
OR2X2 U183 (.A(S_D1), .B(S_C2), .Y (net9888) );
INVX2 U184 (.A(n858), .Y (net9889) );
NAND2X1 U185 (.A(S_C2), .B(S_D1), .Y(n858) );
MXI2XL U186 (.S0(S_C0), .B(n857), .A(n860), .Y(n267_3) );
XNOR2XL U187 (.A(S_C2), .B(S_D1), .Y(n860) );
NOR2BXL U188 (.AN(n858), .B(n859), .Y(n857) );
INVX2 U189 (.A(net9888), .Y (n859) ):
NAND2X1 U190 ( .A(n852), .B(n850), .Y(n311) );
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MXI2XL U191 (.S0(S_D0), .B(n853), .A(n856), .Y (n261_3));
XNOR2XL U192 (.A(S_BO0), .B(S_D2), .Y(n856) );
NOR2BXL U193 ( .AN(n854), .B(n855), .Y(n853) );
INVX2 U194 ( .A(net9979), .Y (n855) );
NAND3XL U195 ( .A(n792), .B(n793), .C(n822), .Y(n816) );
NOR2XL U196 ( .A(n904), .B(n819), .Y(n815) );
NAND2X1 U197 ( .A(n825), .B(n810), .Y (n801) );
INVX2 U198 ( .A(n802), .Y (n825) );
NAND2X1 U199 ( .A(n808), .B(n809), .Y (n802) );
INVX2 U200 ( .A(S_CO), .Y (n808) );
INVX2 U201 (.A(S_D1), .Y(n809) );
XNOR2XL U202 ( .A(n261_2), .B(n789), .Y(SUM_D_1));
INVX2 U203 ( .A(n854), .Y (net9980) );
INVX2 U204 (.A(SUM_D_1), .Y(n850) );
OAI21XL U205 ( .A0(n904), .AL(n886), .BO(n908), .Y (n907) );
NOR2XL U206 ( .A(n887), .B(n888), .Y(n886) );
INVX2 U207 (.A(n914), .Y (n887) );
NAND3XL U208 (.A(n900), .B(n899), .C(n912), .Y (n906),);
NAND3XL U209 (.A(n911), .B(n913), .C(n915), :Y(n909) ):
NAND3XL U210 ( .A(SUM_D_0), .B(n837), .C(n881), .Y(1911));
NAND3XL U211 ( .A(SUM_D_0), .B(n879), .C(n782); Y (N913)):
NAND4X1 U212 (.A(SUM_HV_0), .B(n881),.C(n914), .D(n898); Y(h915) );
INVX2 U213 (.A(n911), .Y (n888) );
INVX2 U214 (.A(n913), .Y(n904) );
NAND4X1 U215 ( .A(n823), .B(n897), .C(n781), .D(n780), .Y(n908) );
XOR2XL U216 (.A(n267_3), .B(S_B1), .Y(SUM_HV_0));
INVX2 U217 (.A(n908), .Y (n819) );
OAI31X1 U218 ( .A0(n910), .A1(n898), .A2(n894), .BO(n786), .Y (n916) );
INVX2 U219 (.A(n884), .Y (n910) );
NAND2X1 U220 ( .A(n311), .B(n785), .Y(n884) );
NAND3XL U221 (.A(SUM_V_0), .B(n792), .C(n377), .Y(n899) );
AOI31X1 U222 (.A0(n890), .A1(n885), .A2(n891), .BO(n892), .Y(n889) );
NAND3XL U223 (.A(n820), .B(n898), .C(n782), .Y(n890) );
NAND4X1 U224 ( .A(SUM_D_0), .B(n785), .C(n782), .D(n884), .Y (n891) );
INVX2 U225 (.A(n900), .Y (n892) );
NAND2X1 U226 ( .A(n820), .B(n325), .Y (n900) );
OAI21XL U227 (.AO(SUB_TYP[1]), .AL(n901), .BO(n875), .Y (n902) );
NAND2X1 U228 ( .A(n851), .B(n852), .Y (n325) );
NOR2XL U229 (.A(SUM_D_0), .B(SUM_D_1),.Y(n851));
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NAND3XL U230 (.A(n817), .B(n898), .C(n782), .Y(n895) );

NAND4X1 U231 (.A(SUM_H_0), .B(n792), .C(n813), .D(n793), .Y (n885) );

XOR2XL U232 (.A(n261_3), .B(S_B2),.Y(SUM_D _0));

AOI222XL U233 (.A0(S_B2), .AL(n798), .BO(S_DO), .B1(S_B0), .CO(S_D2),
.C1(n799), .Y(n797) );

NAND2X1 U234 ( .A(n824), .B(n807), .Y(n798) );

INVX2 U235 (.A(n799), .Y (n824) );

INVX2 U236 (.A(S_D2), .Y(n807) );

NAND2X1 U237 ( .A(n805), .B(n806), .Y (n799) );

INVX2 U238 (.A(S_DO), .Y(n805) );

NAND3XL U239 (.A(SUM_H_0), .B(n813), .C(n377), .Y(n901) );

XOR2XL U240 (.A(S_D1), .B(S_B1), .Y(SUM_H_0));

INVX2 U241 (.A(n787), .Y(n813) );

INVX2 U242 ( .A(acell_4536_U43_Z_ 1), .Y(n861));

NAND3XL U243 (.A(n894), .B(n903), .C(n786), .Y(n818) );

NAND3XL U244 (.A(n783), .B(n792), .C(n782), .Y(n894) );

NAND2X1 U245 ( .A(n783), .B(n784), .Y (n903) );

XOR2XL U246 (.A(S_C2), .B(S_CO0), .Y(SUM_V 0) );

AOI211X1 U247 ( .A0(n782), .A1(n785), :BO(N877),~COMBT8), 1Y (n796));

INVX2 U248 (.A(SUM_V_0), .Y(n793) }:

NAND4X1 U249 ( .A(n890), .B(n816), .C(n899), :D(RY00)TYANSTY) );

NAND2X1 U250 ( .A(n884), .B(n885), .Y (n878)):

INVX2 U251 ( .A(n878), .Y(n912) );

NAND2X1 U252 (.A(SUB_TYP[O]), .B(SUB_TYP[L]), .Y(n811) );

AOI211X1 U253 (.A0(n782), .A1(n879), .BO(n880), .CO(N881L), .Y (n803) );

AOI222XL U254 ( .A0(S_C2), .AL(n801), .BO(S_CO), .B1(S_D1), .CO(S_B1),
.C1(n802), .Y(n800) );

OAI31X1 U255 ( .A0(n814), .A1(n898), .A2(n897), .BO(n815), .Y(n880) );

INVX2 U256 (.A(SUM_D_0), .Y(n898) );

INVX2 U257 (.A(SUM_HV_0), .Y (n897) );

INVX2 U258 (.A(n814), .Y (n881) );

NAND3XL U259 (.A(n781), .B(n780), .C(n782), .Y(n814) );

INVX2 U260 (.A(S_B1), .Y(n810) );

INVX2 U261 (.A(S_BO), .Y (n806) );

OAI21XL U262 (.A0(SUB_TYP[L]), .AL(n863), .BO(n864), .Y(CXD301_3));

NAND2X1 U263 ( .A(n787), .B(n812), .Y (n863) );

INVX2 U264 (.A(SUM_H_0), .Y(n812) );

INVX2 U265 (.A(n863), .Y (n822) );

OAI221X1 U266 ( .A0(SUB_TYP[1]), .A1(n868), .BO(SUB_TYP[1]), .B1(n869),
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.C0(n870), .Y(CXD301_1) );

NAND3XL U267 (.A(SUM_V_0), .B(n792), .C(n783), .Y(n868) ):

INVX2 U268 (.A(n788), .Y (n792) );

INVX2 U269 (.A(n896), .Y(n869) );

NAND2X1 U270 ( .A(n866), .B(n884), .Y(n896) );

AO0I221X1 U271 ( .A0(n862), .A1(n906), .BO(n905), .B1(n907), .CO(n902), .Y(
n870) );

INVX2 U272 (.A(n868), .Y (n820) );

OAI211XL U273 (.A0(n871), .A1(n872), .BO(n873), .CO(n874), .Y(CXD301_0)

)i

NOR2XL U274 ( .A(n889), .B(n893), .Y(n871) );

INVX2 U275 (.A(n899), .Y (n893) );

NAND2X1 U276 (.A(SUB_TYP[1]), .B(n804), .Y(n872) );

INVX2 U277 (.A(SUB_TYP[0]), .Y (n804) );

NAND3XL U278 ( .A(n876), .B(n866), .C(n916), .Y(n873) );

AOI31X1 U279 (.A0(n905), .A1(n908), .A2(n909), .BO(n902), .Y (n874) ):

OAI221X1 U280 ( .A0(SUB_TYP[1]), .A1(n865), .BO(SUB.TYR[1]), .B1(n866),
.C0(n867), .Y(CXD301_2) );

NOR2XL U281 (.A(n882), .B(n883), .Y(n865) );

INVX2 U282 (.A(n903), .Y (n882) );

INVX2 U283 (.A(n895), .Y(n883) );

NAND2X1 U284 ( .A(n325), .B(n817), .Y (n866));

INVX2 U285 (.A(n885), .Y (n817) );

AOI221X1 U286 (.A0(n862), .A1(n877), .BO(n905), .B1(n880), .CO(n902), .Y (
n867) );

NAND4BX1 U287 ( .AN(n794), .B(n864), .C(n795), .D(n875), .Y(n302_4) );

OAI222X1 U288 ( .A0(n803), .A1(n811), .BO(SUB_TYP[1]), .B1(n863), .CO(n796
), .C1(n872), .Y(n794) );

NAND2X1 U289 ( .A(n862), .B(n784), .Y (n864) );

INVX2 U290 (.A(n872), .Y (n862) );

OAI31X1 U291 ( .A0(n896), .A1(n821), .A2(n818), .BO(n876), .Y (n795) );

INVX2 U292 (.A(n901), .Y(n821) );

INVX2 U293 (.A(SUB_TYP[1]), .Y(n876) );

NAND3XL U294 ( .A(n879), .B(n905), .C(n823), .Y(n875) );

INVX2 U295 (.A(n800), .Y (n879) );

INVX2 U296 (.A(n811), .Y (n905) );

INVX2 U297 (.A(n797), .Y (n823) );

TLATX1 CXD_reg_3_(.D(CXD301_3), .G(n302_4), .Q(CXD[3]) );

TLATX1 CXD_reg_1_(.D(CXD301_1), .G(n302_4), .Q(CXD[1]) );
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TLATX1 CXD_reg 0_(.D(CXD301_0), .G(n302_4), .Q(CXD[0]) );
TLATX1 CXD_reg 2_ (.D(CXD301_2), .G(n302_4), .Q(CXD[2]) );
OR2X2 U298 (.A(net9887), .B(n790), .Y(n780) );
XOR2XL U299 (.A(n267_2), .B(n790), .Y(n781) );
NOR2X1 U300 (.A(SUM_D_2), .B(SUM_D_1), .Y(n782) );
AND2X2 U301 ( .A(n813), .B(n812), .Y(n783) );
AND2X2 U302 ( .A(n788), .B(n793), .Y (n784) );
AND3X1 U303 (.A(n792), .B(n793), .C(n783), .Y(n785) );
AND2X2 U304 ( .A(n895), .B(n868), .Y (n786) );
INVX2 U305 (.A(SUM_D_2),.Y(n852) );
INVX2 U306 ( .A(net9887), .Y (n267_2) );
AOI21X1 U307 ( .A0(net9888), .AL(S_C0), .BO(net9889), .Y (net9887) ):
INVX2 U308 ( .A(net9978), .Y (n261_2) );
AOI21X1 U309 ( .A0(net9979), .AL(S_DO0), .B0O(net9980), .Y (net9978) );
AND2X2 U310 ( .A(S_D1), .B(S_B1), .Y(n787) );
AND2X2 U311 (.A(S_C2), .B(S_C0), .Y(n788) );
NAND2X1 U312 ( .A(n261_3), .B(S_B2), .Y(n789).);
NAND2X1 U313 ( .A(n267_3), .B(S_B1), .Y(h790) );
OAI2BB2X1 U314 (.AON(SUM_H_0), .AIN(SUB-TYP[1]), .B0(n862),:B1(n793),
.Y(acell_4536_U43 Z 0));
OAI2BB2X1 U315 (.AON(n787), .ALN(SUBL TYP[1]))IBO(1862)] .BL(n792), .Y(
acell_4536_U43 Z 1));
NAND2BX1 U316 ( .AN(acell_4536_U43_Z_0), .B(n861), .Y(n377) );
NOR2XL U317 (.A(net9978), .B(n789), .Y(SUM_D_2));
TLATX1 CXD_reg_4_(.D(1'b0), .G(n302_4), .Q(CXD[4]));
endmodule
module ZC_P13_3 (CXD, S_B0, S_B1,S_B2,S_C0,V0_Cn,S_C2,S_D0, S_D1,S_D2,
SUB_TYP);
output [5:0] CXD;
input  [1:0] SUB_TYP;
input S_BO,S_B1,S_B2,S_CO0,V0_Cn,S_C2,S DO,S_D1,S D2;
wire n261_3, SUM_H_0, n325, n377, n267_2, n302_4, n311, CXD301_3, SUM_HV_0,
SUM_D_1, CXD301_1, VO_Cn_wire, SUM_D_0, CXD301_0, SUM_D_2, SUM_V_0,
CXD301_2, n267_3, n261_2, n667, n668, n669, n670, n671, n672, n673,
n674, n675, n676, n677, acell_4252_U43_Z 0, acell_4252_U43 Z_1, n679,
n680, n681, n682, n683, n684, n685, n686, n687, n688, n689, n690, n691,
n692, n693, n694, n695, n696, n697, n698, n699, n700, n701, n702, n703,
n704, n705, n706, n707, n708, n709, n710, n711, n712, net9523, net9524,

net9525, net9614, net9615, net9616, n713, n714, n715, n716, n717, n718,
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n719, n720, n721, n722, n723, n724, n725, n726, n727, n728, n729, n730,
n731,n732,n733,n734, n735, n736, n737, n738, n739, n740, n741, n742,
n743,n744, n745,n746, n747, n748, n749, n750, n751, n752, n753, n754,
n755, n756, n757, n758, n759, n760, n761, n762, n763, n764, n765, n766,
n767,n768, n769, n770, n771, n772,n773, n774, n775,n776, n777, n778,
n779;

assign CXD[5] = V0_Cn_wire;

assign VO_Cn_wire =V0_Cn;

