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“One has to watch out for engineers -  
they begin with the sewing machine and end up with the atomic bomb.”

-  Marcel Pagnol
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Abstract

Low-density parity-check block codes (LDPC-BCs) are quickly becoming the for­

ward error correcting code of choice for emerging communication standards. How­

ever, low-density parity-check convolutional codes (LDPC-CCs), the convolutional 

counterpart of LDPC-BCs, seem to be better suited in applications with streaming 

data or variable sized packets. A rate-1/2, (128,3,6) LDPC-CC ASIC has been im­

plemented in 180-nm, 1.8-V CMOS technology. We present the VLSI architecture 

of a register-based LDPC-CC encoder and decoder that includes an on-chip, pseu­

dorandom additive white Gaussian noise channel emulator. The decoder comprises 

a pipeline of ten identical processing units and attains up to 175 Mbps of decoded 

throughput.
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Chapter 1 

Introduction

The transfer of information -  whether it be the transfer of voice information via 
cell phones, movie information on digital versatile discs (DVDs), etc. -  is both 
ubiquitous and a necessity in today’s society. This thesis proposes one of the first 
architectures for a forward error correction (FEC) channel encoding and decoding 
scheme employing low-density parity-check (LDPC) convolutional codes. Channel 
encoding and decoding is a way to send information from a source to a destina­
tion in a sufficiently error-free manner. Efficient implementations of these LDPC 
code endecs will allow us to incorporate them into next-generation communica­
tions standards. The purpose of this work is to show that a convolutional variant 
of these LDPC codes can also be realized in hardware and convey a different set of 
advantages for the same applications.

In Section 1.1, we describe the basics of a communication system and then lead 
into the motivation behind channel coding systems in Section 1.2. In Section 1.3, 
we present the outline for the remaining chapters in this thesis.

1.1 Digital Communication Systems
A fundamental model of a communication system, shown in Fig. 1.1, involves 
a source, a transmitter, a channel or medium, a receiver and a sink. Though the 
model is conducive to both analog and digital communication, we primarily deal 
with the digital domain in this thesis. The main objective of the model is to take 
input signals, distort or transform them, and then regenerate output signals that will 
hopefully be the same as your original input signals. For instance, Fig. 1.1 can be 
seen as two cell phone users communicating with each other:

1. Source: responsible for producing the information stream, i.e. source cell 
phone user talking.

2. Transmitter: modulates the information and prepares it for transmission,
i.e. voice information is sent to a wireless network.

1
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Swamy Section 1.1: Digital Communication Systems

3. Channel: introduces random distortion to the transmitted signals. The 
channel is the main source of random noise and its consequences cannot 
be avoided, only mitigated.

4. Receiver: demodulates the information received and sends it to the sink,
i.e. destination phone receives the information from the wireless network.

5. Sink: responsible for using the information collected from the receiver, to 
be used for further processing, i.e. cell phone user hears the message.

It should be noted that nearly all communication systems encompass these basic 
building blocks but the shear complexity of certain systems make it hard to deter­
mine an exact block distinction and separation.

Transmitted signal Received signal

f /  \ ( (  \ (  \
Source Transmitter Channel Receiver Sink

I )  ̂ ) 'v J L J
Output message

Distortion 

& N oise

“Do you like channel coding ? ” “ Yeah, it’s great! ”

Figure 1.1: Basic digital communication system.

As the channel is inevitably unpredictable and potentially destructive (i.e. noisy), 
we require the receiver to do the best job it can to retrieve the transmitted signal(s). 
In other words, the amount of error correction necessary at the receiver is strongly 
dependent on the level of noise in the channel. This idea is conveniently quanti­
fied by the signal-to-noise ratio (SNR), which is the power ratio of the transmitted 
signal to the background noise in the channel. There are some very simple ways 
to improve the SNR and thus, alleviate erroneous transmissions. Although these 
methods are effective and straightforward, they do have several disadvantages that 
make them infeasible [11]:

1. Increase signal power: the most obvious way is to increase the transmitter 
power when assuming the channel characteristics immutable. However, 
this is not always possible in practice since most communication devices 
are power-limited and have no way for increasing the power. In addi­
tion, channel bandwidth and signal power are exchangeable. That is, an 
increase in signal power buys a reduction in channel bandwidth and the 
converse is also true. However, the former sees a smaller benefit than the 
latter (or converse) and hence in practice, channel bandwidth is usually 
traded to reduce signal power [10].

2
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2. Decrease transmission noise: if the communication device is power-limited, 
then the next logical choice would be to minimize the noise itself. This 
can be accomplished by turning off the sources that can potentially cause 
interference. However, this is a daunting task and is literally implausible. 
The only eliminations or minimizations that can be made are for thermal 
and inter-modulation noise, which are under the designer’s control. In 
short, we must still face the consequences of a volatile environment and 
research other ways to improve the SNR.

3. Diversify environments: if the signal integrity is fading or deteriorating, 
system redundancy can be used to effectively boost the perceived SNR. 
One example could be to use two receivers from two different locations 
to receive the same information, thus, seeing a higher SNR. The two re­
ceivers then work together to decipher the transmitted information with a 
reduced error probability. The main objective of diversity is to increase 
SNR by utilizing redundancy, and in this case, at the expense of higher 
resource requirements. Alternative forms of this technique are still widely 
used.

4. Retransmit information: considered to be another form of diversity and it 
requires bidirectional communication. Each transmitted block is checked 
by the receiver for errors. In case of errors, a request is made for retrans­
mission while receiving other blocks concurrently. It is evident that if the 
SNR is high, there is little retransmission and throughput is high; how­
ever, if the SNR is low, the retransmission overhead becomes significant 
and renders the system inefficient. This technique is wasteful on several 
accounts but the key idea is to make use of redundancy to combat noise.

The above methods are selfish when applied alone but when put together, they 
still prove to be quite resourceful. One such example is in [12], where an algorithm 
is devised to reduce signal power in short-range wireless networks but make use of 
block retransmission. As we advance technologically, we uncover more methods to 
drive the probability of error lower.

Claude Shannon, known to be the father of practical information theory, revolu­
tionized the telecommunications industry when he conceptualized “error-free” digi­
tal communication over arbitrarily noisy channels in his renowned 1948 article [13]. 
In summary, Shannon proves the maximum possible efficiency of error-correcting 
coding techniques at the receiver versus the noise inherent in the channel. He states 
that if there exists a noisy channel with a channel capacity C and information that 
is transmitted at a rate R such that R < C, then there exists an error-correcting 
code (ECC) to make the probability of error for the received information arbitrarily 
small. Conversely, if R > C, information that is sent through the channel can­
not be guaranteed to be received reliably [10,14,15]. Shannon does not mention

3
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the rare case when R = C nor does he offer insight on how to construct these 
ECCs. With this notion, the quest for attaining suitable ECCs to fix errors caused 
by channel imperfections began. This came to be known simply as channel coding 
or error-control coding.

1.2 Channel Coding
The basic communication system previously shown in Fig. 1.1 can now be mod­
ularized even further to include source and channel coding, which is illustrated in 
Fig. 1.2. Without going into much detail, source encoding and decoding can be 
either lossy or lossless. An real-life example of a lossless scheme is the Lempel- 
Ziv-Welch (LZW) algorithm used in today’s portable document format (PDF) doc­
uments [16]. Similarly, one lossy scheme that is prevalent among users is the joint 
photographic experts group (JPEG) picture standard [17]. Although source encod­
ing (and decoding) is not the subject of this thesis, it is worth mentioning that it 
deals with the compression and decompression of the source data itself and has 
nothing to do with the channel.

[ Source [

Sink

Transmitter

Channel
Decoder

Channel
Encoder

Source
Encoder

Source
Decoder

Coding Theory

Receiver

Physical Channel

Channel Noise

Figure 1.2: Basic model for modern-day digital communications systems.

Channel coding makes use of redundancy and is illustrated in Fig. 1.3. This 
concept involves a simple example of a single parity-check code, in which an addi­
tional bit is appended to an information block to ensure the total number of binary 
l ’s are even. If a single error occurs at the receiver (i.e. a violation of the parity- 
check constraint), then a retransmission of that block is requested. The natural 
extension of this concept leads to the construction of complex coding procedures 
that can detect and correct several bits [10].

There are two major classes of error control codes: linear and non-linear. How­
ever, linear codes are studied the most due to favorable properties such as sim­
pler encoding and decoding methods and straightforward algebraic descriptions [7]. 
Here, “linear” means creating redundancy bits by combining data bits linearly and 
we limit our field of view to binary codes over GF(2) (Galois field). Though there 
are several code types, we limit our analysis only to linear block and convolutional 
types for LDPC coding, which will be discussed in detail in Chapter 2.

4
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Transmitter

Transmitter

Figure 1.3: Visual example of a simple ECC with an odd parity-bit append.

A communication system with channel coding, like in Fig. 1.2, can be easily 
described in theory but its real-life application can sometimes be hard to objectify. 
Applications of linear block codes include deep-space and mobile communications 
and digital audio recording -  compact disc (CD) technology [18], for example. 
However, to demonstrate how LDPC block codes are used in a more recent exam­
ple, we present a brief case study of the worldwide interoperability for microwave 
access (WiMAX) certification, part of the institute of electrical and electronics en­
gineers (IEEE) 802.16 standard.

1.2.1 Brief Case Study: IEEE S02.16 Standard
This upcoming broadband, air interface standard is expected to overtake the IEEE
802.11 standard because of its extended range and significantly higher data rates. 
Of importance here, is the IEEE 802.16e amendment that concentrates on the phys­
ical (PHY) and medium access control (MAC) layers for fixed and mobile wireless 
communications [19]. In other words, W iM AX is a connection-oriented technology 
affecting only the data link layer and the PHY layer of the open systems intercon­
nection (OSI) model -  commonly known as the OSI seven layer model as shown in 
Fig. 1-4 [9],

The MAC is a sublayer in the data link layer directly above the PHY layer, 
which is the actual physical medium for sending and receiving data. The MAC sub-

5
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User interface

Translation 
User format < ->  Protocol format

Synchronization 
& Session maintenance ”  * 

;; jPackets, Flow-control 
& Error handling

Addressing 
& Routing 1

Frames < ->  Bits

Hardware 
& Raw bit stream •

Application
>-

Presentation

Session

Transport

Network

Data-link

Physical

Logical-link Frame synchronization,
Flow control & Error checking

MAC Network access 
& Permissions

Figure 1.4: Standard OSI reference model for communications and computer net­
work protocol design.

layer must provide access to a particular physical encoding and transport scheme. 
However, it is in the PHY layer where error correction is implemented. Fig. 1.5 
shows a typical WiMAX base station as a transmitter and receiver.

O
*t3i)

>H
£esu<

Randomization

FEC

Interleaving

Symbol

Mapping

Space-tim e 
Coding 

Beamforming 
MIMO Coding

D e-randomization

FEC Decoding 
De-interleaving

Symbol
De-m apping

CFR ~ » j  Interpolation j—»  d p d  -► jpA^>-

IFFT -►  CFR

Space-tim e 
Decoding 

Beamforming 
MIMO Decoding

“ Uplink

Interpolation j—»» £)p£) -►|pÂ>-

Channel
Estimation

Frequency
Domain

Equalization

Timing & 
Frequency 
Correction

Channel
Estimation
Frequency
Domain

Equalization

Timing & 
Frequency 
Correction

Figure 1.5: High-level block diagram of the PHY layer in a typical WiMAX base 
station [2].

As per the IEEE 802.16e amendment and Fig. 1.5, several channel coding tech­
niques have been considered for the FEC block, all of which must follow four dis­
tinct steps [19,20]:

1. Randomization (de-randomization): a pseudorandom noise (PN) sequence 
generator is used to randomize (de-randomize) each data block that is to 
be channel coded. This effectively scrambles (de-scrambles) the signal.

2. FEC (endec): these include tail-biting or zero-tailed convolutional cod­
ing, convolutional Turbo and LDPC coding. Currently, LDPC coding is 
optional but it is a choice that is not overlooked.

6

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy Section 1.3: Outline o f the Thesis

3. Interleaving (de-interleaving): channel-coded data is then interleaved (de­
interleaved) by first applying a “scattering” method and then performing 
a least-significant-bit (LSB)/most-significant-bit (MSB) switch.

4. Modulation (de-modulation): orthogonal frequency division multiple ac­
cess (OFDMA) is a system multiplexing standard, where quadrature phase 
shift keying (QPSK) and 16/64 quadrature amplitude modulation (QAM) 
are available.

The IEEE 802.16e standardization group promises to support mobile communi­
cations at speeds of approximately 40 to 50 mph for data rates of 5 Mbps or better. 
LDPC encoding and decoding are considered to provide “error-free,” point-to-point 
communication, not only in WiMAX but in several other standards as well.

1.3 Outline of the Thesis
The main subject of this thesis is to showcase a recently discovered class of LDPC 
codes, known as LDPC convolutional codes, and its implementation specifics. In 
doing so, Chapter 2 elaborates on the theory of channel coding, revolving around 
LDPC codes and its attributes. Chapter 3 is solely dedicated to the analysis of the 
LDPC convolutional variant. Chapter 4 discusses prior work in the area of FEC 
and LDPC codes. This leads into the application specific integrated circuit (ASIC) 
implementation of the first known LDPC convolutional code encoder and decoder. 
We provide an in-depth analysis of the chip’s architecture and report expected and 
measured results in Chapters 5 and 6, respectively. We finally conclude and state 
the directions of future research for this area in Chapter 7.

7
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Chapter 2 

Background to Channel Coding

It should be clear by now that channel coding is an essential part of today’s commu­
nication systems. Though it is not what is showcased in a complex system, without 
it, reliable information could not propagate to the other processing units. In this 
chapter, we will take a closer look into channel encoding and decoding, with pri­
mary focus placed on LDPC codes. In Section 2.1, we present the theory required to 
understand most of what happens between the channel encoder and decoder. Then 
we introduce FEC that lead into concepts in iterative decoding theory utilized in 
LDPC block coding in Sections 2.2 and 2.3.

Throughout this thesis, basic concepts are used to describe values and/or compo­
nents in a system. Though the application may be different, the definition remains 
the same. Therefore, brief definitions and descriptions are provided for those un­
derlying concepts.

2.1.1 Signal Energy & Power
A measure of signal energy and power are mandatory in all systems whether it be 
the measure of the wanted or unwanted parts of the signal. Conventionally, signal 
energy in the time domain, Ef, is defined as

2.1 Terms and Concepts

(2 .1)

and similarly, signal power, Pf, is defined by

(2.2)

8

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy Section 2.1: Terms and Concepts

Signal power, if it exists, is a more meaningful measure as it is a time average of 
signal energy and hence, the entity is either periodic or has statistical regularity [21]. 
The units of signal energy and power depend on the input signal, f ( t ):

1. If f ( t ) is a voltage signal, E f  has units V2 • s (Volts-squared-seconds) and 
P f  has units V2 (Volts-squared).

2. If f ( t )  is a current signal, E f  has units A2 ■ s (Amperes-squared-seconds) 
and P f  has units A2 (Amperes-squared).

f ( t )

(a) Energy signal (b) Power signal

Figure 2.1: Example signal representations.

Figs. 2.1(a) and 2.1(b) illustrate an example of an energy and power signal, 
respectively. An important attribute to observe is that since power averages over an 
infinitely large interval, a signal with finite energy has zero power and a signal with 
finite power has infinite energy. They are mutually exclusive but there exist signals 
that are neither power nor energy signals [21].

2.1.2 Signal-to-Noise Ratio (SNR)
SNR is a ratio of the signal power to noise power. It is a purposive measure that is 
widely used in communication theory to quantify noise from a deterministic view­
point. It is typically measured at the receiving end of the communication system 
before signal detection and it allows us to evaluate and anticipate the perilous effects 
of noise [22]. SNR, in decibels (dB), is defined as

SNR = 10 logm ( SlSmtpaWer) d B .  (2.3)
\  noise power J

SNR can also be expressed as a ratio of signal voltage to noise voltage if we assume 
the inputs signals are measured across the same resistance (R\ =  R2). Thus, in dB,

9
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this is shown by

SNR =10 logio

=  10 logio

=  10 ■logio

=  20 ■togio

/  signal p ow er\ 
\  noise power J

( {ysignal)1/R \\
V  ( ’Vnoisef/Rl )
f  ysignal \
\  y n o i s e  J
f  signal vo ltage\

dB. (2.4)

To put this in perspective, the error probability or SNR of a coded communica­
tion system is commonly expressed as a ratio of energy-per-information bit (Eh) to 
the one-sided power spectral density (No) of channel noise [23]. The Eh is obtained 
by dividing signal power, which is conventionally denoted a 2, by the code rate, R.
No is defined by the channel model used in the communication system; see Section
2.1.3 for more information. The code rate, R, is defined as per Section 2.1.6.

SNR = —  (2.5)
No
o 2

Eb = (2.6)

No =  dependent on the channel model

2.1.3 Channel Model
There exist several techniques and methods for modeling the channel or transmis­
sion medium. Of them all, the most prominent model used in academia, and in this 
thesis, is the additive white Gaussian noise (AWGN) channel. Fig. 2.2 shows the 
basic structure of an AWGN channel. The noise incurred is specified by N (p ,c2), 
meaning the distribution of the noise has a mean of p  and a noise variance of Cf2. 
Note that in a normal Gaussian distribution, we have N(p — 0, a 2 =  1).

N(p = 0 ,a2)

x  ------   r

Figure 2.2: AWGN channel model. 

10
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For this channel type, the noise variance is related to noise power spectral den­
sity by

Therefore, modeling different SNRs can be accomplished by varying the o„ (stan­
dard deviation) in the noise probability distribution.

2.1.4 Modulation
The modulation scheme is typically considered to be part of the channel and is 
responsible for physically transmitting and receiving signals by varying a periodic 
waveform. Demodulation is the inverse operation of modulation but at the receiver. 
The aim of digital modulation is to convey the digital bitstream. Phase shift keying 
(PSK) is just one form of angle-modulated, constant-amplitude digital modulation 
that takes a binary digital signal as input. Binary PSK (BPSK) is an M-ary system 
where M = 2 and two output phases are possible for a single carrier frequency: one 
of the phases represents a logic ‘0’ and the other a logic ‘1’. Fig. 2.3 visually shows 
an ideal BPSK truth table [24].

I I II I II I I
Binary
input 1 0

BPSK
output

Figure 2.3: Ideal output phase-versus-time relationship in BPSK modulation.

In this thesis, we focus on BPSK modulation as it fits well with the FEC decod­
ing scheme of interest.

2.1.5 Perform ance M etric

The performance of a coded communication system is conventionally measured by 
its probability of decoding error for a perceived SNR over its uncoded counterpart 
that transmits information at the same rate -  also known as “coding gain.” This 
decoding error can be measured in two ways: bit error rate (BER) probability or 
frame error rate (FER) probability. FER is defined as the probability that a decoded

11
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frame is in error at the output of the decoder. Similarly, BER is the probability of an 
information bit in error at the output of the decoder. For example, a BER of 10~5 
means that one in every 100,000 decoded information bits is in error. Coding gain 
is the other metric defined as the reduction in SNR required to achieve a certain 
BER/FER for a coded versus uncoded communication system. This SNR reduction 
is not indefinite and thus, the ceiling on coding gain is defined by the capacity of 
the channel.

In any case, the communication system should be designed to keep both of 
these error probabilities as low as possible [23]. These performance metrics are 
exemplified in Fig. 2.4.

U ncoded BPSK — ■—  
C oded BPSK

0.1

cc
UJ
CO

BER Coding
Gain

0.01

SNR

Error Floor

0.001
3 4 5 60 1 2

Eb/No (dB)

Figure 2.4: Example BER vs. SNR graph showing an uncoded and coded plot using 
BPSK modulation.

2.1.5.1 Error Floor

Also illustrated in Fig. 2.4, an error floor is a region in the performance graph where 
the slope of the error probability begins to flatten. This can mean the area where 
the slope at higher SNRs has decreased relative to the slope at lower SNRs. Error 
floors are typically unwanted as they decrease the strength or usefulness of the FEC 
code [23].

2.1.6 Code Rate
The rate of the FEC code is defined as R and it quantifies what amount of the total 
information sent through the channel is useful information, i.e. non-redundant. 
Therefore, if the code rate is k/N, this means that for every k information bits 
(message), there are N  bits produced by the channel encoder and hence, N  — k
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bits represent the redundant data. Higher code rates mean fewer code-bits present 
to combat noise. Whereas, lower code rates mean more code-bits present in the 
stream and hence, more data protection. Moreover, code rate, R, is typically a 
number between 0 and 1.

2.2 Forward Error Correction
FEC attempts to correct errors using one-way communication, i.e. there is no feed­
back from the decoder and thus, is also referred to as a “feed-forward system.” FEC 
is used in systems where it is impractical to request a retransmission of the cor­
rupted message block. Therefore, if and when errors are detected by the receiver, 
the redundant code is extracted from the message block and is used to predict and 
hopefully correct the discrepancy.

As mentioned earlier, we only concentrate on linear FEC codes, with primary 
focus on LDPC block codes (LDPC-BCs) and convolutional codes (LDPC-CCs). 
Since the information in most digital communication systems are coded in binary 
(digital), we also limit ourselves to operations in GF(2). Before LDPC codes are 
discussed, it is worthwhile to note the first effective set of linear block codes after 
Shannon’s seminal article in 1948 [13], i.e. Hamming codes [25].

2.2.1 Hamming Codes

In 1950, Richard W. Hamming introduced an encoding and decoding scheme that 
was able to detect and correct single-bit errors in message blocks. His work marked 
the beginning of the search for FEC codes that can approach the Shannon limit for 
channel capacity. Hamming codes can be used to visually demonstrate the use of 
parity bits in a more sophisticated manner to improve the code rate over existing 
methods, such as with repetition codes.

For example, a (N =  7, k — 4) Hamming code with an information block of size
k,

u  = (uo,ui,u2,U3) (2.8)

is mapped by the channel encoder into another block of size N,

V = (V0,V1,V2,V3,V4,V5 ,V6), (2.9)

where v  is the block that is transmitted over the channel and is referred to as the
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codeword [26], This resulting codeword has the relationship to its input given by

Vo =  UQ,

V i = H i ,

V2 =  «2,

v 3 ~  M3 (2 .1 0 )
V4 =  UQ ©  M2 ©  M3,

V5 =  Mo © M i  © M 3 ,

V6 =  Mo © Mi © M2 ,

where “©” denotes modulo-2 addition. This relationship is more appropriately de­
scribed in a row-wise, k x N  matrix, called the generator matrix, G,

/ I  0 0 0 1 1 1\
0 1 0 0 0 1 1
0 0 1 0  1 0  1 

\0  0 0 1 1 1 0 /

and v  can be obtained by the vector multiplication

v  = u -G .  (2.12)

Similarly at the receiver side, the source message can be retrieved if

r  ■ H t =  §, (2.13)

where r  is the received message including channel noise, s is the syndrome vector 
and H  is the parity-check matrix satisfying the constraint

G  = (2 .11)

G  H l 0. (2.14)

Therefore, if r  contains at most one error, then the syndrome s  will be a non-zero 
vector specifying the location of the bit in error. However, if r  contains no errors, 
then § will be 0, the zero vector.

For example, if u  = (1,0,1,1) is transmitted using G  in (2.11) and an H T 
matrix is given by

'1 1 1 
0 1 1 
1 0 1
1 1 0 ,  (2.15)
1 0 0 
0 1 0 
0 0 1

then v = (1,0,1,1,1,0,0). Now suppose we have a corrupted bit in the received 
stream, then s holds a unique value to identify that error. Table 2.1 shows all the

H T =

14
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s Location of Bit-error
[0,0,0] No Error
[1,1,1] VI
[0,1,1] V2
[1,0,1] V3
[1,1,0] V4
[1,0,0] V5
[0,1,0] V6
[0,0,1] Vi

Table 2.1: Shows all possible s values and error positions for a (7,4) Hamming 
code.

unique values for this (7,4) Hamming code. Then to correct the single-bit error, we 
simply flip that bit.

If multiple errors exist in r, it is also possible to satisfy (2.13) yielding s =  0. 
When this occurs, the errors are referred to as undetectable errors. Therefore, to 
detect and correct multiple bit errors, more complex FEC techniques are required.

2.3 LDPC Codes
Since Hamming codes, the increasing need for reliable transmission led to the dis­
covery of LDPC codes in the early 1960s by Robert Gallager [27], However, these 
codes were not pursued further at that time because of the prohibitively large com­
putational demands of the decoding algorithm. The term “low-density” is char­
acteristic of its parity-check matrix in that it contains fewer non-zero elements in 
comparison to its zero elements. The renewed interest in LDPC codes over the 
past decade occurred when it was realized that they were, in fact, among the most 
powerful class of ECCs known to date.

2.3.1 LDPC-BCs
There exist LDPC-BCs today that can reach within 0.0045 dB of the capacity of 
a binary, antipodal-modulated AGWN channel [28]. Their encoding and decoding 
schemes are relatively complex and can be described via a parity-check matrix (like 
all other linear codes) or be represented graphically.

2.3.1.1 Matrix & Graphical Representation

As an example, a (N = 1 6 ,7  =  3, K = 6) LDPC-BC is represented by the H  matrix 
in (2.16).

15
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H  = (2.16)

1 1 0 1 0 0 0 0 1 0 0 1 1 0 0  0'

01 1 0 1 0 0 0  1 1 0 0 0 0  10 
0 0 1  1 0 1 0 0 0 1 0 0 0 1 0 1  
0 0 0 1 1 0 1 0 0 1 1 0 1 0 0 0  
0 0 0 0 1  1 0 1 0 0 0 0 1  1 10 
1 0 0 0 0  1 10 10 1 0 0 0 0  1 
0 1 0 0 0 0 1  1 0 0 0 1 0 0 1  1 
1 0 1 0 0 0 0 1 0 0 1 1 0 1 0  0

With respect to (2.16), we can now define J  and K  as the number of ones in each 
column and row, respectively. We also denote M  to represent the number of rows 
and N  to be the number of columns (total block length) in the H  matrix. Thus, the 
code rate is given by

*  =  ^ .  (2.17)N
In 1981, Michael Tanner gave LDPC codes a graphical point of view that had 

the ability to provide a full representation of the code [29]. Fig. 2.5 shows the 
Tanner graph representation of the H  matrix in (2.16).

VN0 VNi VNl;

PCNi

Figure 2.5: Graphical representation of the H  matrix, using parity-check nodes 
(“+”) and variable nodes (“=”)•

Tanner graphs are also called bipartite graphs, which means that the graph 
is split into two distinctive types and the edges only connect the two different 
types [30]. Thus, LDPC-BC bipartite graphs comprise two node types: variable 
nodes (YNs) and parity-check nodes (PCNs), associated with “=” and “+,” respec­
tively.

As illustrated in Fig. 2.5, the creation of this bipartite graph is straightforward. 
It consists of M  PCNs that correspond to M  rows in the H  matrix and similarly, N  
VNs that correspond to the N  columns of the same matrix. Therefore, the parity- 
check node, PCNm, is connected to variable node, VN„, if and only if there is a ‘1’ 
in element H (m ,n ) for m =  0- • -M — 1 and n =  0- • -N — 1.
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2.3.1.2 General Attributes

There are a few common terms used to describe the LDPC code’s structure and
behavior.

Systematic versus non-systematic codes: in systematic codes, the input data phys­
ically appears in the encoded data. In a non-systematic code, the encoded 
data does not contain the input data. Systematic codes are ideal when the 
probability of error is relatively low. In such cases, the original data can 
be recovered from the received data knowing well that the coded parts are 
just for data correctness. Non-systematic codes can be fairly flexible in 
that they can exploit the use of all redundant (coded) data. This typically 
requires the decoder to be more computationally complex and thus, seem 
appropriate for channels with much higher probability of error -  wireless 
channels, for example. In this thesis, only systematic LDPC codes are 
considered because of their relative ease in implementation.

Regular versus irregular codes: an LDPC code is considered “regular” if the weights 
J  and K  are constant for each column and row (respectively) in the parity- 
check matrix H .  Conversely, if either of the weights J or K  vary from 
column-to-column or row-to-row (respectively), then the code is called 
“irregular.” It is also possible to see this behavior in the bipartite graph 
- if the number of incoming edges across all variable nodes are the same 
and similarly, for all parity-check nodes, then the code is regular. More­
over, the code rate R may alternatively be calculated using these weights 
and is defined by

R >  1 - | .  (2.18)

It is known that some of the most powerful, capacity-approaching LDPC 
codes are currently irregular codes [28,31]. Though powerful, irregular 
codes are extremely challenging to build and realize in hardware. In this 
thesis, we deal only with regular LDPC codes.

Soft-decision versus hard-decision decoding: soft-decision decoders accept “soft- 
input” from the channel and produce “hard-output,” i.e. binary zeroes 
or ones. However, hard-decision decoders accept “hard-input” and yield 
“hard-output.” Soft-input can be probabilities or estimates of the received 
symbols and it can be used to produce hard-output estimates of the correct 
symbols [7]. It is known that soft-decision decoders offer better perfor­
mance over hard-decision decoders but with the disadvantage of higher 
decoder complexity [23]. In this thesis, we consider only soft-decision 
decoding algorithms and architectures.
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2.3.1.3 Code Construction & Encoding

Although Gallager did not provide a specific method for constructing “good” LDPC 
codes, he did propose a general method for constructing a class of pseudorandom 
LDPC codes. It has been found that good, large block-length LDPC codes are 
namely computer generated or random in nature [23]. Hence, their encoding is 
very complex due to the lack of structure or regularity. However, several effective 
methods have been noted for constructing LDPC-BCs that still approach channel 
capacity. For more information on construction techniques, see [28,31,32],

The encoding operation is similar to that of Hamming codes mentioned in Sec­
tion 2.2.1. From a constructed H  matrix, we derive the generator matrix G  via 
Gaussian elimination. It turns out that G  is not “low-density” relative to its H  ma­
trix counterpart and hence, encoding is also relatively complex [23,26,30]. Early 
work showed that encoding could only be done in quadratic time, 0(N 2), with re­
spect to the block length N. However, recent work has shown that encoding (even 
for large codes) can be completed in linear time, 0(N)  [33].

2.3.1.4 Decoding

The decoding operation is where most of the complexity arises and there is still 
an ongoing search to ease the requirements for this task. There are several algo­
rithms for the decoder, namely: majority-logic (MLG) decoding, bit-flipping (BF) 
decoding, weighted BF decoding, a posteriori probability (APP) decoding and an 
iterative-based decoding based on belief propagation (BP), also known as the sum- 
product algorithm (SPA). Of the five methods, SPA is the soft-decision algorithm 
known to yield good error performance and still be computationally tractable [23].

SPA is also, interchangeably, referred to as the message-passing algorithm (MPA) 
because the algorithm passes soft-information back and forth between the node 
types in the bipartite graph representative of the H  matrix. It is important to note 
that the SPA is one of several possible MPAs. This iterative decoding is extremely 
efficient with LDPC codes as it processes the received symbols iteratively to im­
prove the reliability of each decoded symbol. The reliability or probability of a 
symbol can be expressed as a log-likelihood ratio (LLR), denoted by £, which is 
the natural logarithm of the ratio of the probability that the corresponding bit is 
a ‘0’ to the probability that the bit is a ‘1.’ Working in the logarithmic domain 
converts multiplications into additions and divisions into subtractions, hence sim­
plifying calculations and reducing complexity. With regard to the bipartite graph 
and the parity-check matrix H  seen in Fig. 2.5 and (2.16), respectively, the MPA 
algorithm is as follows [1,27]:

1. Initialize all VNs and their outgoing messages (edges on the bipartite 
graph) to the values of their incoming channel LLRs. From Fig. 2.6, 
in '* for n =  0 • • • N  — 1 marks the LLR received from the channel and is a
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value that does not change for the entire decoding process for that block.

I (o) ff(0) M
lN- 1

/ o )  JO) JO) Jo) JO) JO)Cq cn _I Cq cn _\ Cq ef /« )  «(0)
Z1 t N - \

Figure 2.6: Initialization phase of the MPA for LDPC-BCs.

2. Send the messages from all VNs to the PCNs along the connected edges 
of the bipartite graph.

3. Perform a soft-input parity-check operation for the incoming LLRs along 
the edges. Fig. 2.7 depicts the computation for PCN, PCNm, as m — 
0 . . .  m  — 1 and k, n — 0 • • • N — 1. This composite operation is split into a 
sign and magnitude component:

• Sign operation: perform an XOR operation on the sign bits of 
all the incoming LLRs to form the parity-check result for the 
mth row in the H  matrix. Then form the sign bit for each out­
going LLR message for each edge on the graph by XORing the 
sign of the incoming VN LLR message corresponding to that 
edge and mth row’s parity-check result.

•  Magnitude operation: the magnitude portion or the reliability 
measure of an outgoing LLR message is calculated using

C  k = 2 tanh
-1 n  tanh

\yn ,H (m ,n )= \,n ^k  '
(2.19)

where i*mk is the magnitude portion of the outgoing LLR mes­
sage from PCNm to VN^ and l mn is the magnitude of the incom­
ing LLR message sent to PCNm from VN„.

4. Pass the LLR messages from the PCNs back to the VNs along the edges 
of the bipartite graph to begin the next iteration cycle.

5. At VNn, for n — 0- • • N  — 1, all the incoming LLR estimates from the 
PCNs are then summed along with the original channel LLR, In
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run

mkmn mk

mk mn

Figure 2.1: PCN computation in the MPA.

BPSK, the decoded bit would be the sign bit of the previous summation. 
However, if the outgoing LLR message for the next decoding iteration 
is to be formed using the same summation, then this can be realized by 
subtracting the contribution from each edge from the total sum. This re­
lationship is equivalent to

Cfe =  4 0)+  £  inm , (2.20)
\/m ,H  (m,n)=1 ,m=£k

where £*k is the outgoing LLR message from VNn to PCN^ and £nm is the 
incoming LLR message sent from PCNm to VNn for n =  0 • • • N  — 1 and 
m, k =  0 • • • M - 1 .  As pointed out by Fig. 2.8, this is similar to the parity- 
check operation in that the edge updated does not include the incoming 
LLR message on that corresponding graph edge, is never removed 
from the group sum.

/ (0)in

VN,
mn

Figure 2.8: VN computation in the MPA.

6. Steps 2-5 are repeated until a termination condition is satisfied. There are 
several possibilities for terminating conditions:

• The estimated decoded block, u, satisfies the condition

ii H  = 0. (2.21)
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This could mean an infinite number of iterations if the codeword 
could not converge to a solution.

• The intermediate messages in the decoder satisfy all of the parity- 
checks. This exits the decoder with the first codeword that 
meets all the constraints, but that may not necessarily be the 
correct codeword.

• Stop the decoding process after I  number of iterations. This has 
the potential for degrading error performance and/or resulting 
in an incomplete solution but it is the most pragmatic approach.

For a much more elaborate consultation of the MPA or SPA, see [23,27,34].

2.4 Summary
FEC is a must in today’s modem world since short- and long-distance communica­
tion has become an involuntary standard. Markets such as broadband wireless and 
mobile networks operate in noisy environments and need powerful error correction 
in order to improve reliability and data rates. LDPC-BCs are known to be among 
the most powerful, capacity-approaching class of FEC today, posing strong compe­
tition against Turbo codes. Due to their capabilities, LDPC-BCs are becoming the 
FEC code of choice in next-generation communications standards such as the IEEE 
802.16e (WiMAX) [19], 802.1 In (Wi-LAN) [35] and 802.3an (10GBASE-T) [36]. 
The major benefits from using LDPC-BCs is a performance gain that can result 
in lower transmit power, higher data throughput, longer transmit distance, and in­
creased reliability of the communication link. When transmit power is limited, the 
extra coding gain of LDPC codes can make the difference between reliable com­
munication and no communication. In Chapter 3, we introduce the convolutional 
alternative, also in the LDPC code family, that offers a different outlook for the 
same FEC applications.

21
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Chapter 3 

LDPC Convolutional Codes

Block codes encode and decode using only the data from a fixed-size block. The 
concept of convolutional coding was first introduced by Peter Elias in 1955 and 
was devised to be an alternative to block codes [37]. The basic idea of convolu­
tional codes is that outputs of the encoder for a given time unit depend not only 
on the inputs at the that time unit but also on previous inputs. This introduced the 
concept of memory order, ms, where inputs would remain in the encoder for an ad­
ditional ms time units after entering. Dissimilar to block codes, the large minimum 
Hamming distances and low error probabilities are plausible not by increasing the 
input message size and block size, but by increasing the memory order, ms [23].

In Section 3.1, we introduce LDPC-CCs and their distinct qualities. This is 
followed by Sections 3.3 and 3.4, where their encoding and decoding operations are 
explained, respectively. Lastly, we compare their coding performance with respect 
to LDPC-BCs in Section 3.4.1.

3.1 Overview
Another subclass of LDPC codes is the convolutional variant, which was introduced 
in 1999 by Felstrom and Zigangarov [3]. LDPC-CCs are similar to LDPC-BCs in 
that they are also linear codes that generate code-bits based on parity-check oper­
ations [38]. On the other hand, they have a few important attributes that clearly 
distinguish them from LDPC-BCs:

1. Any given code-bit1, v(t), is generated using only the present and the 
ms > 1 most recent information-bits2 (i.e. u(t — cx),0 < a  <  ms) and the 
ms previously generated code-bits (i.e. v(t — y), 1 < y < ms).

2. Information blocks of varying bit length may be encoded.

d efers only to the generated parity-check bits exiting the encoder.
2Refers only to the information bits entering the encoder, i.e. source stream.

22

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy Section 3.1: Overview

3. BER performance is comparable for the two LDPC code classes. How­
ever, for similar BER performance, the memory ms of an LDPC-CC is 
much smaller than the block size N  of an LDPC-BC [3,39].

For a rate-1/2 code3, the time-varying binary information sequence of length4 t

u ( 0 , t—l) =  [w(0),w(l), • •

is encoded as the binary sequence of length 21

v ( 0 , t - l )  =  [vi(0),v2(0),v i(l),v2( l) , '

such that
u(0 ,t —l ) i ^ _ i ]  =

, u ( t -  1)]

• • , V l ( t - l ) , V 2 ( t - l ) ]

0. (3.1)

As a consequence of these constraints, the parity-check matrix, is
lower triangular, and this reduces the encoding latency to zero and simplifies the en­
coding process. More precisely, the finite corresponding 2t x t section of the trans­
posed, semi-infinite parity-check matrix H T, denoted by H p t_xy has the form 
given in (3.2).

t tT

ki0)(0) h{ul)( 1) 

h i° \o )  /4 1}(1)

0 h f \  1)

1)
1)

0
0

h{r \  t)
hims)( T)

0
0
0
0

0
h(r \ t - 1) 
hims\ t - 1)

1).

(3.2)

J fp  has a periodic structure with a period of size x. The elements of 
are either 0 or equal to elements in a (2ms +  2) x x binary phase matrix,
The x columns of P[o,x-i] define x parity-check constraints that are satisfied for x 
subsequent code-bits in the coded bit sequence. The last row of the phase matrix, 
P ,  is constructed to contain only ones to enable direct encoding (i.e. formulation 
of the code-bit constraints). Thus, h ^ \ t )  =  1, V t.

The entries in the nth column of H jQ t_xy where 0 < n < t  — 1, are defined by 
three regions going down the column:

3Code rate R =  b /c  for b <  c. Each /?W(t) in (3.2) for (' =  (),••■, ms is a c x (c — b) submatrix [26, 
39]. In this thesis, we consider only regular, rate-1/2 LDPC-CCs, where c =  2 and b =  1. Hence, 
the rate can be calculated by R =  1 — j .

4Length t is short for t binary symbols in t time units, i.e. one binary symbol per time step.
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(a) If n < ms, there are no leading elements. If n >  ms, then the leading 2(n -  
ms) elements are all 0. These entries remove from consideration past bits 
from the coded sequence, v(0,t — 1), that exceed the finite memory of the 
code.

(b) The next min(2n +  2 ,2ms + 2) elements are identical to the last min(2n + 
2 ,2ms +  2) elements in the (n modx)-th column of the phase matrix 
P[o)T_i], respectively. These bits correspond to a parity-check constraint 
that appears in a correctly coded bit sequence.

(c) The trailing 2{{t — 1) — n) elements are all 0. These entries remove from 
consideration future bits from the code sequence, — 1), that cannot 
have any effect on the parity constraints.

For example, consider the following phase matrix, where ms = 1 and t  =  4

[0,3]

0 0 1 1  
1 1 0  0 
0 1 0  1 
1 1 1 1

(3.3)

The corresponding parity-check matrix extended to show six phases, is
illustrated in (3.4).

t t T  __
"[0,5] -

0 0 0 0 0 0
1 1 0 0 0 0
0 1 1 0 0 0
0 1 0 0 0 0
0 0 0 1 0 0
0 0 1 0 0 0
0 0 0 1 0 0
0 0 0 1 1 0
0 0 0 0 0 0
0 0 0 0 1 1
0 0 0 0 0 1
0 0 0 0 0 1

(3.4)

24

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Given the information sequence u(t) =  (1,1,0,1,0,0, • • •) and the example H T 
parity-check matrix, the sequence of code-bits can be verified to be as follows

V2(0) =  0-w(0) =  0,
v2(l) =  1 -w(l) © 1 • v2(0) © 0 - m(0) =  l.

v2(2) =  0 - w(2) © 0-v2(l) © 1 •w(l) =  1,
v2(3) =  1 -«(3) © 0 - v2(2) © 1•u(2) =  l,

v2(4) = 0 - w(4) © 1 -v2(3) © 0-u(3) =

v2(5) =  1 -m(5) © 1 -v2(4) © 0- w(4) =  1.

Once again, the addition operations occur within GF(2) and hence, are XOR 
operations. The corresponding coded sequence would thus be

v(t) = (1 ,0 ,1 ,1 ,0 ,1 ,1 ,1 ,0 , 1 , 0 , 1 , - ) .

We verify that the code is regular, which implies that the number, K, of ones 
in each row of H  and the number, J, of ones in each column of H  are constant. 
For a (ms,J ,K ) LDPC-CC, parameter ms determines the amount of memory. This 
parameter is monotonically related to BER performance, but the associated increase 
in encoder and decoder complexity are also important considerations [39].

Another important parameter is the repetition period x of the H T matrix. It has 
been shown that increasing x tends to improve BER performance [40]. However, 
this performance increase is much less when compared to the effects of increasing 
ms. Choosing x > ms adds phases to the decoding process, thus assisting synchro­
nization in the hardware decoder. In this thesis, we restrict ourselves to x =  ms + 1 
phases.

Given an H T matrix, we can derive parity-check equations to generate the code­
bits at the encoder and then reconstruct the original information stream using the 
received information-bits and code-bits at the decoder. This would mean we have 
x phases - and hence, x different operations for x subsequent phases, <j)(t) - for the 
encoder and decoder circuits before the operations repeat themselves.

3.2 Code Construction & Bipartite Representation
LDPC-CCs are an alternative to LDPC-BCs, therefore, they share and differ sev­
eral properties. However, their operations are mathematically equivalent. With 
that notion, it is logical to note that a derivation of an LDPC-CC can arise from a 
LDPC-BC parity-check matrix H  and vice versa. There exist several techniques 
to construct these codes but we unfold the simple steps of the Jimenez-Zigangirov 
method presented in [3].

Fig. 3.1 illustrates a method of converting from a (N =  16,7 =  3,K = 6) block 
code to a (ms = 8,7 =  4 ,K  =  8) convolutional code. Visually browsing 3.1(a) -

25

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy Section 3.2: Code Construction & Bipartite Representation

(a) (b)

(c) (d)

Figure 3.1: Jimenez-Zigangirov method for LDPC-CC construction [3] demon­
strated on the H t matrix seen in (2.16).

3.1(d), we basically transform the transposed H  matrix from the LDPC-BC to in­
clude the grayed portions one step at a time. This yields the transposed parity- 
check matrix, H T, for the LDPC-CC that is semi-infinite yet periodic. For a de­
tailed discussion on the construction of LDPC-CCs including other techniques, re­
fer to [3,26,40-43].

A portion of the infinite bipartite representation for this (8,4,8) LDPC-CC is 
highlighted in Fig. 3.2. Note that indexing of convolutional codes with respect to 
time, t, is of importance whereas it is irrelevant for block codes.
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t - 1 t -hi t H- 2

Figure 3.2: Bipartite graph of a (ms =  8, J  =  4.A' =  8) LDPC-CC laid out by H T 
in Fig. 3.1(d).

3.3 Encoding
Given an information sequence (i.e. u(0),m(1), • • •), we can determine the corre­
sponding encoded sequence (i.e. vi(0), V2 (0 ), vi(l) ,  V2 (l), •••) for a rate-1/2, 
systematic and regular code using the equations

and

vi (t) = u(t)

ms ms
vi{t) =  ^ $ ( t ) u ( t - i )  + Y ,} $ ( t ) v 2 ( t - i ) ,

(3.6)

(3.7)
(=0 ;=i

where we assume an initialization state of V2 (t) =  0 and w(r) =  0, V t <  0. There­
fore, the code-bit V2 (f) is computed as a subset of the XOR of the ms +  1 most 
recent information-bits and the ms most recent code-bits. The output stream v(t) 
is obtained by systematically interleaving the stream of information-bits and code­
bits.

3.3.1 Termination
LDPC-CCs are great when there is an endless input stream so we can continuously 
encode, transmit, receive and decode. However, the problem arises when there is a 
break or time gap in this long sequence, thus creating two separate sequences. This 
problem is due to the code-bits being dependent on other prior information- and 
code-bits, i.e. convolutional. Therefore, a “termination sequence” is required and 
appended to the encoder’s output to help bring the encoder back to a known state 
so as to properly initialize for the next encoding operation. In addition, it sustains 
the error-correction capability at the decoder for those tail values in the received
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message stream. For instance, suppose we have a rate-1/2 encoded frame of size 2n

v ( 0 , t - l )  = (vi(0),v2(0),vi(l),V2(l),--- ,vi(n — l),v2(n— 1)), (3.8)

where t =  n and the termination sequence is to be appended thereafter. We expect 
the encoder to reach the “all-zero” state -  a state where the memory is cleared with 
zeros -  in finite time and hence, the termination sequence cannot just be all zeros. 
However, there is a period during termination where a zero information-bit input 
will always yield a zero code-bit output; the point at which this happens is known 
as the “partial-zero” state [44], From this point, we need at most ms information- 
bits to flush out the encoder but these are not transmitted. Therefore, the rate-1/2 
encoded termination sequence is given by

* ( 0 , 2 f - l )  =  (jc(0),jc(1),-.- ,*(2L-1))  (3.9)

where L is the length of the input information-bit sequence needed to get to the 
partial-zero state at time t =  2L— 1. The encoded termination sequence, x ,  can be 
solved given

[^ lx 2 n ,a :ix 2 L ,0 lx 2 m s] ' ^[o,«+Z.+mJ- 1] =  ° l x ( n+L+ms)- ( 3 -10)

Fig. 3.3 shows the effect of terminated versus non-terminated frames (or pack­
ets) relative to an infinitely long frame (steady state) where termination is not nec­
essary. That is, though the steady state has an infinite frame length, the plot shows 
a simulated frame length of 2,500 bits to illustrate the effect of terminated and non­
terminated frames of finite length. It depicts the relationship between the positions 
in a frame and the errors encountered. As mentioned before, the reliability of the 
bits nearing the end of the frame or packet without termination is severed when 
proper decoding is ceased.

Although the termination problem is neither considered nor a part of this thesis, 
it is an attribute worth mentioning. Termination is a notable downside for LDPC- 
CCs and an obvious overhead to the transmitted stream, therefore, work is pursued 
to minimize its impact and implementation complexity. For more in-depth infor­
mation, see [44-46].

3.4 Decoding using the MPA
Like LDPC-BCs, LDPC-CCs also employ the same soft-decision, iterative, message- 
passing decoding algorithm - the MPA. As before, the MPA passes messages con­
taining probabilistic information from one decoding iteration to the next for a total 
of /  iterations. Each probabilistic message is represented as an LLR and as they are 
processed, their certainty will tend to increase as the decoding algorithm converges 
to a consistent and corrected coded bitstream. In [3], the decoding algorithm in­
corporated a serially-concatenated chain of I  processors that would be analogous to
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Figure 3.3: Effects of termination on a frame-based (128,3,6) LDPC-CC. [Graph 
courtesy ofZhengang Chen, University o f Alberta.]

the I  iterations in LDPC-BCs. The I  >  1 chain of processors all execute the same 
set of operations at the same time.

Each MPA processor performs the following five steps using 2 (7+1)  first-in 
first-out (FIFO) delay lines to store the LLRs. Note that Steps 2-5 below apply to 
every LLR that is shifted in all FIFO delay lines in any processor [3]. Fig. 3.4 
shows the LLR data processing steps mentioned below, and Fig. 3.5 shows an 
abstract datapath of the corresponding decoder.

1) Initialization
Initialize all FIFOs in the decoder by loading the dummy belief value 

“oo” in all locations. Proceed to Step 2.

2) Shifting Step

An LLR will be denoted by £ x \ t ) ,  where j  = 0, ■ • • ,7 references a 
particular delay line in either (x =  u) the information LLRs, or (x — v) 
the code LLRs. The index t — 0, • • • ,x, where x > m s + 1, represents the 
minimum latency in clock cycles of a selected delay line. At each syn­
chronization step, we shift in the new information and code LLRs from
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Figure 3.4: Flowchart showing the datapath for an LLR.

the channel - 4 u \ t )  and $ \ t ) ,  respectively - to all the FIFOs in the first
processor5, i.e. { 4 4 (0)} =  £{UUJ and {£^(0)}(0) oU), 4°} for 7 =  0, ,J. An
AWGN channel model with signals modulated using BPSK is shown in 
Fig. 3.6. These channel LLRs are related to the channel’s characteristics 
by the equations

4 u \ t )  =
4 KEbru(t) 

JN0

M (t\ -  AKEbrv{t) 
tv {t) ~  JN0

(3.11)

where Et, is the estimated energy per information-bit, is the estimated 
average noise power, J  and K  come from the (ms,J ,K ) definition, and 
ru(t) and rv{t) are the received symbols. The LLRs {£Ju(x)}, {£Jv(x)} for 
j  = 0, • • • , /  from processor i — 1 are input into the FIFOs of processor i.

’{ • } denotes a set of values.
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* {40)(0}

Corrected 
Info LLRs

Discard 
> Code LLRs

Variable Node
FIFO
(length x)

FIFO
(length x)Parity-Check Node

Hard Decision

Iteration Step 
(Last Processor)

Iteration Step 
(Processor 1)

Iteration Step 
(Processor 2)

u{t  - I -  t )

Figure 3.5: Simplified datapath of the decoder.

The LLRs excluding j  — 0 will be called intermediate as they are altered 
during the course of x subsequent phases. If the shifted LLR corresponds 
to a required parity-check symbol, we proceed to Step 3. However, if 
the LLR corresponds to a variable node symbol, we proceed to Step 4. 
Otherwise, Step 2 is repeated.

3) Parity-check node operation
In each processor i, i=  1 ,•••, / ,  K  intermediate LLRs are read from the 

FIFOs, altered by the PCN and then the K  updated LLRs are written back 
to their respective positions in the FIFOs. For instance, if one of the K  
parity-check inputs within a processor i, at some time t — 8, is denoted
£ y \ t  — 5), then (y,j, 5) € Q(t). Here Q(t) is the set of indices in pro­
cessor i for all K  inputs at each synchronization step, hence t  =  1, • • • , T. 
The PCN implements (3.12) where y,yr G {n,v}, j , f  G {1, • • • ,7}, 8 ,8 'e  
{0, • • • ,ms} and Q(t)\(y, j ,8) denotes the set Ci(t) excluding the element 
(y, j,  8). As this operation is quite complex to implement exactly in hard­
ware, a well-known approximation can be employed to reduce the imple­
mentation complexity while causing some acceptable degree of perfor-
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Figure 3.6: LDPC-CC channel model.

£y*\t — 8) =  2tanh 1 tanh (3.12)

;( / - 8 )  = sgn n mm
Cy',/,8/)eCi(0\(yJ.8)

i f f  i t -  8')

(3.13)

mance degradation [47]. The min-sum approximation6 shown in (3.13) is 
much easier to realize in hardware. In (3.12) and (3.13), the elements of 
Q(t) are determined by the phase, <|)(/), and the locations of the K  ones 
in the relevant columns of the transposed parity-check matrix, H T. If the 
outputs of the PCN operation are required by the VN operation, go to Step 
4; otherwise go to Step 2.

4) Variable node operation
The VN operation takes place just before the LLRs leave a processor. 

This occurs ms phases after the corresponding LLRs arrive at the proces­
sor. In processor i, the VN operation takes J  LLRs and computes (3.14), 
where y € {u,v} and /  G {0, • • • , /} .  If the VN is in one of the leading

6This same approximation is quite prevalent and is also applicable to LDPC-BCs.
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I —l processors, then proceed to Step 2; otherwise, for the I th (i.e. the 
last) processor, proceed to Step 5.

i f \ t - m s), if 7 =  0
pUl y£{yj)(t ms) - {  £  if j  e  {1, • • • ,y} (3’14)

,  j '^i

5) Final Hard Decision Step
The hard decision step takes place for the information-bit LLR outputs 

of the last processor and determines whether a logic one or logic zero was 
realized for u(t —Ix) after I  iterations. The code-bit LLR outputs from the 
last processor would be discarded as they encode no useful information. 
In BPSK modulation as per Fig. 3.6, a logic zero is represented as xy(t) — 
1 and a logic one as xy(t) =  — 1, for y e  {u,v}. More precisely, the hard 
decision step is given by

u ( t - I - x )  = 0.5 ^ 1 - sign . (3.15)

In (3.15), sign(-) calculates the overall certainty of the output bit being a 
one or zero. The remaining events in (3.15) translate the output bit from 
BPSK to a logic one or zero.

3.4.1 Coding Performance
LDPC-CCs possess the same excellent error-correcting capabilities as their better 
known block counterparts. In Fig. 3.7, we compare the performance of a rate-1/2 
(128,3,6) LDPC-CC with a rate-1/2 (1024,3,6) LDPC-BC. Although the two codes 
have similar performance, LDPC-CC decoders are easier to pipeline and require 
fewer parity-check and variable nodes [39]. That is, the small cost of optimizing 
critical paths of LDPC-CCs is less than for LDPC-BCs.

Both LDPC codes have a regular (3,6) structure and both were simulated with 
double-precision LLRs, using the approximate min-sum algorithm and sum-product 
(tanh-based) parity operation. A performance degradation is seen in both min-sum 
curves.