NAND2X1 U180 ( .A(S_B2), .B(S_DO0), .Y(n717) );

OR2X2 U181 (.A(S_DO0), .B(S_B2), .Y (net9615) );

NAND2X1 U182 ( .A(n669), .B(n742), .Y(n777) );

OR2X2 U183 (.A(S_D1), .B(S_C0), .Y (net9524) );

INVX2 U184 (.A(n721), .Y(net9525) );

NAND2X1 U185 ( .A(S_C0), .B(S_D1), .Y(n721) );

MXI2XL U186 ( .S0(S_C2), .B(n720), .A(n723), .Y (n267_3) );

XNOR2XL U187 (.A(S_C0), .B(S_D1), .Y(n723) );

NOR2BXL U188 (.AN(n721), .B(n722), .Y(n720) );

INVX2 U189 (.A(net9524), .Y(n722) );

NAND2X1 U190 ( .A(n715), .B(n713), .Y(n311) );

MXI2XL U191 (.S0(S_D2), .B(n716), .A{n719),.Y(n261.3));

XNOR2XL U192 (.A(S_B2), .B(S_DO), .¥(n719)):

NOR2BXL U193 (.AN(n717), .B(n718), .Y(n716).);

INVX2 U194 ( .A(net9615), .Y (n718) );

NAND3XL U195 (.A(n679), .B(n680), .C(n709), .Y(n703) );

NOR2XL U196 ( .A(n767), .B(n706), .Y(n702) );

NAND2X1 U197 ( .A(n712), .B(n697), .Y(n688) );

INVX2 U198 (.A(n689), .Y(n712) );

NAND2X1 U199 ( .A(n695), .B(n696), .Y(n689) );

INVX2 U200 (.A(S_D1), .Y(n696) );

XNOR2XL U201 (.A(n261_2), .B(n676), .Y(SUM_D_1));

INVX2 U202 ( .A(n717), .Y(net9616) );

INVX2 U203 (.A(SUM_D_1),.Y(n713) );

OAI21XL U204 (.A0(n767), .A1(n749), .BO(n771), .Y(n770));

NOR2XL U205 ( .A(n750), .B(n751), .Y(n749) );

INVX2 U206 ( .A(N777), .Y(n750) );

NAND3XL U207 (.A(n763), .B(n762), .C(n775), .Y(n769) );

NAND3XL U208 (.A(n774), .B(n776), .C(n778), .Y (n772) );

NAND3XL U209 (.A(SUM_D_0), .B(n760), .C(n744), .Y(n774) );

NAND3XL U210 (.A(SUM_D_0), .B(n742), .C(n669), .Y(n776) );
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NAND4X1 U211 (.A(SUM_HV_0), .B(n744), .C(n777), .D(n761), .Y(n778) );

INVX2 U212 ( .A(n774), .Y(n751) );

INVX2 U213 (.LA(n776), .Y(n767) );

NAND4X1 U214 ( .A(n710), .B(n760), .C(n668), .D(n667), .Y(N771) );

XOR2XL U215 (.A(n267_3), .B(S_B1), .Y(SUM_HV_0));

INVX2 U216 (.A(N771), .Y(n706) );

OAI31X1 U217 (.A0(n773), .AL(n761), .A2(n757), .BO(N673), .Y (n779) );

INVX2 U218 (.A(N747), .Y(n773) );

NAND2X1 U219 ( .A(n311), .B(n672), .Y(n747) );

NAND3XL U220 (.A(SUM_V_0), .B(n679), .C(n377), .Y(n762) );

AOI31X1 U221 (.A0(n753), .AL(n748), .A2(n754), .BO(N755), .Y (n752) );

NAND3XL U222 (.A(n707), .B(n761), .C(n669), .Y(n753) );

NAND4X1 U223 (.A(SUM_D_0), .B(n672), .C(n669), .D(n747), .Y (n754) );

INVX2 U224 (.A(n763), .Y(n755) );

NAND2X1 U225 ( .A(n707), .B(n325), .Y(n763) );

OAI21XL U226 (.AO(SUB_TYP[L]), .AL(n764), .B0O(n738), .Y (n765) );

NAND2X1 U227 (.A(n714), .B(n715), .Y(n325) );

NOR2XL U228 ( .A(SUM_D_0), .B(SUM_D1),.Y(n714) );

NAND3XL U229 (.A(n704), .B(n761), .C(n669),..Y{(n758)):

NAND4X1 U230 ( .A(SUM_H_0), .B(n679), .C(n700), .D(1680), .Y (n748)):;

XOR2XL U231 (.A(n261_3), .B(S_BO0), .Y(SUM D_0));

AOI222XL U232 (.A0(S_B2), .AL(n685), .BO(S.D0), .B1(S_B0),:C0(S_D2),
.C1(n686), .Y (n684) );

NAND2X1 U233 (.A(n711), .B(n694), .Y(n685) );

INVX2 U234 (.A(n686), .Y (n711) );

INVX2 U235 (.A(S_D2), .Y(n694) );

NAND2X1 U236 ( .A(n692), .B(n693), .Y (n686) );

INVX2 U237 (.A(S_DO), .Y(n692) );

NAND3XL U238 (.A(SUM_H_0), .B(n700), .C(n377), .Y(n764) );

XOR2XL U239 (.A(S_D1), .B(S_B1),.Y(SUM_H_0));

INVX2 U240 ( .A(n674), .Y(n700) );

INVX2 U241 ( .Aacell_4252_U43_Z_1), .Y(n724));

NAND3XL U242 ( .A(n757), .B(n766), .C(n673), .Y(n705) );

NAND3XL U243 (.A(n670), .B(n679), .C(n669), .Y (n757) );

NAND2X1 U244 ( .A(n670), .B(n671), .Y(n766) );

XOR2XL U245 (.A(S_C2), .B(S_C0), .Y(SUM_V _0));

AOI211X1 U246 ( .A0(N669), .A1(n672), .BO(n740), .CO(N741), .Y (n683) );

INVX2 U247 (.A(SUM_V_0), .Y(n680) );

NAND4X1 U248 (.A(n753), .B(n703), .C(n762), .D(n763), .Y(n740) );
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NAND2X1 U249 ( .A(n747), .B(n748), .Y (n741) );

INVX2 U250 (.A(n741), .Y(n775) );

NAND2X1 U251 (.A(SUB_TYP[0]), .B(SUB_TYP[1]), .Y(n698) );

AOI211X1 U252 ( .A0(n669), .A1(n742), .BO(n743), .CO(n744), .Y(n690) );

AOI222XL U253 ( .A0(S_C2), .A1(n688), .BO(S_C0), .B1(S_D1), .CO(S_B1),
.C1(n689), .Y (n687) );

OAI31X1 U254 (.A0(n701), .A1(n761), .A2(n760), .BO(n702), .Y (n743) );

INVX2 U255 (.LA(SUM_D_0), .Y(n761));

INVX2 U256 (.A(SUM_HV_0), .Y(n760) );

INVX2 U257 (.A(n701), .Y (n744) );

NAND3XL U258 ( .A(n668), .B(n667), .C(n669), .Y(n701) );

INVX2 U259 (.A(S_B1), .Y(n697) );

INVX2 U260 (.A(S_B0), .Y(n693) );

INVX2 U261 (.A(S_CO), .Y(n695) );

OAI21XL U262 (.A0(SUB_TYP[1]), .A1(n726), .BO(n727), .Y(CXD301_3));

NAND2X1 U263 (.A(n674), .B(n699), .Y (n726) );

INVX2 U264 (.A(SUM_H_0), .Y(n699) );

INVX2 U265 (.A(n726), .Y (n709) );

OAI221X1 U266 ( .A0(SUB_TYP[1]), .AX(n731), -BO(SUB:TYP[1]), .B1(n732),
.C0(n733), .Y(CXD301_1) );

NAND3XL U267 (.A(SUM_V_0), .B(n679),.C(N670)mY (A731)):

INVX2 U268 (.A(N675), .Y (n679) );

INVX2 U269 (.A(n759), .Y (n732) );

NAND2X1 U270 ( .A(n729), .B(n747), .Y(n759) );

AO0I221X1 U271 (.A0(n725), .A1(n769), .BO(n768), .B1(n770), .CO(n765), .Y(
n733));

INVX2 U272 (.A(n731), .Y(n707) );

OAI211XL U273 (.A0(n734), .A1(n735), .BO(n736), .CO(n737), .Y(CXD301_0)

)i

NOR2XL U274 (.A(n752), .B(n756), .Y(n734) );

INVX2 U275 (.A(n762), .Y (n756) );

NAND2X1 U276 (.A(SUB_TYP[1]), .B(n691), .Y(n735) );

INVX2 U277 (.A(SUB_TYP[0]), .Y (n691) );

NAND3XL U278 (.A(n739), .B(n729), .C(n779), .Y(n736) );

AOI31X1 U279 ( .A0(n768), .Al(n771), .A2(n772), .BO(n765), .Y (n737));

OAI221X1 U280 ( .A0(SUB_TYP[1]), .A1(n728), .BO(SUB_TYP[1]), .B1(n729),
.C0(n730), .Y(CXD301_2) );

NOR2XL U281 (.A(n745), .B(n746), .Y(n728) );

INVX2 U282 (.A(N766), .Y (n745) );
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INVX2 U283 (.A(n758), .Y (n746) );

NAND2X1 U284 ( .A(n325), .B(n704), .Y (n729) );

INVX2 U285 (.A(n748), .Y (n704) );

AOI221X1 U286 (.A0(n725), .A1(n740), .BO(n768), .B1(n743), .CO(n765), .Y(
n730));

NAND4BX1 U287 ( .AN(n681), .B(n727), .C(n682), .D(n738), .Y (n302_4) );

OAI222X1 U288 (.A0(n690), .A1(n698), .BO(SUB_TYP[1]), .B1(n726), .CO(n683
), .C1(n735), .Y(n681) );

NAND2X1 U289 (.A(n725), .B(n671), .Y(n727) );

INVX2 U290 (.A(n735), .Y(n725) );

OAI31X1 U291 (.A0(n759), .A1(n708), .A2(n705), .BO(n739), .Y (n682) );

INVX2 U292 (.A(n764), .Y (n708) );

INVX2 U293 (.A(SUB_TYP[1]), .Y(n739) );

NAND3XL U294 (.A(n768), .B(n710), .C(n742), .Y(n738) );

INVX2 U295 (.A(n698), .Y(n768) );

INVX2 U296 (.A(n684), .Y (n710) );

INVX2 U297 (.A(n68T7), .Y (n742) );

TLATX1 CXD_reg_3_(.D(CXD301_3), .G(n302_4), .Q(CXD[3]));

TLATX1 CXD_reg_1_(.D(CXD301_1), .6(n302.4), .Q(CXD[1]));

TLATX1 CXD_reg_0_ (.D(CXD301_0), :G(n302_4), .Q(€XD[0]) );

TLATX1 CXD_reg_2_(.D(CXD301_2), .G(n302-4),5Q(CXD[2]));

OR2X2 U298 (.A(net9523), .B(n677), .Y (n667) );

XOR2XL U299 ( .A(n267_2), .B(n677), .Y(n668) );

NOR2X1 U300 (.A(SUM_D_2), .B(SUM_D_1), .Y(n669) );

AND2X2 U301 ( .A(n700), .B(n699), .Y (n670) );

AND2X2 U302 ( .A(n675), .B(n680), .Y (n671) );

AND3X1 U303 (.A(n679), .B(n680), .C(n670), .Y(n672) );

AND2X2 U304 ( .A(n758), .B(n731), .Y(n673) );

INVX2 U305 (.A(SUM_D_2), .Y(n715));

INVX2 U306 ( .A(net9523), .Y (n267_2) );

AOI21X1 U307 (.A0(net9524), .AL(S_C2), .BO(net9525), .Y (net9523) );

INVX2 U308 ( .A(net9614), .Y(n261_2) );

AOI21X1 U309 (.A0(net9615), .A1(S_D2), .BO(net9616), .Y (net9614) );

AND2X2 U310 ( .A(S_D1), .B(S_B1), .Y(n674) );

AND2X2 U311 ( .A(S_C2), .B(S_C0), .Y(n675) );

NAND2X1 U312 (.A(n261_3), .B(S_BO), .Y(n676) );

NAND2X1 U313 (.A(n267_3), .B(S_B1), .Y(n677) );

OAI2BB2X1 U314 (.AON(SUM_H_0), .AIN(SUB_TYP[1]), .BO(n725), .B1(n680),
.Y(acell_4252_U43 7 0));
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OAI2BB2X1 U315 (.AON(n674), .ALN(SUB_TYP[1]), .BO(n725), .B1(n679), .Y(
acell_4252 _U43 Z 1));
NAND2BX1 U316 ( .AN(acell_4252_U43_Z_0), .B(n724), .Y(n377) );
NOR2XL U317 ( .A(net9614), .B(n676), .Y(SUM_D_2));
TLATX1 CXD_reg 4 _(.D(1'b0), .G(n302_4), .Q(CXDI[4]) );
endmodule
module ZC_P13 4 (CXD, S_B0, S_B1,S_B2,S_C0,V0_Cn,S_C2,S _D0,S_D1,S_D2,
SUB_TYP);
output [5:0] CXD;
input [1:0] SUB_TYP;
input S_BO,S_B1,S_B2,S_CO0,V0_Cn,S_C2,S DO,S_D1,S D2;
wire n261_3, SUM_H_0, n325, n377, n267_2, n302_4, n311, CXD301_3, SUM_HV_0,
SUM_D_1, CXD301_1, VO_Cn_wire, SUM_D_0, CXD301_0, SUM_D_2, SUM_V_0,
CXD301_2, n267_3, n261_2, n554, n555, n556, n557, n558, n559, n560,
n561, n562, n563, n564, acell_3968_U43_Z 0, acell_3968_U43_Z_1, n566,
n567, n568, n569, n570, n571, n572, n573, n574, n575, n576, n577, n578,
n579, n580, n581, n582, n583, n584, n585, n586;:n1587,n588, n589, n590,
n591, n592, n593, n594, n595, n596, n597; n598, n599, net9159, net9160,
net9161, net9250, net9251, net9252, n600, n601L;, n602, n603;n604, n605,
n606, n607, n608, n609, n610, n611,n612, n613, 614, n615, n616, N617,
n618, n619, n620, n621, n622, n623, nb24, n625,:N626, M627, n628, 629,
n630, n631, n632, n633, n634, n635, n636,N637, n638, n639,:n640, n641,
n642, n643, n644, n645, n646, 647, n648, n649, n650, n651, n652, n653,
n654, n655, n656, 657, n658, n659, N660, N661, n662, 663, N664, N665,
n666;
assign CXD[5] = V0_Cn_wire;
assign VO_Cn_wire =V0_Cn;
NAND2X1 U180 (.A(S_DO), .B(S_D2), .Y(n604) );
OR2X2 U181 (.A(S_D2), .B(S_D0), .Y(net9251) );
NAND2X1 U182 ( .A(n556), .B(n629), .Y(n664) );
OR2X2 U183 (.A(S_D1), .B(S_C0), .Y (net9160) );
INVX2 U184 (.A(n608), .Y (net9161) );
NAND2X1 U185 ( .A(S_C0), .B(S_D1), .Y(n608) );
MXI2XL U186 (.S0(S_C2), .B(n607), .A(n610), .Y(n267_3) );
XNOR2XL U187 (.A(S_C0), .B(S_D1), .Y(n610) );
NOR2BXL U188 (.AN(n608), .B(n609), .Y(n607) );
INVX2 U189 (.A(net9160), .Y (n609) );
NAND2X1 U190 ( .A(n602), .B(n600), .Y(n311) );

MXI2XL U191 (.S0(S_B2), .B(n603), .A(N606), .Y(n261_3));
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XNOR2XL U192 (.A(S_D0), .B(S_D2), .Y(n606) );
NOR2BXL U193 (.AN(n604), .B(n605), .Y(n603) );
INVX2 U194 ( .A(net9251), .Y (n605) );
NAND3XL U195 ( .A(n566), .B(N567), .C(n596), .Y (n590) );
NOR2XL U196 ( .A(n654), .B(n593), .Y(n589) );
NAND2X1 U197 ( .A(n599), .B(n584), .Y (n575) );
INVX2 U198 ( .A(n576), .Y (n599) );
NAND2X1 U199 ( .A(n582), .B(n583), .Y (n576) );
INVX2 U200 (.A(S_D1), .Y(n583) );
XNOR2XL U201 (.A(n261_2), .B(n563), .Y(SUM_D_1));
INVX2 U202 ( .A(n604), .Y (net9252) );
INVX2 U203 (.A(SUM_D_1), .Y(n600) );
INVX2 U204 (.A(S_CO), .Y(n582) );
OAI21XL U205 ( .A0(n654), .AL(n636), .BO(N658), .Y (n657) );
NOR2XL U206 ( .A(n637), .B(n638), .Y(n636) );
INVX2 U207 ( .A(n664), .Y (n637) );
NAND3XL U208 ( .A(n650), .B(n649), .C(n662), .Y.(n656) );
NAND3XL U209 ( .A(n661), .B(n663), .C(n665), .Y (n659).);
NAND3XL U210 (.A(SUM_D_0), .B(n647), .C(n631),.Y(n661).);
NAND3XL U211 (.A(SUM_D_0), .B(n629), .C(n556), .Y.(1663) );
NAND4X1 U212 (.A(SUM_HV_0), .B(n631); .C(n664);-D(M648)] .Y (N665) );
INVX2 U213 (.A(n661), .Y (n638) );
INVX2 U214 (.A(n663), .Y (n654) );
NAND4X1 U215 ( .A(n597), .B(n647), .C(n555), .D(n554), .Y (n658) );
XOR2XL U216 (.A(n267_3), .B(S_B1), .Y(SUM_HV_0));
INVX2 U217 (.A(n658), .Y (n593) );
OAI31X1 U218 ( .A0(n660), .A1(n648), .A2(n644), .BO(n560), .Y (N666) );
INVX2 U219 ( .A(n634), .Y (n660) );
NAND2X1 U220 ( .A(n311), .B(n559), .Y (n634) );
NAND3XL U221 (.A(SUM_V_0), .B(n566), .C(n377), .Y(n649) );
AOI31X1 U222 (.A0(n640), .A1(n635), .A2(n641), .BO(N642), .Y(n639) );
NAND3XL U223 (.A(n556), .B(n648), .C(n594), .Y (n640) );
NAND4X1 U224 ( .A(SUM_D_0), .B(n556), .C(n559), .D(n634), .Y (n641) );
INVX2 U225 ( .A(n650), .Y (n642) );
NAND2X1 U226 ( .A(n594), .B(n325), .Y (n650) );
OAI21XL U227 (.AO(SUB_TYP[L]), .AL(n651), .BO(N625), .Y (n652) );
NAND2X1 U228 ( .A(n601), .B(n602), .Y(n325) );
NOR2XL U229 (.A(SUM_D_0), .B(SUM_D_1),.Y(n601));
NAND3XL U230 (.A(n556), .B(n648), .C(n591), .Y (n645) );
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XOR2XL U231 (.A(S_BO0), .B(n261_3), .Y(SUM_D _0));

NAND4X1 U232 (.A(SUM_H_0), .B(n566), .C(n587), .D(n567), .Y (n635) );

AOI222XL U233 (.A0(S_B2), .AL(n572), .BO(S_DO), .B1(S_B0), .CO(S_D2),
.C1(n573), .Y(n571) );

NAND2X1 U234 ( .A(n598), .B(n581), .Y(n572) );

INVX2 U235 (.A(n573), .Y(n598) );

INVX2 U236 (.A(S_D2), .Y(n581) );

NAND2X1 U237 ( .A(n579), .B(n580), .Y (n573) );

INVX2 U238 (.A(S_D0), .Y(n579) );

NAND3XL U239 (.A(SUM_H_0), .B(n587), .C(n377), .Y(n651) );

XOR2XL U240 (.A(S_D1), .B(S_B1), .Y(SUM_H_0));

INVX2 U241 (.A(n561), .Y (n587) );

INVX2 U242 ( .A(acell_3968_U43_Z_1), .Y(n611));

NAND3XL U243 (.A(n644), .B(n653), .C(n560), .Y (n592) );

NAND3XL U244 (.A(n557), .B(n566), .C(n556), .Y (n644) );

NAND2X1 U245 ( .A(n557), .B(n558), .Y (n653) );

XOR2XL U246 (.A(S_C2), .B(S_CO0), .Y(SUM_V_.0).);

AOI211X1 U247 (.A0(n556), .A1(n559), .BO(N627), .CO(n628),..Y(N5T0) );

INVX2 U248 (.A(SUM_V_0), .Y(n567) );

NAND4X1 U249 ( .A(n640), .B(n590), .C(n649), .D(n650);..Y(N627) );

NAND2X1 U250 ( .A(n634), .B(n635), .Y (n628) );

INVX2 U251 ( .A(n628), .Y (n662) );

NAND2X1 U252 (.A(SUB_TYP[0]), .B(SUB_TYP[L]), Y (n585) );

AOI211X1 U253 (.A0(n556), .A1(n629), .BO(n630), .CO(N631), .Y (n577) );

AOI222XL U254 ( .A0(S_C2), .AL(n575), .BO(S_CO), .B1(S_D1), .CO(S_B1),
.C1(n576), .Y(n574) );

OAI31X1 U255 ( .A0(n588), .A1(n648), .A2(n647), .BO(n589), .Y (n630) );

INVX2 U256 (.A(SUM_D_0), .Y(n648) );

INVX2 U257 (.LA(SUM_HV_0), .Y(n647) );

INVX2 U258 (.A(n588), .Y (n631) );

NAND3XL U259 (.A(n555), .B(n554), .C(n556), .Y (n588) );

INVX2 U260 (.A(S_B1), .Y(n584) );

INVX2 U261 (.A(S_BO), .Y (n580) );

OAI21XL U262 (.A0(SUB_TYP[L]), .AL(n613), .BO(n614), .Y(CXD301_3));

NAND2X1 U263 ( .A(n561), .B(n586), .Y (n613) );

INVX2 U264 (.A(SUM_H_0), .Y(n586) );

INVX2 U265 (.A(n613), .Y(n596) );

OAI221X1 U266 ( .A0(SUB_TYP[L]), .A1(n618), .BO(SUB_TYP[1]), .B1(n619),

.C0(n620), .Y(CXD301_1));
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NAND3XL U267 (.A(SUM_V_0), .B(n566), .C(n557), .Y(n618) );

INVX2 U268 (.A(n562), .Y (n566) );

INVX2 U269 (.A(n646), .Y (n619) );

NAND2X1 U270 ( .A(n616), .B(n634), .Y (n646) );

AO0I221X1 U271 ( .A0(n612), .A1(n656), .BO(n655), .B1(n657), .CO(N652), .Y (
n620) );

INVX2 U272 (.A(n618), .Y (n594) );

OAI211XL U273 (.A0(n621), .A1(n622), .BO(n623), .CO(n624), .Y(CXD301_0)

)i

NOR2XL U274 (.A(n639), .B(n643), .Y (n621) );

INVX2 U275 (.A(n649), .Y (n643) );

NAND2X1 U276 (.A(SUB_TYP[1]), .B(n578), .Y(n622) );

INVX2 U277 (.A(SUB_TYP[0]), .Y(n578) );

NAND3XL U278 ( .A(n626), .B(n616), .C(n666), .Y (n623) );

AOI31X1 U279 (.A0(n655), .A1(n658), .A2(n659), .BO(N652), .Y (n624) ):

OAI221X1 U280 ( .A0(SUB_TYP[1]), .A1(n615), .BO(SUB_TYP[1]), .B1(n616),
.CO(n617), .Y(CXD301_2) );

NOR2XL U281 (.A(n632), .B(n633), .Y (n615));

INVX2 U282 (.A(n653), .Y (n632) );

INVX2 U283 (.A(n645), .Y (n633) );

NAND2X1 U284 ( .A(n325), .B(n591), .Y (n616) );

INVX2 U285 (.A(n635), .Y (n591) );

AO0I221X1 U286 (.A0(n612), .A1(n627), .BO(n655), .B1(n630), .CO(n652), .Y(
n617));

NAND4BX1 U287 ( .AN(n568), .B(n614), .C(n569), .D(n625), .Y (n302_4) );

OAI222X1 U288 ( .A0(n577), .A1(n585), .BO(SUB_TYP[1]), .B1(n613), .CO(n570
), .C1(n622), .Y (n568) );

NAND2X1 U289 ( .A(n612), .B(n558), .Y (n614) );

INVX2 U290 (.A(n622), .Y (n612) );

OAI31X1 U291 ( .A0(n646), .A1(n595), .A2(n592), .BO(n626), .Y (n569) );

INVX2 U292 (.A(n651), .Y (n595) );

INVX2 U293 (.A(SUB_TYP[1]), .Y(n626) );

NAND3XL U294 (.A(n655), .B(n597), .C(n629), .Y (n625) );

INVX2 U295 (.A(n585), .Y (n655) );

INVX2 U296 (.A(n571), .Y (n597) );

INVX2 U297 (.A(n574), .Y (n629) );

TLATX1 CXD_reg_3_(.D(CXD301_3), .G(n302_4), .Q(CXD[3]) );

TLATX1 CXD_reg 1_(.D(CXD301_1), .G(n302_4), .Q(CXDI[1]));

TLATX1 CXD_reg_0_(.D(CXD301_0), .G(n302_4), .Q(CXDI0]) ):
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TLATX1 CXD_reg 2_ (.D(CXD301_2), .G(n302_4), .Q(CXD[2]) );
OR2X2 U298 (.A(net9159), .B(n564), .Y(n554) );
XOR2XL U299 (.A(n267_2), .B(n564), .Y(n555) );
NOR2X1 U300 (.A(SUM_D_2), .B(SUM_D_1), .Y(n556) );
AND2X2 U301 ( .A(n587), .B(n586), .Y (n557) );
AND2X2 U302 ( .A(n562), .B(n567), .Y(n558) );
AND3X1 U303 ( .A(n566), .B(n567), .C(n557), .Y (n559) );
AND2X2 U304 ( .A(n645), .B(n618), .Y (n560) );
INVX2 U305 (.A(SUM_D_2),.Y(n602) );
INVX2 U306 ( .A(net9159), .Y (n267_2) );
AOI21X1 U307 ( .A0(net9160), .AL(S_C2), .BO(net9161), .Y (net9159) );
INVX2 U308 ( .A(net9250), .Y (n261_2) );
AOI21X1 U309 ( .A0(net9251), .AL(S_B2), .BO(net9252), .Y (net9250) );
AND2X2 U310 (.A(S_D1), .B(S_B1), .Y(n561) );
AND2X2 U311 ( .A(S_C2), .B(S_C0), .Y(n562) );
NAND2X1 U312 ( .A(S_B0), .B(n261_3), .Y(n563) );
NAND2X1 U313 ( .A(n267_3), .B(S_B1), .Y(n564).);
OAI2BB2X1 U314 (.AON(SUM_H_0), AIN{SUB_TYP[1]),..B0(n612), .B1(n567),
.Y (acell_3968_U43_Z_0));
OAI2BB2X1 U315 (.AON(n561), .ALN(SUB_TYP[1]), .B0(n612), .B1(n566), .Y(
acell_3968_U43 Z 1));
NAND2BX1 U316 ( .AN(acell_3968_U43_Z*0),:B(n611), .Y (n377) );
NOR2XL U317 ( .A(net9250), .B(n563), .Y(SUM_D_2));
TLATX1 CXD_reg_4_(.D(1'b0), .G(n302_4), .Q(CXDI[4]) );
endmodule
module ZC_COLUMN_P1 P3 (CXD_1,CXD_2,CXD_3,CXD_4,V0_C,S1 B,S1 _C,S1_D,
S3 B,S3 C,S3 D,P1_S_B,P1_S_C,P1_B_C,P3_S_C, SUB_TYP);
output [5:0] CXD_1;
output [5:0] CXD_2;
input [4:0] S3_B;
input [4:1]P1_B_C;
output [5:0] CXD_3;
input [4:0] S3_D;
output [5:0] CXD_4;
input [4:1] VO_C;
input [4:0] S1_D;
input [4:0] S3_C;
input [4:0] S1_C;
input [4:1]P1_S C;
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input [1:0] SUB_TYP;
input [4:0] S1_B;
input [4:1]P1_S B;
input [3:1]P3_S _C;

wireS_ T_C 2,S T.C 4STCO0STBA4STBO0STD3STB.2
STD1,STDO0STB3STD4STC1STD2ST_C_3nl587,
n1588, n1589, n1590, n1591, n1592, n1593, n1594, n1595, n1596, n1597,
n1598, n1599, n1600, n1601, n1602, n1603, n1604, n1605, n1606, n1607,
n1608, n1609, n1610, n1611, n1612, n1613, n1614, n1615, n1616, n1617,
n1618, n1619, n1620, n1621, n1622, n1623;