3.5 Summary
LDPC-CCs offer excellent error performance very similar to their block-code coun­
terpart. They are more advantageous for streaming applications where continuous 
and simultaneous encoding and decoding operations are of importance. A simi­
lar error performance was reported for a (128,3,6) LDPC-CC versus a (1024,3,6)
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wio-

- —  BPSK Uncoded 
-b—  LDPC-BC (#=1024), sum-product 
-*—  LDPC-BC (#=1024), min-sum 
-e—  LDPC-CC (ms= 128), sum-product 
-A—  LDPC-CC (m5=128), min-sum

3.5

Figure 3.7: LDPC-CCs versus LDPC-BCs with respect to the sum-product and the 
min-sum algorithms; ms — 128 versus N  =  1024. [Graph courtesy o f Zhengang 
Chen, University o f Alberta.]

LDPC-BC. However, their implementation aspects were not discussed entirely. In 
Chapter 4, we survey hardware implementations noted in industry and academia 
that showcase LDPC-BC and LDPC-CC systems.
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Chapter 4

Prior Work1: Hardware 
Implementations

The demonstrated potential of LDPC codes has led to the design and construction of 
LDPC-BCs and their implementations in hardware. More specifically, the efficient 
realization of the decoders are of primary importance as they are the more com­
putationally demanding and complex portions relative to their encoding opposites. 
Numerous LDPC-BC decoder architectures have been developed in academia and 
industry [1,48,49]. The recent introduction of LDPC-CCs have also sparked inter­
est and are beginning to make way with their own set of issues and compromises.

In Section 4.1, we briefly summarize the evolution of LDPC-CCs. However, in 
Sections 4.2.1 and 4.2.2, we elaborate on hardware implementations of LDPC-BCs 
both from the analog and digital perspectives. The digital section in Section 4.2.2.1 
includes a case study of the first noted LDPC-BC implementation.

4.1 LDPC-CCs Since Inception
Much of the work with LDPC-CCs reside in the formation of its theory and com­
parisons to LDPC-BCs. To name a few, methods of code construction for regular 
and irregular codes [26,31,32,43], analog decoding techniques [50] and complexity 
studies [39] have been looked at. Due to the active research of LDPC-BCs, several 
components are also transferable to LDPC-CCs because of the SPA overlap. Hard­
ware implementations of this variant are still not prevalent but the first among those 
will be discussed in Chapter 5.

' The LDPC-CC hardware implementation described in Chapter 5 is, to our knowledge, the first 
ASIC implementation of its kind and sent for fabrication in March of 2005. Therefore, this chapter 
presents a literature review prior to the work in Chapter 5. Since March 2005, several other LDPC- 
CC architectures have been investigated, but are not mentioned here.
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4.2 LDPC-BC Realizations 2
Since LDPC-BCs were discovered much earlier than LDPC-CCs, physical imple­
mentations of LDPC-BCs were and still are more predominant in industry and 
academia. Architectural developments in this area involve exploring concepts in 
analog and digital domains as well as improvements in the PCN and VN designs in 
the decoder component. Several encoder enhancements have also been reported but 
the cost-benefit gain is greater for the decoder.

4.2.1 Analog decoding
Complementary metal-oxide semiconductor (CMOS) analog decoders have been 
studied for several years and do foresee several advantages such as smaller circuit 
sizes, subthreshold operation, reduced routing congestion for the interleaver con­
necting the node types and much lower power dissipation. The analog principle 
exploits the exponential properties of transistors to realize the SPA with simple cir­
cuits [50,51].

Fig. 4.1 depicts one method for implementing the basic operations of the SPA. 
It illustrates what happens with a three-edge node, with AVx and AVy representing 
the input LLRs on two of the incoming edges and AVz being the output LLR on 
the outgoing edge. Vbias exists to bias the circuit and provide a constant current. If 
analog input currents in the circuit are proportional to the probability masses of the 
inputs, then by the translinear principle, the differential voltages are LLRs. Only 
here does the probability and log-domain calculations happen simultaneously, as it 
becomes only a matter of perspective. It turns out that this one circuit in Fig. 4.1 
can perform all the duties of the two node types [4]. The circuit is just replicated 
but cascaded and wired in a tree format depending on node degrees and code size.

Though there are numerous, unique decoder architectures to outline, almost all 
of them conceive the following advantages [51]:

1) Potential power savings due to the subthreshold operation of translinear 
circuits.

2) Smaller node circuits enabling designers to implement larger codes and 
build for massive parallelism.

3) Continuous-time operation allow output signals to settle unlike the redun­
dant operations seen in the digital implementations. In addition, there is 
no requirement for a clock network.

4) Reduced routing congestion in the interleaver, often due to how the in­
formation is represented. Analog decoders conventionally require only a

Explanations of CMOS theory and transistor operations are not covered in this thesis.
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AVz

Connection

AVy.

PCN
f  1

------------ —
V ( .-------------i— J

VN
± 1

Figure 4.1: A translinear circuit, involving a modified Gilbert multiplier [4], spe­
cially made for the SPA [5].

wire or two per message, whereas several wires are need for the digitally 
quantized messages.

5) Signal representation follows easily from the SPA, where the currents are 
probability masses and the voltage differences are the LLRs.

6) Straightforward layout synthesis is possible, as analog decoders typically 
do not deviate from the structure of a bipartite graph. Hence, it becomes 
easy to comprehend the design.
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4.2.2 Digital decoding
Most of the work, like this thesis, focuses on the digital implementation of these 
decoders. The benefits of choosing digital remain obvious such as resistance to 
noise, ease of calibration and adjustment and two-mode transistor operation (on 
and off). However, the main advantage would have to be the capability of attaining 
complex designs and incorporating large FEC schemes. Large decoding networks, 
in high performance codes, in analog are quite cumbersome to implement due to 
problems such as device mismatch and thus, performance is degraded and the risk 
of circuit failure is increased [51].

4.2.2.1 Howland et al. : First Published LDPC-BC Decoder [1]

A rate-1/2, 1024 block-length, irregular code decoder was built with 64 iterations. 
It features a parallel architecture with soft-decision message passing and a code rate 
and block size corresponding to a different code type proposed for third generation 
wireless systems. Fig. 4.2 shows the datapath architecture of their decoder.

message word

4 bits

parity-
check
node

variable
node

m essage register

Figure 4.2: Datapath of the decoder in [1].

Contrary to the bipartite graph, their datapath requires two sets of edges: one 
set for VNs to PCNs and another set in the reverse direction. Though this doubles 
the number of edges, they eliminate the side effects such as logic overhead, control
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signal distribution and use of bidirectional buffers caused by single-set routing. The 
registers mark the beginning and ending of a decoding iteration and are grouped 
with the VNs. Thus, the PCNs are fully combinatorial blocks.

input 0 . 
(sign bit) output 0 

(sign bit)

row parity

K-input
XOR output K -l 

(sign bit)input K -l 
(sign bit)"

K by 2-input
XORs

(a)

input x 0 3 bi.ts, 
(magnitude)

7 bits

3 bits o u tp u t^  

(magnitude)

output x k - i 

(magnitude)
input x K - i  
(magnitude)

In [tanh (??)]

2tanh

(b)

Figure 4.3: Architecture of the PCN in [1].

Each LLR message is quantized to four bits in a sign-magnitude fashion -  three 
bits for the magnitude and one for the sign bit. A PCN, as shown in Fig. 4.3, is 
also split into two separate computations: Fig. 4.3(a) calculates the sign bit and 
Fig. 4.3(b) calculates the magnitude bits, for all outgoing messages. The magni­
tude is computed via the sum-product equation in (2.19). The hyperbolic functions 
dealt with three-bit inputs and outputs so the implementation was straightforward. 
Internal precision was seven bits for proper overflow management.

The VN architecture is shown in Fig. 4.4(a). The VN performs additions as 
per (2.20) and hence, conversions from sign-magnitude to two’s complement and 
vice versa are implemented at the input and output interfaces of the node. The sign 
of the sum of the LLRs is the current estimate of the decoded bit. This can allow 
them to dynamically vary the number of iterations as this operation is done in every

39

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy Section 4.2: LDPC-BC Realizations

VN. At the start of a new block, the previous block is loaded into the output shift 
registers.

input 0 SM

SM
output 0

MSB SM output
J - l

input J - l SM 2’s

received 
shift in

received 
shift out4 bits

decoded 
shift outdecoded 

shift in 1 bit

packet_start

(a)

received 
value —

4 bits

variable nodes

1 bit
decoded bit

(b)

Figure 4.4: Architecture of the VN and a VN group in [1].

Fig. 4.4(b) shows a VN shift register group for the data input and output scheme. 
The parallel decoder has a three-block pipeline: as one block is iteratively decoded, 
the next block is being loaded while the previous block is being read out. Therefore, 
the register group is replicated 16 times but with different interconnections.

A hardware-sharing architecture using a memory fabric was also described but 
it proved to be challenging to implement and still achieve the same performance 
as the parallel scheme. It was concluded that the hardware-sharing architecture 
required more complicated control logic to oversee memory accesses for LLR mes­
sages. Due to the extra periphery logic associated with memory, in conjunction 
with high bandwidth requirements, it was likely that architecture would consume
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significant power and hence, was deemed suitable for low-throughput, area-critical 
applications.

The parallel scheme provided higher throughput and lower power dissipation 
for an increase in area. The decoder performed 64 iterations at a clock frequency of 
64 MHz to yield a coded throughput of 1 Gbps. Their very large scale integration 
(VLSI) implementation sized 7.5 mm x 7.0 mm totaling 52.5 mm2 for the device 
area on a 160 nm, 1.5-V CMOS process. The total measured power dissipation was 
690 mW at 1.5-V while operating at 64 MHz.

4.3 Summary
The goal of this review was to highlight a selected few of the noted works just to 
subsequently place LDPC-CCs and its implementation on the same scale as LDPC- 
BCs. Though there are several commonalities between the two code variations to 
exploit and optimize, the escape of LDPC-CCs from just theory and simulations 
must first be established. This becomes more apparent in Chapter 5 as we discuss 
an encoder and decoder prototype using an LDPC-CC.
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Chapter 5

Hardware Implementation of a 
LDPC-CC

The error-correcting capability of LDPC codes, namely block codes, have uncov­
ered them for potential use in several industrial applications. This has been proven 
via several software simulations and more recently, hardware implementations in 
academia and industry. However, the benefits of LDPC-CCs in all physical aspects 
are still unknown. Appropriate comparisons, such as cost versus performance, de­
sign effort, etc., cannot exist until an implementation is developed and its view­
points are weighted.

We begin by introducing the project’s primary intent and then lead into system 
architecture and ASIC implementation specifics in Sections 5.2 and 5.3, respec­
tively. This includes a discussion of all main components in the communication 
channel -  the encoder, channel emulator and the decoder, along with a mention of 
peripheral modules. A more recent design involving the use of memory modules is 
also referenced and evaluated in Section 5.4.

5.1 Project Intentions
The intent of this work (chip designation: ICFAALP2) is to prove feasibility and 
plausibility of the theory behind LDPC-CCs. Though there exist several architec­
tures for the PCN and VN that could be adopted, we instead provide less complex 
circuitry so as to lay the groundwork for future enhancements and considerations. 
It is to be regarded as a prototype for relaying the error-correcting capability of 
LDPC-CC encoders and decoders. To the author’s knowledge, this is the first ASIC 
architecture showcasing LDPC-CCs.
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5.2 ICFAALP2: System Architecture
The LDPC-CC encoder and decoder system was first prototyped on a field pro­
grammable gate-array (FPGA) platform using very-high-speed-integrated-circuit 
hardware description language* (VHDL) and later implemented in Taiwan semi­
conductor manufacturing corporation’s (TSMC) 180 nm CMOS process [52,53]. 
This prototype comprises a rate-1/2 (128,3,6) LDPC-CC* encoder and a corre­
sponding decoder operating with the min-sum parity-check algorithm, an approx­
imate AWGN channel emulator for built-in-self-test (BIST), test circuitry and pe­
ripheral/control modules for performing a number of on-chip operations and con­
trolling data flow.

More specifically, the following are the included modules and their functions:

Test pattern generator: generates pseudorandom bit streams that emulate infor­
mation streams to the encoder.

Encoder: performs the convolutional encoding of the information stream using a 
rate-1/2 (128,3,6) LDPC-CC code.

Noise generator: generates and adds an approximate AWGN to the encoded stream 
to emulate a noisy channel with variable SNRs.

Decoder: comprises 10 serially concatenated processors that carry out the iterative 
decoding algorithm. LLRs are the inputs and outputs of each processor. 
Hence, as more processors are added, the BER performance improves.

Slicer: performs the final hard-decision after the last processor and determines the 
value of the decoded bit.

Error counter: determines the BER using a windowing approach. The values 
from the test pattern generator are compared to the outputs of the decoder 
and are validated.

The two main components, namely the encoder and decoder, are placed on the 
same die to allow for BIST. The BIST is made possible through the use of the test 
pattern generator, noise generator and error detection circuits. All of the component 
operations are controlled by an input and output interface, which disperses the user- 
specified data and control signals to appropriate modules. In addition, the output 
control block allows us to route LLRs from one processor to any other processor. 
This becomes important when defects are introduced during the fabrication process, 
especially since the processors occupy a large portion of the area on the chip. If one 
link in a serially-concatenated processor chain is broken, the decoder is rendered 
useless, i.e. almost the entire chip.
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5.2.1 Register-based Encoder
The encoding operation described in Section 3.3 can be realized by the circuit given 
in Fig. 5.1.

3 from m

1 from ms — 1

XOR

Figure 5.1: Encoder architecture for a rate-1/2 (128,3,6) LDPC-CC.

A direct translation of (3.6) and (3.7) into hardware ideally produce two FIFOs 
of length x: one to store the incoming information-bits, u{t), and the other to store 
the derived code-bits, V2 (t). It should be noted that Fig. 5.1 shows a slightly opti­
mized version of our LDPC-CC code. Specifically, the FIFOs are slightly less than 
x since the LLRs near the end are not used and hence, the associated registers can 
be omitted. The addition operations for V2 (t) are calculated in GF(2) as XOR oper­
ations. For our particular LDPC-CC, four of the five inputs to the XOR operation 
vary at each phase, §(t) = t mod x. The fifth input, which happens to be a code-bit 
in our case, is fixed. Two multiplexers, controlled by (|)(t), select the remaining four 
inputs to the XOR operation: three from the information-bit FIFO and one from the 
code-bit FIFO.

Unlike LDPC-BCs, data flows unidirectionally through the simple encoder logic. 
Therefore, there is no need for a control mechanism to read and shift a frame into 
the encoder, encode the frame, while transmitting the previously encoded frame. 
As a result, vi (t) and V2 (t) are produced at the output and forwarded to the channel 
emulator with very little latency.

5.2.2 C hannel E m ulator

The simple channel emulator included in this design attempts to model an approx­
imate AWGN channel by exploiting the central limit theorem (CLT) [54]. In this 
module, the SNR is adjusted by varying the signal energy, Eb, rather than by vary­
ing the noise power, N0. Seven preset levels of signal power are available, ranging 
from an SNR of -12 dB to 4 dB in steps of approximately 3 dB.
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Figure 5.2: An approximate AWGN channel emulator using a 74-bit LFSR as the 
random number generator.

The emulator, as shown in Fig. 5.2, also converts the input signals to 6-bit LLR 
values before it enters the decoder. The noise is generated using a 74-bit, primitive 
polynomial linear feedback shift register (LFSR). For each of the two noise gener­
ators, 127 one-bit pseudorandom values are generated by XORing different taps in 
the LFSR. Making use of the CLT, the 127 one-bit pseudorandom values are then 
summed to produce a seven-bit noise sample. Thus, one noise sample is available 
to distort the information-bit and another for the code-bit. This noise generator pro­
duces a pseudorandom Gaussian distribution with a mean /u = 63 and a variance 
a2 =  4. The noise distribution is scaled to be centered around /i =  0 by subtracting 
63 from each noise sample. Each noise sample was then quantized to four bits of 
precision for the magnitude in addition to the sign bit and the saturation bit, which 
represents the dummy belief value in the initialization step of the MPA.

Fig. 5.3(a) shows a histogram plot after generating 1,000,000 noise samples 
and Fig. 5.3(b) shows the autocorrelation function of the same noise samples. It 
shows that a design error in the noise generator caused the histogram to deviate 
(a spike around 0) from a Gaussian distribution but the design still produces white 
(uncorrelated) noise samples; more details are provided in Chapter 6.
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Figure 5.3: Noise characterization.
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5.2.3 Register-based Decoder
As shown in Fig. 5.4, the decoder architecture is a cascade of identical soft-decision 
processors followed by a hard-decision slicer that determines the final decoder out­
put. Belief messages or soft-decision LLRs are represented in the decoder in fixed- 
point sign plus magnitude format. All nodes in the decoder are initialized to the 
largest representable positive value in the notation. LLRs estimated from channel 
measurements are made from an assumed receiver front end. These initial channel 
LLRs enter processor 1, propagate unidirectionally through the serially-linked chain 
of processors and exit via the last processor 7. At this time, the soft-decision out­
puts of processor I  enter the hard-decision slicer, where associated LLRs are added 
together according to (3.15). For BPSK emulation, the sign bit of the accumulated 
result alone determines the estimated information-bit that leaves the decoder.

Information Bit LLRs

C ode Bit LLRs

Improved Information Bit LLRs

E stim ated  Information Bit
Hard Slice

P ro c esso r

P ro c esso r

P ro c esso r I

P ro c esso r

Figure 5.4: Processor chain with I  processors and a hard-decision slicer.

5.2.3.1 LLR Precision & Total Processor Count

The major design decisions that affect BER performance and size include the num­
ber of required processors and the precision of an LLR (quantization). Software 
simulations were conducted to determine a suitable value for each design decision.
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(a) Plot showing the effect of the number of LLR magnitude bits on 
BER for a fixed SNR and 10 processors.
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Figure 5.5: Rate-1/2 (128,3,6) LDPC-CC design parameters using the min-sum 
algorithm.

Fig. 5.5(a) shows the dependency of BER on the number of magnitude bits used 
to represent the LLR. It is clear that the required number of bits varies as a func-
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tion of the SNR. If too few bits are used, then the quantization noise becomes the 
dominating impairment in the decoder. Four bits of precision offers a suitable com­
promise between complexity and performance for an SNR of 3 dB. In Fig. 5.5(b), 
we plot simulation results for a varying number of processors. It is clear that at 
higher SNRs, more processors are required to obtain all the benefits of the error 
correcting capabilities of the code. We would need around 30 to 50 processors to 
minimize the errors caused by too few iteration steps. Here the plots show curves 
for a low SNR and a high SNR, which is used to convey the progressing pattern of 
the curves with respect to increasing or decreasing SNR. These SNR points were 
selected as they fall within our test operating region of 1 dB to 3 dB.

5.2.3.2 Processor Architecture

For our rate-1/2 LDPC-CC decoder, each processor contains one PCN and two 
VNs. The term “node” is used to reflect the analogy between these subsystems 
in the LDPC-CC decoder and the node processors in an LDPC-BC decoder. Each 
processor instance in the LDPC-CC decoder is analogous in its role to one iteration 
in LDPC-BC decoding. For example, BER performance improves as we instantiate 
more processors until an upper bound is reached [55]. The PCN and VN architec­
tures for a processor are shown in Section 5.2.3.3.

The simple iterative architecture of LDPC-CC decoders makes them ideal for 
both ASIC and FPGA implementations. The design effort can thus be focussed on 
the development of one processor. The same processor design can then be tiled as 
many times as required or as permitted by available resources. A given array of pro­
cessors can be reconfigured to provide different processing options. For example, 
we may structure 30 processors as three independent decoders with 10 processors 
each, or as one large decoder using all 30 processors. The former enables us to 
achieve higher throughput with multiple data streams at the cost of a lower BER 
performance in each stream. However, the latter achieves better BER performance 
for one data stream.

Fig. 5.6 shows a simplified model of a processor. It performs the operations 
as set out by the parity-check matrix. For each of the x =  129 phases, specific 
LLRs are read from the delay lines and forwarded to the parity-check node. The 
manipulated LLRs are then returned to their respective delay lines. The variable 
node operation is performed by adders as the LLRs exit the processor, as shown 
in Fig. 5.6. Each LLR is modified by the parity-check node and the variable node 
only once in every processor. There are eight delay lines for the storage o f the 1032 
LLRs, i.e. four dedicated to the information-bits and another four for the code-bits. 
We note that the processor’s latency is greater than x due to the extra pipelining 
stages in the parity-check node and the variable nodes. This helped to alleviate 
some circuit performance bottlenecks but with a slight overhead of some additional 
control logic.
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Figure 5.6: Simplified view of a register-based processor where P =  140 is the 
latency of each.
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Each delay line is six bits wide, corresponding to the width of a single LLR 
value. Of the six bits, one is allotted for the sign, one bit to indicate saturation 
or infinity, and four bits for the magnitude or certainty of its received bit. The 
magnitude bits use a fixed-point representation, where the values range between 0 
and 3.75. For simplicity reasons, we will refer to the four-bit values using an integer 
representation with values ranging from 0 and 15.

Due to limited area on the multi-project silicon wafer, we were only able to 
incorporate 10 processors in our design. However, it would be straightforward to 
extend the design with additional processors to achieve better BER performance.

5.2.3.3 Straightforward PCN & VN Construction

The structure of the two node types is very straightforward. For the PCN, the calcu- 
ation is broken down into two simultaneous steps: the sign bit and magnitude bits 
calculations. Fig. 5.7 illustrates a simplified block diagram to calculate the latter. 
It searches for the first and second minimum magnitudes of the K  =  6 inputs. Note 
that are five logic levels, where the first minimum is identified in the third stage and 
second minimum in the fifth stage using a simple search tree. The sign bit XOR 
circuitry is rather simple and follows directly from the sgn operation in (3.13).

INi
IN2
in 3

in 4
in 5
in 6

Second
Minimum

Magnitude
Compare

Magnitude
Compare

Magnitude
Compare

------ >• Magnitude

— J Compare

Magnitude

Compare

Magnitude
Compare

First
Minimum -  min- Magnitude

max- Compare

---- min- Magnitude

i—max- Compare

Magnitude
Compare

Figure 5.7: Simplified block diagram to implement a portion of the min-sum algo­
rithm. For simplicity, pipeline registers are not shown. Note that unconnected or 
unused outputs are shown as ground connections.

In a similar manner, the VN performs simultaneous sign-magnitude additions 
given / + 1  node inputs, where J = 3 in our case. The VN segment in Fig. 5.6 shows
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the data flow and is implemented as such. INO represents the original channel LLR 
estimate and is passed unchanged to OUTO. The VN operation follows directly 
from (3.14) and exactly two of them are situated in every processor.

As these two node types are replicated countless times, it is worthwhile to ex­
plore other alternatives to evaluate and minimize the cost incurred.

5.2.4 Peripheral and Control Modules
The peripheral and control modules play an important role in enhancing the testa­
bility of the design in terms of functionality and defect avoidance. For BIST, a test 
pattern generator along with a bit error counter were incorporated. This enabled 
us to quickly test the chip and obtain BER measurements that confirmed silicon 
functionality.

Since the ten processors are concatenated, a failure in any one of them could 
have led to a complete failure of the decoder. To avoid this, we added the ability 
to inject the channel LLRs into any one of the ten processors. We also ensured that 
any processor’s output LLRs could be connected to the hard-slice unit. Therefore, 
in the event of any single processor failure, a nine-processor decoder would still be 
realizable.

5.2.4.1 Test Pattern Generator

The test pattern generator is built with four simple modes of operation due to limited 
silicon area:

Pseudorandom information-bit generator: generates pseudorandom bits that are 
input to the encoder. It comprises a 32-bit LFSR with the primitive poly­
nomial

x32 + x7 + x 6 +JC2 + 1 . (5.1)

Here, x  represents a 32-bit delay line, the exponents are the tap points 
and “+” is an XOR operation. Given an arbitrary seed for the delay line, 
the LFSR can generate 232 — 1 =4,294,967,295 bits before the stream is 
repeated. This can be used to simulate real-life information bits entering 
the encoder.

Alternating bit mode: generates a stream of alternating ones and zeros. The cir­
cuit is very simple while allowing for quick verification of the decoder’s 
output.

Bit delay mode: includes a set of four registers that initially output ones for the 
first four clock cycles and zeros thereafter. Again, this is useful for quickly 
verifying the decoder’s output. As the initial latency is long enough, this 
can help us visually identify the expected output and when it should occur.
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All-zero input mode: the simplest mode of all induces the all-zero codeword and 
thus, responsible for accentuating the effects of noise in the channel em­
ulator.

5.2A.2 BER Counter

The purpose of this block is to keep track of the decoder’s output bits that are in 
error. The method involves matching the decoder’s output with the encoder’s input 
offset by the processor-chain latency. The obvious way would require a buffer 
(delay line) to hold the inputs until they are ready to be compared and we count 
until we capture 100 error events (typical case). However, this would be inefficient 
if the decoder’s latency is rather large since the buffer length is dependent on it. 
Hence, there are other ways to achieve a similar result.

If we are optimistic and we assume the decoder is in working condition, we can 
compare the decoder’s output with an alternating one/zero stream. Then there are 
two counters, one incrementing only when the compared bits match and the other 
doing the reverse. Since we assumed the decoder being mostly correct, we can take 
the lower value of the two counters and call that our error rate. Note that this is not 
accurate and hence, we must capture several error events to obtain a valid estimate 
- in our case, we capture 512 to 1024 error events.

The BER is reported via a seven-segment display on an FPGA board or as an 
8-bit binary output. This 8-bit value has a 32-value lookup table as shown by Table 
5.1. The table reports the approximate range of total bits (log base-2 domain) where 
the error events have occurred, thus yielding a BER estimate. We require at least 
2048 bits to pass before the error count condition is satisfied, i.e. if more than 1024 
errors have occurred before 2048 bits have propagated, an emulation error results. 
The bit count is performed by an arbitrary 42-bit vector and when the maximum is 
achieved, the counter is reset.

5.3 ICFAALP2: ASIC Design Flow & Analysis
As mentioned earlier, the LDPC-CC encoder and decoder system was first pro­
totyped using behavioral VHDL, verified functionally and then carried through a 
standard ASIC design flow. The design flow was realized with the assistance of a 
locally developed tool - HDL2GDS [56].

5.3.1 Synthesis Design Flow
The synthesis flow employed is a common digital design flow and is presented 
pictorially in Fig. 5.8.

There are four main abstractions in the flow: high-level software modeling, be­
havioral VHDL modeling, gate-level netlist synthesis and physical synthesis. Most
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42-bit vector 8-bit output (seven-segment display) Code letter
2n “11111001” T
212 “10100100” ‘2’
213 “10110000” ‘3’
214 “10011001” ‘4’
215 “10010010” ‘5’
216 “10000010” ‘6’
217 “11111000” ‘7’
218 “10000000” ‘8’
219 “10010000” ‘9’
220 “10001000” ‘A’
221 “10000011” ‘B’
222 “11000110” ‘C’
223 “10100001” ‘D’
224 “10000110” ‘E’
225 “10001110” ‘F’
226 “01000000” ‘0.’
227 “01111001” ‘1.’
228 “00100100” ‘2 :
229 “00110000” ‘3:
230 “00011001” a :
231 “00010010” ‘5:
232 “00000010” ‘6.’
233 “01111000” n :
234 “00000000” ‘8.’
235 “00010000” ‘9.’
236 “00001000” ‘A.’
237 “00000011” ‘B.’
238 “01000110” c :
239 “00100001” d :
240 “00000110” ‘E.’
241 “00001110” ‘F.’

otherwise “01001111” Error

Table 5.1: Seven-segment (8-bit output) display lookup table. Shows total bit count 
during error capture and its display code.
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Figure 5.8: Common digital ASIC design flow.
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of the effort was spent on modeling, functional verification and netlist synthesis.
The VHDL modeling phase was completed with pre-synthesis simulations to 

verify that the register-transfer level (RTL) abstraction fully provides the desired 
functionality. The test vectors employed during early simulations also provide the 
coverage necessary to satisfy design specifications.

The synthesis phase involves a synthesis tool to:

1) Translate the design description to register elements and combinational 
logic.

2) Optimize the combinational logic by minimizing, flattening and factoring 
the resulting logic.

3) Translate the optimized logic level description to a gate-level netlist using 
only cells from the specified technology library.

4) Optimize the gate-level netlist using cell substitution to meet the specified 
area and timing constraints.

5) Produce another gate-level netlist of the optimized circuit with accurate 
cell timing information.

Briefly, the physical design phase involves floor-planning, place and route, lay­
out verification, design rule checks (DRC), layout-versus-schematic (LVS) checks 
and static timing analysis given a gate-level netlist and other constraints as input. 
This phase finishes with a post-layout simulation that verifies the desired function­
ality and appropriate timing requirements.

5.3.2 Tool Set
Several tools were invoked to accomplish the different and necessary tasks. Table
5.2 shows the tool name, along with its function and version.

Additional information can be obtained from [56,57] and/or by contacting the 
VLSI design lab at the University of Alberta.

5.3.3 Design Considerations
There were several decisions that made this design successful. More notably, testa­
bility was assigned a higher priority over others. As the chip was quite large (also 
discussed in Chapter 6) with limited BIST features, easing physical testing was a 
primary concern. To save time and effort, the chip was made to be pin compatible 
with a prior LDPC-BC decoder design [58] -  for input/output (I/O) and power pins.
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Function Tool Name Version

Software Modeling
gcc C compiler 

Matlab __

VHDL Modeling Xilinx ISE 
Mentor Graphics ModelSim

7.0+
MXE-III

Netlist Synthesis Synopsys Design Compiler 2003.06

Physical Design

Cadence First Encounter (place & route) 
Cadence IC design (layout editor) 

Synopsys PrimeTime (static timing analyzer) 
Mentor Graphics Calibre (DRC & LVS)

2003a
2003a

2003.03
2004.2

Table 5.2: List of electronic design automation (EDA) tools required to successfully 
generate a mask layout.

5.3.3.1 Placement of I/O & Power Pins

Fig. 5.9 shows the bonding diagram for the chip. It is encased in a 120-pin ce­
ramic quad flat-pack (CQFP) package, where 17 pins are left unused and marked 
accordingly with an ‘x’.

Figure 5.9: Bonding diagram for the proposed LDPC-CC encoder and decoder chip. 
The unused pins are marked with an ‘x \

Table 5.3 shows a list of all pins on the package versus its VHDL reference 
and/or function. If a pin is a power pin, it can either supply power to the I/O drivers 
(also known as “ring” power) or to the chip’s core (also known as “core” power). 

As the design is core-limited, we provide ample power pins. One suggested rule
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P in# Pin Type VHDL Reference
61 NC -

62 NC -

63 IN slvHighSpeedInputsFp(17)
64 IN slvHighSpeedInputsFp( 16)
65 CORE (Vss) -

66 IN slvHighSpeedInputsFp(15)
67 CORE(VDd ) -

68 IN slvHighSpeedInputsFp( 14)
69 IN slvHighSpeedInputsFp( 13)
70 CORE (VSS) -

71 IN slvHighSpeedInputsFp( 12)
72 IN slvHighSpeedInputsFp( 11)
73 CORE (Vd d ) -

74 IN slvHighSpeedInputsFp( 10)
75 IN slvHighSpeedInputsFp(9)
76 CORE (Vs s ) -

77 IN slvHighSpeedInputsFp(8)
78 IN slvHighSpeedInputsFp(7)
79 CORE (Vd d ) -

80 IN slvHighSpeedInputsFp(6)
81 IN slvHighSpeedInputsFp(5)
82 CORE (Vss) -

83 IN slvHighSpeedInputsFp(4)
84 CORE(Vd d ) -

85 IN slvHighSpeedInputsFp(3)
86 IN slvHighSpeedInputsFp(2)
87 IN slvHighSpeedlnpu tsFp( 1)
88 IN slvHighSpeedlnputsFp(O)
89 NC -

90 NC -

91 NC _

92 NC _

93 RING (Vss) -

94 NC -

95 CORE (Vss) -

96 RING (VDD) -

97 CORE (Vd d ) -

98 OUT clkClockTp
99 OUT slvHighSpeedOutputsTp( 15)
100 CORE (Vss) -

101 RING (Vss) -

102 OUT slvHighSpeedOutputsTp( 14)
103 CORE (VDD) -

104 OUT slvHighSpeedOutputsTp( 13)
105 OUT slvHighSpeedOutputsTp( 12)
106 CORE (Vss) -

107 RING (VDD) -

108 OUT slvHighSpeedOutputsTp(l 1)
109 CORE (VDD) -

n o OUT slvHighSpeedOutputsTp( 10)
111 RING (Vss) -

112 CORE (Vss) -

113 OUT slvHighSpeedOutputsTp(9)
114 CORE (VDD) -

115 OUT slvHighSpeedOutputsTp(8)
116 RING (VDD) -

117 OUT slvHighSpeedOutputsTp(7)
118 OUT slvHighSpeedOutputsTp(6)
119 NC -

120 NC -

P in# Pin Type VHDL Reference
1 NC _

2 OUT slvHighSpeedOutputsTp(5)
3 RING (VSs) -

4 OUT slvHighSpeedOutputsTp(4)
5 CORE (Vss) -

6 out slvHighSpeedOutputsTp(3)
7 CORE (V d d ) -

8 RING (V d d ) -

9 OUT slvHighSpeedOutputsTp(2)
10 CORE (Vss) -

11 OUT slvHighSpeedOutputsTp( 1)
12 RING (Vss) -

13 CORE (VD D ) -

14 OUT slvHighSpeedOutputsTp(O)
15 IN rstResetFp
16 CORE (Vss) -

17 RING (V d d ) -

18 IN slvControlFp(17)
19 CORE (V d d ) -

20 IN slvControlFp(16)
21 IN slvControlFp(15)
22 CORE (Vss) -

23 RING (Vss) -

24 CORE (V d d ) -

25 RING (V d d ) -

26 IN slvControlFp( 14)
27 IN slvControlFp(13)
28 NC -

29 NC _

30 NC _

31 NC -

32 RING (Vss) -

33 RING (V d d ) -

34 IN slvControlFp(12)
35 CORE (Vss) -

36 IN slvControlFp(ll)
37 CORE (V d d ) -

38 IN slvControlFp(lO)
39 IN slvControlFp(9)
40 CORE (Vss) -

41 IN slvControlFp(8)
42 IN slvControlFp(7)
43 CORE (V d d ) -

44 IN slvControlFp(6)
45 IN slvControlFp(5)
46 CORE (Vss) -

47 IN slvControlFp(4)
48 IN slvControlFp(3)
49 CORE (V d d ) -

50 IN slvControlFp(2)
51 IN slvControlFp(l)
52 CORE (Vss) -

53 IN slvControlFp(O)
54 IN clkClockFp
55 CORE (V d d ) -

56 IN slvHighSpeedInputsFp( 19)
57 IN slvHighSpeedInputsFp( 18)
58 NC -

59 NC _

60 NC -

Table 5.3: List of pinouts versus their respective VHDL reference names, if appli­
cable. “NC” denotes a “no connection.”

of thumb is to make power pins equal to 25% of signal pins [59]; in our case, we 
more than satisfy this requirement while still being pin compatible with the LDPC- 
BC in [58].

5.3.4 Chip Details: Top-level Overview
The system in Fig. 5.10 requires 38 signals, comprising 20 high-speed inputs and 
18 low-speed control signals. The high-speed inputs carry incoming LLRs to the 
processors in the decoder at the same frequency as the target clock frequency. Simi­
larly, there are 16 high-speed output signals for the LLRs exiting the final processor
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Figure 5.10: Simplified top-level architecture containing an encoder, decoder, chan­
nel emulator, BER counter and a hard decision slicer.

Attribute Encoder Single Processor Full Decoder
Area (pm2)

Max. Frequency (MHz) 
Power (W) 

Normalized Power (yjpf7)

52588
250

0.0086
0.034

1006534
164
0.39
3.1

10085751
164
3.9

31.2

Table 5.4: Area and power estimates of the (128,3,6) LDPC-CC at the estimated 
maximum attainable frequency. NOTE: Power estimates for the single processor 
and the full decoder are reported at a 125 MHz clock frequency. Only 10 processors 
were synthesized for the decoder.

in the decoder chain and for the cumulative BER up to that time instant. In total, 
the design contains 103 pins: 57 pins for signal I/Os and 46 pins for power.

5.3.4.1 Initial Synthesis Estimate

We present initial synthesis results obtained using Design Analyzer, a tool utilizing 
version 2003.06 of Synopsys’ Design Compiler.

Upon analyzing, elaborating and compiling the designs, constrained by a given 
clock period, we obtained the area, power and timing estimates.

It is obvious from Table 5.4 that the area and power estimates for the full decoder 
is approximately 10 x that of a single processor. Note the maximum operating 
frequency for a processor and the full decoder are the same.

The power figures stated may actually be overly pessimistic because the com-
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piler uses only the clock to estimate the switching activity of the circuit. However 
in reality, the power dissipation should be highest for the first processor and should 
taper off as we reach the ith processor. That is, the switching activity should be 
lower in processor i + 1 than in processor i because the decoder tends to converge 
to the correct result and therefore, fewer LLR bits need to be switched. This effect 
is also observed in LDPC-BC decoders [1].

5.3.4.2 Interleaver/Routing Analysis

The 180 nm, 1.8-V CMOS design was specified using behavioral VHDL, then syn­
thesized to a netlist of black-box standard cells and placed/routed using six metal 
layers thereafter. We employed a two-step synthesis flow, starting with the opti­
mization of a single processor and finishing with the top-level integration of the 
I/O components, the decoder’s ten processors and the remaining modules. Since 
the number of decoder iterations is analogous to the number of processors, most 
of the effort can be spent designing a single processor. Therefore, a local synthe­
sis optimization using a bottom-up approach for a processor was performed before 
processor replication.

From Fig. 5.11, we note that the ten processors that formulate the decoder take 
up most of the chip’s area. A major portion of the processor is dedicated to LLR 
storage since we require 6 bits/LLR x 8 rows x 140 registers/row = 6,720 regis­
ters. This circuitry does not include any logic for the parity-check nodes or variable 
nodes. Another challenge is the number of message nets that are routed to and from 
the parity-check node. For our particular code, there are 3,060 wires running from 
the eight register rows to multiplexers, which then select 24 nets to forward to the 
parity-check node. This directly contrasts the small set of wires entering or leav­
ing a processor. Specifically, 96 wires are required for the input and output of 16 
6-bit LLRs and another eight wires carry the control signals. Fig. 5.12 shows a 
histogram of all the nets and their lengths in our 180 nm, six-metal layer chip for 
all modules with a bin size of 0.2 mm (lower boundary included) versus the 160 
nm, five-metal layer LDPC-BC decoder chip presented in [1]. With over 330,000 
nets in our chip, fewer than 0.1% of the nets exceed 0.4 mm; some nets as long as 
7 mm could be attributed to Vdd/V^s rails, clock tree nets and design-for-testability 
control circuitry. Also, over 99% of all the nets are 0.2 mm or less, probably due 
to the simple cascaded processor architecture and the absence of global interleaver 
wiring. The average net length in Howland and Blanksby’s LDPC-BC design was 
around 3 mm for their top two metal layers, whereas it is only 0.1 mm in our de­
sign for all six metal layers [1]. We note that their average net length was obtained 
before buffer insertion and included nets only in the top two metal levels, inclu­
sive of power/ground nets as well as clock and message nets. Though our average 
net length calculation was determined after buffer insertion, the number of buffers 
inserted -  208 buffers on 196 nets -  was negligible compared to [1]. In addition,
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(a) Original
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Figure 5.11: Die photograph of the presented LDPC-CC system.

our average calculation includes net lengths after inserting 2,424 clock buffers or 
inverters. Though this buffer tree is part of our “output” clock pin (for test/debug 
purposes), it contributes to less than 1% of our total net count and was also seen as 
a non-factor. Even if the decoder in [1] had six routing layers, a 97% average net 
length reduction to meet our value would be highly improbable. In the new cas­
caded processor architecture, the amount of global routing is greatly reduced and
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design effort can be focussed on optimizing the cell placement and routing within a 
processor.

OurLDPC-CC 
LDPC-BC in [1]

%c

Net length (mm)

Figure 5.12: Histogram comparison of net lengths in our design versus that of the 
LDPC-BC decoder in [1].

5.4 Recent Considerations & Alternative Architec­
tures

From recent analysis, a robust improvement over the register-based version is an 
architecture that utilizes memory. Given that memory and its associated peripherals 
can be substantially smaller, drastic area reductions can be realized. This is espe­
cially true for larger LDPC-CCs where LLR storage density becomes a significant 
factor and the benefit of using memory is clearly conveyed. However, using mem­
ory limits our LLR access bandwidth and thus, complicates the design even further. 
Here, we summarize a memory-based FPGA architecture presented in [6].

5.4.1 Memory-based, Circular-buffer Processor Architecture
Fig. 5.13 shows a high-level block diagram of an alternative, memory-based pro­
cessor design synthesized on an Altera Stratix EP1S80 FPGA. The circular buffer 
is realized using on-chip memory and the current position is tracked using pointers. 
As multiple read and write operations are required for correct operation, multiple- 
port memory modules available in modem FPGAs are used. Thus, a dual-port 
memory is utilized and configured to run at 3 x the base clock frequency. This al­
lows for the mandatory seven-read and seven-write operations in the LDPC-CC to 
complete in one clock cycle.
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Figure 5.13: The architecture for a memory-based LDPC-CC processor [6]. The 
gray area represents the portion that is clocked using the 3 x clock. NOTE: Only 
one of the memory blocks need to be configured as RAM; all others as ROM.

A single-port read-only-memory (ROM) is used to store the six offset addresses 
for each of the ms +  1 different phases. Hence, for a given phase input, the ROM 
outputs exactly six offsets, of which only four are time-varying. The offsets are used 
in conjunction with the current pointer location to determine the new read/write 
address, performed by the parity-check offset calculator in Fig. 5.13.

At any given time, the address to which the input LLRs must be written is gen­
erated via a modulo P counter, where P is the processor latency. The outputs of the 
PCN circuit are then written back to the same addresses in the circular buffer that 
they were read from. A simple finite state machine (FSM) exists in the shaded area 
of Fig. 5.13 (3 x clock domain) to track the current operation within the random- 
access-memory (RAM) and ensures that both the input/output LLR operations and 
parity-check operations are carried out every clock period. This FSM is also respon­
sible for generating all the select signals for the different multiplexers. It should be 
noted that the logic elements only exist to aid in temporary storage, pipelining and 
the implementation of logic functions.

This design uses an LLR precision of eight bits and was synthesized on the Al­
tera Stratix EP1S80 FPGA to run at a base clock frequency of 40 MHz. The FPGA 
version utilizes one-fifth of the resources required by the register-based ASIC pro­
cessor if it was synthesized on the same FPGA. An in-depth coverage regarding the 
memory partitions in the single-port RAM is presented in [6].
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5.5 Summary
We have shown that it is possible to create a hardware implementation of a commu­
nication channel employing LDPC-CCs as the FEC. The choice of a register-based 
design was arbitrary and adequate to prove feasibility. There have been compar­
isons of the theory between LDPC-CCs and LDPC-BCs, however, implementation 
comparisons are still very sparse. It is said that LDPC-CCs can complement LDPC- 
BCs [39] but more work is required to consolidate the claim. Chapter 6 reports the 
results for the fabricated ASIC and includes several comparisons1.

Notes
* Refer to Appendix B for a comprehensive list of all VHDL source files in the ICFAALP2 ASIC 

project.
^The rate-1/2 (128,3,6) LDPC-CC code is intellectual property owned by the University of Notre 

Dame, Indiana. To obtain the code officially, you may contact Daniel J. Costello Jr. and/or Ali 
Emre Pusane from the Department of Electrical Engineering via email at costello.2@nd.edu and 
apusane@nd.edu, respectively. For reference purposes, Appendix A provides the full (128,3,6) 
LDPC-CC parity-check matrix file used in this thesis. It also includes a Python-coded parser to 
convey the file format.

’More recent work includes a memory-based, 90 nm CMOS architecture [60]; the work is yet to 
be published.
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Chapter 6 

Results

In Chapter 5, we introduced a register-based LDPC-CC ASIC. This design was 
fabricated via the Canadian microelectronics corporation (CMC) and TSMC. The 
design included a BIST and other features to aid the testing process. With proper 
equipment and procedures, we demonstrate a functional encoder/decoder chip and 
report the necessary results and observations.

Section 6.1 briefly illustrates the test setup and environment used to carry out 
the testing process. An explanation of the top-level interface and the supplied input 
test vectors are detailed in Sections 6.2 and 6.3, respectively. Following it, is an 
evaluation of the chip in terms of power consumption, area utilization and through­
put in Section 6.4. Comparisons against existing work are also provided.

6.1 Test Environment
The testing was conducted using three methods: software simulations, ASIC BISTs 
controlled by an FPGA-based tester and a standard chip tester with a device under 
test (DUT) and probe station. Software simulations were carried out using a C/- 
Matlab model. As mentioned before, the 120-CQFP package and placement of the 
power/ground pins were chosen to comply with a prior LDPC-BC chip to allow the 
DUT test fixture to be re-used with minimal changes [58]. Since the FPGA test­
ing environment was more versatile, most of the testing was completed with that 
method -  Fig. 6.1 shows the FPGA test setup. This ASIC testbed consisted of a 
custom printed circuit board (PCB) and an Altera NIOS development board [61]. 
All the I/O signals on the ASIC pass from the daughter board to the NIOS core, 
which are then routed to components on the FPGA board or relayed to a software 
user interface hosted on a personal computer (PC). Once the FPGA has initialized 
the 18 control bits, all tests were carried out using the on-chip BIST. These 18 con­
trol signals are semi-static and hence, issues with glitching or skew were avoided.
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(b) Back side of the DUT (connectors 
to the FPGA)

(a) Top side of the DUT (ASIC 
mounted)

(c) Top view of FPGA and daughter (d) Side view of FPGA and the con-
board (PCB) nected PCB

Figure 6.1: FPGA test setup for the ICFAALP2 ASIC project.

6.2 Top-Level Input/Output Characterization
As mentioned above, there are 18 I/Os that are dedicated control inputs to allow 
different levels of flexibility. For instance, the 10 processors in theory are supposed 
to be connected serially. However, for the chip, the surrounding control circuitry 
defines a multiplexer and switch matrix so we are able to use any processor any 
number of times and in any order. This feature in particular becomes useful when 
one of the processors is dysfunctional due to process defects. This way, the entire 
chip can still be tested but with only nine processors in operation.

Fig. 6.2 shows a high-level mapping of the input control vector, slvControlIn- 
putsFp. slvControlInputsFp(l:0) and slvControlInputsFp(16:14) are directly re­
lated to the encoder and channel emulator modules, respectively. The channel em­
ulator is controlled only when the encoder is explicitly turned ON. slvControlIn- 
putsFp(l:0) allow the encoder to operate in three modes: take encoder inputs from
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Channel
BER Emulator Processor Input/Output LLR Redirection BIST Encoder

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
•<—►■<----------------►-<-------------------------------- ►-<--------------- ►•*----- ►-<------>-

(A) Encoder:

(B) Test Pattern 
Generator:

(C) Processor Input 
Redirect:

(D) Processor Output 
Redirect:

(E) Channel Emulator:

00 = Offchip input data
01 = BIST mode active
10 = Encoder OFF, offchip LLR input data 
11= Encoder OFF, output control vector (test)

00 = Pseudorandom (LFSR)
01 = Alternating sequence (010101...)
10 = Delayed sequence (111 10000...)

Multiplexer to select among the 
10 processors. Redirects an LLR 
into any processor.

Multiplexer to select among the 
40 pairs of info/code LLRs. Redirects 
an LLR from each processor’s 
outputs.

000 = No noise
001
o = Seven other noise levels 

1°11

(F) BER Output: 0 = Normal operation, slvHighSpeedOutputsTp(15:0)
show LLRs and input/output encoder/decoder bits.

1 = slvHighSpeedOutputsTp(7:0) report BER via
seven-segment display.

Figure 6.2: A simplified mapping of the top-level control vector -  VHDL reference: 
slvControlInputsFp( 17:0)

an off-chip source; take encoder inputs from the on-chip test pattern generator 
(LFSR); and finally, turn the encoder OFF or equivalently, set all LLR inputs to be 
zero. slvControlInputsFp( 1), in particular, is the most important bit as it deciphers 
how the processors obtain their inputs. slvControlInputsFp(3:2) proved useful in 
all of the initial tests as it is directly related to the BIST and the operation of the 
LFSR. This allowed us to auto-generate numerous input patterns at core speed and 
quickly verify system functionality. slvControlInputsFp(13:4) illustrates the flex­
ibility and controllability aspects of the design while limiting the total top-level 
pin count. More specifically, slvControlInputsFp(13:8) enabled the user to pull out 
certain LLRs for intermediate viewing. For our rate-1/2 (128,3,6) code, we were 
able to view any two LLRs (including channel LLRs) at the current phase and for 
any of the processor outputs. In combination with slvControlInputsFp(7:4), it was 
possible to route any processor’s output to another processor’s input.

Figs. 6.3(a) and 6.3(b) show the mapping for the input and output vectors as­
sociated with the datapath. In Fig. 6.3(a), the 20-bit vector is configured differ­
ently depending on the encoder’s mode of operation. The output vector shown in
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Fig. 6.3(b) follows directly from the control vector configuration when the seven- 
segment BER reading is not used. slvHighSpeedOutputsTp(15:14) outputs the 
hard-decision information-bit and code-bit. slvHighSpeedOutputsTp(13:12) shows 
the encoder information-bit and code-bit outputs. Similarly, slvHighSpeedOutput- 
sTp(ll:6) and slvHighSpeedOutputsTp(5:0) report the pair of information and code 
LLRs chosen by slvControl!nputsFp(13:8).

when slvControlInputsFp(l:0) = “00”

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Not used Phase Info
bit

when slvControlInputsFp(l:0) = “10”

19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Phase Code LLR Information LLR

(a) VHDL reference: slvHighSpeedlnputsFp(19:0)

Decoder Encoder Processor Output

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Info
bit

Code
bit

Info
bit

Code
bit

Information LLR Code LLR

(b) VHDL reference: slvHighSpeedOutputsTp(15:0)

Figure 6.3: A simplified mapping of the top-level input and output vectors for the 
datapath.

6.3 Test Vectors & Results
Table 6.1 summarizes the observed results for the different input vectors while oper­
ating in BIST mode. It shows the actual input control vector, its expected outcome 
and whether the decoder passed the test. The hexadecimal vector shown is directly 
mapped to the control vector (VHDL reference: slvControlFp). All of the tests were 
run at very low frequencies, as the aim was to test for correctness and functionality.

A second set of tests were also run and it involved one test vector to be run 
at different frequencies. Although this design was synthesized to run with a core 
clock frequency of 125 MHz, the test results suggest otherwise. The empirical ev­
idence from Table 6.2 suggest repeatable peculiarities at 40, 70 and 80 MHz. It 
seems that the test results at these core clock frequencies were consistent with se-
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slvControlFp(17:0) Expected Actual (Pass/Fail)
0x20901 No bit errors with random input PASS
0x20905 No bit errors with alternating 010101 input PASS
0x3C901 Many bit errors with random input PASS
0x3C905 Many bit errors with alternating 010101 input PASS
0x20001 No bit errors with random input PASS
0x20005 No bit errors with alternating 010101 input PASS
0x3C001 Many bit errors with random input PASS
0x3C005 Many bit errors with alternating 010101 input PASS
0x2090D No bit errors with all-zero input PASS
0x3C90D Many bit errors with all-zero input FAIL

OxOAAAA Expect to see OxAAAA on output PASS
0x05555 Expect to see ox5555 on output FAIL

OxOAAAF Expect to see OxAAAF on o/p pins PASS
0x05553 Expect to see 0x5553 on o/p pins PASS
0x24905 Some bit errors with alternating 010101 input PASS
0x28905 Some bit errors with alternating 010101 input PASS
0x2C905 Some bit errors with alternating 010101 input PASS
0x30905 Some bit errors with alternating 010101 input PASS
0x34905 Some bit errors with alternating 010101 input PASS
0x38905 Some bit errors with alternating 010101 input PASS
0x2C005 Some bit errors with alternating 010101 input PASS
0x2C105 Some bit errors with alternating 010101 input PASS
0x2C205 Some bit errors with alternating 010101 input PASS
0x2C305 Some bit errors with alternating 010101 input PASS
0x2C405 Some bit errors with alternating 010101 input PASS
0x2C505 Some bit errors with alternating 010101 input PASS
0x2C605 Some bit errors with alternating 010101 input PASS
0x2C705 Some bit errors with alternating 010101 input PASS
0x2C805 Some bit errors with alternating 010101 input PASS
0x2C095 Some bit errors with alternating 010101 input PASS
0x2C085 Some bit errors with alternating 010101 input PASS
0x2C075 Some bit errors with alternating 010101 input PASS
0x2C065 Some bit errors with alternating 010101 input PASS
0x2C055 Some bit errors with alternating 010101 input PASS
0x2C045 Some bit errors with alternating 010101 input PASS
0x2C035 Some bit errors with alternating 010101 input PASS
0x2C025 Some bit errors with alternating 010101 input PASS
0x2C015 Some bit errors with alternating 010101 input PASS

Table 6.1: Test vectors and results in BIST mode.
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vere setup and/or hold time violations. The design outputs the received clock signal 
for test purposes and this output was unstable probably due to the multiplexing, con­
trol logic. In fact, instability of this output clock was noticed for every test listed. 
However, most of them occurred within the first 100 clock cycles and before valid 
outputs were observed. Due to the lack of detailed test modes, the exact phase of 
the outputs was sometimes undetermined and even in some cases, the outputs were 
severely distorted causing numerous bit errors. Hence, it was not always possible to 
correlate the outputs to its corresponding inputs. In Table 6.2, “GROSS-FAILURE” 
is used to denote neither a catastrophic hardware failure nor a functional failure. In­
stead it indicates a problem exists in components other than the decoder since it 
yields repeatable yet nonsensical data at only certain frequencies. Several iterations 
of the tests were run and the data obtained each time through was consistent and is 
reported in Table 6.2.

slvControlFp(17:0) Operating
Frequency

(MHz)

Measured Error Count Actual (Pass/Fail)

0x20905 0.5 0 PASS
0x20905 5 0 PASS
0x20905 7.5 0 PASS
0x20905 10 0 PASS
0x20905 15 0 PASS
0x20905 20 0 PASS
0x20905 30 0 PASS
0x20905 40 GROSS-FAILURE GROSS-FAILURE
0x20905 45 0 PASS
0x20905 47.5 0 PASS
0x20905 50 0 PASS
0x20905 55 0 PASS
0x20905 60 0 PASS
0x20905 70 117 GROSS-FAILURE
0x20905 80 GROSS-FAILURE GROSS-FAILURE

Table 6.2: Operating frequency versus error performance (functionality) in a single 
BIST mode. “GROSS-FAILURE” denotes abnormal operation.