ZC P13 17C 1 (.CXD(CXD_1),.S_BO(S_T_B_0), .S_B1(n1592), .S_B2(S_T_B_2),
.S_CO(S_T_C_0), .vV0_Cn(VO0_CI1]), .S_C2(S_T_C_2), .S_DO(S_T_D_0),
.S_D1(S_T_D_1),.5 D2(S_T_D_2), .SUB_TYP(SUB_TYP));

ZC P13 2 ZC 2 (.CXD(CXD_2),.S_B0(n1592),.S_B1(S_T_B_2),.S_B2(S_T_B_3),
.S_CO(S_T_C_1), .vV0_Cn(V0_CI[2]), .S_C2(S_T_C_3), .S_DO(S_T_D_1),
.S_D1(S_T_D_2),.5_ D2(S_T_D_3), .SUB_TYP(SUB_TYP));

ZC_P13_3ZC_3 (.CXD(CXD_3), .S_B0(S_T_B_2)4S 1B1(S..7.B_3),.S_B2(S_T_B_4
), .S_CO(S_T_C_2), .V0_Cn(V0_C[3]),:S:€C2(S_T_C.4), .S DO(S. T_D_2),
.S_D1(S_T_D_3),.S_D2(S_T_D_4), :SUB_TYP(SUB_TYP));

ZC P13 47C 4 (.CXD(CXD_4), .S_BO(S.T_B.3), .S BL(S_T.B 4), S2B2(1'h0),

.S_CO(S_T_C_3), .V0_Cn(V0_C[4]),:8.C2(1'60);"SIDOSM D..3), .S_D(
S_T_D_4),.S_D2(1'b0), .SUB_TYP(SUB.TYP));

AO0I1222X1 U265 (.A0(n1588), .A1(n1593), .B0O(n1588), .B1(P1_B_C[1]), .CO(
P1_B_C[2]), .C1(n1588), .Y(n1592) ):

AOI31X1 U266 ( .A0(n1599), .A1(n1600), .A2(P1_B_CI[3]), .BO(n1601), .Y(
ST C2))

NOR2XL U267 (.A(PL1_B_C[2]), .B(P1_B_C[3]), .Y(n1608) );

AOI1222X1 U268 ( .A0(n1587), .A1(n1598), .B0O(n1587), .B1(P1_B_C[3]), .CO(
n1587), .C1(P1_B_C[4]), .Y(S_T_B_4));

NOR2XL U269 (.A(P1_B_C[2]), .B(P1_B_C[1]), .Y(n1609) );

OAI2BB2X1 U270 (.AON(n1618), .AIN(n1619), .B0(n1607), .B1(S1_D[4]), .Y(
n1617));

NAND2X1 U271 ( .A(S3_D[4]), .B(n1612), .Y(n1619) );

AOI211X1 U272 (.AO(P1_S_C[4]), .A1(n1607), .BO(S3_C[4]), .CO(S1_C[4]),
.Y(n1605) );

NOR2XL U273 (.A(n1612), .B(n1614), .Y (n1595) );

AOI31X1 U274 (.A0(n1607), .A1(n1611), .A2(P1_S_B[3]), .BO(n1614), .Y(
n1594));

OR2X2 U275 (.A(S1_B[3]), .B(S3_B[3]), .Y(n1614) );
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AOI211X1 U276 ( .A0(n1613), .A1(n1611), .BO(P1_S_C[1]), .CO(S1_C[1]), .Y(
n1603) );

OR2X2 U277 (.A(S3_C[1]), .-B(P3_S_C[1]), .Y(n1613) );

AOI211X1 U278 (.A0(P1_S_C[3]), .A1(n1611), .BO(S1_C[3]), .CO(S3_C[3]),
Y(n1591) );

AND2X2 U279 (.A(S3_B[0]), .B(n1610), .Y (n1604) );

AND2X2 U280 (.A(S3_D[0]), .B(n1610), .Y(n1602) );

NOR2XL U281 ( .A(n1607), .B(n1615), .Y(n1597) );

OR2X2 U282 (.A(S1_B[2]), .B(S3_B[2]), .Y(n1615) );

NAND2X1 U283 (.A(S3_D[1]), .B(n1611), .Y(n1622) );

AND2X2 U284 (.A(S3_C[0]), .B(n1610), .Y (n1606) );

AOI211X1 U285 ( .A0(P1_S_C[2]), .AL(n1610), .BO(S3_C[2]), .CO(S1_C[2]),
.Y(n1601) );

OAI222X1 U286 ( .A0(S1_DI[3]), .A1(n1612), .B0(S1_D[3]), .BL(S3_D[3]), .CO(
n1608), .C1(S1_DI[3]), .Y(n1623) );

NOR2X1 U287 (.A(n1594), .B(n1595), .Y(S_T_B_3));

INVX2 U288 (.A(n1617), .Y(S_T_D_4)):

OAI222X1 U289 ( .A0(S1_D[2]), .AL(n1607)%BO(S1_D[2]),.B1(S3.P[2]), .CO(
n1609), .C1(S1_D[2]), .Y(n1616) ):

NOR2X1 U290 ( .A(n1596), .B(n1597), .Y(S. T B.2) )

INVX2 U291 (.A(n1605), .Y(S_T_C_4));

INVX2 U292 (.A(n1623), .Y(S_T_D_3));

INVX2 U293 (.A(N1603), .Y(S_T_C_1));

INVX2 U294 (.A(n1616), .Y(S_T D _2));

OR2X2 U295 ( .A(n1602), .B(S1_D[0]), .Y(S_T_D_0));

OR2X2 U296 (.A(n1604), .B(S1_B[0]), .Y(S_T_B_0));

INVX2 U297 (.A(S1_C[2]), .Y(n1600) );

OR2X2 U298 ( .A(n1606), .B(S1_C[0]), .Y(S_T_C_0));

INVX2 U299 (.A(n1620), .Y(S_T_D_1)):

OAI2BB2X1 U300 ( .AON(n1621), .AIN(n1622), .BO(n1610), .BL(S1_D[1]), .Y(
n1620) ):

INVX2 U301 (.A(P1_S_B[4]), .Y(n1598) );

INVX2 U302 (.A(PL_S_C[3]), .Y(n1590) );

INVX2 U303 (.A(PL_S_C[2]), .Y(n1599) );

INVX2 U304 (.A(P1_B_C[1]), .Y(n1610) );

INVX2 U305 (.A(P1_B_C[4]), .Y(n1612) );

INVX2 U306 (.A(P1_B_C[3]), .Y(n1607) );

INVX2 U307 (.LA(PL_B_C[2]), .Y(n1611) );

INVX2 U308 (.A(S1_C[3]), .Y(n1589) );
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INVX2 U309 (.A(S1_D[4]), .Y(n1618) );
INVX2 U310 (.A(S1_D[1]), .Y(n1621) );
NOR2XL U311 (.A(S1_B[4]), .B(S3_B[4]), .Y(n1587) );
NOR2XL U312 (.A(S1_B[1]), .B(S3_B[1]), .Y(n1588) );
INVX2 U313 (.A(P1_S_B[1]), .Y(n1593) );
AOI31XL U314 (.A0(n1610), .A1(n1611), . A2(P1_S_B[2]), .BO(n1615), .Y(
n1596) );
AOI31X2 U315 ( .A0(n1589), .A1(n1590), .A2(P1_B_C[4]), .B0O(n1591), .Y(
STCJ3)):
endmodule
module SC_P13_1(CXD, S_V1,S V2,S_H1,S_H2, X_V1, X_V2, X_H1, X_H2, X_Cn);
output [5:0] CXD;
input  S_V1,S V2, S H1,S H2, X V1, X_V2, X_H1, X_H2, X_Cn;
wire n135, n154, n155, n156, n157, n158, n159, n161, n162, n163, n164,
n165, n166, n167, n168, n169, n170, n171, n172, n173, n174, n175, n176,
nl77,nl78;
assign CXD[4] = 1'b0;
assign CXD[3] = 1'b1;
MX2X1 U43 (.S0(S_V2), .B(n178), .A(n174), .Y(n175));
NAND2X1 U44 (.A(n163), .B(n167), .Y (n178));
MX2X1 U45 (.S0(S_H2), .B(n177), .A(n173),.Y (n169)):
NAND2X1 U46 (.A(n161), .B(n165), .Y(n177)):
NAND2X1 U47 (.A(X_V2), .B(n174), .Y(n164) );
NAND2X1 U48 (.A(S_V1), .B(n168), .Y(n174) );
NAND2X1 U49 (.A(X_V1), .B(S_V1),.Y(n163) );
NAND2X1 U50 (.A(X_H2), .B(n173), .Y(n162) );
NAND2X1 U51 (.A(S_H1), .B(n166), .Y(n173) );
NAND2X1 U52 (.A(X_H1), .B(S_H1), .Y(n161) );
XOR2XL U53 (.A(n159), .B(n170), .Y(CXD[0]) );
OAI2BB2X1 U54 ( .AON(n158), .A1N(n159), .BO(n154), .B1(n157), .Y(CXD[1])
)i
OAI21XL U55 (.A0(n135), .A1(n176), .BO(n156), .Y (n158) );
NAND2X1 U56 (.A(n175), .B(n154), .Y(n159) );
OAI2BB2X1 U57 (.AON(n155), .A1N(n156), .BO(n135), .B1(n154), .Y(CXD[2])
)i
MX2X1 U58 (.S0(S_H2), .B(n162), .A(n161), .Y(n135) );
MX2X1 U59 (.S0(S_V2), .B(n164), .A(n163), .Y(n154) );
OAI21XL U60 ( .A0(n157), .A1(n176), .BO(n159), .Y(n155) );
INVX2 U61 (.A(n135), .Y(n157) );
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INVX2 U62 (.A(n154), .Y (n176));

NAND2X1 U63 (.A(n169), .B(n135), .Y(n156) );

MX2X1 U64 (.SO(X_Cn), .B(n171), .A(n172), .Y(CXD[5]) );
OAI21XL U65 (.A0(n154), .AL(n156), .BO(n135), .Y (n172) );
MX2X1 U66 (.S0(n170), .B(n154), .A(n135), .Y(n171) );
INVX2 U67 (.A(n156), .Y(n170) );

INVX2 U68 (.LA(X_H1), .Y(n166) );

INVX2 U69 (.LA(X_V2), .Y(n167) );

INVX2 U70 (LA(X_V1), .Y(n168) );

INVX2 U71 (LA(X_H2), .Y(n165) );

endmodule

module SC_P13_2 (CXD, S_V1,S V2,S H1,S H2, X_V1, X V2, X_H1, X_H2, X_Cn);
output [5:0] CXD;
input  S_V1,S V2, S H1,S H2, X V1, X_V2, X_H1, X_H2, X_Cn;

wire n110, n129, n130, n131, n132, n133, n134, n136, n137, n138, n139,

n140, n141, n142, n143, n144, n145, n146, n1473n148, 149, n150, n151,
n152, n153;

assign CXD[4] = 1'b0;

assign CXD[3] = 1'b1;

MX2X1 U43 (.S0(S_V2), .B(n153), .A(n149),..Y (n150)):

NAND2X1 U44 (.A(n138), .B(n142), .Y(n153)):

MX2X1 U45 (.S0(S_H2), .B(n152), .A(n148), .Y (n144));

NAND2X1 U46 (.A(n136), .B(n140), .Y(n152) );

NAND2X1 U47 (.A(X_V2), .B(n149), .Y(n139) );

NAND2X1 U48 (.A(S_V1), .B(n143), .Y(n149) );

NAND2X1 U49 (.A(X_V1), .B(S_V1),.Y(n138) );

NAND2X1 U50 (.A(X_H2), .B(n148), .Y(n137) );

NAND2X1 U51 (.A(S_H1), .B(n141), .Y(n148) );

NAND2X1 U52 (.A(X_H1), .B(S_H1), .Y(n136) );

XOR2XL U53 (.A(n134), .B(n145), .Y(CXD[0]) );

OAI2BB2X1 U54 (.AON(n133), .AA1N(n134), .B0(n129), .B1(n132), .Y(CXD[1])

)i

OAI21XL U55 ( .A0(n110), .A1(n151), .BO(n131), .Y(n133) );

NAND2X1 U56 (.A(n150), .B(n129), .Y(n134) );

OAI2BB2X1 U57 (.AON(n130), .AA1N(n131), .BO(n110), .B1(n129), .Y(CXD[2])

)i
MX2X1 U58 (.S0(S_H2), .B(n137), .A(n136), .Y(n110) );

MX2X1 U59 (.S0(S_V2), .B(n139), .A(n138), .Y(n129) );
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OAI21XL U60 ( .A0(n132), .A1(n151), .BO(n134), .Y(n130) );
INVX2 U61 (.A(n110), .Y(n132) );
INVX2 U62 (.A(n129), .Y(n151) );
NAND2X1 U63 (.A(n144), .B(n110), .Y(n131) );
MX2X1 U64 (.S0(X_Cn), .B(n146), .A(n147), .Y(CXD[5]) );
OAI21XL U85 ( .A0(n129), .A1(n131), .BO(n110), .Y(n147) );
MX2X1 U66 (.S0(n145), .B(n129), .A(n110), .Y(n146) );
INVX2 U67 (.A(n131), .Y(n145) );
INVX2 U68 (.A(X_H1), .Y(n141) );
INVX2 U69 (.A(X_V2),.Y(n142) );
INVX2 U70 (.A(X_V1),.Y(n143));
INVX2 U71 (.A(X_H2), .Y(n140) );
endmodule
module SC_P13 3 (CXD, S_V1,S V2,S_H1,S_H2, X_V1, X_V2, X_H1, X_H2, X_Cn);
output [5:0] CXD;
input  S_V1,S V2,S H1,S H2, X V1, X_V2, X_H1, X_H2, X_Cn;
wire n85, n104, n105, n106, n107, n108, n109, n111; n112;n143; n114, n115,
n116, n117, n118, n119, n120, n121, n122;n123, n124, n125, n126,,n127,
nl2s;
assign CXD[4] = 1'b0;
assign CXD[3] = 1'b1;
NAND2X1 U43 (.A(n113), .B(n117), .Y (n128));
MX2X1 U44 (.S0(S_V2), .B(n128), .A(n124), .Y (n125));
MX2X1 U45 (.S0(S_H2), .B(n127), .A(n123), .Y (n119) );
NAND2X1 U46 (.A(n111), .B(n115), .Y(n127) );
NAND2X1 U47 (.A(X_V2), .B(n124), .Y(n114) );
NAND2X1 U48 (.A(S_V1), .B(n118), .Y(n124) );
NAND2X1 U49 (.A(X_V1), .B(S_V1),.Y(n113));
NAND2X1 U50 (.A(X_H2), .B(n123), .Y(n112) );
NAND2X1 U51 (.A(S_H1), .B(n116), .Y(n123) );
NAND2X1 U52 (.A(X_H1), .B(S_H1), .Y(n111) );
XOR2XL U53 (.A(n109), .B(n120), .Y(CXD[0]) );
OAI2BB2X1 U54 (.AON(n108), .A1N(n109), .BO(n104), .B1(n107), .Y(CXD[1])
)i
OAI21XL U55 (.A0(n85), .A1(n126), .BO(n106), .Y(n108) );
NAND2X1 U56 (.A(n125), .B(n104), .Y(n109) );
OAI2BB2X1 U57 ( .AON(n105), .A1N(n106), .BO(n85), .B1(n104), .Y(CXD[2]) );
MX2X1 U58 (.S0(S_H2), .B(n112), .A(n111), .Y(n85) );
MX2X1 U59 (.S0(S_V2), .B(n114), A(n113), .Y(n104) );
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OAI21XL U60 ( .A0(n107), .A1(n126), .BO(n109), .Y(n105) );
INVX2 U61 (.A(n85), .Y (n107) );
INVX2 U62 (.A(n104), .Y(n126) );
NAND2X1 U63 (.A(n119), .B(n85), .Y(n106) );
MX2X1 U64 (.S0(X_Cn), .B(n121), .A(n122), .Y(CXD[5]) );
OAI21XL U85 (.A0(n104), .A1(n106), .BO(n85), .Y(n122) );
MX2X1 U66 (.S0(n120), .B(n104), .A(n85), .Y(n121) );
INVX2 U67 (.A(n106), .Y (n120) );
INVX2 U68 (.A(X_H1), .Y(n116));
INVX2 U69 (.A(X_V2),.Y(n117));
INVX2 U70 (.A(X_V1),.Y(n118));
INVX2 U71 (.A(X_H2), .Y(n115) );
endmodule
module SC_P13_4 (CXD, S_V1,S V2,S_H1,S_H2, X_V1, X_V2, X_H1, X_H2, X_Cn);
output [5:0] CXD;
input S V1,S V2,S H1,S H2, X V1, X_V2, X_H1, X_H2, X _Cn;
wire n78, n79, n80, n81, n82, n83, n84, n86, n87, n88yn89; N90;n91, n92,
n93, n94, n95, n96, n97, n98, n99, n100,n101, n102, n103;
assign CXD[4] = 1'b0;
assign CXD[3] = 1'b1;
MX2X1 U43 (.S0(S_V2), .B(n103), .A(n99), .Y (n100));
NAND2X1 U44 ( .A(n88), .B(n92), .Y(n103) ¥;
INVX2 U45 (.A(X_V2), .Y(n92) );
MX2X1 U46 (.S0(S_H2), .B(n102), .A(n98), .Y (n94) );
NAND2X1 U47 (.A(n86), .B(n90), .Y(n102) );
NAND2X1 U48 ( .A(X_V2), .B(n99), .Y(n89) );
NAND2X1 U49 (.A(S_V1), .B(n93), .Y(n99) );
NAND2X1 U50 (.A(X_V1), .B(S_V1),.Y(n88));
NAND2X1 U51 (.A(X_H2), .B(n98), .Y(n87) );
NAND2X1 U52 (.A(S_H1), .B(n91), .Y(n98) );
NAND2X1 U53 (.A(X_H1), .B(S_H1), .Y(n86) );
XOR2XL U54 (.A(n84), .B(n95), .Y(CXDI[0]) );
OAI2BB2X1 U55 (.AON(n83), .A1N(n84), .B0(n79), .B1(n82), .Y(CXDI1]) );
OAI21XL U56 (.A0(n78), .A1(n101), .BO(n81), .Y(n83) );
NAND2X1 U57 (.A(n100), .B(n79), .Y(n84) );
OAI2BB2X1 U58 ( .AON(n80), .A1N(n81), .BO(n78), .B1(n79), .Y(CXDI[2]) );
MX2X1 U59 (.S0(S_H2), .B(n87), .A(n86), .Y (n78) );
MX2X1 U60 (.S0(S_V2), .B(n89), .A(n88), .Y(n79));
OAI21XL U61 (.A0(n82), .A1(n101), .BO(n84), .Y (n80) );
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INVX2 U62 (.A(n78), .Y(n82) );
INVX2 U63 (.A(n79), .Y(n101) );
NAND2X1 U64 (.A(n94), .B(n78), .Y (n81) );
MX2X1 U65 (.S0(X_Cn), .B(n96), .A(n97), .Y(CXDI5]) );
OAI21XL U866 (.A0(n79), .A1(n81), .BO(n78), .Y(n97) );
MX2X1 U67 (.S0(n95), .B(n79), .A(n78), .Y (n96) );
INVX2 U68 (.A(n81), .Y(n95) );
INVX2 U69 (.A(X_H1), .Y(n91));
INVX2 U70 (.A(X_V1),.Y(n93));
INVX2 U71 (.A(X_H2), .Y(n90) );
endmodule
module SC_COLUMN_P1_P3 (CXD_1, CXD_2, CXD_3, CXD_4, X0_B, X0_C, X0_D, S1_B,
S1.C,S1.D,S3_B,S3_C,S3_D,P1.S B,P1. S C,P1 B C,P3SC);
output [5:0] CXD_1;
output [5:0] CXD_2;
input [4:0] S3_B;
input [4:1]P1_B_C;
output [5:0] CXD_3;
input [4:0] S3_D;
output [5:0] CXD_4;
input [4:0] X0_C;
input [4:0] S1_D;
input [4:0] S3_C;
input [4:0] X0_D;
input [4:1]1P1_S C;
input [4:0] S1_C;
input [4:0] X0_B;
input [4:0] S1_B;
input [4:1]P1_S B;
input [4:1]P3_S C;
wireS_ V1 1,5 V2.3,S H1 2,S V2 2,S H1 3,S H1 4,S H2 1,5 V1 2,
S H2.3,S H1.1,S V2 1,S V1 3,S V1 4,S H2 2 val8l7_1, n826, n827,
n828, n829, n830, n831, n832, n833, n834, n835, n836, n837, n838, n839,
n840, n841, n842, n843, n844, n845, n846, n847, n848, n849;
wire SYNOPSYS_UNCONNECTED_1, SYNOPSYS_UNCONNECTED _2,
SYNOPSYS_UNCONNECTED_3, SYNOPSYS_UNCONNECTED_4, SYNOPSYS_UNCONNECTED_5,
SYNOPSYS_UNCONNECTED_6, SYNOPSYS_UNCONNECTED_7, SYNOPSYS_UNCONNECTED_8 ;
assign CXD_1[4] = 1'b0;
assign CXD_1[3] = 1'b1;
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assign CXD_2[4] = 1'b0;

assign CXD_2[3] = 1'b1;

assign CXD_3[4] = 1'b0;

assign CXD_3[3] = 1'b1;

assign CXD_4[4] = 1'b0;

assign CXD_4[3] = 1'b1;

SC_P13 1SC_1 (.CXD({CXD_1[5], SYNOPSYS_UNCONNECTED 1,
SYNOPSYS_UNCONNECTED_2, CXD_1[2], CXD_1[1], CXD_1[0]}), .S_V1(S_V1_1),
S_V2(S_V2_1),.S_H1(S_H1_1), .S_H2(S_H2_ 1), .X_V1(X0_C[0]), .X_V2(

X0_C[2]), X_H1(X0_B[1]), .X_H2(X0_DI[1]), .X_Cn(X0_C[1]));

SC_P13 2 SC_2 (.CXD({CXD_2[5], SYNOPSYS_UNCONNECTED 3,
SYNOPSYS_UNCONNECTED_4, CXD_2[2], CXD_2[1], CXD_2[0]}), .S_V1(S_V1_2),
S_V2(S_V2_2),.S_H1(S_H1_2),.S_H2(S_H2_2), X_V1(X0_C[1]), .X_V2(

X0_CI[3]), .X_H1(X0_B[2]), .X_H2(X0_DI[2]), .X_Cn(X0_C[2]) );

SC_P13_3SC_3 (.CXD({CXD_3[5], SYNOPSYS_UNCONNECTED_5,
SYNOPSYS_UNCONNECTED_6, CXD_3[2], CXD_3[1], CXD_3[0]}), .S_V1(S_V1_3),
S_V2(S_V2_3),.S_H1(S_H1_3),.S_H2(S_H2.3); IX\V1X0_C[2]), .X_V2(

X0_C[4]), X_H1(X0_B[3]), .X_H2(X0.D[3]), .X_Cn(X0_C[3])):

SC_P13_4 SC_4 (.CXD({CXD_4[5], SYNOPSYS-UNCONNEGTED 7,
SYNOPSYS_UNCONNECTED_8, GXD_4[2], CXD4[1], CXD_4[0]}), .S_V1(S_V1_4),
S_V2(1'00), .S_H1(S_H1_4), .S _H2(Valg17 ‘1, -XoVIX0C[3]), . X_V2(
1'b0), .X_H1(X0_B[4]), .X_H2(X0_D[4]),* X=Cn(X0_C[4]).);

NOR2XL U138 (.A(S3_C[3]), .B(P3_S_C[3]), .Y(n844));

NOR2XL U139 (.A(S3_C[2]), .B(P3_S_C[2]), .Y(n840) );

OR2X2 U140 ( .A(S3_C[1]), .-B(P3_S_C[1]), .Y(n847) );

AND2X2 U141 ( .A(S3_C[0]), .B(n849), .Y(n834) );

OAI211XL U142 (.A0(P1_B_C[4]), .A1(n844), .B0(n839), .CO(n837), .Y(S_V1_4
));

OR2X2 U143 ( .A(n829), .B(S1_D[4]), .Y (val817_1));

AND2X2 U144 ( .A(S3_DI[4]), .B(n845), .Y(n829) );

INVX2 U145 (.A(n827), .Y(S_H1_4));

AOI211X1 U146 (.AO(P1_S_B[4]), .A1(n845), .BO(S3_B[4]), .CO(S1_B[4]), .Y(
n827) ):

AOI211X1 U147 (.A0(P1_S_C[4]), .A1(n846), .BO(S3_C[4]), .CO(S1_CI[41), .Y(
n833));

OAI211XL U148 (.A0(P1_B_C[3]), .A1(n840), .BO(n830), .CO(n831),.Y(S_V1_3
));

OR2X2 U149 (.A(n835), .B(S1_DI[3]), .Y(S_H2_3));

AND2X2 U150 (.A(S3_D[3]), .B(n846), .Y(n835) );
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INVX2 U151 (.A(n843), .Y(S_H1_3)):;
AOI211X1 U152 (.A0(P1_S_B[3]), .A1(n846), .BO(S3_B[3]), .CO(SL_BI[3]), .Y(
n843));
OAI211XL U153 (.A0(P1_B_C[2]), .A1(n837), .BO(n838), .CO(n839), .Y(S_V2_2
));
INVX2 U154 (.A(P1_S_C[3]), .Y(n837));
INVX2 U155 (.A(S3_C[3]), .Y(n838) );
INVX2 U156 (.A(n826), .Y(S_V1_2)):;
AOI211X1 U157 ( .A0(n847), .A1(n848), .BO(P1_S_C[1]), .CO(S1_C[1]), .Y(
n826) );
OR2X2 U158 ( .A(n828), .B(S1_D[2]), .Y(S_H2_2));
AND2X2 U159 (.A(S3_D[2]), .B(n848), .Y (n828) );
INVX2 U160 ( .A(n836), .Y(S_H1_2)):;
OAI211XL U161 (.A0(P1_B_C[1]), .A1(n830), .BO(n831), .CO(n832), .Y(S_V2_1
));
INVX2 U162 (.A(S1_C[2]), .Y(n831) );
INVX2 U163 (.A(S3_C[2]), .Y(n832) );
OR2X2 U164 ( .A(n834), .B(S1_C[0]), .Y(S. VA 1)):;
OR2X2 U165 ( .A(n842), .B(S1_D[1]), .Y(S_H2_1)?;
AND2X2 U166 ( .A(S3_DI[1]), .B(n849), 2Y(n842) );
INVX2 U167 (.A(n841), .Y(S_H1_1));
INVX2 U168 (.A(P1_S_C[2]), .Y (n830) );
INVX2 U169 (.A(n833), .Y(S_V2_3)):;
INVX2 U170 (.A(P1_B_C[1]), .Y(n849) );
INVX2 U171 (.A(P1_B_C[4]), .Y(n845) );
INVX2 U172 (LA(P1_B_C[3]), .Y(n846) );
INVX2 U173 (.A(P1_B_C[2]), .Y(n848) );
INVX2 U174 (.A(S1_C[3]), .Y(n839) );
AOI211X1 U175 (.AO(P1_S_B[1]), .A1(n849), .BO(S3_B[1]), .CO(SL_B[1]), .Y(
ns41));
AOI211XL U176 ( .AO(P1_S_B[2]), .AL(n848), .BO(S3_B[2]), .CO(S1_B[2]), .Y(
n836) );
endmodule
module RLC_COLUMN_0 ( CXD_RLC, CXD_P3_RLC);
output [5:0] CXD_RLC;
input  CXD_P3_RLC;
wire CXD_P3_RLC_wire;
assign CXD_RLC[5] = CXD_P3_RLC_wire;
assign CXD_RLC[4] = 1'b1;
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assign CXD_RLC[3] = 1'b0;