The standard ASIC tester used to run the tests was not properly configured and 
therefore, the observed bit errors are likely attributed to the skew from the tester. On 
the other hand, we have also run the tests using the FPGA-based test environment, 
which shows that the chip can in fact correctly operate at 175 MHz.
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6.4 Chip Summary
Average power and BER measurements were obtained from the fabricated ASIC. 
Table 6.3 summarizes the power readings and other characteristics of the chip while 
operating at its peak frequency of 175 MHz. Note that although the decoder is the 
largest and most complicated component, the power figures reported are pessimistic 
in that they include dissipation from all other modules as well.

Technology 
LDPC-CC Parameters 
Decoder Latency 
Max. Clock Frequency 
Max. Information Throughput 
Total Power Dissipation 
Energy per bit 
Number of Cells 

Decoder (10 Proc.) 
Sequential: Storage 
Sequential: Other 
Combinational: Logic 

Other Modules 
Sequential 
Combinational 

Hierarchical Synthesis 
# of Processors 

Die Size 
Core Area 
Pad Area

180 nm CMOS 6ML 
Rate-1/2, (128,3,6) 
1,400 clock cycles 
175 MHz 
175 Mbps
1.3 W(@ 1.8-V)
7.6 nJ/decoded-bit 
319 K 

308 K (97%)
67 K (22%)
2 K (1%)
239 K (77%))

11 K (3%)
1 K (9%)
10 K (91%) 

Processor level 
10

3.8 mm x 3.8 mm 
9.9 mm2 
4.5 mm2

Table 6.3: Summary of chip characteristics during peak operation.

6.4.1 Error Correcting Performance
The BER performance of our LDPC-CC is plotted in Fig. 6.4. As mentioned in 
Chapter 5, a channel emulator was included on the ASIC to assist with the BIST. 
Although the channel emulator included an approximate AWGN generator, a design 
error in that block caused the noise to deviate significantly from an ideal Gaussian 
distribution. In Fig. 6.4(a) we plot the BER performance of the decoder for the 
seven available signal power settings. It is clear from Fig. 6.4(a) that as the signal 
power is increased, the error correcting capability improves significantly. It is also 
clear that using all 10 processors leads to more error correction than using a single 
processor. This demonstrates that the coding gain of the ASIC increases with the 
number of processors.
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1-3
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r 6 1 Processor 
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— A— - Chip Measurements

1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
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Figure 6.4: (a) The BIST error rate, (b) The simulated and measured BER with 
AWGN.

We also verified the design functionality and obtained accurate performance re­
sults by introducing noise-corrupted LLRs that were generated off-chip and fed into 
the decoder via the high-speed interface. For the BER data plotted in Fig. 6.4(b), 
the noise is drawn from an accurate Gaussian distribution. Here the performance of 
the silicon is compared against a finite-precision software simulation and a VHDL 
simulation using an event-driven simulator. The VHDL simulation and silicon mea­
surements are in excellent agreement. As expected, the finite-precision simulations 
give better performance as they do not capture all the saturation effects in the vari­
able node. Again, these results demonstrate that our circuit was properly correcting 
errors and indeed achieved a BER of 0.0018 (approximately 10-3) at 3 dB. This 
performance could be improved easily by increasing the number of processors, as 
shown in Fig. 5.5(b). However, as mentioned in Chapter 5, we were limited to ten 
processors in the prototype due to silicon area constraints.

6.4.2 Power Analysis in BIST Mode
The power distribution was analyzed under different test modes and for varying 
supply voltages. The results are plotted in Fig. 6.5. In reset mode, the main source 
of power dissipation is the clock tree network, which includes all associated clock 
buffers and related black-box cells. Note that there is no difference in power dis­
sipation in the ten-processor mode versus the one-processor mode and hence, only 
one curve is shown. This is because an average power measurement was taken from 
the power pins that supplied the entire digital core and there is no facility to selec­
tively decouple the clock. At a low clock frequency of 1 MHz, we measured 5.4 
mW of total power with no inputs/outputs toggling, except for the clock pins.
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To estimate the static power from the power results for the reset mode in Fig. 
6.5, we used a second order approximation to reduce the residual error. Using 
this method, the static power consumption was about 3 mW. Fig. 6.5 also shows 
that approximately two-thirds of the total operating power dissipation is consumed 
during reset mode, which is due in part to the clock tree network [62].

Reset Mode 
7=10 Processor Mode

0.5

140 160 18080 100 120 
Clock frequency (MHz)

-b—  112 MHz Operation 
-0—  20 MHz Operation

0.6
<3
I  0.4 £

0.2

1.91.2 1.4
Sup ply  Vol tage  (V)

Figure 6.5: Plots show the actual average power dissipation in different modes of 
operation.

To simplify the prototype’s design and reduce design time, the ASIC is a register­
intensive design with over 20% of the cells being sequential elements. When this is 
coupled with the fact that synthesis was time-driven and not power-driven, the re­
sulting energy per decoded-bit was 7.6 nJ at an estimated 3 dB SNR. This is higher 
than the 1.3 nJ/decoded-bit at 3 dB SNR from Howland and Blanksby’s 690 mW 
LDPC-BC decoder [1],

Using voltage scaling, it is possible to obtain lower power dissipation or higher 
throughput. In Fig. 6.5, the supply voltage was reduced down to 1.2-V. Here we 
can operate efficiently at 20 MHz dissipating only 83 mW. This lowers the energy 
per decoded-bit to 4.1 nJ.

6.4.3 Performance Comparison
As this is the first known ASIC hardware implementation of an LDPC-CC, there are 
no previous benchmarks to compare against. On the other hand, several LDPC-BC 
implementations have already been described in industry and academia. Although 
LDPC-BCs and LDPC-CCs are based on similar theoretical principles, they differ 
greatly in implementation architecture [39]. LDPC-BC implementations can be 
fully parallel and hence, much higher throughputs are theoretically possible. LDPC-
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Ref. Code Type Throughput Power Dissipation Technology Chip Size Additional Information
[65] (8176,7156) 170 Mbps - Xilinx Virtex II FPGA - 15 iterations

block, rate=0.875 (*)
[48] (9216,3,6) block, 54 Mbps - Xilinx Virtex-E FPGA - 18 iterations, BER=10-6  @

rate=0.5 SNR=2 dB
[66] (2048,3,6) block, 640 Mbps 787 mW @ SNR=1.4 180 nm, 1.8-V CMOS 14.3 mm2 10 iterations, Turbo decoding hy­

rate=0.5 dB brid, tunable code rate
[67] (1200,720) block, 461 Mbps 644 m W @  1.8-V 180 nm, 1.8-V CMOS 25 mm2 64 iterations using 1.62-V

rate=0.6 (*)

Table 6.4: Summary of other published digital LDPC code decoder implementa­
tions. If and when available, information throughput is indicated by (*).

CCs require significant work to approach the same throughputs. Nevertheless, we 
will make a comparison with some existing LDPC-BC architectures.

Howland and Blanksby’s 1024-b, rate-1/2, parallel LDPC-BC decoder operated 
at 500 Mbps of decoded throughput using 64 iterations, dissipating 690 mW on 
a 160 nm, 1.5-V CMOS process [1]. Scaling these results linearly with feature 
size and quadratically with supply voltage yields an estimated power of 1.1 W in 
180 nm, 1.8-V CMOS. A linear scaling of throughput with feature size gives an 
information throughput of 444 Mbps and thus, an energy per decoded-bit of 2.5 
nJ. Moreover, 52.5 mm2 of silicon area is dedicated just for the decoder in [1]. 
We could potentially fit more than three of our decoders in the same area attaining 
decoded throughputs in excess of 500 Mbps.

Darabiha implemented a (2048,1723) RS-based (Reed-Solomon) Gallager (6,32)- 
regular LDPC-BC using a hard-decision MPA to reduce interconnect complex­
ity [63]. This design operated at 3.2 Gbps of coded throughput and is a higher-rate 
code (rate = 0.841). This makes the comparison difficult as higher-rate codes and 
hard-decision decoders are more conducive to high throughputs. Such decoders re­
quire fewer computations per information bit. However, this decoder was a hard 
decoder operating on single-bit LLRs. Hence, error correcting performance was 
significantly degraded with respect to a soft-decision decoder.

Mansour’s design is another LDPC-BC decoder but based on a Turbo decoding 
algorithm [64]. That design also used a 180 nm, 1.8-V CMOS process but the 
reported results are only from simulation. That LDPC-BC decoder targeted a 2304- 
b, rate-2/3, irregular code with 10 iterations per frame. It is assumed to have 128 
Mbps of decoded throughput with an average power consumption of 1.2 W and 
hence, an energy per decoded-bit of 9.2 nJ. In addition, this design does not scale 
well with more iterations. This means that each additional iteration reduces the 
decoder’s throughput, whereas only the initial latency increases in our LDPC-CC 
decoder design.

Several other digital LDPC-BC implementations exist and Table 6.4 summa­
rizes the facts for a select list of more recent work on FPGA and ASIC platforms.
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6.5 Summary
We described a suitable architecture employing LDPC-CCs and test results indicate 
proper operation at 175 MHz while achieving a BER of approximately 10~3 at 3 
dB SNR. This does not compare well against existing work but it was noted that 
the allotted silicon area limited the placement of only 10 processors. The fabricated 
ASIC did not deviate from the straightforward solution and thus, there are several 
areas for improvement.
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Chapter 7 

Conclusion

The purpose of forward error control coding is to augment messages to produce 
codewords containing deliberately introduced redundancy, or code-bits. With proper 
care, these bits can be added in such a way that valid codewords are sufficiently dis­
tinct from each other. This is so the transmitted message can be correctly inferred 
at the receiver, even when some of the bits are corrupted during transmission over 
the channel.

Low-density parity-check (LDPC) codes do just that and they do it very well. 
After their independent rediscovery, they are now considered to be among the most 
powerful class of forward error correction (FEC) codes since Turbo codes. In fact, 
LDPC codes are capable of performance extraordinarily close to the Shannon limit 
when appropriately decoded.

The sum-product algorithm operating on the factor graph (bipartite graph) uses 
message-passing in the decoding of LDPC codes and furthermore, specific in­
stances of the same algorithm can also operate on suitably defined factor graphs 
in the forward/backward algorithm, the Viterbi algorithm, the iterative decoding of 
Turbo codes and on parallel concatenated convolutional codes. With the flexibility 
of LDPC block codes (LDPC-BCs), codes can be constructed to exactly match a 
particular block size or code rate, though practical implementations may impose 
certain constraints on block sizes and/or obtainable code rates.

LDPC convolutional codes (LDPC-CCs) are a recently introduced variant that 
uphold the same properties as its block-oriented counterpart. They offer an alterna­
tive implementation targeting applications with streaming data service or continu­
ous input/output requirements, i.e. it can handle variable-length blocks. The simple, 
iterative decoder architecture of LDPC-CCs simplifies design scalability and avoids 
severe global routing issues, which is a major problem with LDPC-BCs decoders. 
Unfortunately, they have not been studied as well as LDPC-BCs and thus, warrant 
further research in the area. With that notion, the popularity of Gallager’s decoding 
algorithm extends far beyond information theorists. The presumption of an iterative 
algorithm operating on a graph has been generalized and is now capable of unifying 
a wide range of different algorithms from the domains of digital communications
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and signal processing, among several others. This in itself helps evolve the field of 
FEC and LDPC coding.

7.1 Summary of Results
Chapter 1 begins the thesis with the motivation behind FEC while Chapters 2 and 3 
express the mathematical background of LDPC-BCs and LDPC-CCs, respectively.
In Chapter 4, we summarize some prior work in the area of digital and analog 
decoding. The main focus of this thesis resides in Chapters 5 and 6, where we 
discuss an application-specific integrated circuit (ASIC) implementation and the 
test results reported by the physical chip. Here, we describe the first known ASIC 
implementation of a LDPC-CC encoder and decoder.

The chip implements a rate-1/2, (128,3,6) code and provides a decoded infor­
mation throughput of 175 Mbps. It dissipates 1.3 W of power, from a 1.8-V sup­
ply, in a low noise environment. The LDPC-CC decoder employs a soft-decision, 
message-passing algorithm that executes on a unidirectional cascade of ten iden­
tical processing units. The ASIC was not especially power-efficient because of 
the register-intensive architecture that was adopted for design convenience. Sig­
nificantly reduced power and increased decoding throughput should be achievable 
using customized multi-port memories that are matched at the layout level with the 
associated processor logic.

Other areas for improvement include a detailed debug interface. The fabricated 
version did not encompass several test modes and therefore, it was not possible to 
pinpoint the exact location of any errors, if and when any occurred.

7.2 Feasibility
Fig. 7.1 exists to illustrate that a (2048,3,6) LDPC-CC is comparable in perfor­
mance to the (100000,3,6) LDPC-BC. However, it should be noted that the N  =  
100,000 is practically infeasible to implement, given the current technology. Nonethe­
less, the implementation of the (2048,3,6) was possible and one architecture is 
stated in [68]. In that article, the termination overhead circuitry is also included 
and hence, is tuned for today’s practical, packet-based applications. Moreover, re­
cent work has shown that it is possible to reduce the size of the overhead [44],

7.3 Potential Applications
It has been shown that LDPC-CCs may be better suited to certain applications, such 
as streaming video and variable-length, packet-switching networks, than LDPC- 
BCs [55]. Another advantage is that the packet encoding and decoding can be
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— 0 —  (2048,3,6)LD PC-CC , R»1/2 
— *—  (100000,3,6)LD PC -B C t R=1/2 
— e —  (512,3 ,6)L D PC -C C I R=1/2 
— I—  (10000,3,6)LD PC-BC,R=1/2 
— A —  (128,3,6)LD PC-CC,R=1/2 
— (1024,3,6)LD PC-BC,R=1/2
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Figure 7.1: Plot showing a BER comparison of a (2048,3,6) versus a (100000,3,6) 
LDPC-BC, among several others. [Graph courtesy ofZhengang Chen, University 
of Alberta.]

done starting from a known state. This constraint can be utilized at the decoder to 
greatly reduce the probability of a bit error over the first few hundred bits of the 
packet. This is advantageous because in most packet formats, important routing 
information is located in the beginning or header of the packet. An example of 
this is the destination and source media access control (MAC) addresses in the 
Ethernet frame. Providing enhanced error protection over these important fields is 
advantageous for low-latency cut-through switching [69]. In this type of switching, 
packets are routed as soon as their destination address is evaluated and before they 
are checked for errors. As the address is more likely to be error free, the dangers 
associated with cut-through switching are minimized.

For storage applications such as compact discs, digital versatile discs and hard- 
drives, most use Reed-Solomon codes for error-correction. Their popularity is due 
to their robustness against bursts of errors and the availability of efficient decod­
ing algorithms. However, future storage applications require dramatic increases in 
storage capacity and consequently higher data transfer rates. To achieve the desired 
performance with Reed-Solomon codes, it would require a more complex decoder 
and as storage capacities increase continually, it will eventually become infeasible 
to use these codes. LDPC codes could be the alternative coding scheme since they 
have excellent error correcting capabilities at high code rates and decoding com­
plexity that is linear with frame size.
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7.4 Future work
There are several topics to explore including code construction techniques, charac­
terization and performance comparisons with respect to other channel types (era­
sure, fading, etc.) and VLSI research in search of architectural improvements.

It is known that some of the most powerful codes with low error floors are ir­
regular codes. However, randomly constructed irregular codes often experience 
drastic implementation issues since the bipartite node degrees vary greatly. A reg­
ular structure with patterned connections help with the implementation but at the 
expense of error performance. Therefore, more work is needed to find an alge­
braic code construction technique to assist hardware designers and still achieve the 
randomly constructed code’s error performance.

Most of the literature to-date has concentrated on an additive white Gaussian 
noise (AWGN) channel with binary phase-shift keying (BPSK) modulation. Here, 
the transmitted message is always seen at the receiver but probably corrupted by 
noise in the channel. It is not well understood how LDPC codes perform in an 
environment where erasures and packet loss are unavoidable. Therefore, further 
research is required to map out the error correcting capability of LDPC codes under 
different channels, including using different modulation/demodulation techniques.

The VLSI research portion can potentially foresee huge advantages, especially 
for industry. The parity-check and variable nodes are replicated countless times so 
it becomes worthwhile to optimize the node’s function. This can include using the 
tanh-based parity operation to obtain the added error performance instead of the 
min-sum approach. In addition, optimization of basic components such as adder 
circuits become key. Therefore, the inevitable search for lower power, smaller area 
and increased speed architectures are a must.

As an aside, Appendix C lists a tutorial that explores LDPC-CCs using com­
plementary ferroelectric-capacitor logic. It is based around the research of [70,71] 
incorporating content-addressable memory modules in the decoding process. The 
entire tutorial and all text/figures/ideas given within was kindly provided by Dr. 
Chris Winstead of Utah State University. For more information, see [72].

7.5 Final Remarks
The capacity-approaching coding performance of LDPC-CCs is comparable to LDPC- 
BCs, Turbo codes and Turbo Product codes. LDPC-BCs are being considered as the 
FEC code of choice in next-generation communication standards such as 802.16e 
(WiMAX), 802.1 In (Wi-LAN) and 802.3an (10GBASE-T). It has been adopted 
for the digital video broadcasting satellite (DVB-S2) standard. As LDPC-BC im­
plementations become more widespread, the perceived future for LDPC-CCs will 
likely take its course. It is just a matter of time!
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Appendix A 

Parity-Check Matrix: Code File & 
Parser

A.l PCM File Parser
The following Python code (PCM-PythonCode.py) shows a method for parsing the 
parity-check matrix (PCM) file. To execute the code, run

p y th o n  PCM _PythonCode. py

and it generates an output file, “llrfile.txt.” This file contains all the LLRs required 
per phase and hence, for the (128,3,6) LDPC-CC, it shows seven reads and seven 
writes at each phase of the 129 phases.

Listing A.l: PCM-PythonCode.py
# !  / u s r / b i n / p y t h o n

################################################################################
#  A u t h o r  : R a m k r i s h n a  S wa my
#  D a t e  : S e p t e m b e r  1 2 ,  2 0 0 5
#
#  D e s c r i p t i o n :  T h i s  s c r i p t  a n a l y z e s  a P a r i t y —C h e c k  M a t r i x  ( PCM)  f i l e ,  w h i c h  i s
#  u s e d  f o r  s t o r i n g  t h e  H  m a t r i x .  I t  p r o v i d e s  a  p a r s e r  t o  d e c o d e  t h e  P C M ' s
#  i n f o r m a t i o n .  I n  a d d i t i o n  , i t  g e n e r a t e s  a  ’’ r e q u i r e d "  L L R  l i s t  f i l e .  T h a t  i s ,
#  f o r  t h e  ( 1 2 8 , 3 , 6 )  L DP C- CC,  t h e r e  w i l l  b e  1 2 9  l i n e s  o f  o u t p u t  g e n e r a t e d .  E a c h
#  l i n e  w i l l  h a v e  1 4  L L R s :  7  r e a d s  a n d  7  w r i t e s .  T h e s e  a r e  t h e  L L R s  t h a t  NEED
#  t o  b e  m o d i f i e d  a n d  u p d a t e d  w i t h  t h e  v a r i o u s  f u n c t i o n s  /  o p e r a t i o n s .
################################################################################

im p o r t  pdb
im p o rt sys  , co py  , math , s e t s

#  T h i s  s i m p l e  p a r s e r  t a k e s  o n l y  REGULAR c o d e s !  

c o n f i g  — {
#  t h e  f o l l o w i n g  c o n f i g s  M U S T  b e  s e t  c o r r e c t l y  t o  s t a r t  
’ P C M f i le  ’ : ’ . / L d p c c - 1 2 8 —1 - 2 —3 -6 .p c m  ’ , 4  i n p u t  PCM f i l e
'  R e q L L R f i l e  /  l l r f i l e . t x t ' ,  ft o u t p u t  L L R  f i  I e

#  t h e  f o l l o w i n g  w i l l  b e  a u t o m a t i c a l l y  c o n f i g u r e d .
#  T he  c u r r e n t  v a l u e s  a r e  j u s t  DUMMI ES,  w h i c h  w i l l  b e  o v e r w r i t t e n  
’num Rows’ : 2 5 8 ,  #  o t h e r  w o r d s ,  r a t e - 1 / 2  w i t h  1 2 9  p h a s e s
’ c o d e R a t e  ’ : 2 ,  #  m e a n s  r a t e - 1 / 2
’memory 128  , #  m . s  = 1 2 8
' nu mOnesCol ’ : 6 , #  r e g u l a r  c o d e  w i t h  6  o n e s  p e r  c o l u m n  
’numOnesRow ’ : 3 ,  #  r e g u l a r  c o d e d  w i t h  3 o n e s  p e r  r o w  
’ num Phase s  ’ : 129  # #  o f  p h a s e s  = m e m o r y  + /  = m . s  + 1 

}
#  C a l c u l a t e s  w h i c h  r o w s  t h e  c u r r e n t  p h a s e  i s  p r o c e s s i n g : v a r i a b l e  n o d e s
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d e f  c a l c u l a t e  A b s R o w  ( r o w O f f s e t  . p h a s e ) :
rownum = r o w O f f s e t  -  ( c o n f i g  [ ’ c o d e R a te  ’ ] * p h a s e )  
w h ile  rownum <  0:

rownum += c o n f i g  [ ’numRows’ ] 
r e tu r n  rownum

#  R e a d s  t h e  PCM f i l e  a n d  s t o r e s  a l l  L L R  i n f o r m a t i o n  i n  P y t h o n  d i c t i o n a r i e s . 
d e f  r e a d P C M f i l e  ( ) :  

t r y :
fh _pcm  = o p e n ( c o n f i g  [ ’ P C M f i l e ’ ] ,  ’ r ’ ) 
p c m . t e x t  -  f h . p c m . r e a d l i n e s  () 
f h . p c m . c l o s e  

e x c e p t :
p r in t  ’ C o u ld  n o t  o p en  ’+ c o n f i g  [ ’ P C M f i le  ’ ] 
p r in t  ’ E x i t i n g  p r o g r a m . . . ’ 
s y s . e x i t  ( )

l i n e  = p c m . t e x t  [ 0 ] .  s p l i t  () 
c o n f i g  [ ’m em o ry ’ ] = i n t (  l i n e  [ 0 ] )  
c o n f i g [  ’ c o d e R a t e ’ ] = i n t ( l i n e  [ 2 ] )  
c o n f i g  [ ’numOnesRow ’ ] = i n t  ( l i n e  [ 3 ] )  
c o n f i g  [ ’numOnesCol ’ ] = i n t ( l i n e [ 4 ] )

l i n e  = p c m . t e x t  [ 1 ] .  s p l i t  () 
c o n f i g  [ ’ num P hases  ’ ] = i n t  ( l i n e  [ 0 ] )  
c o n f i g  [ ’num Rows’ ] = i n t ( l i n e  [ 1 ] )

num O nesP hase  = p c m . t e x t  [ 3 ] .  s p l i  t ()  
t i o f f s e t  — c o n f i g  [ ’ c o d e R a t e  ’]  
p h a s e  = 0 
LLRby Ph ase={}
LLRbyRow={ }

fo r  i in  r a n g e  ( 4 ,  c o n f i g  [ ’ num P hases  ’ ] * 2 + 4 , 2 )  : 
p o s i t i o n s  = p c m . t e x t  [ i 3. s p l i t  () 
w e i g h t s  = p c m . t e x t  [ i +1 ] . s p  l i t  ()
# p r i n t  p o s i t i o n s  , w e i g h t s  
# p r i n t  c o n f i g  
L L R b y P h a s e [ p h a s e  ] = []

fo r  j  in  r a n g e  ( 0 , i n t  ( n u m O n e s P h a s e  [ p h a s e  ] ) ) :
# r o w n u m  = ( o f f  s e  t —i n  t  (  p o s i t i o n s  [ j  ] )  ) %  c o n f i g  [ ' n u m R o w s  ’ ] 
rownum = c a l c u l a t e A b s R o w  ( i n t  ( p o s i t i o n s  [ j  ] ) - 1 ,  p h a s e )  
wgt  = i n  t ( w e i g h t s  [ j  ])

LL R va lu e  = ( w g t  * c o n f i g  [ ’numRows’ ])  + rownum

i f  LLRbyRow . h a s . k e y ( r o w n u m )  :
LLRbyRow[ r o w n u m ]. a p p e n d ( L L R v a lu e )  

e l s e  :
LLRbyRow [rownum]  = [ rownum, L LR va lu e  ]

L L R b y P h a s e [ p h a s e  ] .  a p p e n d  ( L L R v a l u e )

# o f f s e t  += c o n f i g  [ ’ c o d e R a t e  ’ ]  
p h a s e  += 1

p r i n t  ’ F i n i s h e d  r e a d i n g  and a n a l y z i n g  PCM f i l e :  ’ + c o n f i g  [ ’ P C M f i le  ’ ] 
r e t u r n  (LLRbyRow, LLRbyPhase , n u m O n e sP h a se )

#  G e n e r a t e s  a l l  t h e  L L R s  f o r  r e a d s  a n d  w r i t e s  f o r  e v e r y  p h a s e  
d e f  g e n R e q L L R f i l e  (LLRbyRow, L L R b y P h a se ,  n u m O n e s P h a s e ) :

a l l L L R s  = [] 
p e r P h a s e l n f o  = {} 
a l l V N . k e y  = ’ a l l V N ’

f h . o u t  = o p e n ( c o n f i g [ ’ R e q L L R f i l e  ’ ] , ’w ’ ) 
f o r  ph i n  r a n g e  ( 0  , c o n f i g  [ ’ n u m P h a s e s ’ ])  : 

a l l L L R s  . a p p e n d  ( [  ] )  
p e r P h a s e l n f o  [ p h ]  = {}  
p e r P h a s e l n f o  [p h  ] [ ’ r e a d s  ’ ] = [] 
p e r P h a s e l n f o  [p h  ] [ ’ w r i t e s  ’ ] = [] 
p e r P h a s e l n f o  [ p h ] [ ’ 2 p c n ’ ] = [] 
p e r P h a s e l n f o [ p h ] [ ’ p c n 2 v n ’ ] = []
p e r P h a s e l n f o [ p h ] [ ’ p e n ’ ] =  [ ]

p e r P h a s e l n f o  [p h  ] [  a l l V N . k e y  ] = []

f o r  p e n . p o s  in  r a n g e  (0  , i n t  ( n u m O n es P h a s e  [p h  ] ) ) :  
a l l L L R s  [p h  ] .  a p p e n d  ( L L R b y P h a s e [ p h  ][  p e n . p o s  ])  
p e r P h a s e l n f o  [p h  ] [ ’ pen ’ ] .  a p p e n d  ( LLR byPhase  [ph  ][  p e n . p o s  ])

v n . t o p r o w  = c a l c u l a t e A b s R o w ( - c o n f i g  [ ’ c o d e R a t e  ’ ] , p h )
#  I n s t e a d  o f  t h e  a b o v e ,  t h e  f o l l o w i n g  w o r k  t o o !
t i v n . t o p r o w  -  ( ( p h  + l ) * c o n f i g  [ ’ c o d e R a t e  ’] )  % c o n f i g  [ ' n u m R o w s  ’ ]

f o r  v n . r o w  in  r a n g e  ( v n . t o p r o w  , v n . t o p r o w + c o n f i g  [ ’ c o d e R a t e ’ ])  : 
v n . k e y  = ’ vn ’ + s t r  ( v n . r o w - v n . t o p r o w )

89

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy A.2: (128,3,6) rate-1/2, LDPC-CC

p e r P h a s e l n f o  [ p h ] [ v n . k e y ] = []

f o r  v n . p o s  i n  r a n g e  ( 0 ,  c o n f i g  [ ’ numOnesRow ’ ] + 1) :  
a l l L L R s  [p h  ] ■ a p p e n d  (LLRbyRow [ vn _row  ] [ v n _pos  ])  
p e r P h a s e l n f o  [ p h ] [  v n . k e y  ] .  a p p e n d  (LLRbyRow! vn_ row 3 [ v n . p o s  ])  
p e r P h a s e l n f o  [ p h ]  [ a l l V N . k e y  ] .  a p p e n d  (LLRbyRow [ v n .  ro w  ] [ v n . p o s  ])

p e r P h a s e l n f o  [ ph ] [ ’ r e a d s  ’ J = c o p y . d e e p c o p y  ( a l l L L R s  [p h  3)
f h . o u t . w r i t e l i n e s  ( ” ” . j o i n  ( [  ”% s ” %  ( k )  fo r  k in  a l l L L R s  [p h  ] ] ) )
f h . o u t . w r i t e ( ” \ n ” )

f h . o u t . c l o s e
p r in t  ’ F i n i s h e d  g e n e r a t i n g  i n i t i a l  REQUIRED H R  l i s t :  ’ + c o n f i g  [ ’ R e q L L R f i l e  ’ ] 
r e tu r n  ( a l l L L R s ,  p e r P h a s e l n f o )

# # # #  M A I N  PROGRAM # # # #
#  We f i r s t  r e a d  t h e  P a r i t y - C h e c k  M a t r i x  (PCM)  f i l e ;
#  T h i s  c r e a t e s  t h e  r e s u l t i n g  P y t h o n  d i c t i o n a r i e s  
(LLRbyRow,LLRbyP hase , n u m O n e s P h a se )  = r e a d P C M f i l e ()
#  We t h e n  g e n e r a t e  an  OUTPUT f i l e  t h a t  s h o w s  t h e  L L R s  a n d  w h i c h  o f  t h e m
#  ( r e a d s / w r i t e s  ) a r e  r e f e r e n c e d  p e r  p h a s e .
( a l l L L R s  , p e r P h a s e l n f o  ) = g e n R e q L L R f i l e  (LLRbyRow, LLRbyPhase .n u m O n e s P h a s e )

A.2 (128,3,6) rate-1/2, LDPC-CC

Listing A.2: Ldpcc-128-l-2-3-6.pcm
128 1 2 3 6
129 258 
6
6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  - >  

'—* 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  —* 

^ 6  6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
1 257 212 132 23 18
1 3 3 2 2 1
1 257 244 108 66 19
1 3 3 2 2 2
1 257 218 126 82 59
1 3 3 2 2 2
1 257 208 148 41 26
1 3 3 3 2 1
1 257 228 116 77 52
1 3 3 2 2 2
1 257 232 156 57 20
1 3 3 3 2 1
1 257 252 122 78 45
1 3 3 2 2 2
6 1 257 142 63 62
1 1 3 2 2 2
1 257 192 160 69 46 
1 3 3 3 2 1
1 257 254 112 79 50
1 3 3 2 2 1
1 257 252 150 106 85
1 3 3 3 2 2
24 1 257 180 106 31
1 1 3 2 2 2
1 257 234 138 51 40
1 3 3 2 2 1
16 1 257 164 68 45
1 1 3 2 2 2
1 257 224 178 84 31
1 3 3 3 2 2
1 257 254 192 103 90
1 3 3 3 2 2
1 257 240 200 72 63
1 3 3 3 2 2
1 257 220 158 72 71
1 3 3 2 1 2
1 257 252 196 88 43
1 3 3 3 1 2
1 257 222 134 117 44
1 3 3 2 2 1
16 1 257 158 79 52
1 1 3 3 2 1
2 1 257 182 104 87 
1 1 3 3 2 2
1 257 242 156 129 58
1 3 3 3 2 1
1 257 252 202 100 89
1 3 3 3 2 2
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1 3 3 3 1 2
48 1 257 176 138 107
1 1 3 3 2 2
1 257 252 188 127 102
1 3 3 2 2 2
1 257  232 174 126 125
1 3 3 2 1 2
26 1 257 190 137 80
1 1 3 2 2 1
30 1 257 156 99 86
1 1 3 2 2 1
1 257 248 212  127 68
1 3 3 3 2 1
50 1 257 178 145 136
1 1 3 2 2 2
60 1 257 236  140 123
1 1 3 3 2 2
52 1 257 230  153 70
1 1 3 3 2 1
1 257 248 242  104 89
1 3 3 3 1 2
64 1 257 162 138 121
1 1 3  2 1 2
18 1 257 220 154 87
1 1 3 3 2 2
42 1 257 174 151 96
1 1 3 2 2 1
8 1 257 178 156 89
1 1 3 2 2 2
2 1 257 248 124 107
1 1 3 3 1 2
14 1 257 184 150 143
1 1 3 2 2 2
62 1 257 172 108 93
1 1 3 2 2 2
84 1 257' 238 142 89
1 1 3 2 2 2
56 55 1 257 224 96
2 2 1 3 3 2
75 6 1 257 246 92
2 1 1 3 3 2
68 23 1 257 186 142
1 2 1 3 3 2
94 23 6 1 257 162
2 2 1 1 3 3
83 22 1 257 198 116
2 1 1 3 3 2
82 31 1 257 198 130
2 2 1 3 3 2
65 60 1 257 230 110
2 1 1 3 3 2
50 29 1 257 254 118
1 2 1 3 3 2
97 36 1 257 222 116
2 2 1 3 3 2
95 62 1 257 202 170
2 1 1 3 3 3
107 62 1 257 234 138
2 1 1 3 3 2
67 40 1 257 244 164
2 2 1 3 3 3
57 30 14 1 257  146
2 1 1 1 3  2
72 69 22 1 257 166
2 2 1 1 3  3
107 38 1 257 236 188
2 2 1 3 3 3
67 62 1 257 230 196
2 2 1 3 3 3
71 48 1 257 252 178
2 1 1 3  3 3
103 86 4 1 257 208
2 1 1 1 3  3
118 99 1 257  216 180
2 2 1 3 3 3
64 41 1 257  248  152
1 2  1 3  3 2
99 62 1 257 226 156
2 1 1 3  3 2
120 89 16 1 257  200
2 2 1 1 3  2
78 73 36 1 257 198
1 2  1 1 3  2
122 117 1 257 238 214
2 2 1 3 3 3
132 83 1 257  250 180
2 2 1 3 3 2
120 81 38 1 257  220
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1 2 1 1 3 3
109 102 32 1 257 202
2 1 1 1 3 3
62 61 1 257 232 146
1 2 1 3 3 2
86 69 1 257 250 158
1 2 1 3 3 2
143 86 1 257 234 220
2 1 1 3 3 3
134 85 1 257 256 208
2 2 1 3 3 3
124 85 34 1 257 174
2 2 1 1 3 3
147 88 10 1 257 170
2 1 1 1 3 2
104 71 50 1 257 200
1 2 1 1 3 3
148 117 8 1 257 162
2 2 1 1 3 2
110 97 46 1 257 234
1 2 1 1 3 3
139 138 70 1 257 202
2 2 1 1 3 3
132 125 76 1 257 198
2 2 1 1 3 2
141 136 44 1 257 204
2 1 1 1 3 3
132 89 56 1 257 214
2 2 1 1 3 3
121 92 34 1 257 190
2 1 1 1 3 2
150 91 40 1 257 208
1 2 1 1 3 3
170 145 78 1 257 256
2 2 1 1 3 3
128 84 37 1 257 240
2 2 2 1 3 3
134 82 47 1 257 196
3 2 2 1 3 3
142 67 18 1 257 228
2 2 1 1 3 ‘ 3
158 44 19 1 257 250
3 1 2 1 3 3
126 87 38 1 257 216
3 2 1 1 3 3
168 81 54 1 257 194
3 2 2 1 3 3
124 27 18 1 257 188
2 2 1 1 3 3
176 87 54 1 257 220
3 2 2 1 3 3
162 64 63 12 1 257
2 1 2 1 1 3
178 27 22 1 257 208
3 2 1 1 3 3
184 42 23 1 257 222
3 1 2 1 3 3
172 89 88 1 257 208
2 2 2 1 3 3
138 93 52 1 257 242
2 2 1 1 3 3
132 83 72 1 257 214
3 2 1 1 3 3
144 100 591 4 1 257
2 1 2 1 1 3
164 63 56 1 257 240
2 2 2 1 3 3
188 113 64 34 1 257
2 2 2 1 1 3
128 90 51 1 257 212
2 2 2 1 3 3
144 123 114 1 257 240
2 2 2 1 3 3
186 106 61 1 257 234
3 1 2 1 3 3
166 99 50 28 1 257
2 2 l l l 3
210 102 67 22 1 257
3 2 2 1 1 3
188 118 71 12 1 257
3 2 2 1 1 3
182 128 101 18 1 257
2 2 2 1 1 3
214 136 87' 1 257 248
3 2 2 1 3 3
180 71 70 24■ 1 257
2 2 1 1 1 3
226 104 103 8 1 257
3 1 2 1 1 3
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208 89 62 44  1 257
2 2 1 1 1 3
160 132 105 1 257 236
3 2 2 1 3 3
156 111 92 12 1 257
2 2 1 1 1 3
180 122 121 1 257 252
2 2 2 1 3 3
204 126 105 20 1 257
3 2 2 1 1 3
160 114 93 26 1 257
3 1 2 1 1 3
168 152 149 36 1 257
2 2 2 1 1 3
168 122 109 46 1 257
2 2 2 1 1 3
242 112 75 1 257 252
3 1 2 1 3 3
164 157 84 64 1 257
2 2 1 1 1 3
244 110 85 14 1 257
3 1 2 1 1 3
216 134 95 74 1 257
3 2 2 1 1 3
20 0 143 96 78 1 257
2 2 1 1 1 3
190 96 :87 64 1 257
2 1 2 1 1 3
172 157 106 46 1 257
2 2 1 1 1 3
257 208 161 154 78 1
3 2 2 2 1 1
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Appendix B 

ICFAALP2: VHDL Source Code

Project File List:

B.l LdpccPackageForIcfaalp2.vhd................................................................95
B.2 Icfaalp2TopLevel.vhd............................................................................... 97
B.3 Icfaalp21nputlnterface.vhd.................................................................... 101
B.4 LdpccEncoder.vhd.................................................................................104
B.5 ChannelEmulator.vhd..............................................................................I l l
B.6 InfoBitGenerator.vhd..............................................................................121
B.7 SlvOneCounter.vhd.................................................................................123
B.8 Icfaalp20utputlnterface.vhd................................................................. 124
B.9 LdpccProcessor.vhd .  ...........................................................................132
B.10 LdpccParityCheckNodeWithlnf.vhd.....................................................165
B .ll LdpccMinMaxComp.vhd........................................................................170
B.12 LdpccLogLikeAdd.vhd...................... 171
B .l3 LlrSignM agAdd.vhd..............................................................................173
B.14 LdpccSignExtractor.vhd ........................................................................175
B.15 ErrorCounter.vhd.................................................................................... 176
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Listing B.l: LdpccPackageForIcfaalp2.vhd

F i l e n a m e : L d p c c P a c k a g e F o r L c f a a l p 2 . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S wa my
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g  

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T 6 G 2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  t h e  t o p - l e v e l  p a c k a g e  f i l e  f o r  t h e  I C F A A L P 2  d e v i c e  w h i c h  i s  t o  be
—  f a b r i c a t e d  b y  TSMC 0 . 1 8 u .  I t  s h o u l d  r e p l a c e  t h e  u s u s a l  p a c k a g e  f i l e  a n d  i s
—  l o c a t e d  i n  t h e  I C F A A L P 2  d i r e c t o r y  a l o n g  w i t h  t h e  t o p  l e v e l  f i l e .

l ib r a r y  IEEE;
u se  IEE E.STD .LO G IC .l 164. a l l ; 
u se  IEEE . STD_LOGIC-UNSIGNED . a l l ;

p a c k a g e  L d p c c P a c k a g e F o r I c f a a l p 2  is

—  D e c l a r e  t h e  w i d t h  o f  t h e  i n p u t s  f r o m  p i n s  h e r e .

c o n s ta n t  NUM_HIGH.SPEED.IPS 
c o n s ta n t  NUM-HIGH.SPEED.OPS 
c o n s ta n t  NUM-CONTROL-BITS

i n t e g e r
i n t e g e r
i n t e g e r

= 2 0 ;  —  N u m b e r  o f  h i g h  s p e e d  i n p u t  p i n s  
= 16; —  N u m b e r  o f  h i g h  s p e e d  o u t p u t  p i n  
= 18; —  W i d t h  o f  c o n t r o l  b u s .

—  D e c l a r e  t h e  n o i s e  c o n t r o l  v a l u e s  h e r e .

c o n s ta n t  NOISE.OFF s t d . l o g i c . v e c t o r = ” 0 0 0 ”
c o n s ta n t  NOISE-ONE s t d . l o g i c . v e c t o r = ” 0 0 1 ”
c o n s ta n t  NOISE.TWO s t d - l o g i c  . v e c t o r = ”0 1 0 ”
c o n s ta n t  NOISE-THREE s t d . l o g i c  . v e c t o r = ” 0 1 1 ”
c o n s ta n t  NOISE-FOUR s t d . l o g i c . v e c t o r = ” 10 0 ”
c o n s ta n t  NOISE-FIVE s t d . l o g i c . v e c t o r = ” 101 ”
c o n s ta n t  NOISE.SIX s t d . l o g i c . v e c t o r = ” 110 ”
c o n s ta n t  NOISE-SEVEN s t d . l o g i c . v e c t o r = ” 11 1 ”

—  D e c l a r e  t h e  MSB a n d  L S B  p o s i t i o n s  o f  t h e  L L R s  h e r e .

c o n s ta n t  nLl rMagMsb : i n t e g e r  := 1; —  T h e  MSB o f  t h e  a b s o l u t e  o f  t h e  L o g l i k e R a t i o s
c o n s ta n t  nL l rM agL sb  : i n t e g e r  := - 2 ;  —  T h e  L S B  o f  a b o v e
c o n s ta n t  n L l r W i d t h  : i n t e g e r  := n L l rM a g M s b -n L l r M a g L s b +1;

—  D e c l a r e  s o m e  c o n s t a n t s  t o  d o  w i t h  t h e  e n c o d e r  a n d  d e c o d e r  h e r e .

c o n s ta n t  nCodeMemory 
c o n s ta n t  n C e i lL og2CodeM em ory  
c o n s ta n t  n N u m P a r i t y C h e c k s  
c o n s ta n t  n P r o c e s s o r L e n g t h  
c o n s ta n t  n N u m P r o c e s s o r s

—  p r o c e s s o r  u n i t ! ! !

i n t e g e r = 129;
i n t e g e r = 8;
i n t e g e r = 3;
i n t e g e r = 140;
i n t e g e r = 10;

y o u  m u s t c h a n g e

i n t e g e r := 4;

—  T h e  m e m o r y  o f  t h e  c o d e
—  Th e  i n t  l a r g e r  t h a n  l o g 2  o f  m e m o r y  o f  t h e  c o d e
—  N o .  o f  P C s  p e r  t e r m

—  L e n g t h  o f  d e l a y  l i n e  i n  p r o c e s s s o r
—  N u m b e r  o f  p r o c e s s o r s  i n  d e c o d e r

—  D e l a y  o f  p a r i t y  c h e c k  o p e r a t i o n .

—  D e c l a r e  o u r  t y p e s  h e r e .  T h e s e  m a k e  i t  e a s y  t o  c h a n g e  o u r
—  c i r c u i t s  f r o m  a  c e n t r a l  l o c a t i o n .

su b ty p e  Enco d e rM e m o ry  is  s t d . l o g i c . v e c t o r  ( nCode M emory-1 dow nto 0 ) ;
su b ty p e  P h a s e  is  s t d . l o g i c . v e c t o r  ( n C e i lL o g 2 C o d e M e m o r y - l  dow nto 0 ) ;
su b ty p e  L o g i c B i t  i s  s t d . l o g i c ;

—  D e c l a r e  r e s e t  v a l u e  f o r  P h a s e .  A l s o  s t a t e  t h e  l a r g e s t  p h a s e
—  a l l o w a b l e  w h i c h  i s  u s u a l l y  e q u a l  t o  n C o d e M e m o r y  —1.

c o n s t a n t  PHASE-RESET : P h a s e  := ( o t h e r s = > ’O’) ;
c o n s t a n t  PHASEMAXIMUM : P h a s e  :=  ” 1 0 0 0 0 0 0 0 ” ; —  B a s e  t h i s  o n  c o d e  m e m o r y

—  E a c h  d e c o d e r  m u s t  h a v e  an  p h a s e  o f f s e t  a s s o c i a t e d  w i t h  i t  t h a t  we
—  l o a d  i n  a t  r e s e t .  T h i s  t e l l s  e a c h  p r o c e s s o r  h o w  m u c h  t o  a d j u s t
—  t h e i r  i n p u t s  b y .  T h e  a d j u s t m e n t  i s

—  p h a s e  t o  u s e  = p h a s e  i n  -  o f f s e t  m o d  P H A S E M A X I M U M

—  Th e  o f f s e t  f o r  t h e  2 n d  p r o c e s s o r  s h o u l d  b e  n P r o c e s s o r L e n g t h  - n C o d e M e m o r y +
—  n L l r S u m L a t e n c y .

t y p e  P h a s e A r r a y  i s  a r r a y  ( n N u m P r o c e s s o r s - 1  d o w n to  0)
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o f  P h a s e ; 
c o n s ta n t  PHASE-ARRAY-RESET

c o n s ta n t  MaxProcNum

P h a s e A r r a y  := ( 0 = > ” 0 0 0 0 0 0 0 0 ” ,
1 = > ” 0 0 0 0 1 1 0 1 ”

2  = > ” 0 0 0 1 1 0 1 0 ”

3 = > ” 0 0 1 0 0 1 1 1 ”
4 = > ” 0 0 1 1 0 1 0 0 ”
5 = > ” 0 1 0 0 0 0 0 1 ”
6 = > ” 0 1 0 0 1 1 1 0 ”

7 = > ” 0 1 0 1 1 0 1 1 ”
8 = > ” 0 1 1 0 1 0 0 0 ”

9 = > ” 0 1 1 1 0 1 0 1 ” ) ;
n a t u r a l  := 10;

—  A  t y p e  f o r  t h e  L L R s  w h i c h  c o n t a i n s  s t o r a g e  s p a c e  f o r  t h e  s a t u r a t i o n
—  b i t  ( p l u s  i n f i n i t y ) ,  a  s i g n  b i t  a n d  s o m e  m a g n i t u d e  b i t s .

ty p e  L o g L i k e R a t i o  i s  reco rd
S a t
Sgn
Mag

L o g i c B i t ;
L o g i c B i t ;
s t d _ l o g i c _ v e c t o r  ( n L l rM a g M sb -n L l rM a g L sb  dow nto, 0 ) ;

e n d  r e c o r d  L o g L i k e R a t i o  ;

—  A  s u b t y p e  f o r  t h e  D e l a y  U n i t  o f  t h e  L L R  d e l a y  l i n e  i n  t h e  d e c o d e r .
—  T h e  w i d t h  o f  t h i s  i s  t h e  n u m b e r  o f  p a r i t y  c h e c k s  e a c h  t e r m  i s  i n v o l v e d  i n
—  p l u s  o n e .

t y p e  L o g L i k e R a t i o D e l a y U n i t  i s  a r r a y  ( n N u m P a r i t y C h e c k s  d o w n to  0 ) 
o f  L o g L i k e R a t i o ;

t y p e  L o g L i k e R a t i o D e l a y U n i t A r r a y  i s  a r r a y  ( n N u m P r o c e s s o r s  —1 d o w n to  0 ) 
o f  L o g L i k e R a t i o D e l a y U n i t  ; 

t y p e  L o g L i k e R a t i o D e l a y L i n e  i s  a r r a y  ( n P r o c e s s o r L e n g t h - 1  d o w n to  0 ) 
o f  L o g L i k e R a t i o D e l a y U n i t  ;

—  D e f i n e  t h e  r e s e t  c o n d i t i o n s  f o r  t h e  L L R s .  We b u i l d  t h e s e  up  f r o m  t h e  b a s e  u n i t
—  a n d  a s s i g n  t h e  s a t  b i t  t o  ’1 ’ .

c o n s t a n t  LOG-LIKE_RATIO_RESET L o g L i k e R a t i o
:= ( S a t = >  ’O ’ , Sgn =>  ’O’ , Mag =>  ” 0 0 0 0 ” ) ;  

c o n s t a n t  LOG-LIKE-RATIO-DELAY-UNIT-RESET : L o g L i k e R a t i o D e l a y U n i t  
:= ( o th ers=>LO G-LIK E _RA TIO-RESE T) ; 

c o n s t a n t  LOG-LIKE.RATIO_DELAY_UNIT_ARRAY-RESET : L o g L i k e R a t i o D e l a y U n i t A r r a y  
:= (o th e rs= > L O G X IK E -RA TIO -D EL A Y -U N IT -R E S ET ) ; 

c o n s t a n t  LOG_LIKE_RATIO_DELAY_LINE_RESET : L o g L i k e R a t i o D e l a y L i n e  
:= ( o t  h e r s = >  LOG-LIKE-RATIO-DELAY-UNIT -RESET) ;

—  F o r  t h e  f o l l o w i n g  d e c l a r a t i o n , t h i s  l i n e  d i d n ' t  w o r k  i n  s y n t h e s i s
—  :=  ( S a t = >  ’0 ’ , S g n  = >  , Ma g  => ( o t h e r s  = >  ’0 ’) ) ;
—  Th e  w o r k  a r o u n d  w a s  t o  h a r d c o d e  t h e  c o r e d  n u m b e r  o f  z e r o s  i n  t h e  Ma g  f i e l d .

c o n s t a n t  LOG-LIKE-RATIO.NON_INF.VAL : L o g L i k e R a t i o
:= ( S a t = >  ’0 ’ , Sgn = >  ’ 1 ’ , Mag =>  ” 0 0 0 0 ” ) ;  

c o n s t a n t  LOG-LIKE-RATIOJDELAY-UNIT-NONJNF.VAL : L o g L i k e R a t i o D e l a y U n i t
:= ( 0=>LOG-LIKE_RATIOJRESET, others=>LOG_LIKE_RATIO.NON_INF_VAL) ;

—  I n  t h e  p a r t i y  c h e c k  n o d e  we  w a n t  t o  a s s o c i a t e  i n p u t  p o r t  i d
—  s o  w e  c r e a t e  a  n e w  r e c o r d .

i>ith t h e  v a l u e

ty p e  MinMaxTerm i s  reco rd  
L l r  L o g L i k e R a t i o ;
Id  s t d . l o g i c . v e c t o r  ( 2 d ow nto 0 ) ;  

end reco rd  MinMaxTerm;
c o n s ta n t  MIN-MAX.TERMJRESET : MinMaxTerm := ( Ll r=>LOG-LIKE-RATIO-RESET I d  =>  ” 0 0 0 ” ) ;

c o n s ta n t  MAXXLR-NOISE-WIDTH : s t d _ l o g i c _ v e c t o r  ( n L l rM a g M s b -n L l rM a g L s b  dow nto 0 )

—  D e c l a r e  s o m e  n o i s e  p o w e r s  h e r e .

c o n s ta n t
c o n s ta n t
c o n s ta n t
c o n s ta n t
c o n s ta n t
c o n s ta n t
c o n s ta n t
c o n s ta n t
c o n s ta n t
c o n s t a n t

LLR-MAX.MAG 
LLR-HALF.MAG 
LLR-10-32.MAG 
LLR.9 _32_MAG 
LLR-QUARTER-MAG 
LLR-7-32-MAG 
LLR.3.16-MAG 
LLR-5-32-MAG 
LLR-EIGHTH-MAG
L L R - Z E R O - M A G

s t d . l o g i c . v e c t o r  ( n L l rM a g M sb -n L l rM a g L sb  
s t d . l o g i c . v e c t o r  ( n L l rM a g M s b -n L l rM a g L s b  
s t d . l o g i c . v e c t o r  ( n L l rM a g M s b -n L l rM a g L s b  
s t d - l o g i c . v e c t o r  ( n L l rM a g M s b -n L l rM a g L s b  
s t d - l o g i c . v e c t o r  ( n L l rM a g M s b -n L l rM a g L s b  
s t d - l o g i c . v e c t o r  ( n L l rM a g M s b -n L l rM a g L s b  
s t d - l o g i c . v e c t o r  ( n L l rM a g M s b -n L l rM a g L s b  
s t d . l o g i c . v e c t o r  ( n L l rM a g M s b -n L l rM a g L s b  
s t d . l o g i c . v e c t o r  ( n L l rM a g M s b -n L l rM a g L s b
s t d . l o g i c . v e c t o r  (  n L l r M a g M s b - n L l r M a g L s b

dow nto 0 ) = ” 111 1 ”
dow nto 0 ) = ” 111 0 ”
dow nto 0  ) = ” 110 0 ”
dow nto 0  ) = ” 101 0 ”
dow nto 0  ) = ” 100 0 ”
dow nto 0  ) = ” 0 1 1 0 ”
dow nto 0  ) = ” 0 1 0 0 ”
dow nto 0  ) = ” 0 0 1 0 ”
dow nto 0  ) = ” 0 0 0 1 ”
d o w n to  O ) = ” 0 0 0 0 ”

c o n s ta n t  PHASEJN-DELAY 
su b ty p e  B l o c k C o u n t e r  is  
c o n s ta n t  ERROR-WIN_MIN 

^  f o r  2 0 4 8  
c o n s ta n t  ERROR_WIN_MAX 

f o r  a  l o t . 
c o n s ta n t  BLOCK-COUNTERJNC

: i n t e g e r  := 3;  
s t d . l o g i c . v e c t o r  

: B l o c k C o u n t e r

B l o c k C o u n t e r

B l o c k C o u n t e r

41 dow nto 0 ) ;
=  ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 ”

’ 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ”

” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 ”

—  A t  l e a s t  c o u n t  ■

—  A t  m o s t  c o u n t
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c o n s ta n t  NUM_ERRORS_WANTCD_UPPER_THRESH : B l o c k C o u n t e r  : = ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 ” ; —
A t  m o s t  1 0 2 4  e r r o r s

c o n s ta n t  NUM^RRORS_WANIEDJLOWER_THRESH : B l o c k C o u n t e r  ;= ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 ” ; —  -► 
A t  l e a s t  5 1 2  e r r o r s

ty p e  N o i s e A r r a y  i s  a r r a y  (1 2 6  d ow nto 0) o f  s t d . l o g i c . v e c t o r  (6 dow nto 0 ) ;

end L d p c c P a c k a g e F o r I c f a a l p 2 ;

Listing B.2: Icfaalp2TopLevel.vhd

F i l e n a m e :  I c f a a l p l T o p L e v e l  . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4  
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S w a my
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g  

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T 6 G 2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  t h e  t o p - l e v e l  VHDL f i l e  f o r  t h e  I C F A A L P 2  d e v i c e  w h i c h  i s  t o  b e
—  f a b r i c a t e d  b y  TSMC 0 . 1 8 u .  I t  i n c l u d e s  t h e  f o l l o w i n s  s u b p a r t s  p l u s  t h e
—  t h e  t o p  l e v e l  p i n - o u t  w h i c h  s h o u l d  m a p  t o  a  w r a p p e r  f i l e .  NOTE:  T h e r e  s h o u l d
—  b e  n o  r e g i s t e r s  i n  t h i s  e n t i t y  a n d  a l l  i n t e r n a l  s i g n a l s  h a v e  t h e  s u f f i x  W i r e .

—  N o t e  a l s o  t h a t  a l l  s i g n a l s  c o m i n g  f r o m  p i n s  a r e  s u f f i x e d  F p  a n d  t h o s e  g o i n g  t o
—  p i n s  a r e  s u f f i x e d  T p .  N o t e  t h i s  i s  o n l y  p i n s  a t  t h i s  l e v e l  ( e . g .  a  D L L  m i g h t
—  b e  a d d e d ) .  A l s o ,  w e  m i g h t  n e e d  t o  a d j u s t  t h e  c l o c k  s i g n a l  n a m i n g  b a s e d  on
—  w h e r e  i t  c o m e s  f r o m .

—  T h e  c o m p o n e n t s  a r e  i n s t a n t i a t e d  a t  t h i s  l e v e l .

l ib r a r y  IEEE;
u se  IEEE.STD.LO G IC .1164.ALL; 
use IEEE. STD-LOGIC.ARITH. ALL; 
use IEEE. STD-LOGIC-UNSIGNED. ALL;

u se  work . L d p c c P a c k a g e F o r I c f a a l p 2  .ALL;

e n t i t y  I c f a a l p 2 T o p L e v e l  is
c l k C l o c k F p : in s t d . l o g i c  ;
r s t R e s e t F p ; in s t d . l o g i c  ;
s l v H i g h S p e e d l n p u t s F p : in s t d . l o g i c . v e c t o r  i NUM-HIGH-SPEED . I P S - 1 dow nto 0 )
s l v C o n t r o l F p : in s t d . l o g i c . v e c t o r  ( NUM.CONTROLJBITS-1 dow nto 0  )

— O u t p u t s
s l v H i g h S p e e d O u t p u t s T p ; o u t s t d . l o g i c . v e c t o r ( NUM-HIGH-SPEED_OPS-1 dow nto 0 )
c lk C l o c k T p : ou t s t d . l o g i c

) ;
end I c f a a l p 2 T o p L e v e l ;

a r c h i t e c t u r e  B e h a v i o r a l  o f  I c f a a l p 2 T o p L e v e l  is

—  COMPONENTS

—  C o m p o n e n t s  w h i c h  w e  i n s t a n t i a t e  w i t h i n  t h e  m a i n
—  b l o c k .

com p onent I n f o B i t G e n e r a t o r  i s  
g e n e r ic  (

p o s i t i v e  := 32nNum Bi ts  
) ;  

p o r t  (
c l k C l o c k
s lL o a d
r s t R e s e t
s l v S e e d
s l v T e s t P a t t e r n

in  s t d . l o g i c  ; —  L F S R  c l o c k
in  s t d . l o g i c ;  —  a c t i v e  h i g h  l o a d
in  s t d . l o g i c  ; —  a c t i v e  l o w  r e s e t
in  s t d . l o g i c _ v e c t o r  ( n N u m B i ts - 1  dow nto 0 ) ;  —  i n i t i a l  p a r a l l e l  s e e d  v a l u e
in  s t d . l o g i c . v e c t o r  (2  dow nto 0 ) ;  —  t y p e  o f  t e s t  p a t t e r n  t o

—  r e a l i z e
p h P h a s e O u t  : o u t  P h a s e ;
s l S e r i a l O u t  : o u t  s t d . l o g i c ) ;  —  s e r i a l  o u t p u t  ( r i g h t m o s t  r e g i s t e r )

end  c o m p o n en t;

com ponent L d p c c E n c o d e r  is  
p o r t  (

c l k C l o c k
r s t R e s e t

in  L o g i c B i t ;
: in  L o g i c B i t ;
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b i t l n f o B i t l n  
p h P h a s e l n  
— O u t p u t s  
b i t l n f o B i t O u t  
b i t C o d e B i t O u t

) ;

in  L o g i c B i t ; 
in  P h a s e ;

o u t L o g i c B i t ;  
o u t L o g i c B i t

end c o m p o n en t;

com ponent L d p c c P r o c e s s o r  is  
P ort ( c l k C l o c k  

r s t R e s e t
U r d u I n f o L l r D e l a y U n i t l n  
U r d u C o d e L l r D e l a y  U n i t i n  
p h P h a s e l n  
p h P h a s e O f f s e t  
— O u t p u t s
U r d u I n f o L l r D e l a y U n i t O u t  
U r d u C o d e L l r D e l a y  U n i t  O u t

) ;

in  L o g i c B i t ;  
in  L o g i c B i t ;
in  L o g L i k e R a t i o D e l a y U n i t  ; 
in  L o g L i k e R a t i o D e l a y U n i t  ; 
in  P h a s e ;  
in  P h a s e ;

o u t L o g L i k e R a t i o D e l a y U n i t  ; 
o u t L o g L i k e R a t i o D e l a y U n i t

end c o m p o n en t;

com ponent L d p c c S i g n E x t r a c t o r  i s  
P o rt ( c l k C l o c k  

r s t R e s e t
U r d u L l r D e l a y U n i t l n  
— O u t p u t s  
l b B i t O u t

) ;
end c o m p o n en t;

com ponent C h a n n e l E m u l a t o r  is  
P ort (

in  L o g i c B i t ;  
in  L o g i c B i t ;
in  L o g L i k e R a t i o D e l a y U n i t  ; 

o u t  L o g i c B i t

c l k C l o c k in  L o g i c B i t ;
r s t R e s e t in  L o g i c B i t ;
b i t l n f o B i t l n in  L o g i c B i t ;
b i t C o d e B i t l n in  L o g i c B i t ;
c h e m c t r l C o n t r o l in  s t d . l o g i c . v e c t o r 2 dow nto 0 ) ;
—  O u t p u t s
l l r l n f o L l r O u t o u t  L o g L i k e R a t i o  ;
U r C o d e L l r O u t o u t  L o g L i k e R a t i o

in  s t d . l o g i c  ; 
in  s t d . l o g i c  ;
in  s t d . l o g i c . v e c t o r  ( NUM -H IG H.SPE EDJPS-1 
in  s t d . l o g i c . v e c t o r  ( NUM-CONTROL_BITS-1

o u t L o g i c B i t ; 
o u t L o g i c B i t ;

) ;
end  c o m p o n en t;

com ponent I n p u t l n t e r f a c e  i s
P ort ( —  I n p u t s  f r o m  P i n s  

c l k C l o c k F p  
r s t R e s e t F p
s l v H i g h S p e e d l n p u t s F p  
s l v C o n t r o l F p
—  Common  O u t p u t s  
c l k C l o c k  
r s t R e s e t
— O u t p u t s  t o  I n f o  B i t  Gen  
s lL o a d G e n O u t  : o u t s t d . l o g i c  ;
s l v S e e d G e n O u t  o u t  s t d . l o g i c . v e c t o r  ( 31 dow nto 0 ) ;
s l v T e s t P t n G e n O u t  : o u t s t d . l o g i c . v e c t o r  ( 2 dow nto 0 ) ;
—  I n p u t s  f r o m  I n f o  B i t  Gen
s l v I n f o B i t G e n l n  in  s t d . l o g i c ;
p h P h a s e G e n ln  : in  P h a s e ;
—  O u t p u t s  t o  L d p c c E n c o d e r  
b i t l n f o B i t O u t E n c  o u t  L o g i c B i t ;
p h P h a s e O u t E n c  : o u t  P h a s e ;
—  I n p u t s  f r o m  L d p c c E n c o d e r  
b i t l n f o B i t l n E n c  : in  L o g i c B i t ;  
b i t C o d e B i t l n E n c  in  L o g i c B i t ;
—  O u t p u t s  t o  C h a n n e l  E m u l a t o r  
b i t l n f o B i t O u t C h E  : o u t L o g i c B i t ;
b i t C o d e B i t O u t C h E  o u t L o g i c B i t ;
c t r l c h e C o n t r o l C h E  : o u t s t d . l o g i c . v e c t o r  ( 2 dow nto 0 ) ;

—  I n p u t s  f r o m  C h a n n e l  E m u l a t o r  
H r l n f o L l r l n C h E  : in  L o g L i k e R a t i o  ; 
l l r C o d e L l r l n C h E : in  L o g L i k e R a t i o ;
—  O u t p u t s  t o  O u t p u t  I n t e r f a c e  
U r d u I n f o L l r D e l a y U n i t O u t O p I f  
U r d u C o d e L l r D e l a y U n i t O u t O p I f  
p h P h a s e O u t O p I f  
p h a P h a s e O f f s e t O u t O p I f  
) ;

end  c o m p o n en t;

o u t  L o g L i k e R a t i o D e l a y U n i t  ; 
o u t  L o g L i k e R a t i o D e l a y U n i t  ; 
o u t P h a s e ;  
o u t  P h a s e A r r a y

com ponent O u t p u t l n t e r f a c e  is  
P o rt ( —  I n p u t s  f r o m  P i n s  

s l v C o n t r o l F p
—  Co mmo n  I n p u t s  
c l k C l o c k  
r s t R e s e t

—  I n p u t s  f r o m  E n c o d e r  
b i t l n f o B i t l n E n c  in  L o g i c B i t ;  
b i t C o d e B i t l n E n c  : in  L o g i c B i t ;
—  I n p u t s  f r o m  I n p u t  I n t e r f a c e ;

in  s t d . l o g i c . v e c t o r  ( NUM-CONTROL_BITS-1

in  L o g i c B i t ;  
in  L o g i c B i t ;
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in  L o g L i k e R a t i o D e l a y U n i t  : 
in  L o g L i k e R a t i o D e l a y U n i t  ; 
in  P h a s e ;  
in  P h a s e A r r a y ;

in  L o g L i k e R a t i o D e l a y U n i t A r r a y  ; 
in  L o g L i k e R a t i o D e l a y U n i t A r r a y  ;

in  L o g i c B i t ;  
in  L o g i c B i t ;

in  s t d - l o g i c - v e c t o r  (7 dow nto 0 ) ;

o u t  P h a s e ;

o u t  P h a s e A r r a y ;
ou t L o g L i k e R a t i o D e l a y U n i t A r r a y  ; 
ou t L o g L i k e R a t i o D e l a y U n i t A r r a y  ;

: o u t  L o g L i k e R a t i o D e l a y U n i t  ; 
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  : o u t  L o g L i k e R a t i o D e l a y U n i t  ;
—  O u t p u t s  t o  P i n s
s l v H i g h S p e e d O u t p u t s T p  : o u t s t d . l o g i c . v e c t o r  ( NUM-HIGHSPEED . O P S - 1 dow nto 0  )
);

end co m p o n en t;

com ponent E r r o r C o u n t e r  is  
p o r t  (

—  i n p u t s
c l k C l o c k  : in
r s t R e s e t  : in
l b D e c o d e d l n f o B i t  : in
—  o u t p u t s
s l v B l o c k C o u n t L o g 2  : o u t  s t d . l o g i c . v e c t o r  (7 dow nto 0 ) ) ;  

end co m p o n en t;

s t d . l o g i c  ; —  c l o c k
s t d . l o g i c ;  —  a c t i v e  h i g h  r e s e t
L o g i c B i t ;

U r d u I n f o L l r D e l a y U n i t l n l p I f  
U r d u C o d e L l r D e l a y U n i t l n l p I f  
p h P h a s e l n l p I f  :
p h a P h a s e O f f s e t l n l p I f  :
—  I n p u t s  f r o m  P r o c e s s o r s  
U r d u a l n f o L l r D e l a y U n i t l n P r o  
U r d u a C o d e L l r D e l a y U n i t l n P r o
—  I n p u t s  f r o m  S i g n  E x t r a c t o r  
l b l n f o B i t l n S g n E x  
l b C o d e B i t l n S g n E x
—  I n p u t s  f r o m  E r r o r  C o u n t e r  
s l v B l o c k C o u n t L o g 2 I n E r r

—  O u t p u t s  t o  P r o c e s s o r s  
p h P h a s e O u t P r o

p h a P h a s e O f f s e t O u t P r o  
l l r d u a l n f o L l r D e l a y U n i t O u t P r o  : 
U r d u a C o d e L l r D e l a y U n i t O u t P r o  :

—  O u t p u t s  t o  S i g n  E x t r a c t o r s  
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x

—  COMBI NATORI AL

—  C o m b i n a t o r i a l  s i g n a l s  w h i c h  a r e  n o t  a s s i g n e d  t o  r e g i s t e r s  . S i n c e  t h i s  i s
—  a t o p  l e v e l  b l o c k  we  s u f f i x  a l l  t h e s e  s i g n a l s  w i t h  t h e  l a b e l  W i r e .

s ig n a l  c l k C l o c k W i r e  
s ig n a l  r s t R e s e t W i r e  
s ig n a l  b i t l n f o B i t l n E n c W i r e  
s ig n a l  p h P h a s e l n E n c W i r e  
s ig n a l  b i t l n f o B i t O u t E n c W i r e  
s ig n a l  b i t C o d e B i t O u t E n c W i r e  
s ig n a l  b i t l n f o B i t l n C h E m W i r e  
s ig n a l  b i tC o d e B i t ln C h E m W i r e  
s ig n a l  c t r l c h e C o n t r o l C h E m W i r e  
s ig n a l  l l r  I n f o  L l r  O u t C h E m  w i r e  
s ig n a l  U rC o d e L l r O u tC h E m W ir e  
s ig n a l  l l r d u  I n f o  L l r  D e l a y  U n i t i n  Op I f  W i r e  
s ig n a l  U r d u C o d e L l r D e l a y U n i t l n O p I f W i r e  
s ig n a l  p h P h a s e l n O p I f W i r e
s ig n a l  U r d u I n f o L l r D e l a y U n i t l n S i g n E x W i r e  
s ig n a l  l b l n f o B i t O u t S g n E x W i r e  
s ig n a l  l l r d u C o d e L l r D e l a y U n i t l n S i g n E x W i r e  
s ig n a l  l b C o d e B i tO u tS g n E x W i r e

L o g i c B i t ;
L o g i c B i t ;
L o g i c B i t ;
P h a s e ;
L o g i c B i t ;
L o g i c B i t ;
L o g i c B i t ;
L o g i c B i t ;
s t d . l o g i c . v e c t o r  ( 2 d o w n to  0 ) ;  
L o g L i k e R a t i o  ;
L o g L i k e R a t i o  ;

L o g L i k e R a t i o D e l a y U n i t  ; 
L o g L i k e R a t i o D e l a y U n i t  ; 
P h a s e ;
L o g L i k e R a t i o D e l a y U n i t  ; 
L o g i c B i t ;
L o g L i k e R a t i o D e l a y U n i t  ; 
L o g i c B i t ;

—  T h e s e  n e x t  w i r e s  w i l l  h a v e  t o  a d d e d  t o  a n d  r e m o v e d  a s  we  c h a n g e  t h e
—  n u m b e r  o f  p r o c e s s o r s .  C o u l d  d o n e  w i t h  a r r a y s  b u t  s a f e r  a t  t o p  l e v e l
—  t o  do  i t  t h i s  w a y .

s ig n a l
— s i g n  
— s i g n  
— s i g n  
s ig n a l  
s ig n a l  
s ig n a l  
s ig n a l  
s ig n a l
s i g n a l

p h a P h a s e O f f s e t l n O p I f W i r e  
a I p h P h a s e O f f s e t l n O p I f W i r e  
a l  p h P h a s e O f f s e t O u t O p I f W i r e - 1  
a I p h P h a s e O f f s e t O u t O p I f W i r e . 2  

p h a P h a s e O f f s e t l n P r o W i r e  
U r d u a l n f o L l r D e l a y U n i t l n P r o W i r e  
l l r d u a C o d e l l r D e l a y U n i  t i n  P r o W i r e  
l l r d u a l n f o L l r D e l a y U n i t O u t P r o  W i r e  
l l r  d u a C o d e L l r  D e l a y  U n i t  O u t  P r o  W i r e  
p h P h a s e l n  P r o W i r e

P h a s e A r r a y  ;
: P h a s e ;

: P h a s e ;
: P h a s e ;

P h a s e A r r a y  ;
L o g L i k e R a t i o D e l a y U n i t A r r a y  ; 
L o g L i k e R a t i o D e l a y U n i t A r r a y  ; 
L o g L i k e R a t i o D e l a y U n i t A r r a y  ; 
L o g L i k e R a t i o D e l a y U n i t A r r a y  ; 

P h a s e  ;

s ig n a l s l L o a d G e n l n W i r e  : s t d . l o g i c  ;
s ig n a l s l v S e e d G e n l n W i r e s t d . l o g i c . v e c t o r ( 31 dow nto 0 ) ;
s ig n a l s l v T e s t P t n G e n l n W i r e s t d . l o g i c . v e c t o r ( 2 dow nto 0 ) ;
s ig n a l s l v I n f o B i t G e n O u t W i r e  : s t d . l o g i c  ;
s ig n a l p h P h a s e G e n O u t W i r e P h a s e ;
s ig n a l s l v B l o c k C o u n t L o g 2 W i r e s t d . l o g i c . v e c t o r  (7 dow nto 0 ) ;

b e g in

—  I N S T A N T I A T I O N S
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I n f o B i t G e n I c f a a l p 2  : I n f o B i t G e n e r a t o r
g e n e r ic  map 
p o r t  map (

c l k C l o c k
r s t R e s e t
s lL o a d
s l v S e e d

( n N u m B i ts = > 3 2  )

= >  c l k C l o c k W i r e ,
= >  r s t R e s e t W i r e  ,
= >  s lL o a d G e n ln W i r e  ,
= >  s l v S e e d G e n l n W i r e ,  

s l v T e s t P a t t e r n  = >  s l v T e s t P t n G e n l n W i r e  , 
—  o u t p u t s
s l S e r i a l O u t  = >  s l v I n f o B i t G e n O u t W i r e  ,
p h P h a s e O u t  = >  p h P h a s e G e n O u t W i r e
) ;

I n p u t l n t e r f a c e l c f a a l p 2  : I n p u t l n t e r f a c e  
p o r t  map ( —  I n p u t s  f r o m  P i n s

c l k C l o c k F p  = >  c l k C l o c k F p ,
r s t R e s e t F p  = >  r s t R e s e t F p  ,
s l v H i g h S p e e d l n p u t s F p  =>  s l v H i g h S p e e d l n p u t s F p  ,
s l v C o n t r o l F p  =>  s l v C o n t r o l F p  ,
—  Common  O u t p u t s
c l k C l o c k  = >  c l k C l o c k W i r e ,
r s t R e s e t  = >  r s t R e s e t W i r e  ,

—  O u t p u t s  t o  L d p c c E n c o d e r
b i t l n f o B i t O u t E n c  = >  b i t l n f o B i t l n E n c W i r e  ,
p h P h a s e O u t E n c  = >  p h P h a s e ln E n c W i r e  ,
—  O u t p u t s  t o  I n f o  B i t  Gen  
s lL o a d G e n O u t  =>  s lL o a d G e n ln W i re  ,
s lv S e e d G e n O u t  =>  s l v S e e d G e n l n W i r e ,
s l v T e s t P t n G e n O u t  =>  s l v T e s t P t n G e n l n W i r e  ,

—  I n p u t s  f r o m  I n f o  B i t  Gen  
s l v I n f o B i t G e n l n  =>  s l v I n f o B i t G e n O u t W i r e  ,
p h P h a s e G e n ln  =>  ph P h a se G e n O u tW ir e  ,
—  I n p u t s  f r o m  L d p c c E n c o d e r
b i t l n f o B i t l n E n c  = >  b i t l n f o B i t O u t E n c W i r e ,
b i t C o d e B i t l n E n c  = >  b i t C o d e B i t O u t E n c W i r e  ,
—  O u t p u t s  t o  C h a n n e l  E m u l a t o r  
b i t l n f o B i t O u t C h E  => b i t l n f o B i t l n C h E m W i r e  ,
b i t C o d e B i t O u t C h E  =>  b i tC o d e B i t ln C h E m W i r e  ,
c t r l c h e C o n t r o l C h E  =>  c t r l c h e C o n t r o l C h E m W i r e  ,
—  I n p u t s  f r o m  C h a n n e l  E m u l a t o r  
l l r l n f o L l r l n C h E  =>  H r l n f o L l r O u t C h E m W i r e  ,
U r C o d e L l r l n C h E  =>  U r C o d e L l r O u t C h E m W ir e  ,
—  O u t p u t s  t o  O u t p u t  I n t e r f a c e
U r d u I n f o L l r D e l a y U n i t O u t O p I f  =>  U r d u I n f o L l r D e l a y U n i t l n O p I f W i r e  , 
U r d u C o d e L l r D e l a y U n i t O u t O p I f  =>  U r d u C o d e L l r D e l a y U n i t l n O p I f W i r e , 
p h P h a s e O u t O p I f  = >  p h P h a s e l n O p I f W i r e ,
p h a P h a s e O f f s e t O u t O p I f  =>  p h a P h a s e O f f s e t l n O p I f W i r e
) ;

L d p c c E n c o d e r I c f a a l p 2 : L d p c c E n c o d e r
p o r t map (

c l k C l o c k  =>  c l k C l o c k W i r e  ,
r s t R e s e t  =>  r s t R e s e t W i r e  ,
b i t l n f o B i t l n  = >  b i t l n f o B i t l n E n c W i r e  , 
p h P h a s e l n  = >  p h P h a s e ln E n c W i r e  , 
b i t l n f o B i t O u t  =>  b i t l n f o B i t O u t E n c W i r e ,  
b i t C o d e B i t O u t  =>  b i t C o d e B i t O u t E n c W i r e  

) ;

C h a n n e l  E m u l a t o r  I c f a a l p  2 : C h a n n e l E m u l a t o r  
p o r t  map (

c l k C l o c k  =>  c l k C l o c k W i r e ,
r s t R e s e t  =>  r s t R e s e t W i r e  ,

b i t l n f o B i t l n  =>  b i t l n f o B i t l n C h E m W i r e ,
b i t C o d e B i t l n  =>  b i tC o d e B i t ln C h E m W i r e  , 
c h e m c t r l C o n t r o l  = >  c t r l c h e C o n t r o l C h E m W i r e  ,
—  O u t p u t s
l l r l n f o L l r O u t  =>  H r l n f o L l r O u t C h E m W i r e  , 
l l r C o d e L l r O u t  =>  U r C o d e L l r O u t C h E m W ir e

) ;

L d p c c I n f o S i g n E x t r a c t o r I c f a a l p 2  : L d p c c S i g n E x t r a c t o r
p o r t  map (

c l k C l o c k  =>  c l k C l o c k W i r e ,
r s t R e s e t  =5* r s t R e s e t W i r e  ,

U r d u L l r D e l a y U n i t l n  =>  U r d u I n f o L l r D e l a y U n i t l n S i g n E x W i r e  , 
— O u t p u t s
l b B i t O u t  =>  l b l n f o B i t O u t S g n E x W i r e
) ;

L d p c c C o d e S i g n E x  t r a c t  o r  I c f a a l p  2 : L d p c c S i g n E x t r  a c t o r
p o r t  map (

c l k C l o c k  =>  c l k C l o c k W i r e ,
r s t R e s e t  =>  r s t R e s e t W i r e  ,

U r d u L l r D e l a y U n i t l n  = >  U r d u C o d e L l r D e l a y U n i t l n S i g n E x W i r e , 
— O u t p u t s
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l b B i t O u t  =>  lb C o d e B i tO u tS g n E x W i r e
) ;

O u t p u  t i n t  e r f  a c e  I c f a a l p  2 : O u t p u t  I n t e r f a c e  
p o r t  map

( —  I n p u t s  f r o m  P i n s
s l v C o n t r o l F p  =>  s l v C o n t r o l F p  ,
—  Commo n I n p u t s
c l k C l o c k  =>  c l k C l o c k W i r e ,
r s t R e s e t  = >  r s t R e s e t W i r e  ,

—  I n p u t s  f r o m  E n c o d e r
b i t l n f o B i t l n E n c  = >  b i t l n f o B i t O u t E n c W i r e ,  
b i t C o d e B i t l n E n c  = >  b i t C o d e B i t O u t E n c W i r e ,
—  I n p u t s  f r o m  I n p u t  I n t e r f a c e ;
U r d u I n f o L l r D e l a y U n i t l n l p I f  =>  U r d u I n f o L l r D e l a y U n i t l n O p I f W i r e  , 
U r d u C o d e L l r D e l a y U n i t l n l p I f  =>  U r d u C o d e L l r D e l a y U n i t l n O p I f W i r e  , 
p h P h a s e l n l p I f  = >  p h P h a s e l n O p I f W i r e ,
p h a P h a s e O f f s e t l n l p I f  =>  p h a P h a s e O f f s e t l n O p I f W i r e ,

—  I n p u t s  f r o m  P r o c e s s o r s
U r d u a l n f o L l r D e l a y U n i t l n P r o  =>  U r d u a l n f o L l r D e l a y U n i t O u t P r o W i r e  , 
U r d u a C o d e L l r D e l a y U n i t l n P r o  =>  U r d u a C o d e L l r D e l a y U n i t O u t P r o W i r e ,
—  I n p u t s  f r o m  S i g n  E x t r a c t o r  
l b l n f o B i t l n S g n E x  = >  l b l n f o B i t O u t S g n E x W i r e  , 
l b C o d e B i t l n S g n E x  = >  l b C o d e B i tO u tS g n E x W i r e  ,
—  I n p u t s  f r o m  E r r o r  C o u n t e r
s l v B l o c k C o u n t L o g 2 I n E r r  =>  s l v B lo c k C o u n t L o g 2 W i re  ,
—  O u t p u t s  t o  P r o c e s s o r ( s )
p h P h a s e O u t P r o  =>  p h P h a s e l n P r o W i r e ,

l l r d u a l n f o L l r D e l a y U n i t O u t P r o  = >  U r d u a l n f o L l r D e l a y U n i t l n P r o W i r e  , 
U r d u a C o d e L l r D e l a y U n i t O u t P r o  =>  U r d u a C o d e L l r D e l a y U n i t l n P r o W i r e , 
p h a P h a s e O f f s e t O u t P r o  = >  p h a P h a s e O f f s e t l n P r o W i r e  ,

—  O u t p u t s  t o  S i g n  E x t r a c t o r s
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  =>  U r d u I n f o L l r D e l a y U n i t l n S i g n E x W i r e  , 
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  =>  U r d u C o d e L l r D e l a y U n i t l n S i g n E x W i r e ,
—  O u t p u t s  t o  P i n s
s l v H i g h S p e e d O u t p u t s T p  = >  s l v H i g h S p e e d O u t p u t s T p
) ;

E r r o r C o u n t e r I c f a a l p 2  : E r r o r C o u n t e r
p o r t  map (

—  i n p u t s
c l k C l o c k  =>  c l k C l o c k W i r e ,
r s t R e s e t  =>  r s t R e s e t W i r e  ,
l b D e c o d e d l n f o B i t  =>  l b l n f o B i t O u t S g n E x W i r e  ,
—  o u t p u t s
s l v B l o c k C o u n t L o g 2  = >  s l v B l o c k C o u n t L o g 2 W i r e
) ;

—  We g e n e r a t e  n N u m P r o c e s s o r s  p r o c e s s o r s  u s i n g  a g e n e r a t e  s t a t e m e n t  a n d  w i r e  t h i n g s
—  up  c o r r e c t l y  .

P r o c e s s o r G e n e r a t o r  : fo r  n T h i s P r o c e s s o r  in  0 to  n N u m P r o c e s s o r s - 1  g e n e r a te  
b e g in

L d p c c P r o c e s s o r I c f a a l p 2  : L d p c c P r o c e s s o r  
p o r t map (

c l k C l o c k  =>  c l k C l o c k W i r e ,
r s t R e s e t  =>  r s t R e s e t W i r e  ,

U r d u I n f o L l r D e l a y U n i t l n  =>  H r d u a I n f o L l r D e l a y U n i t I n P r o W i r e (  n T h i s P r o c e s s o r  ) ,
l l r d u C o d e L l r D e l a y U n i t l n  = >  U r d u a C o d e L l r D e l a y U n i t l n P r o W i r e  ( n T h i s P r o c e s s o r  ) , 
p h P h a s e l n  =>  p h P h a s e l n P r o W i r e  ,
p h P h a s e O f f s e t  =>  p h a P h a s e O f f s e t l n P r o W i r e !  n T h i s P r o c e s s o r  ) ,
— O u t p u t s
U r d u I n f o L l r D e l a y U n i t O u t  =>  U r d u a l n f o L l r D e l a y U n i t O u t P r o W i r e  ( n T h i s P r o c e s s o r  ) , 
U r d u C o d e L l r D e l a y U n i t O u t  =>  H r d u a C o d e L l r D e l a y U n i t O u t P r o W i r e (  n T h i s P r o c e s s o r  )

) ;
end  g e n e r a te  P r o c e s s o r G e n e r a t o r ;

—  p u r p o s e :  T h i s  p r o c e s s  a s s i g n s  t h e  i n t e r n a l  c l o c k  t o  an  o u t p u t  p i n .
—  t y p e  : c o m b i n a t i o n a l
—  i n p u t s  : c l k C l o c k W i r e
—  o u t p u t s :
ASSIGN: p r o c e s s  ( c l k C l o c k W i r e )  
b e g in  —  p r o c e s s  A S S I G N

c l k C l o c k T p  < =  c l k C l o c k W i r e ;

end  p r o c e ss  ASSIGN; 

end  a r c h i t e c t u r e  B e h a v i o r a l  ;

Listing B.3: Icfaalp21nputlnterface.vhd

F i l e n a m e : I c f a a l p l l n p u t l n t e r f a c e  . v h d  

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
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V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S w am y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g  

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T 6G  2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  t h e  VHDL f i l e  f o r  t h e  1C F A A LP 2 i n p u t  i n t e r f a c e  w h i c h  i s  t o  b e
—  f a b r i c a t e d  b y  TSMC 0 . 1 8 u .

l i b r a r y  IE EE;
u s e  IEE E .S TD .L O G IC .1 1 6 4 .A LL ;  
u s e  IEEE.STD-LOGIC.ARITH.ALL; 
u s e  IE E E . STDXOGIC.UNSIGNED .ALL;

u s e  work . L d p c c P a c k a g e F o r I c f a a l p 2 .ALL;

s t d . l o g i c  ; 
s t d . l o g i c  ; 
s t d . l o g i c . v e c t o r  
s t d . l o g i c . v e c t o r

: o u t  L o g i c B i t ;  
o u t  L o g i c B i t ;

B i t  Gen
o u t  s t d . l o g i c  ;
o u t  s t d . l o g i c . v e c t o r  ( 31
o u t  s t d . l o g i c . v e c t o r  ( 2

( NUM-HIGH-SPEED-IPS-1 
( NUM_CONTROL_BITS-1

d o w n to  0 ) ; 
d o w n to  0 ) ;

e n t i t y  I n p u t l n t e r f a c e  is
P ort ( —  I n p u t s  f r o m  P i n s  

c l k C l o c k F p  
r s t R e s e t F p
s l v H i g h S p e e d l n p u t s F p  
s l v C o n t r o l F p

—  Commo n O u t p u t s  
c l k C l o c k  
r s t R e s e t

—  O u t p u t s  t o  I n f o  
s lL o a d G e n O u t  
s lv S e e d G e n O u t  
s l v T e s t P t n G e n O u t

—  I n p u t s  f r o m  I n f o  B i t  Gen  
s l v I n f o B i t G e n l n  in  s t d . l o g i c  ;
p h P h a s e G e n l n  : in  P h a s e ;
—  O u t p u t s  t o  L d p c c E n c o d e r  
b i t l n f o B i t O u t E n c  : o u t  L o g i c B i t ;  
p h P h a s e O u t E n c  : o u t P h a s e ;
—  I n p u t s  f r o m  L d p c c E n c o d e r  
b i t l n f o B i t l n E n c  : in  L o g i c B i t ;  
b i t C o d e B i t l n E n c  in  L o g i c B i t ;
—  O u t p u t s  t o  C h a n n e l  E m u l a t o r  
b i t l n f o B i t O u t C h E  o u t  L o g i c B i t ;
b i t C o d e B i t O u t C h E  : o u t  L o g i c B i t ;
c t r l c h e C o n t r o l C h E  o u t s t d . l o g i c . v e c t o r  ( 2 d ow nto 0 ) ;
—  I n p u t s  f r o m  C h a n n e l  E m u l a t o r  
H r l n f o L l r l n C h E : in  L o g L i k e R a t i o ;  
l l r C o d e L l r l n C h E :  in  L o g L i k e R a t i o ;
—  O u t p u t s  t o  O u t p u t  I n t e r f a c e  
U r d u I n f o L l r D e l a y U n i t O u t O p I f

d o w n to  0 ) ;  
d o w n to  0 ) ;

U r d u C o d e L l r D e l a y U n i t O u t O p I f
p h P h a s e O u t O p I f
p h a P h a s e O f f s e t O u t O p I f
) ;

o u t  L o g L i k e R a t i o D e l a y U n i t  ; 
o u t  L o g L i k e R a t i o D e l a y U n i t  ; 
o u t  Ph  a s e ; 
o u t  P h a s e A r r a y

e n d  e n t i t y  I n p u t l n t e r f a c e  ;

a r c h i t e c t u r e  B e h a v i o r a l  o f  I n p u t l n t e r f a c e  i s

s i g n a l  p h P h a s e O u t E n c . D e l . N e x t  P h a s e A r r a y ;
s i g n a l  p h P h a s e O u t E n c . D e l  P h a s e A r r a y ;

s i g n a l  s l v H i g h S p e e d l n p u t s F p . D e l  1- N e x t  s t d . l o g i c . v e c t o r  ( NUM_HIGH-SPEEDJPS-1 d o w n to  0) ;
s i g n a l  s l v H i g h S p e e d l n p u t s F p . D e l  1 s t d . l o g i c . v e c t o r  ( NU M-HIGH-SPEED-IPS-1 d o w n to  0 ) ;

b e g i n

—  T h i s  e n t i t y  i s  s i m p l y  a b i g  m u x  w h i c h  i s  d r i v e n  b y  t h e  c o n t r o l  s i g n a l
—  s l v C o n t r o l F p  . D e p e n d i n g  on  i t s  v a l u e  c e r t a i n  i n p u t s  g e t  d r i v e n  t o
—  c e r t a i n  o u t p u t s .

D I R E C T - A S S I G N M E N T S

—  T h i s  p r o c e s s  a l w a y s  a s s i g n s  c e r t a i n  s i g n a l s  t o  c e r t a i n  o u t p u t s  r e g a r d l e s s  o f  t h e
—  i n p u t  c o n t r o l  s i g n a l .

DIRECT.ASSIGNMENTS : p r o c e s s  ( c l k C l o c k F p , r s t R e s e t F p  , s l v C o n t r o l F p  ) is  
b e g i n

c l k C l o c k  < =  c l k C l o c k F p ;  
r s t R e s e t  < =  r s t R e s e t F p ;

p h a P h a s e O f f s e t O u t O p I f  O  PHASE.ARRAYJRESET;
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s lL o a d G e n O u t  < =  ’ O ’ ;
s lv S e e d G e n O u t  < =  ( o t h e r s  = > ’0 ’);
s l v T e s t P t n G e n O u t  ( 2 )  < =  ’O ’ ;
s l v T e s t P t n G e n O u t  (1 d o w n to  0) < =  s l v C o n t r o l F p  (3 d o w n to  2 ) ;

e n d  p r o c e s s  DIRECT_ASSIGNMENTS;

—  E N CO D E R .I N P U T S

—  B a s e d  o n  t h e  c o n t r o l  s i g n a l s  t h e  i n p u t s  t o  t h e  e n c o d e r  c a n  e i t h e r  c o m e
—  f r o m  o f f  c h i p  o r  f r o m  t h e  L F S R  ( T B D ) .

—  X X X . . . X 0 0  = >  E n c o d e r  I n p u t s  f r o m  o f f  c h i p
—  X X X .  . . X0 1  = >  E n c o d e r  I n p u t s  f r o m  L F S R  (T B D )
—  X X X . . .  X I X  = >  E n c o d e r  I n p u t s  Z e r o  ’ e d  ( h e l p s  t e s t  p o w e r ) .

ENCODER.INPUTS : p r o c e ss  ( s l v C o n t r o l F p  , s l v H i g h S p e e d l n p u t s F p . D e l  1 , s l v I n f o B i t G e n l n  . 
p h P h a s e G e n ln  ) is

b e g in

i f  ( s l v C o n t r o l F p  (1 dow nto 0) = ” 0 0 ” ) th en
b i t l n f o B i t O u t E n c  < =  s l v H i g h S p e e d l n p u t s F p . D e l  1 (0 )  ;
p h P h a s e O u t E n c  < =  s l v H i g h S p e e d l n p u t s F p . D e l  1 (8  dow nto 1 );
p h P h a s e O u t E n c . D e l . N e x t  (0 )  < =  s l v H i g h S p e e d l n p u t s F p . D e l  1 (8 dow nto 1 ) ; 

e l s i f  ( s l v C o n t r o l F p  (1 dow nto 0 ) = ” 0 1 ” ) th en  
b i t l n f o B i t O u t E n c  < =  s l v I n f o B i t G e n l n ;
p h P h a s e O u t E n c  < =  p h P h a s e G e n ln  ;
p h P h a s e O u t E n c . D e l . N e x t  ( 0 )  < =  p h P h a s e G e n l n ;  

e ls e
b i t l n f o B i t O u t E n c  < =  ’O ’ ;
p h P h a s e O u t E n c  < =  ( o t h e r s = > ’O’) ;
p h P h a s e O u t E n c . D e l . N e x t  (0 )  < =  ( o t h e r s = > ’0 ’);  

end i f ;

en d  p r o c e s s  ENCODER-INPUTS;

—  C H A N N E L .E M U LA T O R J N P U TS

—  T h e  c h a n n e l  e m u l a t o r  i n p u t s  a l w a y s  c o m e  f r o m  t h e  e n c o d e r  o u t p u t s
—  t h r o u g h  t h i s  b l o c k .  We a l s o  p a s s  i n  a  s l i c e  o f  t h e  c o n t r o l  s i g n a l
—  t o  s e t  t h e  n o i s e  l e v e l .

—  X X X . . X A B 0 X  = >  E n c o d e r  o n ,  t a k e  n o i s e  v a l u e  A B
—  X X X . . X X X 1 X  = >  E n c o d e r  o f f , s e t  n o i s e  t o  N O I S E . O F F  ( s e e  p a c k a g e  f o r  d e f n . )

CHANNEL^EMLJIATOR-INPUTS : p r o c e ss  ( b i t l n f o B i t l n E n c  , b i t C o d e B i t l n E n c  , s l v C o n t r o l F p  ) is  
b e g in

b i t l n f o B i t O u t C h E  < =  b i t l n f o B i t l n E n c  ; 
b i t C o d e B i t O u t C h E  < =  b i t C o d e B i t l n E n c ;

i f  ( s l v C o n t r o l F p  ( 1 )  = ’ 1 ’ ) th en  
c t r l c h e C o n t r o l C h E  < = N O I S E .O F F ;  

e ls e
c t r l c h e C o n t r o l C h E  (2  dow nto 0) < =  s l v C o n t r o l F p  ( 16 dow nto 14 ) ;

end i f ;

en d  p r o c e s s  CHANNEL.EMULATOR.INPUTS;

—  DE C O D E R  -LLRS

—  T h e  L L R s  t o  b e  i n p u t  f r o m  t h e  e n c o d e r  c o m e  e i t h e r  f r o m  o f f  t h e  c h i p  ( i n  w h i c h  c a s e
—  we m u s t  r e u s e  t h e  p h a s e  a n d  e n c o d e r  i n p u t  b i t s ) .  O r  f r o m  t h e  c h a n n e l  e m u l a t o r .  T h i s
—  i m p l i e s  w e  c a n  n o t  u s e  t h e  p i n s  t o  d r i v e  t h e  e n c o d e r  a n d  d e c o d e r  a t  t h e  s a m e
—  t i m e ! ! !  T h i s  c o u l d  c h a n g e  i s  we h a d  e n o u g h t  p i n s .

—  X X X . . .  X X I X  = >  E n c o d e r  i s  o f f  s o  i n p u t s  m u s t  c o m e  f r o m  o f f  c h i p .
—  X X X . . . X X 0 0  = >  E n c o d e r  on  w i t h  i n p u t s  f r o m  o f f  c h i p .  D e c o d e r  L L R s  c o m e
—  f r o m  c h a n n e l  e m u l a t o r  a n d  p h a s e  i s  d e l a y e d  v e r s i o n  o f
—  w h a t  c a m e  f r o m  t h e  p i n s  .
 X X X . . . X X 0 1  = >  E n c o d e r  o n  w i t h  i n p u t s  f r o m  L F S R .  D e c o d e r  L L R s  c o m e  f r o m
—  c h a n n e l  e m u l a t o r  w i t h  p h a s e  d e l a y e d  v e r s i o n  o f  t h a t  d r i v i n g
—  e n c o d e r  ( s i m p l y  a  c o u n t e r  f r o m  r e s e t ) .

DECODER.LLRS : p r o c e ss  ( s l v C o n t r o l F p  , s l v H i g h S p e e d l n p u t s F p . D e l  1 , l l r l n f o L l r l n C h E  , 
l l r C o d e L l r l n C h E  , p h P h a s e O u t E n c . D e l  ) is

b e g in

i f  ( s l v C o n t r o l F p  ( 1 )  = *1* ) th en

H r d u I n f o L l r D e l a y U n i t O u t O p I f ( O )  < =  ( s a t = > s l v H i g h S p e e d I n p u t s F p _ D e l l  ((  n L l r W i d t h + 2 ) - l )  , 
•—» s l v H i g h S p e e d l n p u t s F p . D e l  1 ( (  n L l r W i d t h + 2 )  —2) ,

M a g = > s l v H i g h S p e e d I n p u t s F p . D e l l  ( ( n L l r W i d t h + 2 ) - 3  dow nto ( n L l r W i d t h + 2 ) - n L l r W i d t h  -
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H r d u I n f o L l r D e l a y U n i t O u t O p I f ( l )  < =  ( s a t = > s l v H i g h S p e e d I n p u t s F p _ D e l l  ( ( n L l r W i d t h + 2 ) - 1 )  , Sgn=> —► 
s l v H i g h S p e e d l n p u t s F p . D e l l  ( ( n L l r W i d t h + 2 ) - 2 )  ,

Mag=> s l v H i g h S p e e d l n p u t s F p . D e l l  ( ( n L l r W i d t h + 2 ) - 3  dow nto ( n L l r W i d t h + 2 ) - n L l r W i d t h - 2 )  ) ;
U r d u I n f o L l r D e l a y U n i t O u t O p I f ( 2 )  < =  ( s a t = > s l v H i g h S p e e d I n p u t s F p _ D e l  1 ( ( n L l r W i d t h + 2 ) - 1 )  , S g n = > —» 

s l v H i g h S p e e d l n p u t s F p . D e l  1 ( ( n L l r W i d t h + 2 ) - 2 )  ,
M a g = > s l v H i g h S p e e d l n p u t s F p . D e l  1 ( ( n L l r W i d t h + 2 ) - 3  dow nto ( n L l r W i d t h + 2 ) - n L l r W i d t h  - 2 )  ) ;

H r d u I n f o L l r D e l a y U n i t O u t O p I f ( 3 )  < =  ( s a t = > s l v H i g h S p e e d I n p u t s F p _ D e l  1 ( (  n L l r W i d t h + 2 ) - 1 )  , S g n = > - »  
s l v H i g h S p e e d l n p u t s F p . D e l  1 ( ( n L l r W i d t h + 2 ) - 2 )  ,

M a g = > s l v H i g h S p e e d l n p u t s F p . D e l  1 ( ( n L l r W i d t h + 2 ) - 3  dow nto ( n L l r W i d t h + 2 ) - n L l r W i d t h  - 2 )  ) ;

H r d u C o d e L l r D e l a y U n i t O u t O p I f ( O )  < =  ( s a t = > s l v H i g h S p e e d I n p u t s F p _ D e l  1 ( 2 * ( n L l r W i d t h + 2 )  - 1 )  , S g n = > —► 
•—* s l v H i g h S p e e d l n p u t s F p . D e l  1 ( 2 * ( n L l r W i d t h + 2 ) - 2 )  , 

M a g = > s l v H i g h S p e e d I n p u t s F p _ D e l l ( 2 * ( n L l r W i d t h + 2 ) - 3  dow nto 2 * ( n L l r W i d t h + 2 ) - n L l r W i d t h - 2 )  ) ;
H r d u C o d e L l r D e l a y U n i t O u t O p I f ( l )  < =  ( s a t = > s l v H i g h S p e e d I n p u t s F p . D e l l  ( 2 * ( n L l r W i d t h + 2 ) - 1 )  , S g n = > -» 

s l v H i g h S p e e d l n p u t s F p . D e l l  ( 2 * ( n L l r W i d t h + 2 ) - 2 )  ,
M a g = > s l v H i g h S p e e d I n p u t s F p . D e l l  ( 2 * ( n L l r W i d t h + 2 ) - 3  dow nto 2 # ( n L l r W i d t h + 2 ) - n L l r W i d t h  - 2 )  ) ;

H r d u C o d e L l r D e l a y U n i t O u t O p I f ( 2 )  < =  ( s a t = > s l v H i g h S p e e d I n p u t s F p _ D e l l  ( 2 * ( n L l r W i d t h + 2 ) - l )  , S g n = > —» 
—  s l v H i g h S p e e d l n p u t s F p . D e l  1 ( 2 *  ( n L l r W i d t h + 2 ) - 2 )  ,

M a g = > s l v H i g h S p e e d I n p u t s F p _ D e l  1 ( 2 * ( n L l r W i d t h + 2 ) - 3  dow nto 2 * ( n L l r W i d t h + 2 ) - n L l r W i d t h  - 2 )  ) ;
H r d u C o d e L l r D e l a y l I n i t O u t O p I f ( 3 )  < =  ( s a t = > s l v H i g h S p e e d I n p u t s F p _ D e l l  ( 2 * ( n L l r W i d t h + 2 ) - l )  , Sgn=> -» 

<—► s l v H i g h S p e e d l n p u t s F p . D e l l  ( 2 * ( n L l r W i d t h + 2 ) — 2) ,
M a g = > s l v H i g h S p e e d I n p u t s F p _ D e l l  ( 2 * ( n L l r W i d t h + 2 ) - 3  dow nto 2 * ( n L l r W i d t h + 2 ) - n L l r W i d t h  - 2 )  ) ;

p h P h a s e O u t O p I f  < =  s l v H i g h S p e e d l n p u t s F p . D e l  1 ( 2 * ( n L l r W i d t h + 2 ) - l + 8  dow nto 2 * ( n L l r W i d t h + 2 )  ) ;

H r d u I n f o L l r D e l a y U n i t O u t O p I f ( O )  < =  l l r l n f o L l r l n C h E ; 
H r d u I n f o L l r D e l a y U n i t O u t O p I f ( l )  < =  l l r l n f o L l r l n C h E  ; 
H r d u I n f o L l r D e l a y U n i t O u t O p I f ( 2 )  < =  l l r l n f o L l r l n C h E ;  
H r d u I n f o L l r D e l a y U n i t O u t O p I f ( 3 )  < =  l l r l n f o L l r l n C h E ;  
U r d u C o d e L l r D e l a y  U n i  t O u t O p I f  ( 0 )  < =  l l r C o d e L l r l n C h E ; 
U r d u C o d e L l r D e l a y U n i t O u t O p I f ( 1 )  < =  l l r C o d e L l r l n C h E ; 
U r d u C o d e L l r D e l a y  U n i  t O u t O p I f  ( 2 )  < =  l l r C o d e L l r l n C h E ;  
U r d u C o d e L l r D e l a y U n i t O u t O p I f ( 3 )  < =  l l r C o d e L l r l n C h E ;

p h P h a s e O u t O p I f  < =  p h P h a s e O u t E n c . D e l  ( P H A SEJN J)ELA Y) ;

end i f ; 
end p r o c e ss  DECODERXLRS;

—  P H A S E - D E L A Y - L I N E

—  T h i s  p r o c e s s

PHASEJDELAY.LINE : p r o c e ss  ( p h P h a s e O u t E n c . D e l  ) i s  
b e g in

p h P h a s e O u t E n c . D e l . N e x t ( p h P h a s e O u t E n c . D e l . N e x t  ’ l e f t  ( 1 )  dow nto 1) < =
p h P h a s e O u t E n c . D e l ( p h P h a s e O u t E n c . D e l . N e x t  ’ l e f t  (1 ) - l  dow nto 0 ) ;

end p r o c e ss  PHASE .DELAY-LINE;

—  H I G H J N . D E L A Y

—  T h i s  p r o c e s s

HIGH-INJDELAY ; p r o c e ss  ( s l v H i g h S p e e d l n p u t s F p  ) i s  
b e g in

s l v H i g h S p e e d l n p u t s F p . D e l  1 . N e x t  < =  s l v H i g h S p e e d l n p u t s F p ;  

end p r o c e ss  HIGH.IN J5E LAY;

—  CLO CK.UPDATE

—  T h i s  i s  t h e  p r o c e s s  w h i c h  u p d a t e s  a l l  t h e  r e g i s t e r s
—  w i t h  t h e i r  n e w  v a l u e s .

CLOCK.UPDATE : p r o c e ss  ( c l k C l o c k F p  ) is  
b e g in

i f  ( c l k C l o c k F p  ’ e v e n t  and c l k C l o c k F p  = ’ 1 ’ ) th en  
i f  ( r s t R e s e t F p  = ’ 1 ’ ) th en

p h P h a s e O u t E n c . D e l  < =  ( o t h e r s = > ( o t h c r s  =  >  ’O’ ) )  ;
s l v H i g h S p e e d l n p u t s F p . D e l  1 < =  ( o t h e r s = > ’0 ’); 

e l s e
p h P h a s e O u t E n c . D e l  < =  p h P h a s e O u t E n c . D e l . N e x t ;
s l v H i g h S p e e d l n p u t s F p . D e l  1 < =  s l v H i g h S p e e d l n p u t s F p . D e l l  . N e x t ; 

end i f ; 
end i f  ; 

end p r o c e s s  CEX)CK_UPDATE;

end  B e h a v i o r a l  ;
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Listing B.4: LdpccEncoder.vhd

F i l e n a m e :  L d p c c E n c o d e r . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S w am y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T6G 2 V 4 .

D e s c r i p t i o n

T h i s  i s  t h e  e n c o d e r  b l o c k  f o r  t h e  L D P C -C C.

l ib r a r y  IEEE;
u se  IE E E .S T D .L O G I C .1 1 6 4 .ALL; 
u se  IEEE.STD_LOGIC_ARITH.ALL; 
u se  I E E E . STD_LOGIC_UNSIGNED.ALL;

u se  w o r k . L d p c c P a c k a g e F o r I c f a a l p 2  .ALL;

—  U n c o m m e n t  t h e  f o l l o w i n g  l i n e s  t o  u s e  t h e  d e c l a r a t i o n s  t h a t  a r e
—  p r o v i d e d  f o r  i n s t a n t i a t i n g  X i l i n x  p r i m i t i v e  c o m p o n e n t s .
—  l i b r a r y  U N IS I M ;
— u s e  U N IS I M . V C o m p o n e n t s . a l l ;

e n t i t y  L d p c c E n c o d e r  is  
P ort ( c l k C l o c k  

r s t R e s e t  
b i t l n f o B i t l n  
p h P h a s e l n  
—  O u t p u t s  
b i t l n f o B i t O u t  
b i t C o d e B i t O u t

);
end  e n t i t y  L d p c c E n c o d e r  ; 

a r c h i t e c t u r e  B e h a v i o r a l  o f  L d p c c E n c o d e r  i s

—  R e g i s t e r e d  v a l u e s  w h i c h  m u s t  h a v e  a n  _N e x t  v a l u e
—  t o  w o r k  w e l l .  A s  p e r  M a s s a n a  d e s i g n  r u l e s .

s ig n a l  e m l n f o B i t D e l a y L i n e . N e x t  ; En co d erM em o ry ;  
s ig n a l  e m l n f o B i t D e l a y L i n e  : En co d erM em o ry ;

s ig n a l  e m C o d e B i t D e l a y L i n e . N e x t  : En co d erM em o ry ;  
s ig n a l  e m C o d e B i tD e l a y L in e  : En co d erM em o ry ;

s ig n a l  b i t l n f o B i t l n . D e l  1 - N e x t  : L o g i c B i t ;  
s ig n a l  b i t l n f o B i t l n . D e l l  L o g i c B i t ;

s ig n a l  p h P h a s e l n . D e l l . N e x t  : P h a s e ;  
s ig n a l  p h P h a s e l n . D e l l  : P h a s e ;

: in  L o g i c B i t ;
: in  L o g i c B i t ;
: in  L o g i c B i t ;
: in  P h a s e ;

: o u t L o g i c B i t ;  
: o u t L o g i c B i t

—  C o m b i n a t o r i a l  s i g n a l s  t h a t  a r e  n o t  d i r e c t l y  a s s i g n e d  t o  a
—  r e g i s t e r .

s ig n a l  b i t C o d e B i t  : L o g i c B i t ;

b e g in

—  U p d a t e  t h e  _N e x t  v a l u e s  o f  t h e  d e l a y  l i n e s  b a s e d  on  t h e
—  n e w  i n p u t s  a n d  t h e  n e w  c o d e  b i t .

DELAY-UPDATE : p r o c e ss  ( b i t l n f o B i t l n . D e l l  , b i t C o d e B i t  , e m l n f o B i t D e l a y L i n e  , e m C o d e B i t D e l a y L i n e ,  
b i t l n f o B i t l n  , p h P h a s e l n  ) is

b e g in

—  M o v e  a l l  t h e  d e l a y  l i n e  e l e m e n t s  up  f r o m  t h e  r e g i s t e r e d
—  c o u n t e r p a r t s  .

e m I n f o B i t D e l a y L i n e _ N e x t ( e m I n f o B i t D e l a y L i n e  ’ l e f t  ( 1 )  dow nto 1) < =  
e m l n f o B i t D e l a y L i n e  ( e m l n f o B i t D e l a y L i n e  * l e f t ( l )  — 1 dow nto 0 ) ;  

e m C o d e B i t D e l a y L i n e . N e x t ( e m C o d e B i t D e l a y L i n e  ’ l e f t  ( 1 )  dow nto 1) < =  
e m C o d e B i tD e l a y L in e  ( e m C o d e B i t D e l a y L in e  ’ l e f t  ( 1 ) - 1  dow nto 0 ) ;

—  P l a c e  t h e  m o s t  r e c e n t  I n f o r m a t i o n  b i t  a n d  c o d e  b i t  i n t o
—  f i r s t  p o i n t  o f  t h e  d e l a y  l i n e  ( e n t r y  0 )  

e m l n f o B i t D e l a y L i n e . N e x t ( 0 )  < =  b i t l n f o B i t l n . D e l l ;
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e m C o d e B i t D e l a y L i n e . N e x t ( O )  O  b i t C o d e B i t ;

— R e g i s t e r  t h e  i n p u t s  t o  a i d  s y n t h e s i s . 
p h P h a s e l n . D e l l . N e x t  < =  p h P h a s e l n ; 
b i t l n f o B i t l n . D e l  1 . N e x t  < =  b i t l n f o B i t l n  ;

e n d  p r o c e s s  DELAY.UPDATE;

—  P e r f o r m  t h e  XOR o p e r a t i o n  t o  d e t e r m i n e  t h e  n e w  p a r i t y  ( c o d e )
—  b i t .