assign CXD_RLC[2] = 1'b0;

assign CXD_RLC[1] = 1'b0;

assign CXD_RLC[0] = 1'b1;

assign CXD_P3_RLC_wire = CXD_P3_RLC;
endmodule
module RLC_COLUMN_1 (CXD_RLC, CXD_P3_RLC);
output [5:0] CXD_RLC;
input CXD_P3_RLC;

wire CXD_P3_RLC_wire;

assign CXD_RLC[5] = CXD_P3_RLC_wire;

assign CXD_RLC[4] = 1'b1;

assign CXD_RLC[3] = 1'b0;

assign CXD_RLC[2] = 1'b0;

assign CXD_RLC[1] = 1'b0;

assign CXD_RLC[0] = 1'b1;

assign CXD_P3_RLC_wire = CXD_P3 RLC;
endmodule
module RLC1_UCO ( CXD_UC, CXD_P3_UC);
output [5:0] CXD_UC;
input CXD_P3_UC;

wire CXD_P3_UC_wire;

assign CXD_UC[5] = CXD_P3_UC_wire;

assign CXD_UC[4] = 1'b1;

assign CXD_UC[3] = 1'b0;

assign CXD_UC[2] = 1'b0;

assign CXD_UC[1] = 1'b1;

assign CXD_UC[0] = 1'b0;

assign CXD_P3_UC_wire = CXD_P3_UC;
endmodule
module RLC1_UC1 (CXD_UC, CXD_P3_UC);
output [5:0] CXD_UC;
input CXD_P3_UC;

wire CXD_P3_UC_wire;

assign CXD_UC[5] = CXD_P3_UC_wire;

assign CXD_UC[4] = 1'b1;

assign CXD_UC[3] = 1'b0;

assign CXD_UC[2] = 1'b0;

assign CXD_UC[1] = 1'b1;

170



assign CXD_UC[0] = 1'b0;
assign CXD_P3_UC_wire = CXD_P3_UC;

endmodule

module PCF (CXD_P1_P3_1_ZC,CXD_P1_P3 2 7ZC,CXD_P1_P3 3 7ZC,CXD_P1 P3 4 7C,
CXD_P1_P3_1 SC,CXD_P1 P3 2 SC,CXD_P1_P3 3 SC,CXD_P1_P3 4 SC,
CXD_P2_1_MRC, CXD_P2_2 MRC, CXD_P2_3 MRC, CXD_P2_4 MRC, CXD_P3 RLC_0,
CXD_P3 RLC_1,CXD_P3 RLC1_UCO0,CXD_P3 RLC1 UC1,P1 B C,P2 C,P3 C,S1_D_,
S3_D_, ADDRA, ADDRB, WRITE, BP_INDEX, X0_A 4 0,VO_A 4 1,S1_A 4 0,
S3_A_4_0, START, SUB_TYP, BP_NUM, RST, CLK );

output [5:0] CXD_P1_P3_1_ZC;

output [5:0] CXD_P1_P3_4 ZC;

output [5:0] CXD_P1 _P3 4_SC;

output [5:0] CXD_P2_2_MRC;

output [5:0] CXD_P2_4 _MRC;

output [4:1] P1_B_C;

output [4:1] S1_D _;

input [3:0] BP_NUM,;

input [4:0] X0_A_4_0;

output [5:0] CXD_P1_P3_2_ZC;

output [5:0] CXD_P1 P3_1_SC;

input [4:0]S1_A_4 0;

output [5:0] CXD_P1 P3 2_SC;

output [5:0] CXD_P2_3_MRC;

output [9:0] ADDRA;

output [3:0] BP_INDEX;

output [5:0] CXD_P1_P3_3_ZC;

output [5:0] CXD_P1_P3_3_SC;

output [5:0] CXD_P2_1_MRC;

output [5:0] CXD_P3_RLC_0;

output [4:1] P2_C;

output [4:1] S3_D_;

input  [1:0] SUB_TYP;

output [5:0] CXD_P3_RLC1_UCO;

output [5:0] CXD_P3_RLC1_UCI;

output [4:1] P3_C;

input [4:1]VO_A_4_1;

output [5:0] CXD_P3_RLC_1;

output [9:0] ADDRB;

input [4:0] S3_A_4 0;
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input START, RST, CLK;
output WRITE;
wire \S3_C[2] ,\S1_B[1],\S1_A[2],\P2_1_CI[3], \X0_B[0], \X0_A[3],
\\V0_B[4],\P1_S_C[4],\X0_D[3], \VO_A[3],\X0_B[4],S1 D_0,
\WO0_B[2],\VO_A[1],\X0_D[1],\S3_C[4] ,\S1_A[4],\X0_B[2],
\X0_A[1],\P1_S_C[2],\S1_B[3],\S1_A[0],\P2_1_C[1],\S3_CI[0],
\VO_CI[2], \P1_B[4],\S3_B[4],\X0_C[2] ,\S3_A[3],\P3_S_C[2],
\S3_B[0],\S1_C[3],\P1_S_B[2],\S1_C[1],\S3_B[2] ,\S3_A[1],
\P1_BJ[2],\X0_C[0], \VO_C[4],\P3_S_CI[4],\P1_S_B[4], n_1156,
\X0_CI[4] ,\S3_A[4],\S1_C[4],\V0_C[1], S3_D_0,\s1_C[0],
\P1_S_B[1], P3_RLC1_UC1,\S3_B[3],\S3_A[0], \P3_S_C[1], \P1_BJ[3],
P3_RLCO0, \X0_C[1], \P1_B[1],\X0_CI[3],\S3_BJ[1],\S3_A[2],
\P3_S_C[3],\S1_C[2],\P1_S_BI3],\V0_C[3], n_353,\X0_A[0] ,
\VO_A[4],\X0_B[3],\S1_B[2],\P1_S_C[3],\S1_A[1],\S3_C[1],
\X0_DI[4],\X0_A[4],\V0_B[3],\X0_D[0] , \P2_1_C[4],\S1_B[4],
\X0_D[2],\V0_B[1],\V0_A[2], n_269,\S3_C[3],\S1_A[3],
\P1_S_C[1],\S1_B[0], P3_RLC1,\P2_1_C[2],P8RLCI; UCO, \X0_B[1],
\X0_A[2], n366, n367, n440, n441, n442,:n443, n444, n445, n446,.n447,
n448, n449, n450, n451, n452, n453, n454, n455, n456, n457,1n458, n459,
n460, n461, n462, n463, n464, n465,466, n467, n468, n469, n470, n471,
n472, n473, n474, n475, n476, n477, n478;
wire SYNOPSYS_UNCONNECTED_1, SYNOPSYS _UNCONNECTED 2,
SYNOPSYS_UNCONNECTED_3, SYNOPSYS_UNCONNECTED_4, SYNOPSYS_UNCONNECTED _5,
SYNOPSYS_UNCONNECTED_6, SYNOPSYS_UNCONNECTED_7, SYNOPSYS_UNCONNECTED_8,
SYNOPSYS_UNCONNECTED_9, SYNOPSYS_UNCONNECTED_10, SYNOPSYS_UNCONNECTED_11,
SYNOPSYS_UNCONNECTED_12, SYNOPSYS_UNCONNECTED_13, SYNOPSYS_UNCONNECTED_14,
SYNOPSYS_UNCONNECTED_15, SYNOPSYS_UNCONNECTED_16 , SYNOPSYS_UNCONNECTED_17,
SYNOPSYS_UNCONNECTED_18, SYNOPSYS_UNCONNECTED_19, SYNOPSYS_UNCONNECTED_20;
assign CXD_P3_RLC_0[4] = 1'b1;
assign CXD_P3_RLC_0[3] = 1'b0;
assign CXD_P3_RLC_0[2] = 1'b0;
assign CXD_P3_RLC_0[1] = 1'b0;
assign CXD_P3_RLC_0[0] = 1'b1;
assign CXD_P3_RLC_1[4] = 1'b1;
assign CXD_P3_RLC_1[3] = 1'b0;
assign CXD_P3_RLC_1[2] = 1'0;
assign CXD_P3_RLC_1[1] = 1'b0;
assign CXD_P3_RLC_1[0] = 1'b1;
assign CXD_P3_RLC1_UCO[4] = 1'b1;
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assign CXD_P3_RLC1_UCO[3] = 1'b0;

assign CXD_P3_RLC1_UCO0[2] = 1'h0;

assign CXD_P3_RLC1_UCO[1] = 1'b1;

assign CXD_P3_RLC1_UCO0[0] = 1'b0;

assigh CXD_P3_RLC1_UC1[4] = 1'b1;

assign CXD_P3_RLC1_UC1[3] = 1'h0;

assign CXD_P3_RLC1_UC1[2] = 1'b0;

assign CXD_P3_RLC1_UC1[1] = 1'b1;

assign CXD_P3_RLC1_UC1[0] = 1'b0;

PCF_CONTROL PCF_CONTROL_0 (.ADDRA(ADDRA), .ADDRB(ADDRB), WRITE(WRITE),
.BP_INDEX(BP_INDEX), .START(START), .BP_NUM(BP_NUM), .RST(RST), .CLK(

CLK));

RLC1_UC1 RLC1_UC1_N (.CXD_UC({CXD_P3_RLC1_UC1[5], SYNOPSYS_UNCONNECTED 1,
SYNOPSYS_UNCONNECTED_2, SYNOPSYS_UNCONNECTED_3, SYNOPSYS_UNCONNECTED_4,
SYNOPSYS_UNCONNECTED_5}), .CXD_P3_UC(P3_RLC1_UC1));

MRC_COLUMN MRC_COLUMNO (.CXD_1(CXD_P2_1_MRC), .CXD_2(CXD_P2_2 MRC),
.CXD_3(CXD_P2_3_MRC), .CXD_4(CXD_P2 41 MRC)=V0_C({\V0_C[4],
\VO_CI[3],\V0_C[2],\V0_C[1] }), .S1.B({\S1_B[4].,\S1_B[3];

\S1_B[2],\S1_B[1],\S1_B[0] }), .S1=C({\S1_CI[4]5 \S1_C]3] ;,n367,
\S1_C[1],\S1_C[0]}), .S1_D({S1_D_[4],S1_D_[3];S1_D_{2],S1_D_[1],
S1_D_0}), .S3_B({\S3_B[4],\S3_B[3],\S3:B[2],\S31B[1]} \S3_B[0]
}), .S3_C({\S3_C[4] ,\S3_C[3],\S3_C[2]:,\s3_C[1],\S3_C[0] }),
.S3_D({S3_D_[4], S3_D_[3], S3_D_[2], S3_D_[1],S3_D_0}), .P1_S_B({
\P1_S_B[4],\P1_S B[3],\P1_S_B[2],\P1_S B[1]}), P1 S C({

\P1_S C[4],\P1_S_CJ[3],\P1_S_C[2],\P1_S C[1]}), .P2_1_C({

\P2_1 C[4],\P2_1 C[3],\P2_1_C[2],\P2_1_C[1]1}));

RLC1_UCORLC1_UCO_N (.CXD_UC({CXD_P3_RLC1_UCO[5], SYNOPSYS_UNCONNECTED _86,
SYNOPSYS_UNCONNECTED_7, SYNOPSYS_UNCONNECTED_8, SYNOPSYS_UNCONNECTED_9,
SYNOPSYS_UNCONNECTED_10}), .CXD_P3_UC(P3_RLC1_UCO));

ZC_COLUMN_P1_P3ZC_COLUMN_P1 P3 0 (.CXD_1(CXD_P1_P3 1 ZC), .CXD_2(
CXD_P1_P3_2 ZC), .CXD_3(CXD_P1_P3_3 ZC), .CXD_4(CXD_P1_P3_4 ZC),
VO_C({\V0_C[4],\V0_CI3],\V0_C[2],\VO_C[1] }), .S1_B({\S1_B[4],
\S1_B[3],\S1_B[2],\S1_B[1],\S1_B[0] }), .S1_C({\S1_C[4],
\S1_C[3],n367,\S1_C[1],\S1_C[0]}), .S1_D({S1_D_[4], S1_D_[3],

S1_D_[2],S1_D_[1], S1_D_0}), .S3_B({\S3_BJ[4],\S3_B[3],\S3_B[2],
\S3_B[1],\S3_B[0] }), .S3_C({\S3_C[4],\S3_C[3] ,\S3_C[2] ,
\S3_C[1],\S3_C[0] }), .S3_D({S3_D_[4], S3_D_[3], S3_D_[2], S3_D_[1],
S3_D_0}), .P1_S B({\P1_S_B[4],\P1_S_B[3],\P1_S B[2],\P1_S B[1] }
), .P1_S_C({\P1_S_C[4],\P1_S_CI[3],\P1_S_C[2],\P1_S_C[1] }),
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P1_B_C(P1_B_C),.P3_S_C({\P3_S_C[3],\P3_S_C[2],\P3_S_C[1] }),
SUB_TYP(SUB_TYP));

PCPG PCPG_0 (.P1_S_C({\P1_S_C[4],\P1_S_C[3],\P1_S_C[2],\P1_S_C[1] }
), P2_C(P2_C), P2_1_C({\P2_1_C[4],\P2_1_C[3],\P2_1_C[2],
\P2_1_C[1]}), .P1_B_C(P1_B_C), .P3_C(P3_C), .P3_S_C({\P3_S_C[4] ,
\P3_S_C[3], \P3_S_C[2] , \P3_S_C[1] }), .P3_RLCO(P3_RLCO), .P3_RLC1(
P3_RLC1), .P3_RLC1_UC1(P3_RLC1_UC1), .P3_RLC1_UCO(P3_RLC1_UCO), .S3_C(
{\S3_C[4],\S3_C[3],\S3_C[2],\S3_C[1],\S3_C[0] }), .S1_C({
\S1_C[4],\S1_C[3] , n367,\S1_C[1] ,\S1_C[0] }), .VO_C({\VO_C[4]
\V0_C[3], \V0_C[2],\V0_C[1] }), .P1_B({\P1_B[4] , \P1_B[3],
\P1_B[2],\P1_B[1] }), .START(START), RST(RST), .CLK(CLK));