PARITY_GEN : p r o c e s s  ( p h P h a s e l n . D e l l  , e m C o d e B i tD e l a y L in e  , e m l n f o B i t D e l a y L i n e  , b i t l n f o B i t l n . D e l  1 ) is  
b e g i n

-r—S t a r t  o f  A u t o —g e n e r a t e d  b y  V h d l F o r L d p c c E n c o d e r  . m  s e e  s b a t e s  f o r  d e t a i l s .  
c a se  p h P h a s e l n . D e l l  is  
when ” 0 0 0 0 0 0 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 7 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 4 )  x o r  
<-» e m l n f o B i t D e l a y L i n e  ( 1 0 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 0 0 0 0 1 ” =>
b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 8 )  x o r  e m l n f o B i t D e l a y L i n e  ( 3 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 2 )  x o r  

«—» e m l n f o B i t D e l a y L i n e  ( 1 2 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 0 0 0 0 1 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 2 8 )  x o r  e m l n f o B i t D e l a y L i n e  ( 3 9 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 1 )  x o r  
e m l n f o B i t D e l a y L i n e  ( 1 0 7 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 0 0 0 0 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 9 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 2 )  x o r  

<-► e m l n f o B i t D e l a y L i n e  ( 1 0 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 0 0 0 1 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 7 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 6 )  x o r  
*-► e m l n f o B i t D e l a y L i n e  ( 1 1 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 0 0 0 1 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 2 7 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 6 )  x o r

► e m l n f o B i t D e l a y L i n e  ( 1 1 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 0 0 0 1 1 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 2 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 3 7 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 9 )  x o r  
«—» e m l n f o B i t D e l a y L i n e  ( 1 2 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 0 0 0 1 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 2 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 0 )  x o r  

e m l n f o B i t D e l a y L i n e  ( 6 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 0 0 1 0 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 8 )  x o r  
•—► e m l n f o B i t D e l a y L i n e  ( 9 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 0 1 0 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 3 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 8 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 4 )  x o r  

c—* e m l n f o B i t D e l a y L i n e  ( 1 2 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 0 0 1 0 1 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 4 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 3 )  xo r  
•—f e m l n f o B i t D e l a y L i n e  ( 1 2 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 0 1 0 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 4 )  x o r  e m l n f o B i t D e l a y L i n e  (5  1) x o r  

•—► e m l n f o B i t D e l a y L i n e  ( 8 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 0 0 1 1 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 2 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 7 )  x o r  
t—> e m l n f o B i t D e l a y L i n e  ( 1 1 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 0 1 1 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 2 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 3 2 )  xo r

» e m l n f o B i t D e l a y L i n e  ( 8 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 0 0 1 1 1 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 1 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 8 7 )  x o r  
=—► e m l n f o B i t D e l a y L i n e  ( 1 1 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 0 0 1 1 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 4 3 )  x o r  e m C o d e B i tD e l a y L in e  ( 5 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 9 4 )  x o r  

*—► e m l n f o B i t D e l a y L i n e  ( 1 2 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 0 1 0 0 0 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 3 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 3 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 9 8 )  x o r
► e m l n f o B i t D e l a y L i n e  ( 1 1 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 1 0 0 0 1 ” =>
b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 3 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 3 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 7 )  x o r  

<-> e m l n f o B i t D e l a y L i n e  ( 1 0 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 0 1 0 0 1 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 2 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 2 )  x o r  e m l n f o B i t D e l a y L i n e  ( 9 6 )  x o r  
«—► e m l n f o B i t D e l a y L i n e  ( 1 2 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 1 0 0 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 5 7 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 5 )  x o r

► e m l n f o B i t D e l a y L i n e  ( 1 0 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
w h e n  ” 0 0 0 1 0 1 0 0 ” = >

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 6 )  x o r  e m l n f o B i t D e l a y L i n e  ( 2 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 8 )  x o r  
«—► e m l n f o B i t D e l a y L i n e  ( 7 7 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 0 1 0 1 0 1 ” =>
b i t C o d e B i t  < =  b i t l n f o B i t l n - D e l  1 x o r  e m C o d e B i tD e l a y L in e  ( 4 2 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 0 )  x o r  —*

«—> e m l n f o B i t D e l a y L i n e  ( 8 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 0 1 0 1 1 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 7 )  x o r  e m C o d e B i tD e l a y L in e  ( 6 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 6 )  x o r  
e m l n f o B i t D e l a y L i n e  ( 1 1 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 1 0 1 1 1 ” =>
b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 4 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 8 )  x o r  e m l n f o B i t D e l a y L i n e  ( 9 9 )  x o r  

e m l n f o B i t D e l a y L i n e  ( 1 2 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 0 1 1 0 0 0 ” =>
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b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 3 5 )  xor e m l n f o B i t D e l a y L i n e  ( 3 9 )  xor  e m l n f o B i t D e l a y L i n e  ( 1 0 5 )  xor  
e m l n f o B i t D e l a y L i n e  ( 1 1 9 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 1 1 0 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 2 )  xor e m C o d e B i tD e l a y L in e  ( 5 2 )  xor e m l n f o B i t D e l a y L i n e  ( 6 7 )  xor  

*—► e m l n f o B i t D e l a y L i n e  ( 8 6 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 0 1 1 0 1 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 4 9 )  xor e m C o d e B i tD e l a y L in e  ( 6 2 )  xor e m l n f o B i t D e l a y L i n e  ( 9 2 )  xor  
<—* e m l n f o B i t D e l a y L i n e  ( 1 2 4 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 0 1 1 0 1 1 ” =>
b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 6 1 )  xor e m l n f o B i t D e l a y L i n e  ( 6 1 )  xor  e m l n f o B i t D e l a y L i n e  ( 8 5 )  xor  

«-► e m l n f o B i t D e l a y L i n e  ( 1 1 4 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 0 1 1 1 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 1 )  xor e m l n f o B i t D e l a y L i n e  ( 3 8 )  xor  e m C o d e B i tD e l a y L in e  ( 6 7 )  xor  
*—* e m l n f o B i t D e l a y L i n e  ( 9 3 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 1 1 1 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 3 )  xor e m l n f o B i t D e l a y L i n e  ( 4 1 )  xor e m C o d e B i tD e l a y L in e  ( 4 8 )  xor  

*-► e m l n f o B i t D e l a y L i n e  ( 7 6 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 0 1 1 1 1 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 2 )  xor e m C o d e B i tD e l a y L in e  ( 6 2 )  xor e m l n f o B i t D e l a y L i n e  ( 1 0 4 )  xor  
*—► e m l n f o B i t D e l a y L i n e  ( 1 2 2 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 0 1 1 1 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 3 )  xor e m l n f o B i t D e l a y L i n e  ( 6 6 )  xor  e m C o d e B i tD e l a y L in e  ( 7 1 )  xor  

e m l n f o B i t D e l a y L i n e  ( 8 7 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 1 0 0 0 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 8 )  xor e m C o d e B i tD e l a y L in e  ( 6 0 )  xor  e m l n f o B i t D e l a y L i n e  ( 6 8 )  xor  
e—> e m l n f o B i t D e l a y L i n e  ( 1 1 6 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 1 0 0 0 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 4 )  xor e m l n f o B i t D e l a y L i n e  ( 3 3 )  xor  e m C o d e B i tD e l a y L in e  ( 7 5 )  xor  

<—> e m l n f o B i t D e l a y L i n e  ( 1 1 3 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 1 0 0 0 1 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 4 3 )  xor e m l n f o B i t D e l a y L i n e  ( 5 0 )  xor  e m l n f o B i t D e l a y L i n e  ( 1 1 9 )  xor  
e m l n f o B i t D e l a y L i n e  ( 1 2 2 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 1 0 0 0 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 0 )  x or  e m C o d e B i tD e l a y L in e  ( 5 9 )  xor e m l n f o B i t D e l a y L i n e  ( 6 7 )  xor  

» e m l n f o B i t D e l a y L i n e  ( 7 9 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 1 0 0 1 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 7 )  xor e m C o d e B i tD e l a y L in e  ( 4 2 )  xor  e m l n f o B i t D e l a y L i n e  ( 7 5 )  xor  
•—» e m l n f o B i t D e l a y L i n e  ( 1 0 8 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 1 0 0 1 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 9 )  x or  e m l n f o B i t D e l a y L i n e  ( 4 6 )  xor  e m C o d e B i tD e l a y L in e  ( 7 4 )  xor  

•—* e m l n f o B i t D e l a y L i n e  ( 8 5 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 1 0 0 1 1 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 )  xor e m C o d e B i tD e l a y L in e  ( 4 3 )  x or  e m l n f o B i t D e l a y L i n e  ( 7 6 )  xor 
e m l n f o B i t D e l a y L i n e  ( 8 7 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 1 0 0 1 1 1 ” =>
b i t C o d e B i t  < =  b i t l n f o B i t l n . D e l  1 xor e m C o d e B i tD e l a y L in e  ( 5 2 )  x or  e m l n f o B i t D e l a y L i n e  ( 6 0 )  xor —* 

e m l n f o B i t D e l a y L i n e  ( 1 2 2 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 1 0 1 0 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 5 )  xor e m C o d e B i tD e l a y L in e  ( 7 0 )  x or  e m l n f o B i t D e l a y L i n e  ( 7 3 )  xor  
e m l n f o B i t D e l a y L i n e  ( 9 0 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 1 0 1 0 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 9 )  x or  e m C o d e B i tD e l a y L in e  ( 4 5 )  x or  e m l n f o B i t D e l a y L i n e  ( 5 2 )  xor  

e m l n f o B i t D e l a y L i n e  ( 8 4 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 1 0 1 0 1 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 4 0 )  x or  e m C o d e B i tD e l a y L in e  ( 4 3 )  xor  e m l n f o B i t D e l a y L i n e  ( 6 9 )  xor  
•—* e m l n f o B i t D e l a y L i n e  ( 1 1 7 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 1 0 1 0 1 1 ” =>
b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 2 6 )  x or  e m l n f o B i t D e l a y L i n e  ( 2 6 )  xor e m l n f o B i t D e l a y L i n e  ( 4 6 )  xor 

•—* e m l n f o B i t D e l a y L i n e  ( 1 1 0 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 1 0 1 1 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 )  xor e m C o d e B i tD e l a y L in e  ( 3 6 )  xor e m l n f o B i t D e l a y L i n e  ( 4 4 )  xor  
<-*• e m l n f o B i t D e l a y L i n e  ( 1 2 1 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 1 0 1 1 0 1 ” =>
b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 1 0 )  x or  e m l n f o B i t D e l a y L i n e  ( 3 2 )  xor e m l n f o B i t D e l a y L i n e  ( 6 9 )  xor  

e m l n f o B i t D e l a y L i n e  ( 9 1 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 1 0 1 1 1 0 ” = »

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 )  xor e m C o d e B i tD e l a y L in e  ( 1 0 )  x or  e m l n f o B i t D e l a y L i n e  ( 4 5 )  xor  
e m l n f o B i t D e l a y L i n e  ( 7 9 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 1 0 1 1 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 9 )  xor e m C o d e B i tD e l a y L in e  ( 4 0 )  xor e m l n f o B i t D e l a y L i n e  ( 5 6 )  xor  

e m l n f o B i t D e l a y L i n e  ( 9 7 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 0 1 1 0 0 0 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 1 4 )  x or  e m l n f o B i t D e l a y L i n e  ( 3 9 )  x or  e m l n f o B i t D e l a y L i n e  ( 6 3 )  xor  
^  e m l n f o B i t D e l a y L i n e  ( 9 7 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 1 1 0 0 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 8 )  xor e m C o d e B i tD e l a y L in e  ( 3 1 )  x or  e m l n f o B i t D e l a y L i n e  ( 5 3 )  xor

► e m l n f o B i t D e l u y L i n c  ( 1  1 3 )  x o r  e m C o d e B i t D e l a y L i n e  (  1 2 7 )  ;
when ” 0 0 1 1 0 0 1 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 1 3 )  x or  e m l n f o B i t D e l a y L i n e  ( 2 3 )  x or  e m l n f o B i t D e l a y L i n e  ( 5 7 )  xor  
«-► e m l n f o B i t D e l a y L i n e  ( 1 2 5 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 0 1 1 0 0 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 6 )  x or  e m C o d e B i tD e l a y L in e  ( 4 7 )  x or  e m l n f o B i t D e l a y L i n e  ( 5 6 )  xor  

«-+ e m l n f o B i t D e l a y L i n e  ( 1 0 9 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 0 1 1 0 1 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 9 )  x or  e m C o d e B i tD e l a y L in e  ( 4 6 )  xor e m l n f o B i t D e l a y L i n e  ( 8 3 )  xor  
«-*• e m l n f o B i t D e l a y L i n e  ( 9 9 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 0 1 1 0 1 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 9 )  x or  e m C o d e B i tD e l a y L in e  ( 5 2 )  x or  e m l n f o B i t D e l a y L i n e  ( 6 7 )  xor

> e m l n f o B i t D e l a y L i n e  ( 1 1 5 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
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when ” 0 0 1 1 0 1 1 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 2 )  x o r  e m l n f o B i t D e l a y L i n e  ( 8 0 )  x o r

► e m l n f o B i t D e l a y L i n e  ( 1 2 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 0 1 1 0 1 1 1 ”  = >

t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 5 )  x o r  e m l n f o B i t D e l a y L i n e  ( 1 3 )  x o r  e m C o d e B i tD e l a y L in e  ( 2 7 )  xo r  
«—> e m l n f o B i t D e l a y L i n e  ( 7 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;

0 0 1 1 1 0 0 0 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 3 4 )  x o r  

e m l n f o B i t D e l a y L i n e  ( 8 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 0 1 1 1 0 0 1 ”  = >

t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 7 )  xor  e m C o d e B i tD e l a y L in e  ( 5 2 )  xor e m l n f o B i t D e l a y L i n e  ( 9 2 )  xor  
» e m l n f o B i t D e l a y L i n e  ( 1 1 6 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;

0 0 1 1 1 0 1 0 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 9 )  xor  e m C o d e B i tD e l a y L in e  ( 3 2 )  xor  e m l n f o B i t D e l a y L i n e  ( 9 6 )  xor  

» e m l n f o B i t D e l a y L i n e  ( 1 1 3 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 0 1 1 1 0 1 1 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 2 )  xor e m C o d e B i tD e l a y L in e  ( 3 4 )  xor  e m l n f o B i t D e l a y L i n e  ( 8 7 )  xor  

<—* e m l n f o B i t D e l a y L i n e  ( 1 2 4 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 0 1 1 1 1 0 0 ”  = >

t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 5 0 )  x o r  
•—» e m l n f o B i t D e l a y L i n e  ( 1 0 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 )  ;

0 0 1 1 1 1 0 1 ” =>
t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 4 8 )  x or  e m l n f o B i t D e l a y L i n e  ( 5 7 )  xor  e m l n f o B i t D e l a y L i n e  ( 8 8 )  xor  

t—* e m l n f o B i t D e l a y L i n e  ( 1 0 6 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 0 1 1 1 1 1 0 ”  = >

t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 1 9 )  xor e m l n f o B i t D e l a y L i n e  ( 3 0 )  xor  e m l n f o B i t D e l a y L i n e  ( 7 4 )  xor  
•—» e m l n f o B i t D e l a y L i n e  ( 1 2 2 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;

0 0 1 1 1 1 1 1 ”  = >

t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 8 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 6 )  x o r  
«-► e m l n f o B i t D e l a y L i n e  ( 1 1 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;

0 1 0 0 0 0 0 0 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 6 )  xor  e m C o d e B i tD e l a y L in e  ( 4 3 )  xor  e m l n f o B i t D e l a y L i n e  ( 5 8 )  xor  

«—*• e m l n f o B i t D e l a y L i n e  ( 9 8 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 0 0 0 1 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 6 )  x or  e m C o d e B i tD e l a y L in e  ( 3 5 )  xor e m l n f o B i t D e l a y L i n e  ( 3 7 )  xor  

e m l n f o B i t D e l a y L i n e  ( 9 7 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 0 0 1 0 ”  = >

t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 5 7 )  x or  e m l n f o B i t D e l a y L i n e  ( 5 9 )  xor  e m l n f o B i t D e l a y L i n e  ( 1 0 5 )  xor  
<-»• e m l n f o B i t D e l a y L i n e  ( 1 1 7 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;

0 1 0 0 0 0 1 1 ” =>
t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 4 0 )  x or  e m l n f o B i t D e l a y L i n e  ( 6 4 )  xor  e m l n f o B i t D e l a y L i n e  ( 8 8 )  xor  

c-+ e m l n f o B i t D e l a y L i n e  ( 1 2 3 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 0 1 0 0 ”  = >

t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 7 )  x or  e m C o d e B i tD e l a y L in e  ( 3 9 )  xor e m l n f o B i t D e l a y L i n e  ( 5 8 )  xor  
e m l n f o B i t D e l a y L i n e  ( 1 0 8 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;

0 1 0 0 0 1 0 1 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 4 )  x or  e m l n f o B i t D e l a y L i n e  ( 4 9 )  xor  e m C o d e B i tD e l a y L in e  ( 5 3 )  xor  

e m l n f o B i t D e l a y L i n e  ( 9 9 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 0 1 1 0 ”  = >
t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 2 9 )  x or  e m l n f o B i t D e l a y L i n e  ( 2 9 )  xor e m l n f o B i t D e l a y L i n e  ( 7 1 )  xor  

e m l n f o B i t D e l a y L i n e  ( 1 1 4 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 0 1 1 1 ” =>
t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 3 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 7 )  xo r  

e m l n f o B i t D e l a y L i n e  ( 1 2 3 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 1 0 0 0 ”  = >
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 4 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 7 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 1 0 8 )  x o r  

•—* e m l n f o B i t D e l a y L i n e  ( 1 1 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 1 0 0 1 ” =>
t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 4 1 )  x or  e m l n f o B i t D e l a y L i n e  ( 6 5 )  xor e m l n f o B i t D e l a y L i n e  ( 1 0 2 )  xor  

•—> e m l n f o B i t D e l a y L i n e  ( 1 2 6 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 1 0 1 0 ” = >
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 0 )  xo r

► e m l n f o B i t D e l a y L i n e  ( 8 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 1 0 1 1 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 7 2 )  x o r  

«-» e m l n f o B i t D e l a y L i n e  ( 8 3 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 1 1 0 0 ”  = >
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 3 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 0 )  xo r  

t-» e m l n f o B i t D e l a y L i n e  ( 9 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 0 1 1 0 1 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 5 7 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 2 )  x o r  
•—» e m l n f o B i t D e l a y L i n e  ( 7 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;

0 1 0 0 1 1 1 0 ”  = >

t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 1 )  xor  e m C o d e B i tD e l a y L in e  ( 4 7 )  xor e m l n f o B i t D e l a y L i n e  ( 5 3 )  xor 
e m l n f o B i t D e l a y L i n e  ( 1 1 5 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;

0 1 0 0 1 1 1 1 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 7 )  x o r  e m C o d e B i t D e l a y L i n e  ( 6 8 )  x o r

e m l n f o B i t D e l a y L i n e  ( 9 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 1 0 0 0 0 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 6 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 4 )  x o r  

e m l n f o B i t D e l a y L i n e  ( 9 7 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 1 0 0 0 1 ” =>
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 0 )  xor e m l n f o B i t D e l a y L i n e  ( 6 6 )  xor e m C o d e B i tD e l a y L in e  ( 6 9 )  xor  

^  e m l n f o B i t D e l a y L i n e  ( 1 0 0 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
0 1 0 1 0 0 1 0 ”  = >
t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 4 )  x o r  

c-» e m l n f o B i t D e l a y L i n e  ( 1 0 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 0 1 0 0 1 1 ” =>
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b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 5 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 5 9 )  x o r  
e m l n f o B i t D e l a y L i n e  ( 9 3 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 1 0 1 0 1 0 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 3 )  x o r  

e m l n f o B i t D e l a y L i n e  ( 1 0 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 0 1 0 1 0 1 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 7 )  x o r  e m C o d e B i tD e l a y L in e  ( 7 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 8 3 )  x o r  
e m l n f o B i t D e l a y L i n e  ( 1 2 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 1 0 1 0 1 1 0 ” =>
b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 1 7 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 2 )  x o r  

^  e m l n f o B i t D e l a y L i n e  ( 1 1 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 1 0 1 0 1 1 1 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 2 2 )  xor  e m l n f o B i t D e l a y L i n e  ( 3 9 )  x or  e m l n f o B i t D e l a y L i n e  ( 6 5 )  xor
► e m l n f o B i t D e l a y L i n e  ( 9 6 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 0 1 1 0 0 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 7 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 2 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 9 )  x o r  

c- * e m l n f o B i t D e l a y L i n e  ( 1 1 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 0 1 1 0 0 1 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 8 )  x o r  e m l n f o B i t D e l a y L i n e  ( 2 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 7 )  x o r  
t-+ e m l n f o B i t D e l a y L i n e  ( 1 2 3 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 0 1 1 0 1 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 7 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 2 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 1 )  x o r

► e m l n f o B i t D e l a y L i n e  ( 1 0 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 0 1 1 0 1 1 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 3 9 )  x o r  e m l n f o B i t D e l a y L i n e  ( 8 2 )  x o r  
<-+ e m l n f o B i t D e l a y L i n e  ( 9 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 1 0 1 1 1 0 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 7 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 )  xor e m l n f o B i t D e l a y L i n e  ( 6 0 )  xor  

e m l n f o B i t D e l a y L i n e  ( 9 2 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 1 0 1 1 1 0 1 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 2 )  x o r  e m l n f o B i t D e l a y L i n e  ( 8 6 )  x o r  
e m l n f o B i t D e l a y L i n e  ( 1 0 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 1 0 1 1 1 1 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 4 )  xor e m C o d e B i tD e l a y L in e  ( 3 0 )  xor  e m l n f o B i t D e l a y L i n e  ( 3 0 )  xor  

<-► e m l n f o B i t D e l a y L i n e  ( 7 9 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 1 0 1 1 1 1 1 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 9 )  xor e m C o d e B i tD e l a y L in e  ( 12) xor  e m l n f o B i t D e l a y L i n e  (8 7 )  xor
► e m l n f o B i t D e l a y L i n e  ( 1 0 2 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 0 0 0 0 0 ” =>
b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 1 0 )  xor e m l n f o B i t D e l a y L i n e  ( 1 9 )  xor  e m l n f o B i t D e l a y L i n e  ( 9 0 )  xor  

e m l n f o B i t D e l a y L i n e  ( 1 0 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 0 0 0 0 1 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 4 2 )  xor e m C o d e B i tD e l a y L in e  ( 4 3 )  xor  e m l n f o B i t D e l a y L i n e  ( 8 4 )  xor  
e m l n f o B i t D e l a y L i n e  ( 1 0 2 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 0 0 0 1 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 4 )  xor e m C o d e B i tD e l a y L in e  (4 5 )  xor  e m l n f o B i t D e l a y L i n e  (6 7 )  xor  

c-» e m l n f o B i t D e l a y L i n e  ( 1 1 9 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ; 
when ”0 1 1 0 0 0 1 1 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 4 )  xor e m C o d e B i tD e l a y L in e  ( 4 0 )  xor  e m l n f o B i t D e l a y L i n e  ( 6 4 )  xor  
<-+ e m l n f o B i t D e l a y L i n e  ( 1 0 5 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 1 1 0 0 1 0 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 2 8 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 8 )  x o r  

<-* e m l n f o B i t D e l a y L i n e  ( 7 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 0 0 1 0 1 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 6 )  xor  e m C o d e B i tD e l a y L in e  ( 3 0 )  xor e m l n f o B i t D e l a y L i n e  ( 8 0 )  xor  
e m l n f o B i t D e l a y L i n e  ( 1 1 8)  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ; 

when ” 0 1 1 0 0 1 1 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 5 )  x or  e m l n f o B i t D e l a y L i n e  ( 3 0 )  xor e m C o d e B i tD e l a y L in e  ( 5 5 )  xor  

t-» e m l n f o B i t D e l a y L i n e  ( 9 2 )  x or  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 0 0 1 1 1 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  (2 4 )  xor  e m l n f o B i t D e l a y L i n e  (4 3 )  xor  e m l n f o B i t D e l a y L i n e  ( 6 2 )  xor 
e m l n f o B i t D e l a y L i n e  (1 0 4 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ; 

when ” 0 1 1 0 1 0 0 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  (5 5 )  xor  e m C o d e B i tD e l a y L in e  (6 0 )  xor  e m l n f o B i t D e l a y L i n e  ( 7 0 )  xor

► e m l n f o B i t D e l a y L i n e  ( 1 1 8 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 0 1 0 0 1 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 2 9 )  x or  e m l n f o B i t D e l a y L i n e  ( 5 1 )  xor  e m l n f o B i t D e l a y L i n e  ( 9 1 )  xor  
e m l n f o B i t D e l a y L i n e  ( 1 1 5 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 1 1 0 1 0 1 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 2 )  xor e m l n f o B i t D e l a y L i n e  ( 2 3 )  xor  em C o d e B i tD e l a y L in e  ( 4 8 )  xor  

e m l n f o B i t D e l a y L i n e  ( 8 1 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ”0 1 1 0 1 0 1 1 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 9 )  x or  e m C o d e B i tD e l a y L in e  ( 3 2 )  x or  e m l n f o B i t D e l a y L i n e  ( 4 9 )  xor  
<—*■ e m l n f o B i t D e l a y L i n e  ( 1 0 3 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ”0 1 1 0 1 1 0 0 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 4 )  x or  e m C o d e B i tD e l a y L in e  ( 3 4 )  x or  e m l n f o B i t D e l a y L i n e  ( 5 7 )  xor

*—> e m l n f o B i t D e l a y L i n e  ( 9 2 )  x o r  e m C o d e B i t D e l a y L i n e  ( 1 2 7 )  ; 

when ” 0 1 1 0 1 1 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 7 )  x or  e m C o d e B i tD e l a y L in e  ( 4 9 )  x or  e m l n f o B i t D e l a y L i n e  ( 6 2 )  xor  

e m l n f o B i t D e l a y L i n e  ( 8 9 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 0 1 1 1 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 4 2 )  xor  e m l n f o B i t D e l a y L i n e  ( 6 6 )  x or  e m l n f o B i t D e l a y L i n e  ( 1 0 5 )  xor  
e m l n f o B i t D e l a y L i n e  ( 1 2 2 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 0 1 1 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 0 )  xor  e m l n f o B i t D e l a y L i n e  ( 3 3 )  xor  e m C o d e B i tD e l a y L in e  ( 3 4 )  xor  

*-► e m l n f o B i t D e l a y L i n e  ( 8 8 )  xor  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 1 0 0 0 0 ” =0>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 )  xor  e m C o d e B i tD e l a y L in e  ( 5 0 )  xor  e m l n f o B i t D e l a y L i n e  ( 5 0 )  x or  -  
e m l n f o B i t D e l a y L i n e  ( 1 1 1 )  xor e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;
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when ” 0 1 1 1 0 0 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 2 9 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 3 )  xo r  

e m l n f o B i t D e l a y L i n e  ( 1 0 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 1 0 0 1 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 5 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 8 )  x o r  
*-♦ e m l n f o B i t D e l a y L i n e  ( 1 1 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 1 0 0 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 5 4 )  x o r  -  

e m l n f o B i t D e l a y L i n e  ( 7 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 1 0 1 0 0 ” =>

b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 5 9 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 9 )  x o r  e m l n f o B i t D e l a y L i n e  ( 8 8 )  x o r
► e m l n f o B i t D e l a y L i n e  ( 1 2 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 1 0 1 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 5 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 1 )  x o r  -  

e m l n f o B i t D e l a y L i n e  ( 1 0 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 1 0 1 1 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 5 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 5 )  x o r  
e m l n f o B i t D e l a y L i n e  ( 7 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 1 0 1 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 1 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 7 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 4 )  x o r  

e m l n f o B i t D e l a y L i n e  ( 8 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 1 1 0 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 5 3 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 9 )  x o r  
e m l n f o B i t D e l a y L i n e  ( 8 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 1 1 0 0 1 ” =>
b i t C o d e B i t  < =  e m C o d e B i tD e l a y L in e  ( 3 6 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 4 )  x o r  e m l n f o B i t D e l a y L i n e  ( 1 1 9 )  x o r  

e m l n f o B i t D e l a y L i n e  ( 1 2 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 1 1 0 1 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 0 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 7 7 )  x o r  
e m l n f o B i t D e l a y L i n e  ( 8 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 1 1 0 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 3 )  x o r  -  

e m l n f o B i t D e l a y L i n e  ( 1 2 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 1 1 1 0 0  ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 6 )  x o r  e m l n f o B i t D e l a y L i n e  ( 6 5 )  xo r  
t-» e m l n f o B i t D e l a y L i n e  ( 1 0 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 1 1 1 0 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 7 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 6 )  x o r  e m C o d e B i tD e l a y L in e  ( 7 0 )  x o r

► e m l n f o B i t D e l a y L i n e  ( 9 8 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 0 1 1 1 1 1 1 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 0 )  x o r  e m C o d e B i tD e l a y L in e  ( 4 2 )  x o r  e m l n f o B i t D e l a y L i n e  ( 4 6 )  xo r  
e m l n f o B i t D e l a y L i n e  ( 9 3 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when ” 0 1 1 1 1 1 1 1 ” =>
b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 2 1 )  x o r  e m l n f o B i t D e l a y L i n e  ( 5 1 )  x o r  e m C o d e B i tD e l a y L in e  ( 7 7 )  x o r  

e m l n f o B i t D e l a y L i n e  ( 8 4 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  
when ” 1 0 0 0 0 0 0 0 ” =>

b i t C o d e B i t  < =  e m l n f o B i t D e l a y L i n e  ( 3 7 )  x o r  e m l n f o B i t D e l a y L i n e  ( 7 5 )  x o r  e m C o d e B i tD e l a y L in e  ( 7 9 )  x o r  
^  e m l n f o B i t D e l a y L i n e  ( 1 0 2 )  x o r  e m C o d e B i tD e l a y L in e  ( 1 2 7 ) ;  

when o t h e r s  =>  
b i t C o d e B i t  < =  ’ O ’ ; 
end  c a s e ;

— E n d  o f  A u t o - g e n e r a t e d  b y  V h d l F o r L d p c c E n c o d e r  . m  s e e  s b a t e s  f o r  d e t a i l s .  

e n d  p r o c e s s  PARITY_GEN;

—  T a k e  a  r e g i s t e r e d  o u t p u t  t o  h e l p  w i t h  t i m i n g  c l o s u r e  a n d
—  t o  b e  n i c e  t o  t h e  n e x t  b l o c k .

ASSIGNjOUTPUT : p r o c e s s  ( e m C o d e B i t D e l a y L i n e , e m l n f o B i t D e l a y L i n e  ) is  
b e g i n

b i t l n f o B i t O u t  < =  e m l n f o B i t D e l a y L i n e  ( 0 ) ;
b i t C o d e B i t O u t  < =  e m C o d e B i tD e l a y L in e  ( 0 ) ;

e n d  p r o c e s s  ASSIGNjOUTPUT;

—  T h i s  i s  t h e  p r o c e s s  w h i c h  u p d a t e s  a l l  t h e  r e g i s t e r s
—  w i t h  t h e i r  n e w  v a l u e s .

CLOCK.UPDATE : p r o c e ss  ( c l k C l o c k  ) is  
b e g in

i f  ( c l k C l o c k  ’ e v e n t  and c l k C l o c k  = ’ l ’ ) th en

i f  ( r s t R e s e t  = ’ 1 ’ ) th en

e m l n f o B i t D e l a y L i n e  < =  ( o t h e r s  = > ’0 ’);  
e m C o d e B i tD e l a y L in e  < =  ( o t h e r s  = > ’O’) ; 
b i t l n f o B i t l n . D e l  1 < =  ’O ’ ;
p h P h a s e l n . D e l l  < =  ( o t h e r s  = > ’O’) ;

e l s e

e m l n f o B i t D e l a y L i n e  < =  e m l n f o B i t D e l a y L i n e . N e x t ; 
e m C o d e B i tD e l a y L in e  < =  e m C o d e B i t D e l a y L i n e . N e x t ; 
b i t l n f o B i t l n . D e l l  < =  b i t l n f o B i t l n . D e l l  . N e x t ; 
p h P h a s e l n . D e l l  < =  p h P h a s e l n . D e l l . N e x t ;
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end  i f ;  
end  i f ;

e n d  p r o c e s s  CLOCK-UPDATE;

e n d  a r c h i t e c t u r e  B e h a v i o r a l ;

Listing B.5: ChannelEmulator.vhd

F i l e n a m e :  C h a n n e l E m u l a t o r . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S w a m y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T6G 2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  a  g e n e r i c  c h a n n e l  e m u l a t o r  b l o c k  w h i c h  t a k e s  ( i n  t h i s  c a s e ) t w o  b i n a r y
—  i n p u t s  a t  a  t i m e  a n d  e m u l a t e s  a  B P S K  c h a n n e l  w i t h  n o i s e  a n d  a  A G C  a n d  L o g L i k e l i h o o d
—  c o n v e r s i o n  b l o c k .  I t  h a s  a  n u m b e r  o f  p a r a m e t e r s  w h i c h  a r e  s e t  b y  a c o n t r o l
—  i n p u t  ( w h i c h  a l s o  a f f e c t s  o t h e r  b l o c k s ) .

l ib r a r y  IE EE;
u se  IEEE.  ST D .L OGIC.  1164. ALL;
u se  IEEE . STD_LOGIC_ARITH .ALL;
u se  IEEE.STDJLOGIC-UNSIGNED.ALL;

u se  work . L d p c c P a c k a g e F o r I c f a a l p 2  .ALL;

e n t i t y  C h a n n e l E m u l a t o r  i s  
P o rt ( c l k C l o c k  

r s t R e s e t  
b i t l n f o B i t l n  
b i t C o d e B i t l n  
c h e m c t r l C o n t r o l  
—  O u t p u t s  
l l r l n f o L l r O u t  
l l r C o d e L l r O u t

) ;
end e n t i t y  C h a n n e l E m u l a t o r ;

a r c h i t e c t u r e  B e h a v i o r a l  o f  C h a n n e l E m u l a t o r  i s

in  L o g i c B i t ; 
in  L o g i c B i t ; 
in  L o g i c B i t ; 
in  L o g i c B i t ;

: in  s t d . l o g i c . v e c t o r  (2  dow nto 0 ) ;

: o u t  L o g L i k e R a t i o ;
: o u t  L o g L i k e R a t i o

—  COMPONENTS

—  C o m p o n e n t s  w h i c h  w e  i n s t a n t i a t e  w i t h i n  t h e  m a i n
—  b l o c k .

com ponent L l rS ig nM agA dd  
P o rt ( U r L l r l n  1 

l l r L l r I n 2  
l l r L l r O u t  1

) ;
end co m p o n en t;

in  L o g L i k e R a t i o ; 
in  L o g L i k e R a t i o ; 
o u t  L o g L i k e R a t i o

com ponent S l v O n e C o u n t e r  i s  
p o r t

( s l v l n p u t  in  s t d _ l o g i c _ v e c t o r  ( 1 2 6  dow nto 0 ) ;
s l v O u t p u t  o u t s t d _ l o g i c _ v e c t o r  (6  dow nto 0  )

) ;
end co m p o n en t;

—  R E G I S T E R S

—  R e g i s t e r e d  v a l u e s  w h i c h  m u s t  h a v e  an  _N e x t  v a l u e
—  t o  w o r k  w e l l .  A s  p e r  M a s s a n a  d e s i g n  r u l e s .

s ig n a l  l l r l n f o N o i s e S c a l e d . N e x t  : L o g L i k e R a t i o ;
s ig n a l  l l r l n f o N o i s e S c a l e d  L o g L i k e R a t i o ;

s ig n a l  l l r C o d e N o i s e S c a l e d  . N e x t  : L o g L i k e R a t i o ;
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s ig n a l l l r C  o d e  N o i s e  S c a l e d : L o g L i k e R a t i o  ;

s ig n a l l l r l n f o L l r W i t h N o i s e . N e x t : L o g L i k e R a t i o  ;
s ig n a l l l r l n f o L l r W i t h N o i s e : L o g L i k e R a t i o  ;

s ig n a l l l r C o d e L l r W i t h N o i s e . N e x t : L o g L i k e R a t i o  ;
s ig n a l l l r C o d e L l r W i t h N o i s e : L o g L i k e R a t i o  ;

s ig n a l b i t l n f o B i t l n . D e l l . N e x t : L o g i c B i t ;
s ig n a l b i t l n f o B i t l n . D e l l L o g i c B i t ;

s ig n a l b i  t C o d e B i t l n . D e l  1 . N e x t : L o g i c B i t ;
s ig n a l b i t C o d e B i t l n . D e l l : L o g i c B i t ;

s ig n a l s l v N o i s e G e n L f s r . N e x t  : s t d . l o g i c  . v e c t o r  ( 73 dow nto 0 ) ;
s ig n a l s l v N o i s e G e n L f s r  : s t d . l o g i c - v e c t o r  ( 73 dow nto 0 ) ;

s ig n a l s l v B i t s T o A d d . N e x t  : s t d - l o g i c . v e c t o r  ( 253 dow nto 0 ) ;
s ig n a l s l v B i t s T o A d d  s t d - l o g i c . v e c t o r  ( 253 dow nto 0 ) ;

—  COMB INATORI AL

—  C o m b i n a t o r i a l  s i g n a l s  t h a t  a r e  n o t  d i r e c t l y  a s s i g n e d
—  r e g i s t e r  .

t o  a

s ig n a l  H r l n f o L l r N o N o i s e  : L o g L i k e R a t i o  ; —  T h e  L L R  b e f o r e  
s ig n a l  U r C o d e L l r N o N o i s e  : L o g L i k e R a t i o  ; —  T h e  L L R  b e f o r e

n o i s e  . 
n o i s e .

s ig n a l  l l r l n f o N o i s e  : L o g L i k e R a t i o ;  
s ig n a l  U r C o d e N o i s e  : L o g L i k e R a t i o ;

s ig n a l  s l v I n f o N o i s e T e r m  : s t d . l o g i c . v e c t o r  (6  dow nto 0 ) ;  
s ig n a l  s lv C o d e N o i s e T e r m  s t d - l o g i c . v e c t o r  (6  dow nto 0 ) ;

s ig n a l  s l v S i g n a l M a g  s t d _ l o g i c _ v e c t o r  ( n L l r W i d t h - 1  dow nto 0 ) ;

b e g in

—  I N S T A N T I A T I O N S

I n f o N o i s e A d d e r  : L l rS ig nM agA dd  
p o r t  map

( l l r L l r l n  1 =>  H r l n f o L l r N o N o i s e  , 
H r L l r I n 2  =>  l l r l n f o N o i s e S c a l e d  , 
H r L l r O u t l  = >  l l r l n f o L l r W i t h N o i s e . N e x t

C o d e N o i s e A d d e r  : L l rS ig nM agA dd  
p o r t  map

( l l r L l r l n  1 =>  U r C o d e L l r N o N o i s e ,  
H r L l r I n 2  =>  U r C o d e N o i s e S c a l e d  , 
H r L l r O u t l  =>  l l r C o d e L l r W i t h N o i s e . N e x t

) *
In fo N o i s e S u m  : S l v O n e C o u n t e r  

p o r t  map
( s l v l n p u t  =>  s l v B i t s T o A d d ( 1 2 6  dow nto 0 ) ,  

s l v O u t p u t  =>  s l v I n f o N o i s e T e r m  ) ;  
C o d eN o is eSu m  : S l v O n e C o u n t e r  

p o r t  map
( s l v l n p u t  =>  s l v B i t s T o A d d (2 5 3  dow nto 1 2 7 ) ,  

s l v O u t p u t  =>  s lv C o d e N o i s e T e r m  ) ;

—  N O I S E . L F S R

—  To g e n e r a t e  o u r  n o i s e  i s  a  r e a s o n a b l y  r a n d o m  w a y  we u s e
—  w i t h  p r i m i t i v e  p o l y n o m i a l

a 75  b i t LF SR

—  x ' 7 4  + x ~ 1 0  + x * 9  + x  + 1

—  a n d  t h e n  t a k e  s p a c e d  o u t p u t s  o f  t h a t  a n d  p l a c e  t h e s e  i n  a  d e l a y  l i n e .
—  N o t e  t h i s  n o i s e  i s  v e r y  c o r r e l a t e d  a n d  u n i f o r m .  I t  i s  f o r  t e s t  p u r p o s e s
----o n l y  . . .

NOISE-LFSR : p r o c e s s  ( s l v N o i s e G e n L f s r  ) i s  
b e g in

s l v N o i s e G e n L f s r . N e x t ( 0 )  < =  s l v N o i s e G e n L f s r ( 7 3 )  x or  s l v N o i s e G e n L f s r ( 9 )  
xor  s l v N o i s e G e n L f s r ( 8 )  xor s l v N o i s e G e n L f s r ( O ) ; 

s l v N o i s e G e n L f s r . N e x t (73  dow nto 1) < =  s l v N o i s e G e n L f s r ( 7 2  dow nto 0 ) ;

end p r o c e ss  NOISE.LFSR;
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—  G E N E R A T E J i O l S E

—  G e n e r a t e  a  r a n d o m  t e r m  t o  b e  s u b t r a c t e d  f r o m  t h e  i n f o r m a t i o n  a n d  c o d e
—  p e r f e c t  L L R s .  N o t e  t h a t  t h i s  n o i s e  s h o u l d  l i e  i n  0  t o  2 * M a g '  l e n g t h ( O ) - !
—  a n d  i t s  p o w e r  i s  c o n t r o l l e d  b y  c t r l C o n t r o l V e c t o r . N o t e  we c a n  t u r n  t h e
—  n o i s e  o f f  a l l  t o g e t h e r  i f  we w i s h .

GENERATE.NOISE : p r o c e s s  ( s l v N o i s e G e n L f s r  , l l r l n f o N o i s e  , U r C o d e N o i s e  , c h e m c t r l C o n t r o l  , 
s l v I n f o N o i s e T e r m  , s l v C o d e N o i s e T e r m  ) is

b e g i n

—  O u r  n o i s e  i s  r a n d o m  a n d  s e m i - n o r m a l  o v e r  N ( 6 4 , x x x ) s o  i f  > 6 4  we a s s u m e  n e g a t i v e .
—  N o t e  we h o u l d  s u b  6 4  f r o m  o u r  p o s i t i v e  v a l u e s  b u t  i n v e r t i n g  t h e  b i t s  i s  a  q u i c k  f i x .
—  We a l s o  s a t u r a t e  t o  e n s u r e  t h a t  we g e t  a  g o o d  G a u s s i a n  a p p r o x i m a t i o n .

l l r l n f o N o i s e  . S a t  < =  ’O ’ ;
i f  ( s l v I n f o N o i s e T e r m ( s l v I n f o N o i s e T e r m  ’ l e f t  ( 1 ) )  = ’ 1 ’ ) t h e n  

l l r l n f o N o i s e  . Sgn < =  ’ 1 ’ ;
i f  ( s l v I n f o N o i s e T e r m (  s l v I n f o N o i s e T e r m  ’ l e f t  ( 1 ) - 1  d o w n to  0) >  MAXXLR-NOISE.WIDTH ) t h e n  

l l r l n f o N o i s e  .Mag < =  UJLMAX.MAG; 
e l s e

l l r l n f o N o i s e  .Mag < =  s l v I n f o N o i s e T e r m ( n L l r W i d t h - 1  d o w n to  0 ) ;  
e n d  i f ;  

e l s e
l l r l n f o N o i s e  .Sgn  < =  ’ O ’ ;
i f  ( ( n o t  s l v I n f o N o i s e T e r m (  s lv I n f o N o i s e T e r m  ’ l e f t  (1 ) - l  d o w n to  0 ) )  >  MAXXLR-NOISE.WIDTH ) t h e n  

l l r l n f o N o i s e  .Mag < =  LULMAXJtfAG; 
e l s e

l l r l n f o N o i s e  .Mag < =  n o t  s l v I n f o N o i s e T e r m ( n L l r W i d t h - 1  d o w n to  0 ) ;  
e n d  i f ;  

en d  i f ;

U r C o d e N o i s e  . S a t  < =  ’O ’ ;
i f  ( s l v C o d e N o i s e T e r m  ( s lv C o d e N o i s e T e r m  ’ l e f t  ( 1 ) )  = ’ 1 ’ ) t h e n  

U r C o d e N o i s e  . Sgn < =  ’ 1 ’ ;
i f  ( s l v C o d e N o i s e T e r m  ( s lv C o d e N o i s e T e r m  ’ l e f t  (1 ) - l  d o w n to  0) >  MAXXLR-NOISE.WIDTH ) t h e n  

U r C o d e N o i s e  .Mag < =  LLR_MAX_MAG; 
e l s e

U r C o d e N o i s e  .Mag < =  s lv C o d e N o i s e T e r m  ( n L l r W i d t h - 1  d o w n to  0 ) ;  
e n d  i f ;  

e l s e
U r C o d e N o i s e  . Sg n < =  ’O ’ ;
i f  ( ( n o t  s lv C o d e N o i s e T e r m  ( s lv C o d e N o i s e T e r m  ’ l e f t  (1 ) - l  d o w n to  0 ) )  >  MAXXLR-NOISE.WIDTH ) t h e n  

U r C o d e N o i s e  .Mag < =  LLR-MAX.MAG; 
e l s e

U r C o d e N o i s e  .Mag < =  n o t  s lv C o d e N o i s e T e r m  ( n L l r W i d t h - 1  d o w n to  0 ) ;  
e n d  i f ;  

end  i f ;

l l r l n f o N o i s e S c a l e d . N e x t  . S a t  < =  ’ O ’ ; 
l l r l n f o N o i s e S c a l e d - N e x t  .S g n  < =  l l r l n f o N o i s e  . S g n ;

U r C o d e N o i s e S c a l e d . N e x t . S a t  < =  ’ O ’ ;
U r C o d e N o i s e S c a l e d . N e x t . Sgn < =  U r C o d e N o i s e  . S g n ;

—  B a s e d  o n  n o i s e  c o n t r o l  we e i t h e r  a d d  no  n o i s e  o r  o u r  n o i s e .  N o t e
—  we  c o n t r o l  t h e  SN R  b y  v a r y i n g  t h e  s i g n a l  , n o t  t h e  n o i s e  . T h i s  i s
—  s i m p l e r  . . .

c a s e  c h e m c t r l C o n t r o l  i s  
when NOISE-OFF =>

l l r l n f o N o i s e S c a l e d - N e x t  .Mag < =  LLR-ZERO.MAG;
U r C o d e N o i s e S c a l e d . N e x t  .Mag < =  LLR.ZERO.MAG; 

when o t h e r s  =>
l l r l n f o N o i s e S c a l e d - N e x t  .Mag < =  l l r l n f o N o i s e  .Mag;
U r C o d e N o i s e S c a l e d . N e x t  .Mag < =  U r C o d e N o i s e  .Mag; 

end  c a s e  ;

en d  p r o c e s s  GENERATE.NOISE;

—  B I N A R Y . T O . L L R

—  H e r e  we t a k e  a  b i n a r y  1 a n d  m a p  i t  t o  h a l f  m i n u s  m a x i m a l  a n d  a  b i n a r y  0 a n d  m a p  i t
 h a l f  p o s i t i v e  m a x i m a l .

BINARY.TOXLR : p r o c e s s  ( b i t l n f o B i t l n . D e l l  . b i t C o d e B i t l n . D e l l  , 
c h e m c t r l C o n t r o l  , s l v S i g n a l M a g  ) is

b e g i n

c a s e  c h e m c t r l C o n t r o l  i s  
when NOISE.OFF =>

s l v S i g n a l M a g  < =  LLR -HALF JVIAG; 
when NOISE.ONE =>

s l v S i g n a l M a g  < =  L L R .1 0 .3 2 .M A G ; 
when NOISE.TWO =>

s l v S i g n a l M a g  < =  LLR.9 .32.MAG;
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when NOISE-THREE =>
s l v S i g n a l M a g  < =  LLR-QUARTER-MAG; 

when NOISE-FOUR =>
s l v S i g n a l M a g  < =  LLR.7_32.MAG; 

when NOISE-FIVE =>
s l v S i g n a l M a g  < =  L LR.3 .16.M AG; 

when NOISE-SIX =>
s l v S i g n a l M a g  < =  L L R .5 .32-M A G; 

when NOISE-SEVEN =>
s l v S i g n a l M a g  < =  LLR-EIGHTH-MAG; 

when o t h e r s  =>
s l v S i g n a l M a g  < =  LLR-HALF.MAG; 

end c a s e ;

i f  ( b i t l n f o B i t l n . D e l l  = ’ 1 ’ ) th en
l l r l n f o L l r N o N o i s e  < =  ( S a t  = > ’0 ’ , S g n = > ’ l \ M a g = > s l v S i g n a l M a g  ) ;  

e ls e
l l r l n f o L l r N o N o i s e  < =  ( S a t = > ’O’ , S g n = > ’0 ’ ,M a ^ = > s lv S ig n a lM a g  ) ;  

end i f ;
i f  ( b i t C o d e B i t l n . D e l l  = ’ 1 ’ ) th en

U r C o d e L l r N o N o i s e  < =  ( S a t  = > ’O’ , S g n = >  ’ 1 ’ ,M a ^ = > s lv S ig n a lM a g  ) ;  
e ls e

U r C o d e L l r N o N o i s e  < =  ( S a t = >  ’0 ’ , S g n = >  ’O’ , M a g = > s lv S ig n a lM ag  ) ;  
end i f ;

end p r o c e ss  BINARY-TO-LLR;

—  A S S I G N - O U T P U T

—  T a k e  a  r e g i s t e r e d  o u t p u t  t o  h e l p  w i t h  t i m i n g  c l o s u r e  a n d
—  t o  b e  n i c e  t o  t h e  n e x t  b l o c k .

ASSIGNjOUTPUT : p r o c e s s  ( l l r l n f o L l r W i t h N o i s e , l l r C o d e L l r W i t h N o i s e  ] 
b e g i n

I i s

l l r l n f o L l r O u t  < =  l l r l n f o L l r W i t h N o i s e  ; 
l l r C o d e L l r O u t  < =  l l r C o d e L l r W i t h N o i s e  ;

e n d  p r o c e s s  ASSIGNjOUTPUT;

—  D E L A Y J N P U T S

—  R e g i s t e r  t h e  h i g h - s p e e d  i n p u t s .

DELAYJNPUTS : p r o c e s s  ( b i t l n f o B i t l n  , b i t C o d e B i t l n  ) is  
b e g in

b i t l n f o B i t l n - D e l  1 . N e x t  < =  b i t l n f o B i t l n ;  
b i t C o d e B i t l n . D e l l . N e x t  < =  b i t C o d e B i t l n ;

e n d  p r o c e s s  DELAYJNPUTS;

—  CLOCKJJPDAT E

—  T h i s  i s  t h e  p r o c e s s  w h i c h  u p d a t e s  a l l  t h e  r e g i s t e r s
—  w i t h  t h e i r  n e w  v a l u e s .

CLOCK-UPDATE : p r o c e s s  ( c l k C l o c k  ) is  
b e g i n

i f  ( c l k C l o c k  ’ e v e n t  a n d  c l k C l o c k = ’ l ’ ) t h e n

i f  ( r s t R e s e t  = ’ 1 ’ ) t h e n

b i t l n f o B i t l n . D e l l  < =  ’ O ’ ; 
b i t C o d e B i t l n . D e l l  < =  ’ O ’ ;

l l r l n f o L l r W i t h N o i s e  < =  LOG JJK E -R A T IO -R ES E T ; 
l l r C o d e L l r W i t h N o i s e  < =  LOG-LIKE-RATIO-RESET;

l l r l n f o N o i s e S c u l e d  < =  L O G - L I K E  - R A T I O - R E S E T  ;

U r C o d e N o i s e S c a l e d  < =  LOG-LIKE.RATIO-RESET;

s l v B i t s T o A d d  < =  ( o t h e r s = >  ’O’) ;

s l v N o i s e G e n L f s r  < =  ( o t h e r s = > ’ 1 ’);
e l s e

b i t l n f o B i t l n . D e l l  < =  b i t l n f o B i t l n - D e l  1 . N e x t ; 
b i t C o d e B i t l n . D e l l  < =  b i t C o d e B i t l n . D e l  1 - N e x t ;

l l r l n f o L l r W i t h N o i s e  < =  l l r l n f o L l r W i t h N o i s e . N e x t ;
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l l r C o d e L l r W i t h N o i s e  < =  l l r C o d e L l r W i t h N o i s e . N e x t ;

l l r l n f o N o i s e S c a l e d  < =  l l r l n f o N o i s e S c a l e d - N e x t ;  
U r C o d e N o i s e S c a l e d  < =  U r C o d e N o i s e S c a l e d . N e x t ;

s l v N o i s e G e n L f s r  < =  s l v N o i s e G e n L f s r . N e x t ;  
s l v B i t s T o A d d  < =  s l v B i t s T o A d d . N e x t ;

end  i f ;  
end  i f ;

e n d  p r o c e s s  CLOCK.UPDATE;

—  G E N - B I T S . T O - A D D

—  T h i s  i s  t h e  p r o c e s s  w h i c h  u p d a t e s  a l l  t h e  r e g i s t e r s
—  w i t h  t h e i r  n e w  v a l u e s .

GENJBITS_TO_ADD
b e g i n

p r o c e s s  ( s l v N o i s e G e n L f s r  ) is

—  S t a r t  o f  A u t o - g e n e r a t e d  b y  G e n e r a t e V h d l F o r N o i s e G e n e r a t i o n . m  s e e  s b a t e s  f o r  d e t a i l s .

s l v B i t s T o A d d . N e x t ( 0 )  < =  s l v N o i s e G e n L f s r ( 9 )  x o r  s l v N o i s e G e n L f s r ( 4 5 )  x o r  s l v N o i s e G e n L f s r ( 5 6 )  x o r  - 
«-»■ s l v N o i s e G e n L f s r ( 4 8 )  x o r  s l v N o i s e G e n L f s r ( 1 6 )  ; 

s l v B i t s T o A d d - N e x t ( l )  < =  s l v N o i s e G e n L f s r ( 1 9 )  x o r  s l v N o i s e G e n L f s r ( 3 2 )  x o r  s l v N o i s e G e n L f s r ( 2 9 )  x o r  
«—*• s l v N o i s e G e n L f s r ( 5 8 )  x o r  s l v N o i s e G e n L f s r ( 4 9 )  ; 

s l v B i t s T o A d d . N e x t  ( 2 )  < =  s l v N o i s e G e n L f s r ( 2 4 )  x o r  s l v N o i s e G e n L f s r ( 3 0 )  x o r  s l v N o i s e G e n L f s r  ( 1 1 )  x o r  
s l v N o i s e G e n L f s r ( 3 2 )  x o r  s l v N o i s e G e n L f s r ( 4 8 )  ; 

s l v B i t s T o A d d . N e x t ( 3 )  < =  s l v N o i s e G e n L f s r ( 7 0 )  x o r  s l v N o i s e G e n L f s r ( 7 )  x o r  s l v N o i s e G e n L f s r ( 3 8 )  x o r  - 
«—► s l v N o i s e G e n L f s r ( 2 8 )  x o r  s l v N o i s e G e n L f s r ( 5 1 ) ;  

s l v B i t s T o A d d . N e x t ( 4 )  < =  s l v N o i s e G e n L f s r ( 4 0 )  x o r  s l v N o i s e G e n L f s r ( 6 9 )  x o r  s l v N o i s e G e n L f s r ( 3 4 )  xo r  
s l v N o i s e G e n L f s r ( 6 6 )  x o r  s l v N o i s e G e n L f s r ( 1 5 )  ; 

s l v B i t s T o A d d . N e x t ( 5 )  < =  s l v N o i s e G e n L f s r ( l  1) x o r  s l v N o i s e G e n L f s r ( 2 9 )  x o r  s l v N o i s e G e n L f s r ( 6 0 )  xo r  
► s l v N o i s e G e n L f s r ( 5 2 )  x o r  s l v N o i s e G e n L f s r ( 3 5 )  ; 

s l v B i t s T o A d d . N e x t ( 6 )  < =  s l v N o i s e G e n L f s r ( 1 5 )  x o r  s l v N o i s e G e n L f s r ( 4 0 )  x o r  s l v N o i s e G e n L f s r ( 2 7 )  xo r  
*-» s l v N o i s e G e n L f s r ( 4 3 )  x o r  s l v N o i s e G e n L f s r ( 4 5 )  ; 

s l v B i t s T o A d d . N e x t ( 7 )  < =  s l v N o i s e G e n L f s r ( 3 1 )  x o r  s l v N o i s e G e n L f s r ( 6 6 )  x o r  s l v N o i s e G e n L f s r ( 5 6 )  xo r  
•—> s l v N o i s e G e n L f s r ( 2 )  x o r  s l v N o i s e G e n L f s r ( 2 6 )  ; 

s l v B i t s T o A d d . N e x t  ( 8 )  < =  s l v N o i s e G e n L f s r ( 4 3 )  x o r  s l v N o i s e G e n L f s r ( 7 3 )  x o r  s l v N o i s e G e n L f s r ( 4 9 )  xo r  
c—► s l v N o i s e G e n L f s r ( 5 )  x o r  s l v N o i s e G e n L f s r ( 6 2 )  ; 

s l v B i t s T o A d d . N e x t  ( 9 )  < =  s l v N o i s e G e n L f s r ( 4 0 )  x o r  s l v N o i s e G e n L f s r (  13) x o r  s l v N o i s e G e n L f s r ( 2 8 )  xo r
► s l v N o i s e G e n L f s r ( 3 2  

s l v B i t s T o A d d . N e x t ( l O )  < =  s
s l v N o i s e G e n L f s r ( 2 9  

s l v B i t s T o A d d . N e x t ( l  1) < =  s 
s l v N o i s e G e n L f s r (57  

s l v B i t s T o A d d . N e x t ( 1 2 )  < =  s 
s l v N o i s e G e n L f s r  (4 6  

s l v B i t s T o A d d _ N e x t ( 1 3 )  < =  s
► s l v N o i s e G e n L f s r ( 1 8  

s l v B i t s T o A d d _ N e x t ( 1 4 )  < =  s
c—» s l v N o i s e G e n L f s r (1 8 

s l v B i t s T o A d d  . N e x t  ( 1 5 )  < =  s 
e-» s l v N o i s e G e n L f s r ( 7  1 

s l v B i t s T o A d d . N e x t ( 1 6 )  < =  s 
s l v N o i s e G e n L f s r ( 6 )  

s l v B i t s T o A d d . N e x t  ( 1 7 )  < =  s
» s l v N o i s e G e n L f s r ( 3 7  

s l v B i t s T o A d d . N e x t  ( 1 8 )  < =  s 
*-* s l v N o i s e G e n L f s r ( 2 6  

s l v B i t s T o A d d _ N e x t ( 1 9 )  < =  s 
*—» s l v N o i s e G e n L f s r ( 3 4  

s l v B i t s T o A d d . N e x t  ( 2 0 )  < =  s
► s l v N o i s e G e n L f s r ( 7 )  

s l v B i t s T o A d d _ N e x t ( 2 1 )  < =  s
*—♦ s l v N o i s e G e n L f s r ( 2 9  

s l v B i t s T o A d d . N e x t ( 2 2 )  O  s 
‘-+ s l v N o i s e G e n L f s r  (6 9  

s l v B i t s T o A d d . N e x t  ( 2 3 )  < =  s 
s l v N o i s e G e n L f s r ( 5 2  

s l v B i t s T o A d d . N e x t  ( 2 4 )  < =  s
► sl  v N o i s e G e n L f  s r  ( 5 2

s l v B i t s T o A d d . N e x t ( 2 5 )  < =  s 
•-* s l v N o i s e G e n L f s r ( 3 3  

s l v B i t s T o A d d . N e x t ( 2 6 )  < =  s 
«—► s l v N o i s e G e n L f s r ( 3 1  

s l v B i t s T o A d d _ N e x t ( 2 7 )  < =  s 
<—► s l v N o i s e G e n L f s r ( 5 2  

s l v B i t s T o A d d . N e x t  ( 2 8 )  < =  s
► s l v N o i s e G e n L f s r ( 1 8  

s l v B i t s T o A d d . N e x t ( 2 9 )  < =  s
«-*• s l v N o i s e G e n L f s r ( 2 2  

s l v B i t s T o A d d . N e x t  ( 3 0 )  < =  s

x o r  s l v N o i s e G e n L f s r ( 2 3 )  ; 
v N o i s e G e n L f s r ( 8 )  x o r  s l v N o i s e G e n L f s r ( 3 6 )  x o r  s l v N o i s e G e n L f s r ( 6 0 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 4 9 )  ; 
v N o i s e G e n L f s r ( 1 3 )  x o r  s l v N o i s e G e n L f s r (  14) x o r  s l v N o i s e G e n L f s r ( 7 3 )  xo r  

x o r  s l v N o i s e G e n L f s r ( l ) ; 
v N o i s e G e n L f s r ( 2 7 )  x o r  s l v N o i s e G e n L f s r ( 6 1 )  x o r  s l v N o i s e G e n L f s r ( 7 2 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 5 2 )  ; 
v N o i s e G e n L f s r ( 5 4 )  x o r  s l v N o i s e G e n L f s r ( 5 2 )  x o r  s l v N o i s e G e n L f s r ( 3 2 )  x o r  

x o r  s l v N o i s e G e n L f s r (5 1) ; 
v N o i s e G e n L f s r ( l )  x o r  s l v N o i s e G e n L f s r ( 7 0 )  x o r  s l v N o i s e G e n L f s r ( 9 )  x o r  -  

x o r  s l v N o i s e G e n L f s r ( 5 0 )  ; 
v N o i s e G e n L f s r ( 6 2 )  x o r  s l v N o i s e G e n L f s r ( 4 2 )  x o r  s l v N o i s e G e n L f s r ( 7 )  xo r  

x o r  s l v N o i s e G e n L f s r ( 5 )  ; 
v N o i s e G e n L f s r ( 5 9 )  x o r  s l v N o i s e G e n L f s r ( 4 5 )  x o r  s l v N o i s e G e n L f s r ( 9 )  xo r  
x o r  s l v N o i s e G e n L f s r ( 5 8 ) ;
v N o i s e G e n L f s r ( 4 7 )  x o r  s l v N o i s e G e n L f s r ( 5 4 )  x o r  s l v N o i s e G e n L f s r ( 5 3 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 2 9 ) ; 
v N o i s e G e n L f s r ( 2 5 )  x o r  s l v N o i s e G e n L f s r ( 5 0 )  x o r  s l v N o i s e G e n L f s r ( 5 5 )  xo r  

x o r  s l v N o i s e G e n L f s r ( 6 5 ) ; 
v N o i s e G e n L f s r ( 2 4 )  x o r  s l v N o i s e G e n L f s r ( 2 5 )  x o r  s l v N o i s e G e n L f s r ( 5 4 )  xo r  

x o r  s l v N o i s e G e n L f s r ( 5 6 ) ; 
v N o i s e G e n L f s r ( 7 0 )  x o r  s l v N o i s e G e n L f s r ( 5 5 )  x o r  s l v N o i s e G e n L f s r ( 4 6 )  x o r  
x o r  s l v N o i s e G e n L f s r ( 6 6 ) ;
v N o i s e G e n L f s r ( 2 5 )  x o r  s l v N o i s e G e n L f s r ( 5 9 )  x o r  s l v N o i s e G e n L f s r ( 5 2 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 7 1 )  ; 
v N o i s e G e n L f s r ( 8 )  x o r  s l v N o i s e G e n L f s r ( 5 3 )  x o r  s l v N o i s e G e n L f s r (  10) xo r  

x o r  s l v N o i s e G e n L f s r ( 5 ) ; 
v N o i s e G e n L f s r ( 1 6 )  x o r  s l v N o i s e G e n L f s r ( 1 7 )  x o r  s l v N o i s e G e n L f s r ( 3 9 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 7 0 )  ; 
v N o i s e G e n L f s r ( 2 4 )  x o r  s l v N o i s e G e n L f s r ( 5 5 )  x o r  s l v N o i s e G e n L f s r ( 3 2 )  xo r  

x o r  sl v N o i s e G e n L f  s r  (2 5  ) : 
v N o i s e G e n L f s r ( 3 4 )  x o r  s l v N o i s e G e n L f s r ( 2 4 )  x o r  s l v N o i s e G e n L f s r ( 4 3 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 7 1 )  ; 
v N o i s e G e n L f s r ( 2 9 )  x o r  s l v N o i s e G e n L f s r ( 6 )  x o r  s l v N o i s e G e n L f s r ( 3 8 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 6 8 ) ; 
v N o i s e G e n L f s r ( 3 8 )  x o r  s l v N o i s e G e n L f s r ( 4 )  x o r  s l v N o i s e G e n L f s r ( 6 8 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 4 4 ) ; 
v N o i s e G e n L f s r ( 9 )  x o r  s l v N o i s e G e n L f s r ( 2 5 )  x o r  s l v N o i s e G e n L f s r ( 3 1 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 4 3 )  ; 
v N o i s e G e n L f s r ( 3 1) x o r  s l v N o i s e G e n L f s r ( 4 1 )  x o r  s l v N o i s e G e n L f s r ( 2 3 )  x o r  

x o r  s l v N o i s e G e n L f s r ( 1 2 ) ; 
v N o i s e G e n L f s r ( 3 9 )  x o r  s l v N o i s e G e n L f s r ( 1 7 )  x o r  s l v N o i s e G e n L f s r ( 2 0 )  x o r

► s l v N o i s e G e n L f s r ( 4 )  x o r  s l v N o i s e G e n L f s r ( 1 2 ) ;
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s l v B i t s T o A d d . N e x t  (3 1) < =  s l v N o i s e G e n L f s r ( 3 7 )  xor  s l v N o i s e G e n L f s r ( 5 4 )  xor  s l v N o i s e G e n L f s r ( 3 9 )  xor  
«->s l v N o i s e G e n L f s r ( 4 4 )  xor s l v N o i s e G e n L f s r ( 4 5 ) ; 

s l v B i t s T o A d d _ N e x t ( 3 2 )  < =  s l v N o i s e G e n L f s r ( 3 8 )  xor  s l v N o i s e G e n L f s r ( 6 2 )  xor  s l v N o i s e G e n L f s r ( 4 9 )  xor  
s l v N o i s e G e n L f s r ( 6 6 )  xor s l v N o i s e G e n L f s r ( 3 2 )  ; 

s l v B i t s T o A d d . N e x t ( 3 3 )  < =  s l v N o i s e G e n L f s r ( 7 0 )  xor  s l v N o i s e G e n L f s r ( 3 6 )  xor s l v N o i s e G e n L f s r (  13) xor  
s l v N o i s e G e n L f s r ( 1 6 )  x or  s l v N o i s e G e n L f s r ( 9 ) ;  

s l v B i t s T o A d d _ N e x t ( 3 4 )  < =  s l v N o i s e G e n L f s r ( 3 )  xor s l v N o i s e G e n L f s r ( O )  xor s l v N o i s e G e n L f s r ( 3 8 )  xor  -
► s l v N o i s e G e n L f s r ( l O )  x or  s l v N o i s e G e n L f s r ( 5 ) ;

s l v B i t s T o A d d . N e x t  ( 3 5 )  < =  s l v N o i s e G e n L f s r ( 3 2 )  xor s l v N o i s e G e n L f s r ( 3 9 )  xor  s l v N o i s e G e n L f s r ( 3 )  xor  
s l v N o i s e G e n L f s r ( 6 4 )  x or  s l v N o i s e G e n L f s r ( 3 8 )  ; 

s l v B i t s T o A d d _ N e x t ( 3 6 )  < =  s l v N o i s e G e n L f s r ( 6 2 )  x or  s l v N o i s e G e n L f s r ( 3 9 )  xor  s l v N o i s e G e n L f s r ( 7 2 )  xor  
s l v N o i s e G e n L f s r ( 3 6 )  xor  s l v N o i s e G e n L f s r ( 1 6 )  ; 

s l v B i t s T o A d d . N e x t ( 3 7 )  < =  s l v N o i s e G e n L f s r ( 6 5 )  x or  s l v N o i s e G e n L f s r ( 5 )  xor  s l v N o i s e G e n L f s r ( 6 1 )  xor  
s l v N o i s e G e n L f s r ( 1 2 )  xor  s l v N o i s e G e n L f s r ( 6 8 )  ; 

s l v B i t s T o A d d _ N e x t ( 3 8 )  < =  s l v N o i s e G e n L f s r ( 4 7 )  xor s l v N o i s e G e n L f s r ( l  1) xor  s l v N o i s e G e n L f s r ( 6 5 )  xor  
<-* s l v N o i s e G e n L f s r ( 9 )  xor s l v N o i s e G e n L f s r ( 5 9 )  ; 

s l v B i t s T o A d d _ N e x t ( 3 9 )  < =  s l v N o i s e G e n L f s r ( 4 4 )  xor s l v N o i s e G e n L f s r ( 4 2 )  xor  s l v N o i s e G e n L f s r ( 5 8 )  xor  
«-» s l v N o i s e G e n L f s r ( 5 6 )  xor  s l v N o i s e G e n L f s r ( l  1) ; 

s l v B i t s T o A d d . N e x t ( 4 0 )  < =  s l v N o i s e G e n L f s r ( 5 9 )  xor s l v N o i s e G e n L f s r ( 6 8 )  xor  s l v N o i s e G e n L f s r ( 3 2 )  xor  
«-> s l v N o i s e G e n L f s r ( 8 )  xor s l v N o i s e G e n L f s r ( 3 5 ) ; 

s l v B i t s T o A d d . N e x t ( 4 1 )  < =  s l v N o i s e G e n L f s r ( 5 7 )  x or  s l v N o i s e G e n L f s r ( 9 )  xor s l v N o i s e G e n L f s r ( 1 )  xor * 
^  s l v N o i s e G e n L f s r ( 5 2 )  xor  s l v N o i s e G e n L f s r ( 1 2 ) ; 

s l v B i t s T o A d d _ N e x t ( 4 2 )  < =  s l v N o i s e G e n L f s r ( 2 5 )  x or  s l v N o i s e G e n L f s r ( 6 0 )  xor  s l v N o i s e G e n L f s r ( 3 9 )  xor  
s l v N o i s e G e n L f s r ( 1 8 )  xor  s l v N o i s e G e n L f s r ( 3 1 ) ; 

s l v B i t s T o A d d _ N e x t ( 4 3 )  < =  s l v N o i s e G e n L f s r ( 2 7 )  x or  s l v N o i s e G e n L f s r ( 9 )  xor  s l v N o i s e G e n L f s r ( 3 2 )  xor  
s l v N o i s e G e n L f s r ( 6 4 )  xor  s l v N o i s e G e n L f s r ( 7 2 )  ; 

s l v B i t s T o A d d _ N e x t ( 4 4 )  < =  s l v N o i s e G e n L f s r ( 6 6 )  x or  s l v N o i s e G e n L f s r ( 5 9 )  xor  s l v N o i s e G e n L f s r ( 3 0 )  xor  
c-> s l v N o i s e G e n L f s r ( 3 6 )  xor  s l v N o i s e G e n L f s r ( 1 2 ) ; 

s l v B i t s T o A d d . N e x t ( 4 5 )  < =  s l v N o i s e G e n L f s r ( 5 3 )  x or  s l v N o i s e G e n L f s r ( 1 8 )  xor  s l v N o i s e G e n L f s r ( 6 3 )  xor  
s l v N o i s e G e n L f s r ( 7 0 )  xor  s l v N o i s e G e n L f s r ( 3 8 ) ; 

s l v B i t s T o A d d . N e x t ( 4 6 )  < =  s l v N o i s e G e n L f s r ( 6 0 )  x or  s l v N o i s e G e n L f s r ( 1 7 )  xor s l v N o i s e G e n L f s r ( 4 2 )  xor  
s l v N o i s e G e n L f s r ( 2 1 )  xor  s l v N o i s e G e n L f s r ( 6 7 ) ; 

s l v B i t s T o A d d . N e x t ( 4 7 )  < =  s l v N o i s e G e n L f s r ( 4 1 )  x or  s l v N o i s e G e n L f s r ( O )  xor s l v N o i s e G e n L f s r ( 5 4 )  xor  
<-► s l v N o i s e G e n L f s r ( 6 4 )  xor  s l v N o i s e G e n L f s r ( 1 7 )  ; 

s l v B i t s T o A d d . N e x t ( 4 8 )  < =  s l v N o i s e G e n L f s r ( 4 7 )  x or  s l v N o i s e G e n L f s r ( 3 0 )  xor  s l v N o i s e G e n L f s r ( 1 4 )  xor  
<-» s l v N o i s e G e n L f s r ( 8 )  xor  s l v N o i s e G e n L f s r ( 2 6 )  ; 

s l v B i t s T o A d d . N e x t  ( 4 9 )  < =  s l v N o i s e G e n L f s r ( 3 1 )  x or  s l v N o i s e G e n L f s r ( 2 3 )  xor  s l v N o i s e G e n L f s r ( 5 4 )  xor  
<-♦ s l v N o i s e G e n L f s r ( 5 0 )  xor  s l v N o i s e G e n L f s r ( 5 7 )  ; 

s l v B i t s T o A d d . N e x t  ( 5 0 )  < =  s l v N o i s e G e n L f s r (  11 ) x or  s l v N o i s e G e n L f s r ( 5 3 )  xor  s l v N o i s e G e n L f s r ( 6 4 )  xor  
* s l v N o i s e G e n L f s r ( l O )  xor  s l v N o i s e G e n L f s r ( 5 6 ) ; 

s l v B i t s T o A d d . N e x t ( 5 1 )  < =  s l v N o i s e G e n L f s r ( 1 8 )  x or  s l v N o i s e G e n L f s r ( 2 1 )  xor s l v N o i s e G e n L f s r ( 7 2 )  xor
► s l v N o i s e G e n L f s r ( 4 6 )  x or  s l v N o i s e G e n L f s r ( 1 2 ) ;

s l v B i t s T o A d d . N e x t ( 5 2 )  < =  s l v N o i s e G e n L f s r ( 3 )  x o r  s l v N o i s e G e n L f s r ( 4 4 )  x o r  s l v N o i s e G e n L f s r ( 6 0 )  x o r  
c-» s l v N o i s e G e n L f s r ( 5 3 )  x o r  s l v N o i s e G e n L f s r ( 5 2 ) ; 

s l v B i t s T o A d d . N e x t ( 5 3 )  < =  s l v N o i s e G e n L f s r ( 3 7 )  x o r  s l v N o i s e G e n L f s r ( 1 8 )  x o r  s l v N o i s e G e n L f s r ( 4 7 )  x o r  
s l v N o i s e G e n L f s r ( 4 4 )  x o r  s l v N o i s e G e n L f s r ( 4 0 ) ; 

s l v B i t s T o A d d . N e x t ( 5 4 )  < =  s l v N o i s e G e n L f s r ( 4 8 )  x o r  s l v N o i s e G e n L f s r ( 3 3 )  x o r  s l v N o i s e G e n L f s r ( 1 8 )  x o r  
«—* s l v N o i s e G e n L f s r ( 5 2 )  x o r  s l v N o i s e G e n L f s r ( 6 5 )  ; 

s l v B i t s T o A d d . N e x t ( 5 5 )  < =  s l v N o i s e G e n L f s r ( 2 8 )  x o r  s l v N o i s e G e n L f s r ( 2 4 )  x o r  s l v N o i s e G e n L f s r ( 6 )  x o r  
«-► s l v N o i s e G e n L f s r ( 3 6 )  x o r  s l v N o i s e G e n L f s r ( 3 5 )  ; 

s l v B i t s T o A d d . N e x t ( 5 6 )  < =  s l v N o i s e G e n L f s r ( 5 3 )  x o r  s l v N o i s e G e n L f s r ( l O )  x o r  s l v N o i s e G e n L f s r ( 4 2 )  x o r  
«-> s l v N o i s e G e n L f s r ( 6 )  x o r  s l v N o i s e G e n L f s r ( 3 1) ; 

s l v B i t s T o A d d . N e x t ( 5 7 )  < =  s l v N o i s e G e n L f s r ( 3 8 )  x o r  s l v N o i s e G e n L f s r ( 1 6 )  x o r  s l v N o i s e G e n L f s r ( 1 5 )  x o r  
s l v N o i s e G e n L f s r ( 1 )  x o r  s l v N o i s e G e n L f s r ( 5 8 )  ; 

s l v B i t s T o A d d . N e x t ( 5 8 )  < =  s l v N o i s e G e n L f s r ( 7 3 )  x o r  s l v N o i s e G e n L f s r (  13) x o r  s l v N o i s e G e n L f s r ( 2 9 )  x o r  
s l v N o i s e G e n L f s r ( 3 3 )  x o r  s l v N o i s e G e n L f s r ( 1 9 )  ; 

s l v B i t s T o A d d . N e x t ( 5 9 )  < =  s l v N o i s e G e n L f s r ( 5 1) x o r  s l v N o i s e G e n L f s r ( 2 1 )  x o r  s l v N o i s e G e n L f s r ( 0 )  x o r  
«-► s l v N o i s e G e n L f s r ( 4 4 )  x o r  s l v N o i s e G e n L f s r ( 4 1 )  ; 

s l v B i t s T o A d d  . N e x t  ( 6 0 )  < =  s l v N o i s e G e n L f s r ( 5 1) x o r  s l v N o i s e G e n L f s r ( 5 0 )  x o r  s l v N o i s e G e n L f s r ( 2 )  x o r  
t-» s l v N o i s e G e n L f s r ( 6 4 )  x o r  s l v N o i s e G e n L f s r ( 2 6 )  ; 

s l v B i t s T o A d d . N e x t ( 6 1 )  < =  s l v N o i s e G e n L f s r ( 1 3 )  x o r  s l v N o i s e G e n L f s r ( 6 5 )  x o r  s l v N o i s e G e n L f s r ( 4 4 )  x o r  
s l v N o i s e G e n L f s r ( 3 1 )  x o r  s l v N o i s e G e n L f s r ( 6 8 )  ; 

s l v B i t s T o A d d . N e x t ( 6 2 )  < =  s l v N o i s e G e n L f s r ( 7 3 )  x o r  s l v N o i s e G e n L f s r ( 1 1 )  x o r  s l v N o i s e G e n L f s r ( 6 3 )  x o r  
s l v N o i s e G e n L f s r ( 2 3 )  x o r  s l v N o i s e G e n L f s r ( 2 4 )  ; 

s l v B i t s T o A d d . N e x t ( 6 3 )  < =  s l v N o i s e G e n L f s r ( 3 6 )  x o r  s l v N o i s e G e n L f s r ( 2 6 )  x o r  s l v N o i s e G e n L f s r ( 1 4 )  x o r  
s l v N o i s e G e n L f s r ( 2 3 )  x o r  s l v N o i s e G e n L f s r ( 6 8 )  ; 

s l v B i t s T o A d d _ N e x t ( 6 4 )  < =  s l v N o i s e G e n L f s r ( 4 0 )  x o r  s l v N o i s e G e n L f s r ( 5 2 )  x o r  s l v N o i s e G e n L f s r ( 6 4 )  x o r  
s l v N o i s e G e n L f s r ( 3 9 )  x o r  s l v N o i s e G e n L f s r ( 4 ) ;  

s l v B i t s T o A d d  . N e x t  ( 6 5 )  < =  s l v N o i s e G e n L f s r ( 6 7 )  x o r  s l v N o i s e G e n L f s r ( 2 7 )  x o r  s l v N o i s e G e n L f s r ( 3 )  x o r  
s l v N o i s e G e n L f s r ( 4 0 )  x o r  s l v N o i s e G e n L f s r ( 5 5 ) ; 

s l v B i t s T o A d d . N e x t  ( 6 6 )  < =  s l v N o i s e G e n L f s r ( 5 0 )  x o r  s l v N o i s e G e n L f s r ( 6 5 )  x o r  s l v N o i s e G e n L f s r ( 3 5 )  x o r  
c-» s l v N o i s e G e n L f s r ( 3 )  x o r  s l v N o i s e G e n L f s r ( O ) ; 

s l v B i t s T o A d d . N e x t ( 6 7 )  < =  s l v N o i s e G e n L f s r ( l )  x o r  s l v N o i s e G e n L f s r ( 3 )  x o r  s l v N o i s e G e n L f s r ( 4 6 )  x o r  -  
<—► s l v N o i s e G e n L f s r ( 1 5 )  x o r  s l v N o i s e G e n L f s r ( 4 3 )  ; 

s l v B i t s T o A d d . N e x t ( 6 8 )  < =  s l v N o i s e G e n L f s r ( 5 )  x o r  s l v N o i s e G e n L f s r ( 5 7 )  x o r  s l v N o i s e G e n L f s r ( 3 1 )  x o r  
s l v N o i s e G e n L f s r ( 7 2 )  x o r  s l v N o i s e G e n L f s r ( 6 1 )  ; 

s l v B i t s T o A d d . N e x t  ( 6 9 )  < =  s l v N o i s e G e n L f s r (  18)  x o r  s l v N o i s e G e n L f s r ( 5 2 )  x o r  s l v N o i s e G e n L f s r ( 2 )  x o r  
<-* s l v N o i s e G e n L f s r ( 4 2 )  x o r  s l v N o i s e G e n L f s r ( 3 0 )  ; 

s l v B i t s T o A d d . N e x t  ( 7 0 )  < =  s l v N o i s e G e n L f s r ( 4 7 )  x o r  s l v N o i s e G e n L f s r ( 4 2 )  x o r  s l v N o i s e G e n L f s r ( 2 8 )  x o r  
<—► s l v N o i s e G e n L f s r ( 2 9 )  x o r  s l v N o i s e G e n L f s r ( l l ) ;  

s l v B i t s T o A d d . N e x t  ( 7 1 )  < =  s l v N o i s e G e n L f s r ( 3 3 )  x o r  s l v N o i s e G e n L f s r  ( 2 2 )  x o r  s l v N o i s e G e n L f s r  ( 5 4 )  x o r  
«-* s l v N o i s e G e n L f s r ( 1 6 )  x o r  s l v N o i s e G e n L f s r ( 2 8 ) ; 

s l v B i t s T o A d d . N e x t ( 7 2 )  < =  s l v N o i s e G e n L f s r ( 2 0 )  x o r  s l v N o i s e G e n L f s r ( 3 7 )  x o r  s l v N o i s e G e n L f s r ( 1 4 )  x o r  
s l v N o i s e G e n L f s r ( 7 2 )  x o r  s l v N o i s e G e n L f s r ( 4 3 ) ; 

s l v B i t s T o A d d . N e x t ( 7 3 )  < =  s l v N o i s e G e n L f s r ( 3 6 )  x o r  s l v N o i s e G e n L f s r ( 3 7 )  x o r  s l v N o i s e G e n L f s r ( 6 6 )  x o r  
«-» s l v N o i s e G e n L f s r ( 6 9 )  x o r  s l v N o i s e G e n L f s r ( 1 5 ) ; 

s l v B i t s T o A d d . N e x t ( 7 4 )  < =  s l v N o i s e G e n L f s r ( 3 7 )  x o r  s l v N o i s e G e n L f s r ( 6 6 )  x o r  s l v N o i s e G e n L f s r ( 4 4 )  x o r  
s l v N o i s e G e n L f s r ( 4 1 )  x o r  s l v N o i s e G e n L f s r ( 9 ) ;
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s l v B i t s T o A d d . N e x t ( 7 5 )  < =  s l v N o i s e G e n L f s r ( 5 1) x o r  s l v N o i s e G e n L f s r ( 5 0 )  x o r  s l v N o i s e G e n L f s r ( 2 5 )  x o r  
c-» s l v N o i s e G e n L f s r ( 2 3 )  x o r  s l v N o i s e G e n L f s r ( 3 8 ) ; 

s l v B i t s T o A d d . N e x t ( 7 6 )  < =  s l v N o i s e G e n L f s r ( 3 8 )  x o r  s l v N o i s e G e n L f s r ( 7 2 )  x o r  s l v N o i s e G e n L f s r ( 6 8 )  x o r  
c-» s l v N o i s e G e n L f s r ( 3 3 )  x o r  s l v N o i s e G e n L f s r ( 7 0 )  ; 

s l v B i t s T o A d d . N e x t ( 7 7 )  < =  s l v N o i s e G e n L f s r ( 6 5 )  x o r  s l v N o i s e G e n L f s r ( 5 )  x o r  s l v N o i s e G e n L f s r ( 5 0 )  x o r  - 
«-► s l v N o i s e G e n L f s r ( 1 8 )  x o r  s l v N o i s e G e n L f s r ( 1 9 ) ; 

s l v B i t s T o A d d . N e x t ( 7 8 )  < =  s l v N o i s e G e n L f s r ( 8 )  x o r  s l v N o i s e G e n L f s r ( 3 2 )  x o r  s l v N o i s e G e n L f s r ( 4 9 )  x o r  - 
*-♦ s l v N o i s e G e n L f s r ( 4 8 )  x o r  s l v N o i s e G e n L f s r ( 2 7 ) ; 

s l v B i t s T o A d d . N e x t ( 7 9 )  < =  s l v N o i s e G e n L f s r ( 1 7 )  x o r  s l v N o i s e G e n L f s r ( 5 4 )  x o r  s l v N o i s e G e n L f s r ( 6 2 )  x o r  
s l v N o i s e G e n L f s r ( 2 8 )  x o r  s l v N o i s e G e n L f s r ( 2 7 )  ; 

s l v B i t s T o A d d . N e x t  ( 8 0 )  < =  s l v N o i s e G e n L f s r ( 3 1 )  x o r  s l v N o i s e G e n L f s r ( 4 )  x o r  s l v N o i s e G e n L f s r ( 4 0 )  x o r  - 
s l v N o i s e G e n L f s r ( 1 9 )  x o r  s l v N o i s e G e n L f s r ( 7 2 ) ; 

s l v B i t s T o A d d . N e x t  ( 8 1 )  < =  s l v N o i s e G e n L f s r (3 1) x o r  s l v N o i s e G e n L f s r  ( 0 )  x o r  s l v N o i s e G e n L f s r ( 3 8 )  x o r  - 
«—► s l v N o i s e G e n L f s r ( 1 8 )  x o r  s l v N o i s e G e n L f s r ( 1 7 ) ; 

s l v B i t s T o A d d . N e x t  ( 8 2 )  < =  s l v N o i s e G e n L f s r  ( 3 1 )  x o r  s l v N o i s e G e n L f s r ( 7 3 )  x o r  s l v N o i s e G e n L f s r ( 5 5 )  x o r  
*-» s l v N o i s e G e n L f s r ( 1 4 )  x o r  s l v N o i s e G e n L f s r ( 4 9 ) ; 

s l v B i t s T o A d d . N e x t ( 8 3 )  < =  s l v N o i s e G e n L f s r ( l O )  x o r  s l v N o i s e G e n L f s r ( 6 2 )  x o r  s l v N o i s e G e n L f s r ( 4 4 )  x o r
► s l v N o i s e G e n L f s r ( 1 )  x o r  s l v N o i s e G e n L f s r ( 4 5 ) ;

s l v B i t s T o A d d . N e x t ( 8 4 )  < =  s l v N o i s e G e n L f s r ( 3 7 )  xor  s l v N o i s e G e n L f s r ( 3 0 )  xor s l v N o i s e G e n L f s r ( 6 8 )  xor  
s l v N o i s e G e n L f s r ( 4 3 )  xor  s l v N o i s e G e n L f s r ( 4 2 ) ; 

s l v B i t s T o A d d . N e x t ( 8 5 )  < =  s l v N o i s e G e n L f s r ( 6 3 )  xor  s l v N o i s e G e n L f s r ( 2 0 )  xor s l v N o i s e G e n L f s r ( 2 3 )  xor  
«-» s l v N o i s e G e n L f s r ( 2 5 )  xor s l v N o i s e G e n L f s r ( 3 4 ) ; 

s l v B i t s T o A d d . N e x t  ( 8 6 )  < =  s l v N o i s e G e n L f s r ( 4 6 )  xor  s l v N o i s e G e n L f s r ( 1 7 )  xor  s l v N o i s e G e n L f s r ( 3 1 )  xor  
t-> s l v N o i s e G e n L f s r ( 6 6 )  x o r  s l v N o i s e G e n L f s r (5 1) ; 

s l v B i t s T o A d d . N e x t  ( 8 7 )  < =  s l v N o i s e G e n L f s r ( 2 2 )  xor  s l v N o i s e G e n L f s r ( 2 5 )  xor s l v N o i s e G e n L f s r ( 2 7 )  xor  
«-♦ s l v N o i s e G e n L f s r ( 2 0 )  xor  s l v N o i s e G e n L f s r ( 4 7 )  ; 

s l v B i t s T o A d d . N e x t ( 8 8 )  < =  s l v N o i s e G e n L f s r ( 3 6 )  xor  s l v N o i s e G e n L f s r ( 4 8 )  xor  s l v N o i s e G e n L f s r ( 3 2 )  xor  
«-► s l v N o i s e G e n L f s r ( 6 6 )  xor  s l v N o i s e G e n L f s r ( 4 6 )  ; 

s l v B i t s T o A d d _ N e x t ( 8 9 )  < =  s l v N o i s e G e n L f s r ( 5 8 )  x or  s l v N o i s e G e n L f s r ( 2 )  xor  s l v N o i s e G e n L f s r ( 1 6 )  xor  - 
s l v N o i s e G e n L f s r ( 6 2 )  xor  s l v N o i s e G e n L f s r ( 5 2 )  ; 

s l v B i t s T o A d d . N e x t ( 9 0 )  < =  s l v N o i s e G e n L f s r ( 2 0 )  x or  s l v N o i s e G e n L f s r ( 6 7 )  xor  s l v N o i s e G e n L f s r ( 5 0 )  xor  
e-» s l v N o i s e G e n L f s r ( 2 4 )  xor  s l v N o i s e G e n L f s r ( 1 0 )  ; 

s l v B i t s T o A d d _ N e x t ( 9 1 )  < =  s l v N o i s e G e n L f s r ( 7 )  x or  s l v N o i s e G e n L f s r ( 5 1) xor  s l v N o i s e G e n L f s r ( l O )  xor  - 
s l v N o i s e G e n L f s r ( 6 7 )  xor  s l v N o i s e G e n L f s r ( 5 9 )  ; 

s l v B i t s T o A d d _ N e x t ( 9 2 )  < =  s l v N o i s e G e n L f s r ( 5 2 )  xor s l v N o i s e G e n L f s r ( 3 2 )  xor  s l v N o i s e G e n L f s r ( 7 2 )  xor  
«-» s l v N o i s e G e n L f s r ( 3 )  xor s l v N o i s e G e n L f s r ( 7  1) ; 

s l v B i t s T o A d d . N e x t ( 9 3 )  < =  s l v N o i s e G e n L f s r ( 4 4 ) -  x or  s l v N o i s e G e n L f s r ( O )  xor  s l v N o i s e G e n L f s r ( 3 4 )  xor  - 
<-» s l v N o i s e G e n L f s r ( 2 0 )  xor  s l v N o i s e G e n L f s r ( 3 7 )  ; 

s l v B i t s T o A d d . N e x t  ( 9 4 )  < =  s l v N o i s e G e n L f s r ( l O )  xor s l v N o i s e G e n L f s r ( 4 0 )  xor  s l v N o i s e G e n L f s r ( O )  xor  -
* s l v N o i s e G e n L f s r (6  1) x o r  s l v N o i s e G e n L f s r ( 4 7 )  ;

s l v B i t s T o A d d . N e x t  ( 9 5 )  < =  s l v N o i s e G e n L f s r ( 5 3 )  xor s l v N o i s e G e n L f s r ( O )  xor  s l v N o i s e G e n L f s r ( 2 6 )  xor  - 
<—» s l v N o i s e G e n L f s r ( 3 4 )  xor  s l v N o i s e G e n L f s r ( 4 1 )  ; 

s l v B i t s T o A d d . N e x t ( 9 6 )  < =  s l v N o i s e G e n L f s r ( 1 5 )  x or  s l v N o i s e G e n L f s r ( 5 )  xor  s l v N o i s e G e n L f s r ( 2 3 )  xor  - 
•—* s l v N o i s e G e n L f s r ( 4 7 )  xor  s l v N o i s e G e n L f s r ( 5 6 )  ; 

s l v B i t s T o A d d  . N e x t  ( 9 7 )  < =  s l v N o i s e G e n L f s r ( 3 4 )  x or  s l v N o i s e G e n L f s r ( 4 3 )  xor  s l v N o i s e G e n L f s r ( 2 8 )  xor  
«—> s l v N o i s e G e n L f s r ( 2 9 )  xor  s l v N o i s e G e n L f s r ( 5 9 )  ; 

s l v B i t s T o A d d _ N e x t ( 9 8 )  < =  s l v N o i s e G e n L f s r ( 3 3 )  x or  s l v N o i s e G e n L f s r ( 4 4 )  xor  s l v N o i s e G e n L f s r ( 5 6 )  xor  
s l v N o i s e G e n L f s r ( 3 5 )  xor  s l v N o i s e G e n L f s r ( 7 0 )  ; 

s l v B i t s T o A d d _ N e x t ( 9 9 )  < =  s l v N o i s e G e n L f s r ( 4 0 )  x or  s l v N o i s e G e n L f s r ( 9 )  xor  s l v N o i s e G e n L f s r ( 5 1 )  xor  - 
«-► s l v N o i s e G e n L f s r ( 4 3 )  xor  s l v N o i s e G e n L f s r ( 2 9 )  ; 

s l v B i t s T o A d d . N e x t ( 1 0 0 )  < =  s l v N o i s e G e n L f s r ( 7 3 )  x or  s l v N o i s e G e n L f s r ( 2 4 )  xor  s l v N o i s e G e n L f s r ( 9 )  xor  
«-+ s l v N o i s e G e n L f s r ( 6 8 )  xor  s l v N o i s e G e n L f s r ( 5 4 )  ; 

s l v B i t s T o A d d . N e x t ( l O l )  < =  s l v N o i s e G e n L f s r ( 2 2 )  xor s l v N o i s e G e n L f s r ( 8 )  xor  s l v N o i s e G e n L f s r ( 3 8 )  xor  
<-► s l v N o i s e G e n L f s r ( 1 6 )  xor  s l v N o i s e G e n L f s r (5  1) ; 

s l v B i t s T o A d d _ N e x t ( 1 0 2 )  < =  s l v N o i s e G e n L f s r ( 5 )  xor s l v N o i s e G e n L f s r ( 3 0 )  xor  s l v N o i s e G e n L f s r ( 6 6 )  xor  
s l v N o i s e G e n L f s r ( 5  1) xor  s l v N o i s e G e n L f s r ( l  1) ; 

s l v B i t s T o A d d _ N e x t ( 1 0 3 )  < =  s l v N o i s e G e n L f s r ( 4 9 )  xor s l v N o i s e G e n L f s r ( 6 2 )  xor  s l v N o i s e G e n L f s r ( 3 4 )  xor  
s l v N o i s e G e n L f s r ( 6 7 )  xor  s l v N o i s e G e n L f s r ( 6 0 )  ; 

s l v B i t s T o A d d . N e x t ( 1 0 4 )  < =  s l v N o i s e G e n L f s r ( 6 )  xor s l v N o i s e G e n L f s r ( 3 3 )  xor  s l v N o i s e G e n L f s r ( 4 8 )  xor  
s l v N o i s e G e n L f s r ( 6 0 )  xor  s l v N o i s e G e n L f s r ( 7 3 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 0 5 )  < =  s l v N o i s e G e n L f s r ( 3 2 )  xor s l v N o i s e G e n L f s r ( 1 5 )  xor  s l v N o i s e G e n L f s r ( 4 2 )  xor  
«—» s l v N o i s e G e n L f s r ( 3 5 )  xor  s l v N o i s e G e n L f s r ( 1 3 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 0 6 )  < =  s l v N o i s e G e n L f s r ( 2 4 )  xor s l v N o i s e G e n L f s r ( 4 6 )  xor s l v N o i s e G e n L f s r ( 7 1 )  xor  
s l v N o i s e G e n L f s r ( 3 9 )  xor  s l v N o i s e G e n L f s r ( 1 6 )  ; 

s l v B i t s T o A d d . N e x t  ( 1 0 7 )  < =  s l v N o i s e G e n L f s r ( 5 0 )  xor s l v N o i s e G e n L f s r ( 5 3 )  xor s l v N o i s e G e n L f s r ( 6 8 )  xor  
<—► s l v N o i s e G e n L f s r ( 7 )  xor s l v N o i s e G e n L f s r ( 5 1 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 0 8 )  < =  s l v N o i s e G e n L f s r ( 2 0 )  xor s l v N o i s e G e n L f s r ( 5 2 )  xor s l v N o i s e G e n L f s r ( 4 9 )  xor  
4—» s l v N o i s e G e n L f s r ( 3 4 )  xor  s l v N o i s e G e n L f s r ( 4 0 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 0 9 )  < =  s l v N o i s e G e n L f s r ( 6 3 )  xor s l v N o i s e G e n L f s r ( 4 1 )  xor s l v N o i s e G e n L f s r ( 4 4 )  xor  
s l v N o i s e G e n L f s r ( O )  xor s l v N o i s e G e n L f s r ( 6 1 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 1 0 )  < =  s l v N o i s e G e n L f s r ( 1 2 )  xor s l v N o i s e G e n L f s r ( 4 4 )  xor s l v N o i s e G e n L f s r ( 6 5 )  xor  
t—» s l v N o i s e G e n L f s r ( 6 2 )  xor  s l v N o i s e G e n L f s r ( 7 1 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 1 1 )  < =  s l v N o i s e G e n L f s r ( 1 )  xor s l v N o i s e G e n L f s r ( 2 )  xor s l v N o i s e G e n L f s r ( 8 )  x or  —*
► s l v N o i s e G e n L f s r ( 5 8 )  x o r  s l v N o i s e G e n L f s r ( 7 ) ;

s l v B i t s T o A d d . N e x t  ( 1 1 2 )  < =  s l v N o i s e G e n L f s r ( 1 5 )  x o r  s l v N o i s e G e n L f s r ( 1 2 )  x o r  s l v N o i s e G e n L f s r ( 7 0 )  x o r  
c—> s l v N o i s e G e n L f s r ( 5 4 )  x o r  s l v N o i s e G e n L f s r ( 3 4 ) ; 

s l v B i t s T o A d d  . N e x t  (  1 1 3 )  < =  s l v N o i s e G e n L f s r  ( 6 6 )  x o r  s l  v N o i s e G e n L f  s r  (  1 5  )  x o r  s l  v N o i  s e G e n L f  s r  ( 0 )  x o r
«-► s l v N o i s e G e n L f s r ( 7 3 )  x o r  s l v N o i s e G e n L f s r ( 1 9 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 1 4 )  < =  s l v N o i s e G e n L f s r ( 1 4 )  x o r  s l v N o i s e G e n L f s r ( 5 4 )  x o r  s l v N o i s e G e n L f s r ( 3 2 )  x o r  
«—*• s l v N o i s e G e n L f s r ( 4 0 )  x o r  s l v N o i s e G e n L f s r ( 4 )  ; 

s l v B i t s T o A d d . N e x t  ( 1 1 5 )  < =  s l v N o i s e G e n L f s r ( l  1) x o r  s l v N o i s e G e n L f s r ( 4 5 )  x o r  s l v N o i s e G e n L f s r ( 2 4 )  x o r  
<—*• s l v N o i s e G e n L f s r ( 3 9 )  x o r  s l v N o i s e G e n L f s r ( 5 1 ) ;  

s l v B i t s T o A d d . N e x t  ( 1 1 6 )  < =  s l v N o i s e G e n L f s r ( 5 9 )  x o r  s l v N o i s e G e n L f s r ( 5 3 )  x o r  s l v N o i s e G e n L f s r  (5 1) xo r
» s l v N o i s e G e n L f s r ( 5 0 )  x o r  s l v N o i s e G e n L f s r  ( 2 )  ; 

s l v B i t s T o A d d . N e x t  ( 1 1 7 )  < =  s l v N o i s e G e n L f s r ( 3 8 )  x o r  s l v N o i s e G e n L f s r  ( 1 7 )  x o r  s l v N o i s e G e n L f s r ( 3 3 )  x o r
* s l v N o i s e G e n L f s r ( 4 6 )  x o r  s l v N o i s e G e n L f s r ( 1 5 )  ;

s l v B i t s T o A d d . N e x t  ( 1 1 8 )  < =  s l v N o i s e G e n L f s r ( 1 3 )  x o r  s l v N o i s e G e n L f s r ( 5 6 )  x o r  s l v N o i s e G e n L f s r ( 2 2 )  x o r  
s l v N o i s e G e n L f s r ( 2 7 )  x o r  s l v N o i s e G e n L f s r ( 5 5 )  ;

117

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy

s l v B i t s T o A d d . N e x t  ( 1 1 9 )  < =  s l v N o i s e G e n L f s r ( 4 6 )  x o r  s l v N o i s e G e n L f s r ( l O )  x o r  s l v N o i s e G e n L f s r ( 6 )  x o r  
s l v N o i s e G e n L f s r ( 1 3 )  x o r  s l v N o i s e G e n L f s r ( 7 1 ) ; 

s l v B i t s T o A d d . N e x t ( 1 2 0 )  < =  s l v N o i s e G e n L f s r ( 4 4 )  x o r  s l v N o i s e G e n L f s r ( 4 6 )  x o r  s l v N o i s e G e n L f s r ( 3 8 )  x o r  
•—> s l v N o i s e G e n L f s r ( 5 8 )  x o r  s l v N o i s e G e n L f s r ( 5 9 )  ; 

s l v B i t s T o A d d . N e x t ( 1 2 1 )  < =  s l v N o i s e G e n L f s r ( 4 7 )  x o r  s l v N o i s e G e n L f s r ( 8 )  x o r  s l v N o i s e G e n L f s r ( 4 2 )  x o r  
c—» s l v N o i s e G e n L f s r ( 5 2 )  x o r  s l v N o i s e G e n L f s r ( 6 2 )  ; 

s l v B i t s T o A d d . N e x t ( 1 2 2 )  < =  s l v N o i s e G e n L f s r ( 6 )  x o r  s l v N o i s e G e n L f s r ( O )  x o r  s l v N o i s e G e n L f s r ( 9 )  x o r  -» 
‘-v s l v N o i s e G e n L f s r ( 1 4 )  x o r  s l v N o i s e G e n L f s r ( 4 6 )  ; 

s l v B i t s T o A d d . N e x t ( 1 2 3 )  < =  s l v N o i s e G e n L f s r ( 2 9 )  x o r  s l v N o i s e G e n L f s r ( 4 8 )  x o r  s l v N o i s e G e n L f s r ( 4 0 )  x o r  
«-> s l v N o i s e G e n L f s r ( l  1) x o r  s l v N o i s e G e n L f s r ( 3 ) ; 

s l v B i t s T o A d d . N e x t ( 1 2 4 )  < =  s l v N o i s e G e n L f s r ( 1 9 )  x o r  s l v N o i s e G e n L f s r ( 6 )  x o r  s l v N o i s e G e n L f s r ( 4 6 )  x o r  
s l v N o i s e G e n L f s r ( 7 0 )  x o r  s l v N o i s e G e n L f s r ( 4 4 ) ; 

s l v B i t s T o A d d . N e x t ( 1 2 5 )  < =  s l v N o i s e G e n L f s r ( 3 1 )  x o r  s l v N o i s e G e n L f s r ( 6 )  x o r  s l v N o i s e G e n L f s r ( 2 4 )  x o r  
s l v N o i s e G e n L f s r ( 4 7 )  x o r  s l v N o i s e G e n L f s r ( 6 3 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 2 6 )  < =  s l v N o i s e G e n L f s r ( 4 7 )  x o r  s l v N o i s e G e n L f s r ( 5 4 )  x o r  s l v N o i s e G e n L f s r ( 6 1 )  x o r  
<-*• s l v N o i s e G e n L f s r ( 5 6 )  x o r  s l v N o i s e G e n L f s r ( 2 6 ) ; 

s l v B i t s T o A d d _ N e x t ( 1 2 7 )  < =  s l v N o i s e G e n L f s r ( 3 2 )  x o r  s l v N o i s e G e n L f s r ( 5 8 )  x o r  s l v N o i s e G e n L f s r ( 1 )  x o r  
s l v N o i s e G e n L f s r ( 2 4 )  x o r  s l v N o i s e G e n L f s r ( 3 ) ; 

s l v B i t s T o A d d . N e x t ( 1 2 8 )  < =  s l v N o i s e G e n L f s r ( 7 0 )  x o r  s l v N o i s e G e n L f s r ( 4 3 )  x o r  s l v N o i s e G e n L f s r ( 3 0 )  x o r  
«-» s l v N o i s e G e n L f s r ( 5 8 )  x o r  s l v N o i s e G e n L f s r ( 7 3 )  ; 

s l v B i t s T o A d d . N e x t ( 1 2 9 )  < =  s l v N o i s e G e n L f s r ( 1 1 )  x o r  s l v N o i s e G e n L f s r ( 4 2 )  x o r  s l v N o i s e G e n L f s r (5 1) xo r  
«-► s l v N o i s e G e n L f s r ( 3 1 )  x o r  s l v N o i s e G e n L f s r ( 4 0 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 3 0 )  < =  s l v N o i s e G e n L f s r ( 3 0 )  x o r  s l v N o i s e G e n L f s r ( 6 6 )  x o r  s l v N o i s e G e n L f s r ( 5 6 )  xo r  
s l v N o i s e G e n L f s r ( 5 8 )  x o r  s l v N o i s e G e n L f s r ( 6 9 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 3 1 )  < =  s l v N o i s e G e n L f s r ( 1 2 )  x o r  s l v N o i s e G e n L f s r ( 5 0 )  x o r  s l v N o i s e G e n L f s r ( 6 8 )  x o r  
» s l v N o i s e G e n L f s r ( 5 7 )  x o r  s l v N o i s e G e n L f s r ( 6 3 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 3 2 )  < =  s l v N o i s e G e n L f s r ( 7 2 )  x o r  s l v N o i s e G e n L f s r ( 4 4 )  x o r  s l v N o i s e G e n L f s r ( 3 3 )  x o r  
s l v N o i s e G e n L f s r ( O )  x o r  s l v N o i s e G e n L f s r ( 7 1 ) ;  

s l v B i t s T o A d d _ N e x t ( 1 3 3 )  < =  s l v N o i s e G e n L f s r ( 5 9 )  x o r  s l v N o i s e G e n L f s r ( 3 0 )  x o r  s l v N o i s e G e n L f s r ( 4 5 )  x o r  
•—* s l v N o i s e G e n L f s r ( 3 7 )  x o r  s l v N o i s e G e n L f s r ( 5 7 )  ; 

s l v B i t s T o A d d  . N e x t  ( 1 3 4 )  < =  s l v N o i s e G e n L f s r ( l  1) x o r  s l v N o i s e G e n L f s r ( 2 3 )  x o r  s l v N o i s e G e n L f s r ( 4 5 )  xo r  
^  s l v N o i s e G e n L f s r ( 9 )  x o r  s l v N o i s e G e n L f s r ( 1 5 )  ; 

s l v B i t s T o A d d . N e x t  ( 1 3 5 )  < =  s l v N o i s e G e n L f s r ( 5 8 )  x o r  s l v N o i s e G e n L f s r ( 5 4 )  x o r  s l v N o i s e G e n L f s r  ( 1 )  x o r  
s l v N o i s e G e n L f s r ( 5 0 )  x o r  s l v N o i s e G e n L f s r ( 7 2 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 3 6 )  < =  s l v N o i s e G e n L f s r ( 6 6 )  x o r  s l v N o i s e G e n L f s r ( 6 )  x o r  s l v N o i s e G e n L f s r  ( 4 )  x o r  -  
s l v N o i s e G e n L f s r ( 5 2 )  x o r  s l v N o i s e G e n L f s r ( 1 5 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 3 7 )  < =  s l v N o i s e G e n L f s r ( 2 8 )  x o r  s l v N o i s e G e n L f s r ( 2 )  x o r  s l v N o i s e G e n L f s r ( 3 )  x o r  -  
<-* s l v N o i s e G e n L f s r ( 4 0 )  x o r  s l v N o i s e G e n L f s r ( 2 4 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 3 8 )  < =  s l v N o i s e G e n L f s r ( 4 1 )  x o r  s l v N o i s e G e n L f s r ( 2 7 )  x o r  s l v N o i s e G e n L f s r ( 4 3 )  x o r  
«—» s l v N o i s e G e n L f s r ( 4 8 )  x o r  s l v N o i s e G e n L f s r ( 6 6 )  ; 

s l v B i t s T o A d d . N e x t ( 1 3 9 )  < =  s l v N o i s e G e n L f s r ( 5 2 )  x o r  s l v N o i s e G e n L f s r ( 2 6 )  x o r  s l v N o i s e G e n L f s r ( 4 5 )  x o r  
^  s l v N o i s e G e n L f s r ( 2 )  x o r  s l v N o i s e G e n L f s r ( 4 2 ) ; 

s l v B i t s T o A d d _ N e x t ( 1 4 0 )  < =  s l v N o i s e G e n L f s r ( 7 0 )  x o r  s l v N o i s e G e n L f s r ( 6 7 )  x o r  s l v N o i s e G e n L f s r ( 1 7 )  x o r  
c—» s l v N o i s e G e n L f s r ( 1 8 )  x o r  s l v N o i s e G e n L f s r ( 5 9 )  ; 