RLC_COLUMN_1 RLC_COLUMN_1_N (.CXD_RLC({CXD_P3_RLC_1[5],
SYNOPSYS_UNCONNECTED_11, SYNOPSYS_UNCONNECTED_12,
SYNOPSYS_UNCONNECTED_13, SYNOPSYS_UNCONNECTED_14,
SYNOPSYS_UNCONNECTED_15}), .CXD_P3_RLC(P3_RLC1));

SC_COLUMN_P1_P3 SC_COLUMN_P1_P3_0 (.CXD_1(CXD_P1_P3_1_SC), .CXD_2(
CXD_P1_P3_2_SC), .CXD_3(CXD_P1_P3_3.SC)}.CXD:4(CXD_P1_P3_4_SC),
XO_B({\X0_B[4] , \X0_B[3] , \X0_B[2]X0_B[1].,\X0_B[0] });..X0_C(
{\X0_C[4] , \X0_C[3] , \X0_C[2] , \X0_C[1], X0_C[0] }), :X0. D
\X0_D[4] , \X0_D[3] , \X0_D[2] , \X0_D[1] ,\X0_Dj0] }), .S1_B({
\S1_B[4],\S1_B[3],\S1_B[2] ,\S1_B[1], \SL_BO] }:iSLC{
\S1_C[4],\S1_C[3], n367,\S1_C[1] ,\S1.€[0] }), .S1_D({S1_D [4],
S1_D_[3], S1_D_[2], S1_D_[1], S1_D_0}), .S3_B({1'h0, 1'b0, 1'h0, 1'b0,
1'b0}), .S3_C({\S3_C[4],\S3_C[3] , \S3_C[2] , \S3_C[1] , \S3_C[0] }),
.$3_D({S3_D_[4], $3_D_[3], S3_D_[2], $3_D_[1], S3_D_0}), .P1_S_B({
\P1_S_B[4],\P1_S_B[3],\P1_S_B[2],\P1_S_B[1]}), P1_S C({
\P1_S_C[4],\P1_S_C[3],\P1_S_C[2],\P1_S_C[1]}), P1_B_C(P1_B_C),
P3_S_C({\P3_S_C[4] ,\P3_S_C[3],\P3_S_C[2],\P3_S_C[1]}));

RLC_COLUMN_0 RLC_COLUMN_0_N (.CXD_RLC({CXD_P3_RLC_0[5],
SYNOPSYS_UNCONNECTED_16, SYNOPSYS_UNCONNECTED_17,
SYNOPSYS_UNCONNECTED_18, SYNOPSYS_UNCONNECTED_19,
SYNOPSYS_UNCONNECTED_20}), .CXD_P3_RLC(n_1156) );

P1_PRE_CHECK P1_PRE_CHECK ( .P1_B({\P1_B[4],\P1_B[3],\P1_B[2],
\P1_B[1]}), .P1_S_B({\P1_S_B[4],\P1_S_B[3],\P1_S_B[2],
\P1_S_B[1]}), .S1_A{\S1_A[4] ,\S1_A[3] ,\S1_A[2] ,\S1_A[1],
\S1_A[0] }), .S1_B({\S1_B[4],\S1_B[3],\S1_B[2],\S1_B[1],

\S1_B[0] }), .S1_C({\S1_C[4],\S1_C[3],\S1_C[2],\S1_C[1],

\S1_C[0] }), .S3_A({\S3_A[4] ,\S3_A[3] , \S3_A[2] , \S3_A[1] ,

\S3_A[0] }), .S3_B({\S3_B[4] , \S3_B[3] , \S3_B[2] , \S3_B[1] ,
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\S3_B[0] }), .VO_B({\VO_B[4] , \VO_B[3] , \V0_B[2] , \VO_B[1] }),
P1_S_C({\P1_S_C[4],\P1_S_C[3],\P1_S_C[2],\P1_S_C[1] }));
SDFFTRX1 S1_B_reg_3_ (.SI(1'b0), .SE(START), .D(\S1_A[3] ), .CK(CLK),
RN(RST), .Q(\S1_B[3]));

SDFFTRX2 S1_C_reg_3_ (.SI(1'b0), .SE(START), .D(\S1_B[3] ), .CK(CLK),
RN(RST), .Q(\S1_C[3]));

AND2X2 U25 (.A(n463), .B(n464), .Y(S3_D_0) );

SDFFTRX1 S1_C_reg_4_ (.SI(1'b0), .SE(START), .D(\S1_B[4] ), .CK(CLK),
RN(RST), .Q(\S1_C[4]));

SDFFTRX2 S1_B_reg_1_ (.SI(1'b0), .SE(START), .D(\S1_A[1] ), .CK(CLK),
RN(RST), .Q(\S1_B[1]) );

SDFFTRXL S1_D_reg_3_ (.SI(1'b0), .SE(START), .D(\S1_C[3] ), .CK(CLK),
RN(RST), .Q(S1_D_[3]) );

SDFFTRXL S1_D_reg_2_ (.SI(1'b0), .SE(START), .D(\S1_C[2] ), .CK(CLK),
RN(RST), .Q(S1_D_[2]));

NAND2X1 U26 (.A(RST), .B(n441), .Y (n440) );

NAND2X1 U27 (.A(n473), .B(n474), .Y(n445) );

INVX2 U28 (.A(n445), .Y(\VO_B[4]) );

NAND2X1 U29 (.A(n459), .B(n460), .Y (n444) );

INVX2 U30 (.A(n444), .Y(\VO_B[3]) );

NAND2X1 U31 (.A(n471), .B(n472), .Y (1443) );

INVX2 U32 (.A(n443), .Y(\VO_B[2]) );

NAND2X1 U33 (.A(n455), .B(n456), .Y (n442) );

INVX2 U34 (.A(n442), .Y(\VO_B[1]) );

NAND2X1 U35 (.A(n467), .B(n468), .Y (n446) );

INVX2 U36 (.A(n446), .Y(\S3_C[0] ) );

INVX2 U37 (LA(START), .Y(n441) );

AND2X2 U38 (.A(n465), .B(n466), .Y(S3_D_[1]));

AND2X2 U39 (.A(n451), .B(n452), .Y(S3_D_[2]));

AND2X2 U40 ( .A(n475), .B(n476), .Y(S3_D_[3]) );

AND2X2 U41 (.A(n457), .B(n458), .Y(S3_D_[4]) );

NAND2X1 U42 (.A(n461), .B(n462), .Y(n447) );

NAND2X1 U43 (.A(n477), .B(n478), .Y(n448) );

NAND2X1 U44 ( .A(n453), .B(n454), .Y(n449) );

NAND2X1 U45 ( .A(n469), .B(n470), .Y(n450) );

SDFFTRX2 VO_C_reg_1_( .SI(1'b0), .SE(n442), .D(RST), .CK(CLK), .RN(n441),
Q(\V0_C[1]));

INVX2 U46 (.A(P3_RLCO), .Y(n_1156) );

INVX2 U47 (.A(n450), .Y(\S3_C[4] ) );
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INVX2 U48 (.A(n449), .Y(\S3_C[3]) );
INVX2 U49 (.A(n448), .Y(\S3_C[2]) );
INVX2 U50 (.A(n447), .Y(\S3_C[1]) );
SDFFTRX2 S1_C_reg_1_ ( .SI(1'b0), .SE(START), .D(\S1_B[1] ), .CK(CLK),
RN(RST), .Q(\S1_C[11) );
SDFFTRX1 X0_A_reg_4_ ( .SI(1'b0), .SE(START), .D(X0_A_4_0[4]), .CK(CLK),
RN(RST), .Q(\X0_A[4] ) );
SDFFTRX1 X0_A_reg_3_ ( .SI(1'b0), .SE(START), .D(X0_A_4_0[3]), .CK(CLK),
RN(RST), .Q(\X0_A[3] ) );
SDFFTRX1 X0_A_reg_2_ ( .SI(1'b0), .SE(START), .D(X0_A_4_0[2]), .CK(CLK),
RN(RST), .Q(\X0_A[2] ) );
SDFFTRX1 X0_A_reg_1_ ( .SI(1'b0), .SE(START), .D(X0_A_4_0[1]), .CK(CLK),
RN(RST), .Q(\X0_A[1]));
SDFFTRX1 X0_A_reg_0_ ( .SI(1'b0), .SE(START), .D(X0_A_4_0[0]), .CK(CLK),
RN(RST), .Q(\X0_A[0] ) );
EDFFX1VO0_B_reg_4_ (.D(1'b0), .CK(CLK), .E(n440), .Q(n473));
EDFFX1VO0_B_reg_3_ (.D(1'b0), .CK(CLK), .E(n440), 1Q(n459) );
EDFFX1VO0_B_reg_2_ (.D(1'b0), .CK(CLK)%E(n440),.Q(n471)):;
EDFFX1VO0_B_reg_1_(.D(1'b0), .CK(CLK), .E(n440),*Q(n455));
EDFFX1 S3_C_reg_4_ (.D(1'b0), .CK(CEK), .E(n440), .Q(n469) );
EDFFX1 S3_C_reg_3_ (.D(1'b0), .CK(CLK);.E(n440); :Q(F453));
EDFFX1 S3_C_reg_2_ ( .D(1'b0), .CK(CLK),"E(n440), .Q(n477));
EDFFX1 S3_C_reg_1_ (.D(1'b0), .CK(CLK), .E(n440), .Q(n461) );
EDFFX1 S3_C_reg_0_ ( .D(1'b0), .CK(CLK), .E(n440), .Q(n467) );
EDFFX1 S3_D_reg_4_ (.D(1'b0), .CK(CLK), .E(n440), .Q(n457) );
EDFFX1 S3_D_reg_3_ (.D(1'b0), .CK(CLK), .E(n440), .Q(n475));
EDFFX1 S3_D_reg_2_ (.D(1'b0), .CK(CLK), .E(n440), .Q(n451) );
EDFFX1 S3_D_reg_1_ (.D(1'b0), .CK(CLK), .E(n440), .Q(n465) );
EDFFX1 S3_D_reg_0_ (.D(1'b0), .CK(CLK), .E(n440), .Q(n463) );
EDFFX1VO_A_reg_4_ (.D(VO_A_4_1[4]), .CK(CLK), .E(n_353), .Q(\V0_A[4])
)i
EDFFX1VO_A_reg_3_ (.D(VO_A_4_1[3]), .CK(CLK), .E(n_353), .Q(\V0_A[3])
)i
EDFFX1VO_A_reg_2_(.D(VO_A_4_1[2]), .CK(CLK), .E(n_353), .Q(\VO_A[2])
)i
EDFFX1VO_A_reg_1_(.D(VO_A_4_1[1]), .CK(CLK), .E(n_353), .Q(\VO_A[1])
)i
EDFFX1S1_A_reg_4_(.D(S1_A_4_0[4]), .CK(CLK), .E(n_353), .Q(\S1_A[4])
)i
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EDFFX1S1_A_reg_3_(.D(S1_A_4_0[3]),

);

EDFFX1S1_A_reg 1 (.D(SL_A_4 O[1]),

);

EDFFX1S1_A_reg_0_(.D(S1_A_4_0[0]),

);

EDFFX1S3_A_reg_4_(.D(S3_A 4 0[4]),

);

EDFFX1S3_A_reg_3_(.D(S3_A_4_0[3]),

);

EDFFX1S3_A_reg_1_(.D(S3_A 4 O[1]),

);

EDFFX1S3_A_reg_0_(.D(S3_A_4_0[0]),

);

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

E(n_353), .

E(n_353), .

E(n_353), .

E(n_353), .

E(n_353), .

E(n_353), .

E(n_353), .

SDFFTRX1 X0_B_reg_4_(.SI(1'b0), .SE(START), .DOX0_A[4] ),

.RN(RST), .Q(\X0_B[4] ) );

SDFFTRX1 X0_B_reg_3_ (.SI(1'00), .SE(START),

.RN(RST), .Q(\X0_B[3] ) );

SDFFTRX1 X0_B_reg_2_(.SI(1'00), .SE(START);

.RN(RST), .Q(\X0_B[2] ) );

SDFFTRX1 X0_B_reg_1_(.SI(1'00), .SE(START);

.RN(RST), .Q(\X0_B[1] ) );

SDFFTRX1 X0_B_reg_0_ (.SI(1'00), .SE(START),

.RN(RST), .Q(\X0_B[0] ) );

SDFFTRX1 X0_C_reg_4_(.SI(1'00), .SE(START),

.RN(RST), .Q(\X0_C[4] ) );

SDFFTRX1 X0_C_reg_3_ (.SI(1'00), .SE(START),

.RN(RST), .Q(\X0_C[3] ) );

SDFFTRX1 X0_C_reg_2_ (.SI(1'00), .SE(START),

.RN(RST), .Q(\X0_C[2] ) );

SDFFTRX1 X0_C_reg_1_(.SI(1'00), .SE(START),

.RN(RST), .Q(\X0_C[1] ) );

SDFFTRX1 X0_C_reg_0_(.SI(1'00), .SE(START),

.RN(RST), .Q(\X0_CI[0] ) );

SDFFTRX1 X0_D _reg 4_( .SI(1'b0), .SE(START)

.RN(RST), .Q(\X0_D[4]) );

SDFFTRX1 X0_D _reg 3_( .SI(1'b0), .SE(START)

.RN(RST), .Q(\X0_D[3]) );

SDFFTRX1 X0_D _reg 2_( .SI(1'b0), .SE(START)

DOX0A[3]),

DOX0_A[2]),

.DOX0_A[1]),

.D(X0_A[0]),

.D(\X0_B[4]),

.D(\X0_B[3]),

.D(\X0_B[2]),

.D(\X0_B[1]),

.D(X0_B[0] ),

, .D(\X0_C[4]),

, .D(\X0_C[3]),

, .DOX0_C[2]),
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Q(S1_A[3])