s l v B i t s T o A d d . N e x t  ( 1 4 1 )  < =  s l v N o i s e G e n L f s r ( 1 9 )  x o r  s l v N o i s e G e n L f s r ( 1 7 )  x o r  s l v N o i s e G e n L f s r ( 5 2 )  x o r  
^  s l v N o i s e G e n L f s r ( 2 1 )  x o r  s l v N o i s e G e n L f s r (  1 ) ;  

s l v B i t s T o A d d . N e x t  ( 1 4 2 )  < =  s l v N o i s e G e n L f s r ( 5 7 )  x o r  s l v N o i s e G e n L f s r ( 4 4 )  x o r  s l v N o i s e G e n L f s r ( 6 5 )  x o r  
*--♦ s l v N o i s e G e n L f s r ( 5 3 )  x o r  s l v N o i s e G e n L f s r ( 7 0 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 4 3 )  < =  s l v N o i s e G e n L f s r ( 4 2 )  x o r  s l v N o i s e G e n L f s r ( 5 9 )  x o r  s l v N o i s e G e n L f s r ( 3 9 )  x o r  
c—► s l v N o i s e G e n L f s r ( 7 2 )  x o r  s l v N o i s e G e n L f s r ( 4 1 )  ; 

s l v B i t s T o A d d . N e x t ( 1 4 4 )  < =  s l v N o i s e G e n L f s r ( 4 3 )  x o r  s l v N o i s e G e n L f s r ( 1 8 )  x o r  s l v N o i s e G e n L f s r ( 2 6 )  x o r  
«—» s l v N o i s e G e n L f s r ( 5 8 )  x o r  s l v N o i s e G e n L f s r ( 7 0 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 4 5 )  < =  s l v N o i s e G e n L f s r ( 2 7 )  x o r  s l v N o i s e G e n L f s r ( 1 5 )  x o r  s l v N o i s e G e n L f s r ( 4 )  x o r  
» s l v N o i s e G e n L f s r ( 4 9 )  x o r  s l v N o i s e G e n L f s r ( 3 5 )  ; 

s l v B i t s T o A d d . N e x t  ( 1 4 6 )  < =  s l v N o i s e G e n L f s r  ( 1 3 )  x o r  s l v N o i s e G e n L f s r  ( 6 1 )  x o r  s l v N o i s e G e n L f s r ( l  1) x o r  
<—► s l v N o i s e G e n L f s r ( 3 0 )  x o r  s l v N o i s e G e n L f s r  ( 6 ) ;  

s l v B i t s T o A d d . N e x t  ( 1 4 7 )  < =  s l v N o i s e G e n L f s r ( 8 )  x o r  s l v N o i s e G e n L f s r ( 5 0 )  x o r  s l v N o i s e G e n L f s r ( 2 9 )  xo r  
s l v N o i s e G e n L f s r ( 1 9 )  x o r  s l v N o i s e G e n L f s r ( 5 8 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 4 8 )  < =  s l v N o i s e G e n L f s r ( 5 0 )  x o r  s l v N o i s e G e n L f s r ( 2 )  x o r  s l v N o i s e G e n L f s r ( 3 4 )  xo r  
<—» s l v N o i s e G e n L f s r ( 4 1 )  x o r  s l v N o i s e G e n L f s r ( 6 7 )  ; 

s l v B i t s T o A d d . N e x t ( 1 4 9 )  < =  s l v N o i s e G e n L f s r ( 4 4 )  x o r  s l v N o i s e G e n L f s r ( 7 3 )  x o r  s l v N o i s e G e n L f s r ( 5 4 )  xo r  
» s l v N o i s e G e n L f s r ( 9 )  x o r  s l v N o i s e G e n L f s r ( 2 1 )  ; 

s l v B i t s T o A d d . N e x t ( 1 5 0 )  < =  s l v N o i s e G e n L f s r ( 3 8 )  x o r  s l v N o i s e G e n L f s r ( 5 6 )  x o r  s l v N o i s e G e n L f s r ( 2 8 )  xo r  
^  s l v N o i s e G e n L f s r ( 1 7 )  x o r  s l v N o i s e G e n L f s r ( 7 ) ; 

s l v B i t s T o A d d _ N e x t ( 1 5 1 )  < =  s l v N o i s e G e n L f s r ( 5 3 )  x o r  s l v N o i s e G e n L f s r ( 7 3 )  x o r  s l v N o i s e G e n L f s r ( 4 5 )  x o r  
*-► s l v N o i s e G e n L f s r ( 6 )  x o r  s l v N o i s e G e n L f s r ( 5 4 ) ; 

s l v B i t s T o A d d . N e x t  ( 1 5 2 )  < =  s l v N o i s e G e n L f s r ( l O )  x o r  s l v N o i s e G e n L f s r ( 5 6 )  x o r  s l v N o i s e G e n L f s r ( 4 1 )  x o r  
«—► s l v N o i s e G e n L f s r ( 1 2 )  x o r  s l v N o i s e G e n L f s r ( 1 3 ) ; 

s l v B i t s T o A d d _ N e x t ( 1 5 3 )  < =  s l v N o i s e G e n L f s r ( 4 6 )  x o r  s l v N o i s e G e n L f s r ( 2 3 )  x o r  s l v N o i s e G e n L f s r ( 7 0 )  x o r  
s l v N o i s e G e n L f s r ( 2 6 )  x o r  s l v N o i s e G e n L f s r ( 2 9 )  ; 

s l v B i t s T o A d d . N e x t  ( 1 5 4 )  < =  s l v N o i s e G e n L f s r  ( 3 8 )  x o r  s l v N o i s e G e n L f s r  ( 4 9 )  x o r  s l v N o i s e G e n L f s r ( 4 0 )  x o r  
» s l v N o i s e G e n L f s r ( 7 )  x o r  s l v N o i s e G e n L f s r ( 6 4 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 5 5 )  < =  s l v N o i s e G e n L f s r ( 4 0 )  x o r  s l v N o i s e G e n L f s r ( 3 )  x o r  s l v N o i s e G e n L f s r ( 3 3 )  xo r  
«—> s l v N o i s e G e n L f s r ( 3 5 )  x o r  s l v N o i s e G e n L f s r ( 1 3 )  ; 

s l v B i t s T o A d d . N e x t ( 1 5 6 )  < =  s l v N o i s e G e n L f s r ( 1 )  x o r  s l v N o i s e G e n L f s r ( 2 2 )  x o r  s l v N o i s e G e n L f s r ( 3 )  x o r  -  
«—» s l v N o i s e G e n L f s r ( 1 7 )  x o r  s l v N o i s e G e n L f s r ( 5 7 )  ; 

s l v B i t s T o A d d  . N e x t  (  1 5 7 )  < =  s l  v N o i  s e G e n L f  s r  (  9 )  x o r  s l  v N o i  s e G e n L f  s r  (  1 6 )  x o r  s l  vN o i  s e G e n L f  s r  ( 6  1 ) x o r  
s l v N o i s e G e n L f s r ( 1 8 )  x o r  s l v N o i s e G e n L f s r ( 3 6 ) ; 

s l v B i t s T o A d d  . N e x t  ( 1 5 8 )  < =  s l v N o i s e G e n L f s r ( 1 9 )  x o r  s l v N o i s e G e n L f s r ( 1 3 )  x o r  s l v N o i s e G e n L f s r ( 3 )  xo r  
•—» s l v N o i s e G e n L f s r ( 4 5 )  x o r  s l v N o i s e G e n L f s r ( 5 6 )  ; 

s l v B i t s T o A d d _ N e x t ( 1 5 9 )  < =  s l v N o i s e G e n L f s r ( 3 4 )  x o r  s l v N o i s e G e n L f s r ( 1 8 )  x o r  s l v N o i s e G e n L f s r ( 1 2 )  xo r  
s l v N o i s e G e n L f s r (3  1) x o r  s l v N o i s e G e n L f s r (7  1) ; 

s l v B i t s T o A d d  . N e x t  ( 1 6 0 )  < =  s l v N o i s e G e n L f s r ( 4 9 )  x o r  s l v N o i s e G e n L f s r  ( 5 9 )  x o r  s l v N o i s e G e n L f s r ( 4 )  x o r  
s l v N o i s e G e n L f s r ( 5 2 )  x o r  s l v N o i s e G e n L f s r ( 2 1 )  ; 

s l v B i t s T o A d d . N e x t ( 1 6 1 )  < =  s l v N o i s e G e n L f s r ( 9 )  x o r  s l v N o i s e G e n L f s r ( 1 )  x o r  s l v N o i s e G e n L f s r ( 6 1 )  x o r  -  
«—» s l v N o i s e G e n L f s r ( 1 6 )  x o r  s l v N o i s e G e n L f s r ( 2 8 )  ; 

s l v B i t s T o A d d . N e x t  ( 1 6 2 )  < =  s l v N o i s e G e n L f s r ( 3 6 )  x o r  s l v N o i s e G e n L f s r ( 7 )  x o r  s l v N o i s e G e n L f s r ( 6 1 )  x o r  
«—► s l v N o i s e G e n L f s r ( 2 3 )  x o r  s l v N o i s e G e n L f s r ( 5 4 )  ;
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t sT o  A d d - N e x t  (1 6 3  
^  s l v N o i s e G e n L f s r ( 1 2  

t sT o  A d d - N e x t  ( 1 6 4 )  < =  
e—» s l v N o i s e G e n L f s r ( 1 0  

t s T o A d d _ N e x t ( 1 6 5
s l v N o i s e G e n L f s r ( 1 2  

t s T o A d d _ N e x t ( 1 6 6
s l v N o i s e G e n L f s r ( 5 )  

t s T o A d d _ N e x t ( 1 6 7
s l v N o i s e G e n L f s r ( 3 1  
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t s T o A d d _ N e x t ( 1 6 9
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t sT o  A d d  . N e x t  ( 1 7 0
s l v N o i s e G e n L f s r (27  

t s T o A d d . N e x t ( 1 7 1
► s l v N o i s e G e n L f s r ( 7 3

t sT o  A d d . N e x t  ( 1 7 2  
► s l v N o i s e G e n L f  

t s T o A d d _ N e x t ( 1 7 3

< =
r ( 2 3

< =
v s l v N o i s e G e n L f s r ( 6 1  

t s T o A d d  . N e x t  ( 1 7 4  
«-► s l v N o i s e G e n L f s r ( 7  1 

t s T o A d d _ N e x t ( 1 7 5 )  < =  
<—► s l v N o i s e G e n L f s r  (6 2  

t s T o A d d - N e x t  ( 1 7 6 < =
► s l v N o i s e G e n L f s r ( 1 0  

< =  
r ( 3 8  

< =

t s T o A d d - N e x t  (1 7 7  
«-► s l v N o i s e G e n L f  

t s T o A d d - N e x t  ( 1 7 8
s l v N o i s e G e n L f s r ( 4 8  

t s T o A d d _ N e x t ( 1 7 9
s l v N o i s e G e n L f s r (27

t s T o A d d - N e x t  ( 1 8 0  
«"-+ s l v N o i s e G e n L f  

t s T o A d d - N e x t  ( 181

< =  
r (6 )  

< =
s l v N o i s e G e n L f s r ( 5 0  

t s T o A d d - N e x t  ( 1 8 2 )  < =  
s l v N o i s e G e n L f s r ( l l  

t s T o A d d - N e x t  ( 1 8 3
► s l v N o i s e G e n L f s r ( 5 6  

t s T o A d d - N e x t  ( 1 8 4 )  < =
► s l v N o i s e G e n L f s r ( 2 2

t s T o A d d - N e x t  (1 8 5  
<—* s l v N o i s e G e n L f  

t s T o A d d - N e x t ( 1 8 6
► s l v N o i s e G e n L f s r  (71 

t s T o A d d - N e x t  (1 8 7  
«—» s l v N o i s e G e n L f s r ( 6 9  

t s T o A d d  - N e x t ( 1 8 8  
e-> s l v N o i s e G e n L f s r ( 6 5  

t s T o A d d - N e x t ( 1 8 9 )  < =  
*—* s l v N o i s e G e n L f s r ( 2 6  

t s T o A d d - N e x t  ( 1 9 0 < =
► s l v N o i s e G e n L f s r ( 3 5  

< =t s T o A d d - N e x t  ( 191
► s l v N o i s e G e n L f s r ( 8 )

t s T o A d d  - N e x t  ( 1 9 2  
» s l v N o i s e G e n L f  

t s T o A d d - N e x t  (1 9 3
•—> s l v N o i s e G e n L f s r ( l  1 

t s T o A d d - N e x t  ( 1 9 4
s l v N o i s e G e n L f s r  (0 )  

t s T o A d d  - N e x t  (1 9 5  
«—* s l v N o i s e G e n L f s r ( 1 6  

t s T o A d d - N e x t ( 1 9 6 )  < =  
s l v N o i s e G e n L f s r ( 4 4  

t s T o A d d - N e x t  (1 9 7 < =
► s l v N o i s e G e n L f s r ( 5 1 

< =t s T o A d d - N e x t  (1 9 8
► s l v N o i s e G e n L f s r ( 2 6

t s T o A d d - N e x t  ( 1 9 9
> s l v N o i s e G e n L f s r (5 1 

t s T o A d d - N e x t  ( 2 0 0 )  < =  
•—► s l v N o i s e G e n L f s r ( 4 1  

t s T o A d d -  N e x t  (201
s l v N o i s e G e n L f s r ( 7 1 

t s T o A d d - N e x t  ( 2 0 2 )  < =  
«—► s l v N o i s e G e n L f s r ( 3 0  

t s T o A d d - N e x t  ( 2 0 3 )  < =  
<—► s l v N o i s e G e n L f s r  (65 

t s T o A d d - N e x t  ( 2 0 4 )  < =  
s l v N o i s e G e n L f s r ( 3 8  

t s T o A d d - N e x t  ( 2 0 5 )  < =  
*—► s l v N o i s e G e n L f s r ( 5 0

t s T o A d d - N e x t  ( 2 0 6

< =
r ( 4 8

< =

<=
r ( 7 0

< =

<=

< =
> s l v N o i s e G e n L f s r ( 1 7

s l v N o i s e G e n L f s r ( 4 0 )  xor  s l v N o i s e G e n L f s  
xor s l v N o i s e G e n L f s r ( 4 4 ) ; 

l v N o i s e G e n L f s r ( 0 )  xor s l v N o i s e G e n L f s r  
x or  s l v N o i s e G e n L f s r ( 7 2 ) ; 

l v N o i s e G e n L f s r ( 1 7 )  xor s l v N o i s e G e n L f s  
x or  s l v N o i s e G e n L f s r ( O ) ; 

l v N o i s e G e n L f s r ( 4 4 )  xor s l v N o i s e G e n L f s  
xor s l v N o i s e G e n L f s r ( 2 8 )  ; 
l v N o i s e G e n L f s r ( 9 )  x or  s l v N o i s e G e n L f s r  

x or  s l v N o i s e G e n L f s r ( 3 4 ) ; 
s l v N o i s e G e n L f s r ( 1 7 )  xor s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 2 6 )  ; 
l v N o i s e G e n L f s r ( 5 8 )  xor s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 2 2 )  ; 
l v N o i s e G e n L f s r ( 1 6 )  xor s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 2 3 ) ; 
s l v N o i s e G e n L f s r ( 4 7 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 3 2 ) ; 
s l v N o i s e G e n L f s r ( 1 3 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 5 5 )  ; 
l v N o i s e G e n L f s r ( 3 7 )  xor s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 3 4 ) ; 
l v N o i s e G e n L f s r ( 0 )  xor  s l v N o i s e G e n L f s r  

x or  s l v N o i s e G e n L f s r ( 3 7 )  ; 
l v N o i s e G e n L f s r ( 3 1 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 2 1 )  ; 
l v N o i s e G e n L f s r ( l  1) xor s l v N o i s e G e n L f s  

xor s l v N o i s e G e n L f s r ( 7 ) ; 
l v N o i s e G e n L f s r ( 5 5 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 5 8 )  ; 
l v N o i s e G e n L f s r ( 1 )  xor  s l v N o i s e G e n L f s r  

x or  s l v N o i s e G e n L f s r (  12) ; 
l v N o i s e G e n L f s r ( 1 )  xor s l v N o i s e G e n L f s r  

x or  s l v N o i s e G e n L f s r ( 1 9 )  ; 
l v N o i s e G e n L f s r ( 5 5 )  x or  s l v N o i s e G e n L f s  
xor s l v N o i s e G e n L f s r ( 2 3 )  ; 
l v N o i s e G e n L f s r ( 2 1 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 3 8 )  ; 
l v N o i s e G e n L f s r ( 3 3 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 2 1 )  ; 
l v N o i s e G e n L f s r ( 2 3 )  xor s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 2 9 ) ; 
l v N o i s e G e n L f s r ( 4 4 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 3 1 )  ; 
l v N o i s e G e n L f s r ( 2 4 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 6 6 ) ; 
l v N o i s e G e n L f s r ( 4 4 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( l ) ; 
s l v N o i s e G e n L f s r ( 3 )  xor  s l v N o i s e G e n L f s r  

x or  s l v N o r s e G e n L f s r ( 6 1 ) ; 
s l v N o i s e G e n L f s r ( 5 7 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 6 9 ) ; 
l v N o i s e G e n L f s r ( 4 2 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 4 0 )  ; 
l v N o i s e G e n L f s r ( 3 8 )  xor  s l v N o i s e G e n L f s  

xor s l v N o i s e G e n L f s r ( 6 ) ; 
l v N o i s e G e n L f s r ( 2 6 )  xor  s l v N o i s e G e n L f s  
x or  s l v N o i s e G e n L f s r ( 4 4 )  ; 
l v N o i s e G e n L f s r ( 7 2 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 1 7 )  ; 
s l v N o i s e G e n L f s r ( 4 3 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 6 3 ) ; 
l v N o i s e G e n L f s r ( 7 2 )  xor  s l v N o i s e G e n L f s  
x or  s l v N o i s e G e n L f s r ( 4 8 ) ; 
l v N o i s e G e n L f s r ( 5 4 )  xor  s l v N o i s e G e n L f s  

x or  s l v N o i s e G e n L f s r ( 7 0 )  ; 
l v N o i s e G e n L f s r ( 6 0 )  xor  s l v N o i s e G e n L f s  

xor  s l v N o i s e G e n L f s r ( 7 0 )  ; 
l v N o i s e G e n L f s r ( 3 )  xor  s l v N o i s e G e n L f s r  

x or  s l v N o i s e G e n L f s r ( 3 5 ) ; 
s l v N o i s e G e n L f s r ( 5 )  xor  s l v N o i s e G e n L f s r  

x or  s l v N o i s e G e n L f s r ( 7 ) ; 
l v N o i s e G e n L f s r ( 2 6 )  xor  s l v N o i s e G e n L f s  

xor s l v N o i s e G e n L f s r ( 3 4 )  ; 
l v N o i s e G e n L f s r ( O )  xor  s l v N o i s e G e n L f s r  

xor s l v N o i s e G e n L f s r ( 2 0 )  ;
I v N o i s e G e n L f s r ( f i O )  x o r  s l v N o i s e G e n L f s

x o r  s l v N o i s e G e n L f s r ( 4 ) ; 
s l v N o i s e G e n L f s r ( 3 )  x o r  s l v N o i s e G e n L f s r  

x o r  s l v N o i s e G e n L f s r ( 1 8 ) ; 
l v N o i s e G e n L f s r ( 4 2 )  x o r  s l v N o i s e G e n L f s  

x o r  s l v N o i s e G e n L f s r ( 6 0 )  ; 
l v N o i s e G e n L f s r ( 4 6 )  x o r  s l v N o i s e G e n L f s  

x o r  s l v N o i s e G e n L f s r ( 5 5 )  ; 
s l v N o i s e G e n L f s r ( 3 3 )  x o r  s l v N o i s e G e n L f s  

x o r  s l v N o i s e G e n L f s r ( 4 0 ) ; 
l v N o i s e G e n L f s r ( 6 2 )  x o r  s l v N o i s e G e n L f s  

x o r  s l v N o i s e G e n L f s r ( 1 6 )  ;

( 7 2 ) xor s l v N o i s e G e n L f s ( 4 8 ) xor

37 ) xor s l v N o i s e G e n L f s r 28 ) xor

(57 xor s l v N o i s e G e n L f s ( 5 5 ) xor

(67 xor s l v N o i s e G e n L f s ( 5 0 ) xor

7 0 ) xor s l v N o i s e G e n L f s r 4 )  xor -

(3 ) xor s l v N o i s e G e n L f s r 33 ) xor

(15 xor s l v N o i s e G e n L f s ( 2 0 ) xor

(6 9 xor s l v N o i s e G e n L f s ( 3 4 ) xor

(2 9 xor s l v N o i s e G e n L f s ( 4 8 ) xor

( 5 0 xor s l v N o i s e G e n L f s ( 7 1 ) xor

( 4 2 xor s l v N o i s e G e n L f s ( 2 4 ) xor

4 6 ) xor s l v N o i s e G e n L f s r 4 5 ) xor

(41 xor s l v N o i s e G e n L f s ( 5 0 ) xor

( 6 0 xor s l v N o i s e G e n L f s (5 5 ) xor

( 6 4 xor s l v N o i s e G e n L f s ( 3 4 ) xor

17) xor s l v N o i s e G e n L f s r 5 )  xor -

35) xor s l v N o i s e G e n L f s r 5)  xor -

(51 xor s l v N o i s e G e n L f s (2 6 ) xor

(6 9 xor s l v N o i s e G e n L f s ( 3 3 ) xor

(31 xor s l v N o i s e G e n L f s ( 6 ) xor

(21 xor s l v N o i s e G e n L f s ( 2 8 ) xor

(2 0 xor s l v N o i s e G e n L f s (7 3 ) xor

(2 2 xor s l v N o i s e G e n L f s ( 4 6 ) xor

(33 xor s l v N o i s e G e n L f s ( 5 9 ) xor

58 ) xor s l v N o i s e G e n L f s r 56 ) xor

(3 0 xor s l v N o i s e G e n L f s ( 3 9 ) xor

( 5 ) xor s l v N o i s e G e n L f s r 62 ) xor

(51 xor s l v N o i s e G e n L f s (1 5 ) xor

( 6 4 xor s l v N o i s e G e n L f s ( 3 1 ) xor

(13 xor s l v N o i s e G e n L f s ( 3 4 ) xor

(2 2 xor s l v N o i s e G e n L f s (1 2 ) xor

(2 0 xor s l v N o i s e G e n L f s ( 7 0 ) xor

( 5 ) xor s l v N o i s e G e n L f s r 64 ) xor

(11 xor s l v N o i s e G e n L f s ( 5 3 ) xor

60 ) xor s l v N o i s e G e n L f s r 29 ) xor

54 ) xor s l v N o i s e G e n L f s r 16) xor

(67 xor s l v N o i s e G e n L f s ( 3 2 ) xor

67 ) xor s l v N o i s e G e n L f s r 40 ) xor

(5 4 xor s l v N o i s e G e n L f s ( 6 1 ) xor

55 ) xor s l v N o i s e G e n L f s r 44 ) xor

(4 5 xor s l v N o i s e G e n L f s ( 7 2 ) xor

(4 9 xor s l v N o i s e G e n L f s ( 1 9 ) xor

(2 9 xor s l v N o i s e G e n L f s ( 8 ) xor

(1 5 xor s l v N o i s e G e n L f s ( 3 0 ) xor
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s l v B i t s T o A d d - N e x t  (2 0 7
■ s l v N o i s e G e n L f s r ( 3 7

s l v B i t s T o A d d . N e x t  ( 2 0 8
> s l v N o i s e G e n L f s r ( 2 2

s l v B i t s T o A d d . N e x t  ( 2 0 9
> s l v N o i s e G e n L f s r ( 4 4

s l v B i t s T o A d d . N e x t  ( 2 1 0
• s l v N o i s e G e n L f s r ( 6 7

s l v B i t s T o A d d . N e x t  ( 211
► s l v N o i s e G e n L f s r ( 5 9  

s l v B i t s T o A d d . N e x t  ( 2 1 2
<-* s l v N o i s e G e n L f s r (5 )  

s l v B i t s T o A d d . N e x t  ( 2 1 3 )  < =  
<-» s l v N o i s e G e n L f s r ( 5 7  

s l v B i t s T o A d d . N e x t  ( 2 1 4 < =
•—► s l v N o i s e G e n L f s r ( 1 5  

s l v B i t s T o A d d . N e x t  ( 2 1 5 )  < =  
s l v N o i s e G e n L f s r ( 1 9  

s l v B i t s T o A d d . N e x t  ( 2 1 6 )  < =
> s l v N o i s e G e n L f s r ( 2 1  

< =
• s l v N o i s e G e n L f s r ( 5 0

s l v B i t s T o A d d . N e x t  (2 1 7

s lvB

t s T o A d d . N e x t ( 2 1 8
• s l v N o i s e G e n L f s r ( 7 2

t s T o A d d - N e x t  ( 2 1 9
• s l v N o i s e G e n L f s r ( l  1

t s T o A d d . N e x t  ( 2 2 0
■ s l v N o i s e G e n L f s r ( 1 2  

t s T o A d d . N e x t  (22 1 
«-► s l v N o i s e G e n L f s r ( 1 5  

t s T o A d d . N e x t  ( 2 2 2 )  < =
» s l v N o i s e G e n L f s r ( 6 5

t s T o A d d . N e x t  (2 2 3
► s l v N o i s e G e n L f s r ( 2 1

t s T o A d d . N e x t  ( 2 2 4
• s l v N o i s e G e n L f s r ( 6 8

t s T o A d d . N e x t  (2 2 5
* s l v N o i s e G e n L f s r ( 5 6

t s T o A d d . N e x t  ( 2 2 6
> s l v N o i s e G e n L f s r ( 7 )

t s T o A d d . N e x t  (2 2 7
> s l v N o i s e G e n L f s r ( 6 2

t s T o A d d . N e x t  (2 2 8
> s l v N o i s e G e n L f s r ( 1 7

t s T o A d d . N e x t  ( 2 2 9
> s l v N o i s e G e n L f s r ( 5 4

t s T o A d d . N e x t  ( 2 3 0
► s l v N o i s e G e n L f s r ( 1 4  

t s T o A d d . N e x t  (23 1
<-* s l v N o i s e G e n L f s r ( 3 6  

t s T o A d d . N e x t  ( 2 3 2 )  < =  
s l v N o i s e G e n L f s r (4 9  

t s T o A d d . N e x t  (2 3 3  
«—► s l v N o i s e G e n L f s r ( 7 0  

t s T o A d d . N e x t  ( 2 3 4 )  < =
► s l v N o i s e G e n L f s r ( 3 8  

t s T o A d d . N e x t  ( 2 3 5 )  < =
'-»• s l v N o i s e G e n L f s r ( 5 2  

t s T o A d d . N e x t  ( 2 3 6 )  < =  
«—► s l v N o i s e G e n L f s r ( 6 6  

t s T o A d d . N e x t  ( 2 3 7 )  < =
» s l v N o i s e G e n L f s r (65 

t s T o A d d . N e x t  ( 2 3 8 )  < =  
«-*' s l v N o i s e G e n L f s r ( 2 1  

t s T o A d d . N e x t  ( 2 3 9 )  < =  
•—* s l v N o i s e G e n L f s r ( 1 3  

t s T o A d d . N e x t ( 2 4 0 )  < =
► s l v N o i s e G e n L f s r (5 4  

t s T o A d d . N e x t  (241
c—► s l v N o i s e G e n L f s r ( 5 )  

t s T o A d d  . N e x t  ( 2 4 2  
*—* s l v N o i s e G e n L f s r ( 3 0  

t s T o A d d . N e x t  ( 243  
c—► s l v N o i s e G e n L f s r  (37 

t s T o A d d . N e x t  ( 2 4 4 )  < =  
c—► s l v N o i s e G e n L f s r ( 1 0  

t s T o A d d . N e x t  ( 2 4 5

s l v N o i s e G e n L f s r (5 9  
t s T o A d d . N e x t  ( 2 4 6  

«—*• s l v N o i s e G e n L f s r ( 5 8  
t s T o A d d . N e x t  ( 2 4 7  

*-» s l v N o i s e G e n L f s r ( 5 3  
< =t s T o A d d  . N e x t  ( 2 4 8  

c-» s l v N o i s e G e n L f s r (1 9  
t s T o A d d . N e x t  (2 4 9  

*—► s l v N o i s e G e n L f s r ( 2 3  
t s T o A d d  . N e x t  ( 2 5 0  

*—+ s l v N o i s e G e n L f  sr  (7 2

< =

<=

<=
<=
<=

< =

< =

< =

< =

<=
< =

< =

< =

< =

< =

< =

s l v N o i s e G e n L f s r ( 4 )  xor s l v N o i s e G e n L f s r ( 3 1 )  xor s l v N o i s e G e n L f s r ( 1 9 )  xor  
xor  s l v N o i s e G e n L f s r ( 4 2 ) ; 

l v N o i s e G e n L f s r ( 3 8 )  xor s l v N o i s e G e n L f s r (4 5 )  
xor  s l v N o i s e G e n L f s r ( 3 9 ) ; 

s l v N o i s e G e n L f s r ( 7 0 )  x or  s l v N o i s e G e n L f s r !  14) 
xor  s l v N o i s e G e n L f s r ( 4 8 ) ; 

l v N o i s e G e n L f s r ( 4 6 )  xor s l v N o i s e G e n L f s r (1 )  
xor  s l v N o i s e G e n L f s r ( 6 5 ) ; 

l v N o i s e G e n L f s r (5 1) xor s l v N o i s e G e n L f s r ( 5 )  
xor  s l v N o i s e G e n L f s r ( 1 8 ) ; 

l v N o i s e G e n L f s r ( 3 9 )  x or  s l v N o i s e G e n L f s r (4 9 )  
xor  s l v N o i s e G e n L f s r ( 7 3 ) ;
l v N o i s e G e n L f s r ( 3 0 )  x or  s l v N o i s e G e n L f s r ( 4 1 )  

xor  s l v N o i s e G e n L f s r ( 6 7 ) ; 
l v N o i s e G e n L f s r ( 5 8 )  x or  s l v N o i s e G e n L f s r ( 2 3 )  

xor  s l v N o i s e G e n L f s r ( 6 9 ) ; 
s l v N o i s e G e n L f s r ( 7 1 )  x or  s l v N o i s e G e n L f s r ( 3 5 )  

xor  s l v N o i s e G e n L f s r ( 3 6 )  ; 
s l v N o i s e G e n L f s r ( 2 6 )  x or  s l v N o i s e G e n L f s r ( 6 8 )  

xor s l v N o i s e G e n L f s r ( 3 1 ) ; 
s l v N o i s e G e n L f s r !  11)  x or  s l v N o i s e G e n L f s r ( 6 5 )  

xor  s l v N o i s e G e n L f s r ( 2 3 )  ; 
l v N o i s e G e n L f s r ( 2 0 )  xor s l v N o i s e G e n L f s r ( 3 9 )  

xor  s l v N o i s e G e n L f s r ( 7 1 )  ; 
s l v N o i s e G e n L f s r ( 4 9 )  x or  s l v N o i s e G e n L f s r ( 7 3 )  

xor  s l v N o i s e G e n L f s r ( 4 1 )  ; 
s l v N o i s e G e n L f s r ( 3 0 )  x or  s l v N o i s e G e n L f s r ( 1 )  

xor  s l v N o i s e G e n L f s r (7 1 ; 
l v N o i s e G e n L f s r ( 6 )  x or  s l v N o i s e G e n L f s r ( 2 1 )  

xor  s l v N o i s e G e n L f s r ( 3 2 )  ; 
s l v N o i s e G e n L f s r ( 3 5 )  x or  s l v N o i s e G e n L f s r ( 2 7 )  

xor  s l v N o i s e G e n L f s r ( 5 )  ; 
l v N o i s e G e n L f s r ( 5 0 )  x or  s l v N o i s e G e n L f s r ( 6 0 )  

xor s l v N o i s e G e n L f s r ( 4 4 ) ; 
l v N o i s e G e n L f s r ( 4 )  x or  s l v N o i s e G e n L f s r ( 3 0 )  

xor  s l v N o i s e G e n L f s r ( 2 8 )  ; 
l v N o i s e G e n L f s r ( 1 2 )  x or  s l v N o i s e G e n L f s r ( 3 1 )  

xor s l v N o i s e G e n L f s r ( 2 1 )  ; 
l v N o i s e G e n L f s r ( 3 8 )  x or  s l v N o i s e G e n L f s r ( 7 2 )  
xor  s l v N o i s e G e n L f s r ( 3 9 ) ;
l v N o i s e G e n L f s r ( 2 4 )  x or  s l v N o i s e G e n L f s r ( 1 9 )  

xor  s l v N o i s e G e n L f s r ( 6 6 )  ; 
l v N o i s e G e n L f s r ( 2 7 )  x or  s l v N o i s e G e n L f s r ( 3 3 )  

xor  s l v N o i s e G e n L f s r ( 6 3 )  ; 
s l v N o i s e G e n L f s r ( 2 4 )  x or  s l v N o i s e G e n L f s r ( 3 8 )  

xor  s l v N o i s e G e n L f s r ( 5 )  ; 
s l v N o i s e G e n L f s r ( 4 )  x or  s l v N o i s e G e n L f s r ( 3 )  xor  s l v N o i s e G e n L f s r ( 4 0 )  xor  

xor s l v N o i s e G e n L f s r ( 7 2 )  ; 
l v N o i s e G e n L f s r ( 5 5 )  x or  s l v N o i s e G e n L f s r ( 7 2 )  

xor s l v N o i s e G e n L f s r ( 1 ) ;  
l v N o i s e G e n L f s r ( 6 5 )  x or  s l v N o i s e G e n L f s r ( 3 1 )  

xor s l v N o i s e G e n L f s r ( 1 3 )  ; 
l v N o i s e G e n L f s r ( 5 2 )  x or  s l v N o i s e G e n L f s r ( 4 3 )  

xor s l v N o i s e G e n L f s r ( 5 8 ) ; 
l v N o i s e G e n L f s r ( 6 1 )  x or  s l v N o i s e G e n L f s r ( 6 4 )  

xor  s l v N o i s e G e n L f s r ( 0 )  ; 
l v N o i s e G e n L f s r ( 4 2 )  x or  s l v N o i s e G e n L f s r ( 2 )  

xor s l v N o i s e G e n L f s r ( 5 8 ) ; 
l v N o i s e G e n L f s r ( 4 2 )  x or  s l v N o i s e G e n L f s r ( 6 9 )  

xor s l v N o i s e G e n L f s r ( 7 2 )  ; 
l v N o i s e G e n L f s r ( 3 7 )  x or  s l v N o i s e G e n L f s r ( 1 7 )  

xor s l v N o i s e G e n L f s r ( 2 8 ) ; 
l v N o i s e G e n L f s r ( 2 7 )  x or  s l v N o i s e G e n L f s r ( 5 7 )  

xor s l v N o i s e G e n L f s r ( 2 8 ) ; 
l v N o i s e G e n L f s r ( 4 9 )  x or  s l v N o i s e G e n L f s r ( 1 7 )  

xor s l v N o i s e G e n L f s r ( 3 4 )  ; 
l v N o i s e G e n L f s r ( 5 )  x or  s l v N o i s e G e n L f s r ( 0 )  xor s l v N o i s e G e n L f s r ( 6 )  xor  

xor s l v N o i s e G e n L f s r (3 1) ; 
l v N o i s e G e n L f s r ( 3 7 )  x or  s l v N o i s e G e n L f s r ( 4 9 )  
xor s l v N o i s e G e n L f s r ( 3 3 ) ;
l v N o i s e G e n L f s r ( 3 2 )  xor s l v N o i s e G e n L f s r ( 5 4 )  

xor s l v N o i s e G e n L f s r ( l l )  ; 
l v N o i s e G e n L f s r ( 1 4 )  x or  s l v N o i s e G e n L f s r (4 7 )  

xor s l v N o i s e G e n L f s r ( 6 9 ) ; 
l v N o i s e G e n L f s r ( 1 6 )  x or  s l v N o i s e G e n L f s r ( 5 8 )  

xor s l v N o i s e G e n L f s r ( 3 9 )  ;
l v N o i s e G e n L f s r  ( 3 4 )  x o r  s l v N o i s e G e n L f s r  ( 6 9 )

xor s l v N o i s e G e n L f s r ( 2 3 )  ; 
l v N o i s e G e n L f s r ( 1 5 )  x or  s l v N o i s e G e n L f s r ( 3 4 )  

xor  s l v N o i s e G e n L f s r ( 6 6 ) ; 
l v N o i s e G e n L f s r ( 1 7 )  x or  s l v N o i s e G e n L f s r (2 8 )  

xor s l v N o i s e G e n L f s r ( l  1) ; 
l v N o i s e G e n L f s r ( 4 8 )  x or  s l v N o i s e G e n L f s r ( 1 3 )  

xor s l v N o i s e G e n L f s r ( 5 7 )  ; 
l v N o i s e G e n L f s r ( 9 )  x or  s l v N o i s e G e n L f s r ( 2 5 )  xor  s l v N o i s e G e n L f s r ( 6 5 )  xor  

xor s l v N o i s e G e n L f s r ( 1 6 )  ; 
l v N o i s e G e n L f s r ( 4 7 )  x or  s l v N o i s e G e n L f s r ( 5 6 )  xor s l v N o i s e G e n L f s r ( 5 9 )  xor  

xor s l v N o i s e G e n L f s r ( 3 7 )  ;

xor s l v N o i s e G e n L f s r ( 5 5 )  xor  

xor s l v N o i s e G e n L f s r ( 3 6 )  xor  

xor s l v N o i s e G e n L f s r ( 5 2 )  xor  

xor s l v N o i s e G e n L f s r ( 5 7 )  xor  

xor s l v N o i s e G e n L f s r ( 7 1 )  xor  

xor s l v N o i s e G e n L f s r ( 7 3 )  xor  

xor s l v N o i s e G e n L f s r ( 2 2 )  xor 

xor  s l v N o i s e G e n L f s r ( 3 8 )  xor  

xor s l v N o i s e G e n L f s r ( 1 3 )  xor  

xor  s l v N o i s e G e n L f s r ( 3 3 )  xor  

xor  s l v N o i s e G e n L f s r ( 5 8 )  xor  

xor  s l v N o i s e G e n L f s r ( 5 5 )  xor  

xor  s l v N o i s e G e n L f s r ( 1 7 )  xor  

xor  s l v N o i s e G e n L f s r ( 3 3 )  xor  

xor  s l v N o i s e G e n L f s r ( 5 1 )  xor  

xor s l v N o i s e G e n L f s r ( 0 )  xor  

xor  s l v N o i s e G e n L f s r ( 3 9 )  xor  

xor  s l v N o i s e G e n L f s r ( 3 0 )  xor  

xor  s l v N o i s e G e n L f s r ( 3 2 )  xor  

xor  s l v N o i s e G e n L f s r ( 2 1 )  xor  

xor  s l v N o i s e G e n L f s r ( 7 2 )  xor  

xor  s l v N o i s e G e n L f s r ( 5 8 )  xor

xor s l v N o i s e G e n L f s r ( 6 2 )  xor  

xor s l v N o i s e G e n L f s r ( 3 3 )  xor  

xor s l v N o i s e G e n L f s r ( 3 2 )  xor  

xor  s l v N o i s e G e n L f s r ( 6 )  xor  

xor s l v N o i s e G e n L f s r !  14) xor  

xor  s l v N o i s e G e n L f s r ( 5 7 )  xor  

xor  s l v N o i s e G e n L f s r ( 2 2 )  xor  

xor s l v N o i s e G e n L f s r (  18) xor  

xor  s l v N o i s e G e n L f s r ( 6 0 )  xor

xor s l v N o i s e G e n L f s r ( 6 )  xor  

xor s l v N o i s e G e n L f s r ( 7 0 )  xor  

xor s l v N o i s e G e n L f s r ( 3 4 )  xor  

xor s l v N o i s e G e n L f s r ( 2 8 )  xor  

x o r  s l v N o i s e G e n L f s r ( 6 5 )  x o r  

xor s l v N o i s e G e n L f s r ( 1 3 )  xor  

xor s l v N o i s e G e n L f  sr  (5  1) xor  

xor s l v N o i s e G e n L f s r ( 3 )  xor
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s l v B i t s T o A d d  . N e x t  (2 5  1) < =  s l v N o i s e G e n L f s r  ( 5 9 )  xor s l v N o i s e G e n L f s r ( 3 4 )  xor s l v N o i s e G e n L f  sr  (1 8)  xor  
s l v N o i s e G e n L f s r ( 4 4 )  xor s l v N o i s e G e n L f s r ( 6 9 ) ; 

s l v B i t s T o A d d . N e x t  ( 2 5 2 )  < =  s l v N o i s e G e n L f s r  (5 1) x or  s l v N o i s e G e n L f s r ( 1 9 )  xor s l v N o i s e G e n L f s r  ( 5 0 )  x or  —1► 
s l v N o i s e G e n L f s r ( 2 6 )  xor s l v N o i s e G e n L f s r ( 3 5 ) ; 

s l v B i t s T o A d d _ N e x t ( 2 5 3 )  < =  s l v N o i s e G e n L f s r ( 3 8 )  xor  s l v N o i s e G e n L f s r ( 6 5 )  xor s l v N o i s e G e n L f s r ( 5 3 )  xor  —» 
s l v N o i s e G e n L f s r ( 1 6 )  xor s l v N o i s e G e n L f s r ( 5 4 ) ;

end p r o c e s s  GEN_BITS_TO_ADD; 

end a r c h i t e c t u r e  B e h a v i o r a l  ;

Listing B.6: InfoBitGenerator.vhd

F i l e n a m e : I n f o B i t G e n e r a t o r . v h d

C r e a t e d :  0 6  J u l y  2 0 0 4
M o d i f i e d :  01 S e p t e m b e r  2 0 0 4  
V e r s i o n :  $

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  Sw am y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g  

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T 6G  2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  a  s t a n d a r d  3 2 —b i t  L i n e a r  F e e d b a c k  S h i f t  R e g i s t e r  ( L F S R ) ,  t h a t
—  t a k e s  t w o  b i n a r y  i n p u t s ,  a  3 2 — b i t  v e c t o r  a n d  o u t p u t s  o n e  b i t .
—  T h i s  L F S R  g e n e r a t e s  p s e u d o - r a n d o m  n u m b e r s  i e . 2 * 3 2 - 1  = 4 , 2 9 4 , 9 6 7 , 2 9 5
—  n u m b e r s .  A l s o  i n c l u d e s  o t h e r  t e s t  m o d e  s e q u e n c e s .

—  I N P U T S :

—  OUTPUTS:

—  R e f e r e n c e s  : T h i s  c o d e  i s  a d a p t e d  f r o m  t h e  o r i g i n a l .  T h e  o r i g i n a l  r e s i d e s  on
—  t h e  E E 5 5 2  a p p l i c a t i o n  n o t e s :
—  h t t p  : / / w w w .  e e  . u a l b e r t a . c a / ' e l l i o t t  /  e e 5 5 2  /  s t u d e n t  A p p N o t e s  / 1 9 9 9 f  /
—  D r i v e r s . E d / l f s r . h t m l

l ib r a r y  IEEE;
u se  I E E E .S T D .L O G IC .  1164 .ALL; 
u se  IE EE .ST D XOG IC -A RIT H .ALL; 
u se  IEEE.STD-LOGIC-UNSIGNED.ALL;

u se  w o r k . L d p c c P a c k a g e F o r I c f a a l p 2  .ALL;

e n t i t y  I n f o B i t G e n e r a t o r  is

g e n e r ic  (
n N u m B i ts :  i n t e g e r  := 32
) ;

p o r t  (
—  i n p u t s  
c l k C l o c k  
s lL o a d  
r s t R e s e t  
s l v S e e d
s l v T e s t P a t t e r n

—  o u t p u t s
p h P h a s e O u t  : o u t  P h a s e ;  
s l S e r i a l O u t  : o u t  s t d . l o g i c ) ;  

end I n f o B i t G e n e r a t o r ;

s t d . l o g i c  ; —  c l o c k
s t d . l o g i c  ; —  a c t i v e  h i g h  l o a d
s t d . l o g i c ;  —  a c t i v e  h i g h  r e s e t
s t d . l o g i c . v e c t o r  ( n N u m B i t s - 1  dow nto 0 ) ;  —  i n i t i a l  p a r a l l e l  s e e d  v a l u e
s t d . l o g i c  . v e c t o r  (2  dow nto 0 ) ;  —  t y p e  o f  t e s t  p a t t e r n

s e r i a l  o u t p u t  ( r i g h t m o s t  r e g i s t e r )

a r c h i t e c t u r e  p s e u d o - s e q u e n c e  o f  I n f o B i t G e n e r a t o r  i s

s ig n a l  s l v L f s r R e g :  s t d . l o g i c  . v e c t o r  ( n N u m B i t s - 1  dow nto 0 ) ;  
s ig n a l  s l v L f s r R e g . N e x t  : s t d . l o g i c . v e c t o r ( n N u m B i t s —1 dow nto 0 ) ;

s ig n a l  s l A l t e r n a t i n g B i t  s t d . l o g i c ;  —  v a l u e  f o r  t h e  a l t e r n a t e  t e s t  s e q u e n c e
s ig n a l  s l A l t e r n a t i n g B i t . N e x t  : s t d . l o g i c  ;

s ig n a l  s l I n f o B i t D e l a y l  : s t d . l o g i c ;  
s ig n a l  s l I n f o B i t D e l a y l . N e x t  : s t d . l o g i c ;

s ig n a l  s l I n f o B i t D e l a y 2  : s t d . l o g i c ;  
s ig n a l  s l I n f o B i t D e l a y 2 _ N e x t  : s t d . l o g i c ;

s ig n a l  s l I n f o B i t D e l a y 3  : s t d . l o g i c ;  
s ig n a l  s l I n f o B i t D e l a y 3 . N e x t  : s t d . l o g i c ;
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s ig n a l  s l I n f o B i t D e l a y 4  s t d . l o g i c  ; 
s ig n a l  s l I n f o B i t D e l a y 4 _ N e x t  : s t d . l o g i c ;

s ig n a l  p h P h a s e  : P h a s e ;
s ig n a l  p h P h a s e . N e x t  : P h a s e ;

—  T a p  c o n f i g u r a t i o n : o n e s  d e p i c t  a  f e e d b a c k  c o n n e c t i o n  ( o c c u r  a t  1 , 5 , 6 , 3 1 )  
s ig n a l  s l v T a p C o n f i g :  s t d . l o g i c . v e c t o r  ( n N u m B i t s —1 dow nto 0 ) ;

b e g in  —  p s e u d o - s e q u e n c e

—  A S S I G N - O U T P U T
—  T h i s  p r o c e s s  o n l y  a s s i g n s  t h e  o u t p u t  w i r e  w i t h  t h e  c o r r e c t  t e s t  p a t t e r n
—  r e s u l t .  A  T e s t P a t t e r n  i s  r e q u i r e d  t o  s e l e c t  a m o n g  t h e  d i f f e r e n t  m o d e s .

ASSIGNjOUTPUT : p r o c e ss  ( s l A l t e r n a t i n g B i t  , s l v L f s r R e g  , s l I n f o B i t D e l a y 4  , 
s l v T e s t P a t t e r n  , p h P h a s e  )

b e g in
c a s e  s l v T e s t P a t t e r n  is  

when ” 0 0 0 ” =>
s l S e r i a l O u t  < =  s l v L f s r R e g  (nNum Bits  — 1);  

when ” 0 0 1 ” =>
s l S e r i a l O u t  < =  s l A l t e r n a t i n g B i t ;  

when ” 0 1 0 ” =>
s l S e r i a l O u t  < =  s l I n f o B i t D e l a y 4  ; 

when o t h e r s  =>
s l S e r i a l O u t  < =  ’O ’ ; 

end c a s e ;
p h P h a s e O u t  O  p h P h a s e  ; 

end p r o c e ss  ASSIGNjOUTPUT;

—  To g e n e r a t e  o u r  d a t a  i s  a  r e a s o n a b l y  r a n d o m  w a y  we u s e  a 32  b i t  LF SR
—  w i t h  p r i m i t i v e  p o l y n o m i a l

—  x ' 3 2  + x A7 + x A6  + x ' 2  + 1

—  a n d  t h e n  t a k e  s p a c e d  o u t p u t s  o f  t h a t  a n d  p l a c e  t h e s e  i n  a  d e l a y  l i n e .
—  N o t e  t h e  d a t a  i s  v e r y  c o r r e l a t e d  a n d  u n i f o r m .  I t  i s  f o r  t e s t  p u r p o s e s
—  o n l y  . . .

DATA.LFSR : p r o c e ss  ( s l v L f s r R e g  , s lL o ad  , s l v S e e d  ) is  
b e g in

i f  ( s lL o a d  = ’ 1 ’ ) th en  
s l v L f s r R e g . N e x t  < =  s l v S e e d ;  

e l s e
s l v L f s r R e g . N e x t  ( 0 )  < =  s l v L f s r R e g  ( 3 1 )  xor  s l v L f s r R e g  (6 )  

xor s l v L f s r R e g  ( 5 )  xor s l v L f s r R e g  ( 1 ) ;  
s l v L f s r R e g _ N e x t ( 3 1  dow nto 1) < =  s l v L f s r R e g  (3 0  dow nto 0 ) ;  

end i f ;

end p r o c e ss  DATAXFSR;

T E ST .S E Q U E N CE
T h i s  p r o c e s s  o u t p u t s  t h e  v a l u e s  i n  t h e  r e g i s t e r s  , i n i t i a l l y  s e t ,  a n d  
t h e n  o u t p u t s  z e r o e s  f o r e v e r .