Q(S1_A[1])

Q(S1_A[0])

Q(\S3_A[4])

Q(S3_A[3])

Q(S3_A[1])

Q(\S3_A[0])

.CK(CLK),

.CK(CLK),

'CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),

.CK(CLK),



RN(RST), .Q(\X0_D[2]) );

SDFFTRX1 X0_D_reg_1_ (.SI(1'0), .SE(START), .D(\X0_C[1] ), .CK(CLK),
RN(RST), .Q(\X0_D[1]) );

SDFFTRX1 X0_D_reg_0_ ( .SI(1'b0), .SE(START), .D(\X0_C[0] ), .CK(CLK),
RN(RST), .Q(\X0_D[0] ) );

SDFFTRX1 VO_B_reg2_4_ (.SI(1'b0), .SE(START), .D(\WO_A[4] ), .CK(CLK),
RN(RST), .Q(n474) );

SDFFTRX1 VO_B_reg2_3_ (.SI(1'b0), .SE(START), .D(\WO_A[3] ), .CK(CLK),
RN(RST), .Q(n460) );

SDFFTRX1 VO_B_reg2_2_ (.SI(1'b0), .SE(START), .D(\WO_A[2] ), .CK(CLK),
RN(RST), .Q(n472) );

SDFFTRX1 VO_B_reg2_1_ (.SI(1'b0), .SE(START), .D(VO_A[1] ), .CK(CLK),
RN(RST), .Q(n456) );

SDFFTRX1 VO_C_reg_4_ (.SI(1'b0), .SE(n445), .D(RST), .CK(CLK), .RN(n441),
Q(\V0_C[4]));

SDFFTRX1 VO_C_reg_3_ (.SI(1'b0), .SE(n444), .D(RST), .CK(CLK), .RN(n441),
Q(\V0_C[3]));

SDFFTRX2 VO_C_reg_2_ (.SI(1'b0), .SE(n448), .D(RST), .CK(CLK).RN(n441),
Q(\V0_C[2]));

SDFFTRX1 S1_B_reg_4_ (.SI(1'b0), .SE(START), .D(\S1-A[4] ), .CK(CLK),
RN(RST), .Q(\S1_B[4]) );

SDFFTRX2 S1_B_reg_0_ (.SI(1'b0), .SE(START);.D(\S1_A[0] );“CK(CLK),
RN(RST), .Q(\S1_B[0]));

SDFFTRX2 S1_C_reg_0_ (.SI(1'b0), .SE(START), .D(\S1_B[0] ), .CK(CLK),
RN(RST), .Q(\S1_C[0]));

SDFFTRX1 S1_D_reg_4_ (.SI(1'b0), .SE(START), .D(\S1_C[4] ), .CK(CLK),
RN(RST), .Q(S1_D_[4]));

SDFFTRXL S1_D_reg_1_ (.SI(1'b0), .SE(START), .D(\S1_C[1] ), .CK(CLK),
RN(RST), .Q(S1_D_[1]));

SDFFTRX1 S1_D_reg_0_ ( .SI(1'b0), .SE(START), .D(\S1_C[0] ), .CK(CLK),
RN(RST),.Q(S1_D_0));

SDFFTRX1 S3_B_reg_4_ (.SI(1'b0), .SE(START), .D(\S3_A[4] ), .CK(CLK),
RN(RST), .Q(\S3_B[4]) );

SDFFTRXL S3_B_reg_3_ (.SI(1'b0), .SE(START), .D(\S3_A[3] ), .CK(CLK),
RN(RST), .Q(\S3_B[3]) );

SDFFTRX1 S3_B_reg_1_ (.SI(1'b0), .SE(START), .D(\S3_A[1] ), .CK(CLK),
RN(RST), .Q(\S3_B[1]) );

SDFFTRX1 S3_B_reg_0_ (.SI(1'b0), .SE(START), .D(\S3_A[0] ), .CK(CLK),
RN(RST), .Q(\S3_B[0]) );
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SDFFTRX1 S3_C_reg2_4_(.SI(1'b0),

.RN(RST), .Q(n470) );

SDFFTRX1 S3_C_reg2_3_(.SI(1'b0),

.RN(RST), .Q(n454) );

SDFFTRX1 S3_C_reg2_2_ (.SI(1'b0),

.RN(RST), .Q(n478) );

SDFFTRX1 S3_C_reg2_1_(.SI(1'b0),

.RN(RST), .Q(n462) );

SDFFTRX1 S3_C_reg2_0_ ( .SI(1'b0),

.RN(RST), .Q(n468) );

SDFFTRX1 S3_D_reg2_4_ (.SI(1'h0),

.Q(n458) );

SDFFTRX1 S3_D_reg2_3_ (.SI(1'h0),

.Q(n476) );

SDFFTRX1 S3_D_reg2_2_ (.SI(1'h0),

.Q(n452) );

SDFFTRX1 S3_D_reg2_1_(.SI(1'h0),

.Q(n466) );

SDFFTRX1 S3_D_reg2_0_(.SI(1'h0),

.Q(n464) ),

SE(START), .D(\S3_B[4] ), .CK(CLK),

SE(START), .D(\S3_B[3] ), .CK(CLK),

SE(START), .D(\S3_B[2] ), .CK(CLK),

SE(START), .D(\S3_B[1] ), .CK(CLK),

SE(START), .D(\S3_B[0] ), .CK(CLK),

.SE(n450), .D(RST), .CK(CLK), .RN(n441),

.SE(n449), .D(RST), .CK(CLK), .RN(n441),

.SE(n448), .D(RST), .CK(CLK), .RN(n441),

.SE(n447), .D(RST),.CK(CLK), .RN(n441),

.SE(n446),-D(RST), CK(CLK), .RN(n441),

CLKBUFX4 U51 (.A(n440), .Y(n_269) );

INVX2 U52 (.A(n_269), .Y (n_353));

INVX2 U53 ( .A(n366), .Y (n367) );

EDFFX4 S1_A_reg_2_(.D(S1_A_4_0[2]), .CK(CLK), .E(n_353), .Q(\S1_A[2])

);

EDFFX4 S3_A_reg_2_(.D(S3_A_4_0[2]), .CK(CLK), .E(n_353), .Q(\S3_A[2])

);

SDFFTRX4 S1_B_reg 2_(.SI(1'b0), .SE(START), .D(\S1_A[2] ), .CK(CLK),

.RN(RST), .Q(\S1_B[2]));

SDFFTRX4 S1_C_reg 2_(.SI(1'b0), .SE(START), .D(\S1_B[2]), .CK(CLK),

.RN(RST), .Q(\S1_C[2] ), .QN(n366) );

SDFFTRX4 S3_B_reg_2_(.SI(1'b0), .SE(START), .D(\S3_A[2] ), .CK(CLK),

.RN(RST), .Q(\S3_B[2]) );

endmodule

A.9 Caell List

Report : cell

Design : PCF
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\ersion: 2000.05-1

Date  : Tue Oct 31 21:44:34 2006

Attributes:
b - black box (unknown)
h - hierarchical
n - noncombinational
r - removable

u - contains unmapped logic

Cell Reference Library

MRC_COLUMNO
P1_PRE_CHECK P1_PRE_CHECK

PCF_CONTROL_0 PCF_CONTROL

PCPG_0 PCPG

S1 A reg 0_ EDFFX1
S1 A reg 1 EDFFX1
S1 A reg 2_ EDFFX4
S1 A reg 3_ EDFFX1
S1 A reg 4 EDFFX1
S1 B_reg 0_ SDFFTRX2
S1 B_reg 1_ SDFFTRX2
S1 B_reg 2_ SDFFTRX4
S1 B_reg_3_ SDFFTRX1
S1 B_reg 4_ SDFFTRX1
S1 C_reg 0_ SDFFTRX2
S1 C_reg 1_ SDFFTRX2
S1 C_reg 2_ SDFFTRX4
S1 C_reg 3_ SDFFTRX2
S1 C_reg 4_ SDFFTRX1
S1. D _reg 0_ SDFFTRX1
S1 D reg 1_ SDFFTRXL
S1 D _reg 2_ SDFFTRXL
S1 D _reg 3_ SDFFTRXL
S1 D reg 4 SDFFTRX1
S3_A_reg 0_ EDFFX1
S3_A_reg 1_ EDFFX1
S3_A_reg 2_ EDFFX4
S3_A_reg_3_ EDFFX1

MRC_COLUMN

typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
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Area Attributes

79488 h

112320 h

6266.88 h,n

159552 h,n

126.72

126.72

184.32

126.72

126.72

14976

149.76

184.32

126.72

126.72

149.76

149.76

184.32

149.76

126.72

126.72

126.72

126.72

126.72

126.72

126.72

126.72

184.32

126.72

n

n

n



S3_A_reg_4 EDFFX1 typical 126.72 n

S3 B_reg 0_ SDFFTRX1 typical 126.72 n
S3_B_reg_1 SDFFTRX1 typical 126.72 n
S3_B_reg_2_ SDFFTRX4 typical 18432 n
S3 B_reg_3_ SDFFTRXL typical 126.72 n
S3_B_reg_4 SDFFTRX1 typical 126.72 n
S3.C_reg2 0_ SDFFTRX1 typical 126.72 n
S3.C reg2 1_ SDFFTRX1 typical 126.72 n
S3.C_reg2 2_ SDFFTRX1 typical 126.72 n
S3.C reg2 3 SDFFTRX1 typical 126.72 n
S3.C_ reg2 4 SDFFTRX1 typical 126.72 n
S3_C_reg 0_ EDFFX1 typical 126.72 n
S3 C_reg 1_ EDFFX1 typical 126.72 n
S3 C_reg 2 EDFFX1 typical 126.72 n
S3_C_reg_3_ EDFFX1 typical 126.72 n
S3 C_reg 4_ EDFFX1 typical 126.72 n
S3. D _reg2 0_ SDFFTRX1 typical 126.72 n
S3_D_reg2_1_ SDFFTRX1 typical 126.72 n
S3_D_reg2_2_ SDFFTRX1 typical 126:72 n
S3 D reg2 3_ SDFFTRX1 typical 126.72 n
S3_D_reg2_4 SDFFTRX1 typieal 12672 n
S3_D_reg 0_ EDFFX1 typical 126.72 n
S3_D_reg_1_ EDFFX1 typical 126.72 n
S3_D_reg_2_ EDFFX1 typical 126.72 n
S3_D_reg_3_ EDFFX1 typical 126.72 n
S3_D_reg_4_ EDFFX1 typical 126.72 n
SC_COLUMN_P1_P3_0 SC_COLUMN_P1_P3 3697.92 h
u25 AND2X2 typical 23.04
u26 NAND2X1 typical 17.28
u27 NAND2X1 typical 17.28
u28 INVX2 typical 11.52
u29 NAND2X1 typical 17.28
u30 INVX2 typical 11.52
U3l NAND2X1 typical 17.28
u32 INVX2 typical 11.52
u3s3 NAND2X1 typical 17.28
u34 INVX2 typical 11.52
u3s NAND2X1 typical 17.28
u36 INVX2 typical 11.52
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u37 INVX2 typical 11.52

u3s AND2X2 typical 23.04
U39 AND2X2 typical 23.04
u40 AND2X2 typical 23.04
u41 AND2X2 typical 23.04
u42 NAND2X1 typical 17.28
u43 NAND2X1 typical 17.28
u44 NAND2X1 typical 17.28
u45 NAND2X1 typical 17.28
u46 INVX2 typical 11.52
u47 INVX2 typical 11.52
u48 INVX2 typical 11.52
u49 INVX2 typical 11.52
us0 INVX2 typical 11.52
us1 CLKBUFX4 typical 23.04
us2 INVX2 typical 11.52
u53 INVX2 typical 11.52
VO_A_reg_1 EDFFX1 typical 126.72
VO_A_reg_2_ EDFFX1 typical 126.72
VO_A reg 3_ EDFFX1 typical 126.72
VO_A_reg_4 EDFFX1 typical 126.72
VO B reg2 1_ SDFFTRX1 typical 126.72
VO B reg2 2_ SDFFTRX1 typical 126.72
VO_B_reg2 3_ SDFFTRX1 typical 126.72
VO B reg2 4_ SDFFTRX1 typical 126.72
VO_B_reg_1_ EDFFX1 typical 126.72
VO_B_reg_2_ EDFFX1 typical 126.72
VO_B_reg_3_ EDFFX1 typical 126.72
VO_B_reg_4_ EDFFX1 typical 126.72
VO_C_reg 1_ SDFFTRX2 typical 149.76
VO _C reg 2_ SDFFTRX2 typical 149.76
VO _C reg 3_ SDFFTRX1 typical 126.72
VO_C_reg 4 SDFFTRX1 typical 126.72
XO_A reg 0_ SDFFTRX1 typical 126.72
X0_A _reg 1_ SDFFTRX1 typical 126.72
X0_A _reg 2 SDFFTRX1 typical 126.72
XO_A reg 3_ SDFFTRX1 typical 126.72
X0_A _reg 4 SDFFTRX1 typical 126.72
X0_B_reg 0_ SDFFTRX1 typical 126.72
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X0_B_reg_1_
X0_B_reg_2_
XO0_B_reg_3_
X0_B_reg 4
X0_C_reg_0_
X0_C_reg_1_
X0_C_reg_2_
X0_C_reg_3_
X0_C_reg_4_
X0_D_reg_0_
X0_D_reg_1_
X0_D_reg_2_
X0_D_reg_3_

X0_D_reg_4_

ZC_COLUMN_P1_P3_ 0

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

SDFFTRX1

typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical
typical

typical

ZC_COLUMN_P1_P3

Total 125 cells

A.10 Hardware Area Size

Report : area
Design : PCF

\ersion: 2000.05-1

Date  : Tue Oct 31 21:44:34 2006

Library(s) Used:

typical (File: C:/synopsys/msvc50/syn/bin/typical.db)

Number of ports:
Number of nets:
Number of cells:

Number of references:

Combinational area:

Noncombinational area:

Total cell area:

169

378

125

20

25200.000000

14837.760742

40037.760742
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126.72

126.72

126.72

126.72

126.72

126.72

126.72

126.72

126.72

126.72

126.72

126.72

126.72

126.72

14751.36

40037.76

n

n