TEST.SEQUENCE: p r o c e s s  ( s l I n f o B i t D e l a y  1 , s l I n f o B i t D e l a y 2  , s l I n f o B i t D e l a y 3  
s l A l t e r n a t i n g B i t  ) 

b e g i n  —  p r o c e s s  TEST- SE QU EN CE

s l I n f o B i t D e l a y l . N e x t  < =  ’O ’ ; 
s l I n f o B i t D e l a y 2 _ N e x t  < =  s l I n f o B i t D e l a y l  
s l I n f o B i t D e l a y 3 . N e x t  < =  s l I n f o B i t D e l a y 2  
s l I n f o B i t D e l a y 4 . N e x t  < =  s l I n f o B i t D e l a y 3

s l A l t e r n a t i n g B i t . N e x t  < =  s l A l t e r n a t i n g B i t  x o r  ’ 1 ’ ;

e n d  p r o c e s s  TEST.SEQUENCE;

CLOCK .UPDATE

PHASE-COUNTER : p r o c e s s  ( p h P h a s e  ) i s  
b e g i n

i f  ( p h P h a s e  = PHASEJviAXIMUM ) t h e n  
p h P h a s e . N e x t  < =  ( o t h e r s = > ’O’) ;

e ls e
p h P h a s e . N e x t  < =  p h P h a s e  + ” 0 0 0 0 0 0 0 1 ” ;
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end i f ;  
end  p r o c e s s  PHASE-COUNTER;

—  CLOCK.UP DA TE

CLOCK-UPDATE : p r o c e ss  ( c l k C l o c k  ) is  
b e g in

i f  ( c l k C l o c k  ’ e v e n t  and c l k C l o c k  = ’ l ’ ) th en

i f  ( r s t R e s e t  = ’ 1 ’ ) th en
s l v T a p C o n f i g  < =  ” 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 ”
s l A l t e r n a t i n g B i t  < =  ’ 1 ’ ;
s l v L f s r R e g  < =  ( o t h e r s  => ’ 1 ’ ) ;
s l I n f o B i t D e l a y  1 < =  ’ 1 ’ ;
s l I n f o B i t D e l a y 2  < =  ’ 1 ’ ;
s l I n f o B i t D e l a y 3  < =  ’ 1 ’ ;
s l I n f o B i t D e l a y 4  < =  ’ 1 ’ ;
p h P h a s e  < =  ( o t h e r s = > ’ O’ ) ;

e l s e
< =  s l A l t e r n a t i n g B i t . N e x t ;
< =  s l v L f s r R e g . N e x t ;
< =  s l I n f o B i t D e l a y l - N e x t ;
< =  s l I n f o B i t D e l a y 2 _ N e x t ;
< =  s l I n f o B i t D e l a y 3 _ N e x t ;
< =  s l I n f o B i t D e l a y 4 _ N e x t ;
< =  p h P h a s e . N e x t ;

end

s l A l t e r n a t i n g B i t
s l v L f s r R e g
s l I n f o B i t D e l a y l
s l I n f o B i t D e l a y 2
s l I n f o B i t D e l a y 3
s l I n f o B i t D e l a y 4
p h P h a s e
i f ;

end i f ;

end p r o c e s s  CLOCK-UPDATE; 

end p s e u d o _ s e q u e n c e ;

Listing B.7: SlvOneCounter.vhd

F i l e n a m e : S l v O n e C o u n t e r . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S w am y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T6G 2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  a  g e n e r i c  c h a n n e l  e m u l a t o r  b l o c k  w h i c h  t a k e s  ( i n  t h i s  c a s e )  t w o  b i n a r y
—  i n p u t s  a t  a  t i m e  a n d  e m u l a t e s  a  B P S K  c h a n n e l  w i t h  n o i s e  a n d  a A G C  a n d  L o g L i k l i h o o d
—  c o n v e r s i o n  b l o c k .  I t  h a s  a  n u m b e r  o f  p a r a m e t e r s  w h i c h  a r e  s e t  b y  a c o n t r o l
—  i n p u t  ( w h i c h  a l s o  a f f e c t s  o t h e r  b l o c k s ) .

l ib r a r y  IEEE;
u se  I E E E .S T D -L O G IC -1 1 64 .ALL; 
u se  I EE E .S TD X O G IC .A RIT H .ALL; 
u se  IEEE.STDXOGIC.UNSIGNED .ALL;

u se  work . L d p c c P a c k a g e F o r I c f a a l p 2  .ALL;

e n t i t y  S l v O n e C o u n t e r  is  
p o r t

( s l v l n p u t  ; in  s t d _ l o g i c _ v e c t o r  (1 2 6  dow nto 0 ) ;  
s l v O u t p u t  ; o u t  s t d - l o g i c . v e c t o r  (6 dow nto 0 )

) ;
e n d  e n t i t y  ;

a r c h i t e c t u r e  B e h a v i o r a l  o f  S l v O n e C o u n t e r  is

—  COMPONENTS

—  C o m p o n e n t s  w h i c h  we i n s t a n t i a t e  w i t h i n  t h e  m a i n
—  b l o c k .

s i g n a l  s l v I n p u t S i g n E x t  : N o i s e A r r a y ;
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b e g i n

—  S I G N . E X T E N D J N P U T

GENERATE.NOISE : p r o c e s s  ( s l v l n p u t )  i s  
b e g in

f o r  n T h i s R e g  in  0 to  126 lo o p
s l v I n p u t S i g n E x t ( n T h i s R e g )  ( 0 )  < =  s l v l n p u t  ( n T h i s R e g  ) ;  
s l v I n p u t S i g n E x t (  n T h i s R e g ) (6  dow nto 1) < =  ” 0 0 0 0 0 0 ” ; 

end  lo o p ;

end  p r o c e ss  GENERATE.NOISE;

A D D J T . U P

ADD.IT.UP : p r o c e ss  ( s l v I n p u t S i g n E x t )  is  
b e g in

s l v O u t p u t  < =
s l v I n p u t S i g n E x t  (0 ) s l v I n p u t S i g n E x t (  1) +

s l v ! n p u t S i g n E x t ( 4 ) + s l v I n p u t S i g n E x ( 5 )  + s l v I n p u t S i g n E x t  ( 6 )  +
s v l n p u S g n E x t 7) 4 s l v I n p u t S i g n E x t ( 8 ) s lv n p u t S i g n E x t ( 9 + -*

v l n p u S g n E x t 10) + s l v I n p u t S g n E x t 11 + s V n p u t S i g n E x t 12 +
v l n p u S g n E x t 13) + s l v I n p u t S g n E x t 14 + s V n p u t S i g n E x t 15 + —►

s v l n p u s g n E x t 16) + s l v I n p u t S g n E x t 17 + s V n p u t S i g n E x t 18 + -*
s v l n p u S g n E x t 19) + s l v I n p u t S g n E x t 20 + s V n p u t S i g n E x t 21 + -»
s v l n p u s g n E x t 22 ) + s l v I n p u t S g n E x t 23 + s V n p u t S i g n E x t 24 + ->

v l n p u s g n E x t 25 ) + s l v I n p u t S g n E x t 26 + s V n p u t S i g n E x t 27 +
v l n p u s g n E x t 2 8 ) + s l v I n p u t S g n E x t 29 + s V n p u t S i g n E x t 30 + -*
v l n p u s g n E x t 3 1 ) + s l v I n p u t S g n E x t 32 + s V n p u t S i g n E x t 33 +

s v l n p u s g n E x t 34 ) + s l v I n p u t S g n E x t 35 + s V n p u t S i g n E x t 36 + —►
s v l n p u s g n E x t 3 7 ) + s l v I n p u t S g n E x t 38 + s V n p u t S i g n E x t 39 + —►

«-►s v l n p u s g n E x t 4 0 ) + s l v I n p u t S g n E x t 41 + s V n p u t S i g n E x t 42 +
v l n p u s g n E x t 4 3 ) + s l v I n p u t S g n E x t 44 + s V n p u t S i g n E x t 45 +
v l n p u s g n E x t 4 6 ) + s l v I n p u t S g n E x t 47 + s V n p u t S i g n E x t 48 +
v l n p u s g n E x t 4 9 ) + s l v I n p u t S g n E x t 50 + s V n p u t S i g n E x t 51 +

s v l n p u s g n E x t 52 ) + s l v I n p u t S g n E x t 53 + s V n p u t S i g n E x t 54 + —►
s v l n p u s g n E x t 55 ) + s l v I n p u t S g n E x t 56 + s V n p u t S i g n E x t 57 +
s v l n p u s g n E x t 58 ) + s l v I n p u t S g n E x t 59 + s V n p u t S i g n E x t 60 +
s v l n p u s g n E x t 61 ) + s l v I n p u t S g n E x t 62 + s V n p u t S i g n E x t 63 + —►

«-► s v l n p u s g n E x t 64 ) + s l v I n p u t S g n E x t 65 + s V n p u t S i g n E x t 66 +
s v l n p u s g n E x t 67 ) + s l v I n p u t S g n E x t 68 + s V n p u t S i g n E x t 69 +
s v l n p u s g n E x t 70 ) + s l v I n p u t S g n E x t 71 + s V n p u t S i g n E x t 72 + —►

v l n p u s g n E x t 73 ) + s l v I n p u t S g n E x t 74 + s V n p u t S i g n E x t 75 + -»
«-> s v l n p u s g n E x t 76 ) + s l v I n p u t S g n E x t 77 + s V n p u t S i g n E x t 78 +

s v l n p u s g n E x t 79 ) + s l v I n p u t S g n E x t 80 + s V n p u t S i g n E x t 81 + -*
«-► s v l n p u s g n E x t 82 ) + s l v I n p u t S g n E x t 83 + s V n p u t S i g n E x t 84 + —*

v l n p u s g n E x t 85 ) + s l v I n p u t S g n E x t 86 + s V n p u t S i g n E x t 87 + —►
*-» s v l n p u s g n E x t 88 ) + s l v I n p u t S g n E x t 89 + s V n p u t S i g n E x t 90 + ->

s v l n p u s g n E x t 9 1 ) + s l v I n p u t S g n E x t 92 + s V n p u t S i g n E x t 93 + -*
s v l n p u s g n E x t 94 ) + s l v I n p u t S g n E x t 95 + s V n p u t S i g n E x t 96 + -»
s v l n p u s g n E x t 97 ) + s l v I n p u t S g n E x t 98 + s V n p u t S i g n E x t 99 + —»
s v l n p u s g n E x t 100) + s l v I n p u t S i g n E x ( 1 0 1 )  + s v I n p u t S i g n E x t ( 0 2 )  + -»
s v l n p u s g n E x t 103) + s l v I n p u t S i g n E x ( 1 0 4 )  + s v I n p u t S i g n E x t ( 0 5 )  + —*
s v l n p u s g n E x t 106) + s l v I n p u t S i g n E x t ( 1 0 7 )  + s v I n p u t S i g n E x t ( 0 8 )  +
s v l n p u s g n E x t 109 ) + s l v I n p u t S i g n E x ( H O )  + s v I n p u t S i g n E x t ( 11) + -*
s v l n p u s g n E x t 11 2) + s l v I n p u t S i g n E x ( 1 1 3 )  + s v I n p u t S i g n E x t ( 14) + —>

«-► s v l n p u s g n E x t 11 5) s l v I n p u t S i g n E x ( 1 1 6 )  + s v I n p u t S i g n E x t ( 17 )  + -*
<—► v l n p u s g n E x t 118) + s l v I n p u t S i g n E x ( 1 1 9 )  + s v I n p u t S i g n E x t ( 2 0 )  + —►

s v l n p u s g n E x t 12 1) + s l v I n p u t S i g n E x ( 1 2 2 )  + s v I n p u t S i g n E x t ( 2 3 )  + —►
s v l n p u s g n E x t 12 4) + s l v I n p u t S i g n E x ( 1 2 5 )  + s v I n p u t S i g n E x t ( 2 6 ) ;

v I n p u t S i g n E x t ( 2 )  + s l v ! n p u t S i g n E x t ( 3 )  +

end p r o c e ss  ADD.IT .U P;

end B e h a v i o r a l ;

Listing B.8: Icfaalp20utputlnterface.vhd

F i l e n a m e : l c f a a l p 2 0 u t p u t I n t e r f a c e  . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4  
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S w a m y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g  

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T6G 2 V 4 .
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—  D e s c r i p t i o n

—  T h i s  i s  t h e  VHDL f i l e  f o r  t h e  1 C FA AL P2  o u t p u t  i n t e r f a c e  w h i c h  i s  t o  b e
—  f a b r i c a t e d  b y  TSMC 0 . 1 8 u .

l i b r a r y  IE EE;
u s e  IEEE.STD -L O GIC-1164 .A LL;  
u s e  IEEE . STDJLOGIC-ARITH. AL L; 
u s e  I E E E . STD-LOGIC_UNSIGNED. ALL;

—  C a v e a t  E m p o r e ! !  T h e  p a c k a g e  b e l o w  h a s  t h e  s a m e  n a m e  a s  f o r  o t h e r  p r o j e c t s  b u t
—  i t  s h o u l d  b e  l o a d e d  f r o m  t h e  LCFAALP1 d i r e c t o r y  t o  e n s u r e  c o r r e c t  w o r d  l e n g t h s
—  e t c .  T H I S  W ILL B E  DONE FOR YOU I F  YOU USE  TH E L c f a a l p l  S c r i p t . d o  S C R I P T  I N  THE
—  MODELSIM D I R E C T O R Y ! ! ! !

u s e  work  . L d p c c P a c k a g e F o r I c f a a l p 2  .ALL;

e n t i t y  O u t p u t l n t e r f a c e  is
P o r t  ( —  I n p u t s  f r o m  P i n s  

s i v C o n t r o l F p
—  Common  I n p u t s  
c l k C l o c k  
r s t R e s e t

—  I n p u t s  f r o m  E n c o d e r  
b i t l n f o B i t l n E n c  in  L o g i c B i t ;  
b i t C o d e B i t l n E n c  : i n  L o g i c B i t ;
—  I n p u t s  f r o m  I n p u t  I n t e r f a c e ;
U r d u I n f o L l r D e l a y U n i t l n l p I f in L o g L i k e R a t i o D e l a y U n i t  ;
U r d u C o d e L l r D e l a y U n i t l n l p I f in L o g L i k e R a t i o D e l a y U n i t  ;
p h P h a s e l n l p I f in P h a s e ;
p h a P h a s e O f f s e t l n l p I f in P h a s e A r r a y  ;
—  I n p u t s  f r o m  P r o c e s s o r s
U r d u a l n f o L l r D e l a y U n i t l n P r o in L o g L i k e R a t i o D e l a y U n i t A r r a y  ;
U r d u a C o d e L l r D e l a y U n i t l n P r o  : in L o g L i k e R a t i o D e l a y U n i t A r r a y  ;
—  I n p u t s  f r o m  S i g n  E x t r a c t o r
l b l n f o B i t l n S g n E x in L o g i c B i t ;
l b C o d e B i t l n S g n E x in L o g i c B i t ;
—  I n p u t s  f r o m  E r r o r  C o u n t e r
s l v B l o c k C o u n t L o g 2 I n E r r in s t d - l o g i c . v e c t o r  (7 d o w n to  0)
—  O u t p u t s  t o  P r o c e s s o r s
p h P h a s e O u t P r o  ; ou t P h a s e ;

p h a P h a s e O f f s e t O u t P r o  : o u t  P h a s e A r r a y  ;
U r d u a l n f o L l r D e l a y U n i t O u t P r o  : o u t L o g L i k e R a t i o D e l a y U n i t A r r a y  ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o  : o u t  L o g L i k e R a t i o D e l a y U n i t A r r a y  ;

—  O u t p u t s  t o  S i g n  E x t r a c t o r s
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  : o u t L o g L i k e R a t i o D e l a y U n i t  ; 
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  : o u t L o g L i k e R a t i o D e l a y U n i t  ;
—  O u t p u t s  t o  P i n s
s lv H i g h S p e e d O u t p u t s T p  : o u t  s t d - l o g i c . v e c t o r  ( NUM-HIGH.SPEED-OPS-1 dow nto 0 )
) ;

end e n t i t y  O u t p u t l n t e r f a c e ;

a r c h i t e c t u r e  B e h a v i o r a l  o f  O u t p u t l n t e r f a c e  is

s ig n a l  s l v H i g h S p e e d O u t p u t s T p I n t  s t d _ l o g i c _ v e c t o r  ( 2 * ( n L l r W i d t h + 2 ) - l  dow nto 0 ) ;

s ig n a l  s l v H i g h S p e e d O u t p u t s T p . R e g  : s t d . l o g i c _ v e c t o r  ( NUM-HIGHJSPEED-OPS-l dow nto 0 ) ;  
s ig n a l  s l v H i g h S p e e d O u t p u t s T p - R e g - N e x t  : s t d - l o g i c . v e c t o r  ( NUM-HIGH-SPEED-OPS-1 dow nto 0  ) ;

i n  s t d _ l o g i c _ v e c t o r  ( NUM_CONTROL_BITS— 1 d o w n to  0 ) ;

i n  L o g i c B i t ; 
in  L o g i c B i t ;

b e g i n

—  T h i s  e n t i t y  i s  s i m p l y  a  b i g  m u x  w h i c h  i s  d r i v e n  b y  t h e  c o n t r o l  s i g n a l
—  s i v C o n t r o l F p  . D e p e n d i n g  o n  i t s  v a l u e  c e r t a i n  i n p u t s  g e t  d r i v e n  t o
—  c e r t a i n  o u t p u t s .

—  D I R E C T  A S S I G N M E N T S

—  T h i s  p r o c e s s  a l w a y s  a s s i g n s  c e r t a i n  s i g n a l s  t o  c e r t a i n  o u t p u t s  r e g a r d l e s s  o f  t h e
 i n p u t  c o n t r o l  s i g n a l .

DIRECT-ASSIGNMENTS : p r o c e s s  ( p h P h a s e l n l p I f  , b i t l n f o B i t l n E n c  , b i t C o d e B i t l n E n c  ,
l b l n f o B i t l n S g n E x ,  l b C o d e B i t l n S g n E x  , s i v C o n t r o l F p  , s l v B l o c k C o u n t L o g 2 I n E r r  , 
s l v H i g h S p e e d O u t p u t s T p I n t , s l v H i g h S p e e d O u t p u t s T p - R e g  ) i s

b e g i n

— s l v H i g h S p e e d O u t p u t s T p !  s l v H i g h S p e e d O u t p u t s T p  ' l e f t ( I )  d o w n t o  1 5 )  < =  ( o t h e r s  = >  ’O' ) ;  
s l v H i g h S p e e d O u t p u t s T p _ R e g _ N e x t ( 2 * ( n L l r W i d t h + 2 ) + 3 )  < =  l b l n f o B i t l n S g n E x  ; 
s l v H i g h S p e e d O u t p u t s T p - R e g . N e x t  ( 2 *  ( n L l r W i d t h + 2 ) + 2 )  < =  l b C o d e B i t l n S g n E x ; 
s l v H i g h S p e e d O u t p u t s T p . R e g _ N e x t ( 2 * ( n L l r W i d t h + 2 )  + l )  < =  b i t l n f o B i t l n E n c  ; 
s l v H i g h S p e e d O u t p u t s T p  - R e g - N e x t  (2  * (  n L l r W i d t h  + 2 ) )  < =  b i t C o d e B i t l n E n c  ;
p h P h a s e O u t P r o  < =  p h P h a s e l n l p I f ;
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s l v H i g h S p e e d O u t p u t s T p < =  s l v H i g h S p e e d O u t p u t s T p . R e g ;

—  S o m e  o f  t h e  o u t p u t s  o f  t h e  h i g h  s p e e  d b u s  c a n  v a r y  d e p e n d i n g
—  o n  t h e  i n p u t  c o n t r o l  v e c t o r .  I n  f a c t  i t  w o r k s  l i k e  t h i s .
—  X X X . X X I I  i m p l i e s  o u t p u t  c o n t r o l  v e c t o r  on  o u t p u t  ( f o r  t e s t )
—  1XX X X X 0X  i m p l i e s  o u t p u t  B ER  e s t i m a t e
—  O X X X .O X  i m p l i e s  L L R s .

i f  ( s i v C o n t r o l F p  ( 1 dow nto 0) = " 1 1 ” ) th en
s l v H i g h S p e e d O u t p u t s T p _ R e g _ N e x t  < =  s i v C o n t r o l F p  ( NUM_HIGH_SPEED_OPS-1 dow nto 0 ) ;  

e ls e
i f  ( s i v C o n t r o l F p  ( 1 7) = ’ 1 ’ ) th en

s l v H i g h S p e e d O u t p u t s T p . R e g _ N e x t (7 dow nto 0) < =
s l v H i g h S p e e d O u t p u t s T p . R e g _ N e x t ( 2 * ( n L l r W i d t h + 2 ) - l  dow nto 8) < =  

w  + 2 )—1 dow nto  8 );
e ls e

s l v H i g h S p e e d O u t p u t s T p . R e g . N e x t ( 2 * ( n L l r W i d t h + 2 ) - l  dow nto 0) < =
+ 2 ) - l  dow nto 0 ) ;

end i f  ; 
end i f ;

end p r o c e s s  DIRECT.ASSIGNMENTS;

—  CLOCK-UPDATE

—  T h i s  i s  t h e  p r o c e s s  w h i c h  u p d a t e s  a l l  t h e  r e g i s t e r s
—  w i t h  t h e i r  n e w  v a l u e s .

CLOCK-UPDATE : p r o c e s s  ( c l k C l o c k  ) is  
b e g in

i f  ( c l k C l o c k  ’ e v e n t  and c l k C l o c k = ’ l ’ ) th en  

i f  ( r s t R e s e t  = ’ 1 ’ ) th en

s l v H i g h S p e e d O u t p u t s T p . R e g  < =  ( o t h e r s = > ’0 ’);  

e l s e

s l v H i g h S p e e d O u t p u t s T p . R e g  < =  s l v H i g h S p e e d O u t p u t s T p . R e g . N e x t ;  

end i f ;  

end i f ;  

end p r o c e ss  CLOCK-UPDATE;

—  P R O C E S S O R  J N P U T S

—  We c a n  t a k e  t h e  L L R s  f r o m  t h e  I n p u t l n t e r f a c e  a n d  p l a c e  t h e m  i n t o  a n y
—  o n e  o f  t h e  p r o c e s s o r s . We t h e n  t a k e  t h e  o u t p u t s  t o  t h e  i n p u t s  a n d  l o o p
—  a r o u n d  t o  t h e  b e g i n n i n g .  T h i s  a l l o w s  u s  t o  a l l o c a t e  a n y  p r o c e s s o r  a s
—  t h e  1 s t  o n e .

PROCESSORJNPUTS : p r o c e ss  ( p h a P h a s e O f f s e t l n l p I f , U r d u I n f o L l r D e l a y U n i t l n l p I f  ,
U r d u C o d e L l r D e l a y U n i t l n l p I f , U r d u a l n f o L l r D e l a y U n i t l n P r o ,  
U r d u a C o d e L l r D e l a y U n i t l n P r o  , s i v C o n t r o l F p  ) is

b e g in

c a s e  s i v C o n t r o l F p  ( 7 dow nto 4 ) i s  
when ” 0 0 0 0 ” =>
p h a P h a s e O f f s e t O u t P r o  < =  p h a P h a s e O f f s e t l n l p I f ;  
l l r d u a l n f o L l r  D e l a y  U n i  t O u t P r o ( O )
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s  - 1  dow nto 1) 

dow nto 0 ) ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 0 )
H r d u a C o d e L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s  - 1  dow nto 1) 

dow nto 0 ) ;
w h e n  " O O O l ”  = >
p h a P h a s e O f f s e t O u t P r o ( n N u m P r o c e s s o r s - 1  dow nto 1) < =  p h a P h a s e O f f s e t l n l p I f (8 dow nto 0 ) ;  
p h a P h a s e O f f s e t O u t P r o ( l - 1  dow nto 0) < =  p h a P h a s e O f f s e t l n l p I f  ( n N u m P r o c e s s o r s - 1  dow nto 9 ) ;
H r d u a l n f o L l r D e l a y U n i t O u t P r o ( l )  < =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s - l  dow nto 2) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  —► 

^ d o w n t o  1 );
H r d u a l n f o L l r D e l a y U n i t O u t P r o ( O )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 1 )  < =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s - 1  dow nto 2) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  —► 

^ d o w n t o  1) ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 0 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
when ” 0 0 1 0 ” =>
p h a P h a s e O f f s e t O u t P r o ( n N u m P r o c e s s o r s - 1  dow nto 2) < =  p h a P h a s e O f f s e t l n l p I f (7 dow nto 0 ) ;
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< =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;
< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 2  —* 

< =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;
< =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  -♦

s l v B l o c k C o u n t L o g 2 I n E r r  ; 
s l v H i g h S p e e d O u t p u t s T p I n t ( 2 * (  n L l r W i d t h

s l v H i g h S p e e d O u t p u t s T p I n t ( 2 * (  n L l r W i d t h
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p h a P h a s e O f f s e t O u t P r o ( 2 - l  dow nto 0) < =  p h a P h a s e O f f s e t l n l p l f ( n N u m P r o c e s s o r s - 1  dow nto 8 ) ;
l l r d u a I n f o L l r D e l a y U n i t O u t P r o ( 2 )  < =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s  —1 d ow nto  3) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 2  

c-» dow nto 2 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( l  dow nto 1) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  (0  dow nto 0 ) ;  
H r d u a l n f o L l r D e l a y U n i t O u t P r o ( O )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  — 1); 
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 2 )  < =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( n N u m P r o c e s s o r s - 1  d ow nto  3) < =  l l r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

«-* dow nto 2 ) ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o (1 dow nto 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (0  dow nto 0 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 0 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
when ” 0 0 1 1 ” =>
p h a P h a s e O f f s e t O u t P r o (  n N u m P r o c e s s o r s  —1 dow nto 3) < =  p h a P h a s e O f f s e t l n l p I f  (6 dow nto 0 ) ;  
p h a P h a s e O f f s e t O u t P r o ( 3 - l  dow nto 0)  < =  p h a P h a s e O f f  s e t l n l p l f  ( n N u m P r o c e s s o r s - 1  dow nto 7 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( 3 )  < =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s - 1  d ow nto  4)  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

<-*■ dow nto 3 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( 2  dow nto 1) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 dow nto 0 ) ;  
H r d u a l n f o L l r D e l a y U n i t O u t P r o ( O )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 3 )  < =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( n N u m P r o c e s s o r s - 1  dow nto 4) < =  l l r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

^ d o w n t o  3 ) ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o (2 dow nto 1) < =  l l r d u a C o d e L l r D e l a y U n i t l n P r o  (1 dow nto 0 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 0 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
when ” 0 1 0 0 ” =>
p h a P h a s e O f f s e t O u t P r o ( n N u m P r o c e s s o r s - l  dow nto 4) < =  p h a P h a s e O f f s e t l n l p I f (5 dow nto 0 ) ;  
p h a P h a s e O f f s e t O u t P r o ( 4 - l  dow nto 0) < =  p h a P h a s e O f f s e t l n l p I f ( n N u m P r o c e s s o r s - 1  dow nto 6 ) ;
l l r d u a I n f o L l r D e l a y U n i t O u t P r o ( 4 )  < =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s - 1  dow nto 5) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

t-+ d ow nto  4 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( 3  dow nto 1) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  (2  dow nto 0 ) ;  
H r d u a l n f o L l r D e l a y U n i t O u t P r o ( O )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 4 )  < =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( n N u m P r o c e s s o r s - 1  dow nto 5) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

^  dow nto 4 ) ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o (3 dow nto 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (2  dow nto 0 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 0 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
when ”0 1 0 1 ” =>
p h a P h a s e O f f s e t O u t P r o ( n N u m P r o c e s s o r s - 1  dow nto 5) < =  p h a P h a s e O f f s e t l n l p I f (4  dow nto 0 ) ;  
p h a P h a s e O f f s e t O u t P r o ( 5  —1 dow nto 0)  < =  p h a P h a s e O f f s e t l n l p I f ( n N u m P r o c e s s o r s —1 dow nto 5 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( 5 )  < =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;
l l r d u a l n f  o L l r  D e l a y  U n i t  O u t  P r o  ( n N u m P r o c e s s o r s  — 1 dow nto 6) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 2  

^ d o w n t o  5 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( 4  dow nto 1) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o (3 dow nto 0 ) ;  
H r d u a l n f o L l r D e l a y U n i t O u t P r o ( O )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  — 1); 
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 5 )  < =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s - 1  dow nto 6) < =  l l r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

<-+ dow nto 5 ) ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o (4  dow nto 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (3 dow nto 0 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o ( 0 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
when ” 0 1 1 0 ” =>
p h a P h a s e O f f s e t O u t P r o ( n N u m P r o c e s s o r s - l  dow nto 6) < =  p h a P h a s e O f f s e t l n l p I f (3 dow nto 0 ) ;  
p h a P h a s e O f f s e t O u t P r o ( 6 - 1 dow nto 0) < =  p h a P h a s e O f f s e t I n I p I f ( n N u m P r o c e s s o r s - l  dow nto 4 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( 6 )  < =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s - l  dow nto 7) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

dow nto 6 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( 5  dow nto 1) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o (4  dow nto 0 ) ;  
H r d u a l n f o L l r D e l a y U n i t O u t P r o ( O )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o ( 6 )  < =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;
H r d u a C o d e L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s - l  dow nto 7) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

dow nto 6 );
H r d u a C o d e L l r D e l a y U n i t O u t P r o ( 5  dow nto 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (4  dow nto 0 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 0 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
when ” 0 1 1 1 ” =>
p h a P h a s e O f f s e t O u t P r o ( n N u m P r o c e s s o r s ~ l  dow nto 7) < =  p h a P h a s e O f f s e t l n l p I f (2  dow nto 0 ) ;  
p h a P h a s e O f f s e t O u t P r o ( 7 - l  dow nto 0) < =  p h a P h a s e O f f s e t l n l p I f ( n N u m P r o c e s s o r s - 1  dow nto 3 ) ;
U r d u a I n f o L l r D e l a y U n i t O u t P r o ( 7 )  < =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s - l  dow nto 8) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

^  dow nto 7 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( 6  dow nto 1) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  (5 dow nto 0 ) ;  
l l r d u a l n f  o L l r D e l  ay  U n i  t O u t P r o ( O )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 7 )  < =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( n N u m P r o c e s s o r s - 1  dow nto 8) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

«-♦ dow nto 7 ) ;
H r d u a C o d e L l r D e l a y U n i t O u t P r o ( 6  dow nto 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (5  dow nto 0 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o ( 0 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
w h e n  "l O O O "  = >
p h a P h a s e O f f s e t O u t P r o (  n N u m P r o c e s s o r s - 1  dow nto 8) < =  p h a P h a s e O f f  s e t l n l p l f  (1 dow nto 0 ) ;  
p h a P h a s e O f f s e t O u t P r o ( 8 - l  dow nto 0)  < =  p h a P h a s e O f f s e t l n l p I f ( n N u m P r o c e s s o r s - 1  dow nto 2 ) ;
U r d u a I n f o L l r D e l a y U n i t O u t P r o ( 8 )  < =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;
l l r d u a l n f o L l r  D e l a y  U n i  t O u t P r o (  n N u m P r o c e s s o r s  — 1 dow nto 9) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  —2 

^ d o w n t o  8 ) ;
H r d u a I n f o L l r D e l a y U n i t O u t P r o ( 7  dow nto 1) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  (6 dow nto 0 ) ;  
H r d u a l n f o L l r D e l a y U n i t O u t P r o ( O )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;  
H r d u a C o d e L l r D e l a y U n i t O u t P r o ( 8 )  < =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( n N u m P r o c e s s o r s - 1  dow nto 9) < =  l l r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 2  

^ d o w n t o  8 ) ;
H r d u a C o d e L l r D e l a y U n i t O u t P r o ( 7  dow nto I)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (6  dow nto 0 ) ;  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( 0 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 ) ;
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when ” 1 001” =>
p h a P h a s e O f f s e t O u t P r o (  n N u m P r o c e s s o r s  - 1 )  
p h a P h a s e O f f s e t O u t P r o ( n N u m P r o c e s s o r s - 2  dow nto 0)
1 l r  d u  a In  f o L l r  D e l  ay  U n i  tO  u t P r o (  n N u m P r o c e s s o r s  - 1 )  
l l r d u a l n f  o L l r D e l a y  U n i t  O u t  P r o  ( n N u m P r o c e s s o r s  - 2  dow nto  

dow nto 0 ) ;  
l l r d u a l n f o L l r D e l a y U n i t O u t P r o ( O )  
U r d u a C o d e L l r D e l a y U n i t O u t P r o  ( n N u m P r o c e s s o r s  - 1 )  
U r d u a C o d e L l r D e l a y U n i t O u t P r o ( n N u m P r o c e s s o r s - 2  dow nto  

dow nto 0 ) ;
H r d u a C o d e L l r D e l a y U n i t O u t P r o ( O )  
when o t h e r s  =>
p h a P h a s e O f f  s e t O u t P r o  < =  PHASE^\RRAY_RESET;
U r d u a l n f o L l r D e l a y U n i t O u t P r o  < =  LOG-LIKE-RATIO-DELAY. 
U r d u a C o d e L l r D e l a y U n i t O u t P r o  < =  LOG.LIKE_RATIO_DELAY, 
end c a s e ;

end p r o c e ss  PROCESSOR-INPUTS;

< =  p h a P h a s e O f f s e t l n l p I f  ( 0 ) ;
< =  p h a P h a s e O f f s e t l n l p I f  ( n N u m P r o c e s s o r s - 1  dow nto  
< =  U r d u I n f o L l r D e l a y U n i t l n l p I f ;

1) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 3

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 )  
< =  U r d u C o d e L l r D e l a y U n i t l n l p I f ;

1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s - 3

< =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( n N u m P r o c e s s o r s  - 1 )

UNIT-ARRAY -RESET; 
UNIT.ARRAY .RESE T;

—  P R OC ES SO R. O UT PU TS

PROCESSOR-OUIPUTS : p r o c e s s  ( s i v C o n t r o l F p  , U r d u a l n f o L l r D e l a y U n i t l n P r o  ,
U r d u a C o d e L l r D e l a y U n i t l n P r o  ) is

b e g in

c a s e  s i v C o n t r o l F p  ( 13 d o w n to  8 ) is  
when ” 0 0 0 0 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 0 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h - 1  d o w n to  n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 0 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 0 )  . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - l  d o w n to  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 0 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 ) ;
when ” 0 1 0 0 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! ( n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! ( n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 1 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o w n to  n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 1 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + l )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 1 )  . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - l  d o w n to  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 1 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 ) ;
when ” 10 0 0 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! ( n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 2 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 2 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l rW i d th  —1 d o w n to  n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 2 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 2 )  . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 2 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 ) ;
when ” 11 0 0 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! ( n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o w n to  n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 )  ( 3 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 3 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 )  ( 3 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 0 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 0 ) ;
when ” 0 0 0 0 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 0 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 0 )  . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o w n to  n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 0 )  .Mag; 
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 ) ( 0 ) .  S gn ;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  — 1 d o w n t o  0 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (  1 )  ( 0 )  . M a g ;

U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 ) ;
when ” 0 1 0 0 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 ) ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 ) ( 1 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o w n to  n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 1 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 )  ( 1 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h - 1  d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 ) ( 1 ) . Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 ) ;
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when ” 1 0 0 0 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t !  ( n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 2 ) .  S gn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l rW i d th  - 1  d o w n to  n L l r W i d t h +2)

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 2 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 )  ( 2 ) .  S gn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 )  ( 2 ) . Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 )  ;
when ” 11 0 0 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 3 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o w n to  n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 )  ( 3 )  .Mag; 
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( l ) ( 3 ) . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h - 1  d o w n to  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 1 )  ( 3 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 1 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  f l ) ;
when ” 0 0 0 0 1 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ! 0 ) . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o w n to  n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 0 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t f n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 )  ( 0 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 )  ( 0 ) .  S gn ;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h - 1  d o w n to  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ! 2 )  ! 0 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 ) ;
when ” 0 1 0 0 1 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 1 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! ( n L l r W i d t h  + 2 ) + n L l rW i d th  - 1  d o w n to  n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 1 )  .Mag; 
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 ) ( l ) . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 ) ( l ) . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o w n to  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 ) !  1) .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 ) ;
when ” 10 0 0 1 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! ( n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 2 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! ! n L l r W i d t h + 2 ) + n L l r W i d t h - 1  d o w n to  n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 2 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 )  ( 2 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - l  d o w n to  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 )  ( 2 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 ) ;
when ” 11 0 0 1 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! ( n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! ( n L l r W i d t h + 2 ) + n L l r W i d t h ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 3 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o w n to  n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 2 )  ( 3 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 )  ( 3 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 )  ( 3 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h - 1  d o w n to  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 )  ( 3 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ! 2 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 2 ) ;
when ” 0 0 0 0 1 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 0 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! ( n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 0 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! ! n L l r W i d t h + 2 ) + n L l r W i d t h - 1  d o w n to  n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ! 0 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ( 0 ) ,  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ( 0 )  . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h - 1  d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ( 0 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 ) ;
when ” 0 1 0 0 1 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t !  ( n L l r W i d t h + 2 ) + n L l r  W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 1 ) .  S gn ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l rW i d th  —1 d o w n to  n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 1 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h  ) < =  H r d u a C o d c L l r D e l a y U n i t I n P r o ( 3 ) ( l ) . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h - 1  d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ( 1 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ;
when  ” 1 0 0 0 1 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 2 ) .  S gn ;
s l v H i g h S p e e d O u t p u t s T p I n t ! !  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o w n to  n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ! 2 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + l )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t !  n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  f 3 )  ( 2 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ! n L l r W i d t h - 1  d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ( 2 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 ) ;
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U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ; 
when ” 1 1 0 0 1 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p ! n t ( (  n L l r W i d t h + 2 ) + n L l rW i d th  - 1  dow nto n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 )  ( 3 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (3 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (3 )  (3 )  . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h - 1  dow nto 0 ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  (3 )  (3 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 3 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 3 )  ;
when ” 0 0 0 1 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 0 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 0 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h - 1  dow nto n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 0 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + l )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 0 ) .  Sgn;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  dow nto 0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 0 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 ) ;
when ” 0 1 0 1 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 1 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h - 1  dow nto n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 1 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 1 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h - 1  dow nto 0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 1 ) .  Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 ) ;
when ” 10 0 1 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 2 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l rW i d th  - 1  dow nto n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 2 )  .Mag; 
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 ) ( 2 ) . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d ow nto  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 2 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 ) ;
when ” 11 0 1 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  dow nto n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ( 3 )  .Mag; 
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + l )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 ) ( 3 ) . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  —1 dow nto 0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 )  ( 3 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 4 )  ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 4 ) ;
when ” 0 0 0 1 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 0 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 0 ) .  S gn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l rW i d th  —1 d ow nto n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 0 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + l )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 0 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 0 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ;
when ” 0 1 0 1 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p  I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 1 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l rW i d th  —1 d o w n to  n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 1 )  .Mag; 
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 ) ( 1 ) . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h - 1  dow nto 0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 ) ( 1 ) .  Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 ) ;
when ” 10 0 1 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 2 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 2 ) .  S gn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  dow nto n L l r W i d t h + 2 )

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 2 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  +  1 )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 2 )  . S a t  ;

s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h ) ‘ < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 2 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  —1 d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 2 ) . Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 ) ;
when  ” 11 0 1 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t  ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  + l  ) < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 3 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h  + 2 ) + n L l r W id t h  —1 dow nto n L l r W i d t h +2)

< =  U r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 )  ( 3 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 3 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  —1 d o w n to  0) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 )  ( 3 )  .Mag;
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U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 5 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 5 ) ;
when ” 0 0 0 1 1 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 0 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h - 1  d o wn t o  n L l r W i d t h + 2 )

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 0 )  .Mag;  
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + l )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 0 ) .  S a t
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 0 )  . Sgn
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 0 )  .Mag
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 ) ;
when ” 0 1 0 1 1 0 ” =>
s l v H i g h S p e e d O u t p u t s T p ! n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 1 )  . S a t ;
s i v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 1 )  . Sgn;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r Wi d t h  - 1  d o wn t o  n L l r W i d t h +2)

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 1 )  . Mag;  
s l v H i g h S p e e d O u t p u t s T p ! n t ( n L l r W i d t h  + l )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 1 ) .  S a t ;
s i v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 1 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 1 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 ) ;
when ” 10 0 1 1 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 2 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r Wi d t h  - 1  d o wn t o  n L l r W i d t h +2)

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 2 )  . Mag;  
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 2 ) .  Sgn;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - l  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 2 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 ) ;
when ” 11 0 1 1 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 3 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 3 )  . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r Wi d t h  - 1  d o wn t o  n L l r W i d t h +2)

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ( 3 )  . Mag;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 ) ( 3 ) . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 )  ( 3 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 6 )  ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 6 ) ;
when ” 0 0 0 1 1 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 0 ) . Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r Wi d t h  - 1  d o wn t o  n L l r W i d t h +2)

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 0 )  . Mag;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 ) ( 0 ) . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 0 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 ) ;
when ” 0 1 0 1 1 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 1 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 1 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o wn t o  n L l r W i d t h + 2 )

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 1 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 1 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 1 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 ) ;
when ” 10 0 1 1 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 2 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p ! n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h - 1  d o wn t o  n L l r W i d t h +2)

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 2 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 2 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 2 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 ) ;
when ” 1 1 0 1 1 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 3 ) .  S a t ;
s i v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 3 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( ( n L l r W i d t h + 2 ) + n L l r W i d t h - 1  d o wn t o  n L l r W i d t h + 2 )

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 )  ( 3 )  . M a g ;

s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 3 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 3 )  . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - l  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 )  ( 3 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 7 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 7 ) ;
when ” 0 0 1 0 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h  + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 0 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) +n L l r Wi d t h  —1 d o wn t o  n L l r W i d t h +2)

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 0 )  .Mag;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p ! n t (  n L l r W i d t h ) < = H r d u a C o d e L l r D e l a y U n i t I n P r o ( 8 ) ( 0 ) . S g n ;
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s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 0 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 ) ;
when ” 0 1 1 0 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 1 ) .  S a t ;
s i v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h  + 2 ) + n L l r W i d t h ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 1 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r Wi d t h  - 1  d o wn t o  n L l r W i d t h +2)

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 1 )  .Mag;  
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + l )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 1 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h - 1  dow nto 0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 1 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 ) ;
when ” 1 0 1 0 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 2 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o wn t o  n L l r W i d t h + 2 )

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 2 )  .Mag;  
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + l )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 2 )  . Sg n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 2 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 ) ;
when ” 1 1 1 0 0 0 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 )  + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 3 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p  I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o wn t o  n L l r W i d t h + 2 )

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 )  ( 3 )  .Mag;  
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h )  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 )  ( 3 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 8 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 8 ) ;
when ” 0 0 1 0 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 0 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) +n L l r  W i d t h ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 0 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o wn t o  n L l r W i d t h + 2 )

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 0 )  .Mag;  
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 0 ) .  S a t ;
s i v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h ) o  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 ) ( 0 ) . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 0 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 ) ;
when ” 0 1 1 0 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 1 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o wn t o  n L l r W i d t h + 2 )

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 1 )  .Mag;  
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 1 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 1 )  . S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 1 ) . Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 ) ;
when ” 1 0 1 0 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 2 )  . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 2 )  . Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h  - 1  d o wn t o  n L l r W i d t h + 2 )

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 2 )  . Mag;  
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 2 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 2 ) .  S g n ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 2 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ;
when ” 11 1 0 0 1 ” =>
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r W i d t h + l  ) < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 3 ) .  S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h + 2 ) + n L l r  W i d t h )  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( (  n L l r W i d t h  + 2 ) + n L l r Wi d t h  —1 d o wn t o  n L l r W i d t h +2)

< =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 )  ( 3 )  . Mag;  
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h  + 1) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 ) ( 3 ) . S a t ;
s l v H i g h S p e e d O u t p u t s T p I n t (  n L l r W i d t h ) < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 3 ) .  Sgn ;
s l v H i g h S p e e d O u t p u t s T p I n t ( n L l r W i d t h - 1  d o wn t o  0)  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 )  ( 3 )  .Mag;
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  l l r d u a l n f o L l r D e l a y U n i t l n P r o  ( 9 ) ;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  < =  U r d u a C o d e L l r D e l a y U n i t l n P r o  ( 9 ) ;
when o t h e r s  =>
s l v H i g h S p e e d O u t p u t s T p I n t (  11 d o wn t o  3)  < =  ( o t h e r s = > ’0 ’);
U r d u I n f o L l e D e l a y U n i t O u t S i g n E x  < =  LOG-LIKE_RATIO_DELAY_UNIT_RESET;
U r d u C o d e L l e D e l a y U n i t O u t S i g n E x  o  LOO-LIKE _RATIO_DELAY . UNIT . RESET;
e n d  c a s e ;

end p r o c e s s  PROCESSOR.OUTPUTS; 

end B e h a v i o r a l  ;

Listing B.9: LdpccProcessor.vhd
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F i l e n a m e :  L d p c c P r o c e s s o r  . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  <& R a m k r i s h n a  S w a my
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T6G 2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  t h e  t o p - l e v e l  o f  a  p r o c e s s o r  u n i t  f o r  t h e  L D P C - C C  d e c o d e r .

l i b r a r y  IEEE;
u s e  IEEE .STD.LOGIC_1164.ALL; 
u se  IEEE . STDXOGIC-ARITH .ALL; 
u s e  IEEE . STD_LOGIC_UNSIGNED. ALL;

use  work . L d p c c P a c k a g e F o r I c f a a l p 2  .ALL; 

e n t i t y  L d p c c P r o c e s s o r  is
c l k C l o c k in L o g i c B i t ;
r s t R e s e t in L o g i c B i t ;
l l r d u I n f o L l r D e l a y U n i t l n in L o g L i k e R a t i o D e l a y U n i t  ;
U r d u C o d e L l r D e l a y U n i t l n in L o g L i k e R a t i o D e l a y U n i t  ;
p h P h a s e l n in P h a s e ;
p h P h a s e O f f s e t in P h a s e ;
— O u t p u t s
U r d u I n f o L l r D e l a y U n i t O u t out L o g L i k e R a t i o D e l a y U n i t
U r d u C o d e L l r D e l a y U n i t O u t out L o g L i k e R a t i o D e l a y U n i t

) ;
end  L d p c c P r o c e s s o r ;

a r c h i t e c t u r e  B e h a v i o r a l  o f  L d p c c P r o c e s s o r  i s

—  COMPONENTS

—  C o m p o n e n t s  w h i c h  we  i n s t a n t i a t e  w i t h i n  t h e  m a i n
—  b l o c k .

component L d p c c P a r i t y C h e c k N o d e W i t h l n f
Port  ( c l k C l o c k  

r s t R e s e t  
H r L l r T e r m l n  1 
H r L l r T e r m I n 2  
H r L l r T e r m I n 3  
H r L l r T e r m I n 4  
l l r L l r T e r m I n 5  
l l r L l r T e r m I n 6  
— O u t p u t s  
l l r L l r T e r m O u t  1 
l l r L l r T e r m O u t 2  
U r L l r T e r m O u t 3  
l l r L l r T e r m O u t 4  
l l r L l r T e r m O u t 5  
H r L l r T e r m O u t 6

) ;
end c o m p o n e n t ;

in L o g i c B i t ; 
in L o g i c B i t ;  
in L o g L i k e R a t i o ; 
in L o g L i k e R a t i o  ; 
in L o g L i k e R a t i o  ; 
in L o g L i k e R a t i o ; 
in L o g L i k e R a t i o  ; 
in L o g L i k e R a t i o  ;

o ut  L o g L i k e R a t i o  ; 
o u t  L o g L i k e R a t i o  ; 
o ut  L o g L i k e R a t i o  ; 
o ut  L o g L i k e R a t i o  ; 
o u t  L o g L i k e R a t i o  ; 
o u t  L o g L i k e R a t i o

component Ld p c c Lo g Li k e Ad d  is  
Port  ( c l k C l o c k  

r s t R e s e t
l l r d u I n f o L l r D e l a y U n i t l n
U r d u I n f o L l r D e l a y U n i t O u t

) ;
end  c o m p o n e n t ;

in  L o g i c B i t ; 
in  L o g i c B i t ;
in L o g L i k e R a t i o D e l a y U n i t  ; 
o ut  L o g L i k e R a t i o D e l a y U n i t

—  R E G I S T E R S

—  R e g i s t e r e d  v a l u e s  w h i c h  m u s t  h a v e  an  _N e x t  v a l u e
—  t o  w o r k  w e l l .  A s  p e r  M a s s a n a  d e s i g n  r u l e s .

s i g n a l  l l r d u I n f o L l r D e l a y L i n e . N e x t  L o g L i k e R a t i o D e l a y L i n e  ; 
s i g n a l  U r d u I n f o L l r D e l a y L i n e  : L o g L i k e R a t i o D e l a y L i n e  ;

s i g n a l  U r d u C o d e L l r D e l a y L i n e . N e x t  : L o g L i k e R a t i o D e l a y L i n e ;  
s i g n a l  U r d u C o d e L l r D e l a y L i n e  L o g L i k e R a t i o D e l a y L i n e  ;
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s i g n a l  H r P a r i t y T e r m l n l . N e x t  
s i g n a l  l l r P a r i t y T e r m l n  1 
s i g n a l  l l r P a r i t y T e r m l n 2 . N e x t  
s i g n a l  H r P a r i t y T e r m I n 2  
s i g n a l  H r P a r i t y T e r m I n 3 - N e x t  
s i g n a l  H r P a r i t y T e r m I n 3  
s i g n a l  H r P a r i t y T e r m I n 4 . N e x t  
s i g n a l  l l r P a r i t y T e r m ! n 4  
s i g n a l  l l r P a r i t y T e r m I n 5 _ N e x t  
s i g n a l  H r P a r i t y T e r m I n 5  
s i g n a l  U r P a r i t y T e r m I n 6 . N e x t  
s i g n a l  l l r P a r i t y T e r m l n 6

—  D e l a y  l i n e  f o r  t h e  p h a s e i n p u t .

s i g n a l  p h P h a s e l n . D e l l . N e x t P h a s e ;
s i g n a l  p h P h a s e l n . D e l l P h a s e ;
s i g n a l  p h P h a s e I n . D e l 2 . N e x t P h a s e ;
s i g n a l  p h P h a s e I n . D e l 2 P h a s e ;
s i g n a l  p h P h a s e I n . D e l 3 . N e x t P h a s e ;
s i g n a l  p h P h a s e I n . D e l 3 P h a s e ;
s i g n a l  p h P h a s e I n . D e l 4 . N e x t P h a s e ;
s i g n a l  p h P h a s e I n . D e ! 4 P h a s e ;

s i g n a l  ph4DeMux : s t d . l o g i c _ v e c t o r ( 2 5 5  downto 0 ) ;

L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ;

—  COMBI NATORI AL

C o m b i n a t o r i a l  s i g n a l s  w h i c h  a r e  n o t  a s s i g n e d  t o  r e g i s t e r s .

s i g n a l  H r P a r i t y T e r m O u t l  
s i g n a l  H r P a r i t y T e r m O u t 2  
s i g n a l  l l r P a r i t y T e r m O u t 3  
s i g n a l  H r P a r i t y T e r m O u t 4  
s i g n a l  H r P a r i t y T e r m O u t 5  
s i g n a l  H r P a r i t y T e r m O u t 6

L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o ; 
L o g L i k e R a t i o ; 
L o g L i k e R a t i o  ; 
L o g L i k e R a t i o  ;

b e g i n

I N S T A N T I A T I O N S

—  The  p a r i t y  c h e c k  n o d e  w h i c h  p e r f o r m s  s i g n  m i n  a n d  i n c l u d e s  + i n f
—  c a p a b i l i t i e s . N o t e  i t s  o u t p u t s  a r e  r e g i s t e r e d  b u t  i n p u t s  a r e  n o t .

P a r i t y C h e c k N o d e  : L d p c c P a r i t y C h e c k N o d e W i t h l n f
p o r t  map

c l k C l o c k
r s t R e s e t
l l r L l r T e r m l n  1
H r L l r T e r m I n 2
H r L l r T e r m I n 3
l l r L l r T e r m I n 4
H r L l r T e r m I n 5
H r L l r T e r m I n 6

— O u t p u t s
l l r L l r T e r m O u t l
H r L l r T e r m O u t 2
H r L l r T e r m O u t 3
H r L l r T e r m O u t 4
H r L l r T e r m O u t 5
l l r L l r T e r m O u t 6

=> c l k C l o c k  ,
=> r s t R e s e t  ,
=> l l r P a r i t y T e r m l n  1 ,
=> H r P a r i t y T e r m I n 2  ,
=> H r P a r i t y T e r m I n 3  ,
=> H r P a r i t y T e r m I n 4  ,
=> l l r P a r i t y T e r m I n 5  ,
=> H r P a r i t y T e r m I n 6  ,

=>  H r P a r i t y T e r m O u t l  , 
= >  H r P a r i t y T e r m O u t 2  , 
= >  H r P a r i t y T e r m O u t 3  , 
= >  H r P a r i t y T e r m O u t 4  , 
=>  H r P a r i t y T e r m O u t 5  , 
=>  l l r P a r i t y T e r m O u t 6

—  Th e  L L R  a d d i t i o n  b l o c k  t h a t  p e r f o r m s  t h e  a d d i t i o n  a t  t h e  f i n a l
—  a d d e r .

i t a g e  o f  t h e

L l r l n f o A d d e r  : Ldpcc Lo g Li k e Ad d  
Port  map

( c l k C l o c k  =>  c l k C l o c k  ,
r s t R e s e t  =>  r s t R e s e t  ,
l l r d u I n f o L l r D e l a y U n i t l n  = >  H r d u I n f o L l r D e l a y L i n e ( l l r d u I n f o L l r D e l a y L i n e ’ l e f t ( l ) ) ,
U r d u I n f o L l r D e l a y U n i t O u t  = >  U r d u I n f o L l r D e l a y U n i t O u t

) ;

L l r C o d e A d d e r  : Ldpcc Lo g Li k e Ad d  
Port  map

( c l k C l o c k  =>  c l k C l o c k  ,
r s t R e s e t  =>  r s t R e s e t  ,
l l r d u I n f o L l r D e l a y U n i t l n  =>  U r d u C o d e L l r D e l a y L i n e  ( U r d u C o d e L l r D e l a y L i n e ’ l e f t ( l ) )  ,
U r d u I n f o L l r D e l a y U n i t O u t  = >  U r d u C o d e L l r D e l a y U n i t O u t

) ;

—  P H A S E  J N - D E L A Y  . L I N E
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PHASE_IN_DELAY_LINE : p r o c e s s  ( p h P h a s e l n  , p h P h a s e l n . D e l l  , p h P h a s e l n  . D e l 2  ,
p h P h a s e I n _ D e l 3  , p h P h a s e O f f s e t  ) i s

b e g in

—  We m u s t  a d d  t h e  o f f s e t  t o  t h e  i n p u t  p h a s e  a n d  t h e n  c o r r e c t  t o
—  e n s u r e  i t  d o e s  n o t  s i t  o u t s i d e  t h e  r a n g e  o f  p h a s e s  f o r  t h i s  c o d e .

i f  ( p h P h a s e O f f s e t  >  p h P h a s e l n  ) then
p h P h a s e l n . D e l l . N e x t  < =  P H A S E M ^ X I M U M - p h P h a s e O f f s e t + p h P h a s e I n + ” 00000001 ” ; 

e l s e
p h P h a s e l n . D e l l . N e x t  < =  p h P h a s e l n  -  p h P h a s e O f f s e t ;  

end i f ;

p h P h a s e I n . D e l 2 . N e x t  < =  p h P h a s e l n . D e l l ;  
p h P h a s e l n . D e l 3 _ N e x t  < =  p h P h a s e l n  _De l 2  ; 
p h P h a s e I n . D e l 4 . N e x t  < =  p h P h a s e l n . D e l 3  ;

end p r o c e s s  PHASE_IN_DELAY_LINE;

—  CLOCKJ J PDATE

—  T h i s  i s  t h e  p r o c e s s  w h i c h  u p d a t e s  a l l  t h e  r e g i s t e r s
—  w i t h  t h e i r  n e w  v a l u e s .

CLOCKJJPDATE : p r o c e s s  ( c l k C l o c k  ) i s  
b e g in

i f  ( c l k C l o c k  ’ e v e n t  and c l k C l o c k  = ’ l ’ ) then

i f  ( r s t R e s e t  = ’ 1 ’ ) th en

U r d u I n f o L l r D e l a y L i n e  < =  LOGJ J KE_ RAT I OJ ) EL AYJ J NE_ RES E T; 
U r d u C o d e L l r D e l a y L i n e  < =  LOG-LIKE. RATIO-DELAY-LINE-RESET;

l l r P a r i t y T e r m l n  1 
H r P a r i t y T e r m I n 2  
H r P a r i t y T e r m I n 3  
l l r P a r i t y T e r m I n 4  
H r P a r i t y T e r m I n 5  
H r P a r i t y T e r m I n 6

< =  LOG-LIKE.RATIO.RESET 
< =  LOGXIKE-RATIO_RESET 
< =  LOG-LIKE . RATIO . RESET 
< =  LOGXIKE-RATIO. RESET 
< =  LOG. LIKE-RATIO.RESET 
< =  LOG-LIKE .RATIO-RESET

p h P h a s e l n . D e l l  < =  ( o t h e r s  = > ’O’) ;
p h P h a s e l n . D e l 2  < =  ( o t h e r s  = > ’O’) ;
p h P h a s e I n _ D e l 3  < =  ( o t h e r s  = > ’O’) ;
p h P h a s e I n _ D e l 4  < =  ( o t h e r s  = > ’O’) ;

U r d u I n f o L l r D e l a y L i n e  < =  U r d u I n f o L l r D e l a y L i n e . N e x t ;  
U r d u C o d e L l r D e l a y L i n e  < =  U r d u C o d e L l r D e l a y L i n e  - N e x t ;

l l r P a r i t y T e r m l n  1 < =  l l r P a r i t y T e r m l n  l . N e x t ; 
l l r P a r i t y T e r m I n 2  < =  l l r P a r i t y T e r m I n 2 . N e x t ; 
l l r P a r i t y T e r m I n 3  < =  l l r P a r i t y T e r m I n 3 . N e x t ; 
H r P a r i t y T e r m I n 4  < =  H r P a r i t y T e r m I n 4 _ N e x t ; 
H r P a r i t y T e r m I n 5  < =  H r P a r i t y T e r m I n 5 _ N e x t ; 
H r P a r i t y T e r m I n 6  < =  l l r P a r i t y T e r m I n 6 _ N e x t ;

p h P h a s e l n . D e l l  < =  p h P h a s e l n . D e l  l . N e x t
p h P h a s e l n  _De l 2  < =  p h P h a s e l n . D e l 2 _ N e x t
p h P h a s e l n  _De l 3  < =  p h P h a s e I n . D e l 3 . N e x t
p h P h a s e l n - D e l 4  < =  p h P h a s e I n . D e l 4 . N e x t

end i f ;  

end i f  ; 

end p r o c e s s  CLOCKJJPDATE;

—  s y n  t i m e  f o r  t h i s  p r o c e s s  
p r o c e s s  ( p h P h a s e l n  _De l 4  ) i s  

v a r i a b l e  ph4DeMuxO : s t d .
v a r i a b l e  ph4DeMuxl  : s t d .  
v a r i a b l e  ph4DeMux2 : s t d .  
v a r i a b l e  ph4DeMux3 : s t d .  
v a r i a b l e  ph4DeMux4 : s t d .  
v a r i a b l e  ph4DeMux5 : s t d .  
v a r i a b l e  ph4DeMux6 : s t d .  
v a r i a b l e  ph4DeMux7 : s t d .

b y  i t s e l f :  ~ 1 5 m i n  

l o g i c . v e c t o r  (1 d o wn t o  0)
. l o g i c . v e c t o r (3 dow nto 0)  
l o g i c  . v e c t o r  (7 downto 0)  

. l o g i c  . v e c t o r  ( 15 dow nto 0)  

. l o g i c  . v e c t o r  (3 1 dow nto 0)  

. l o g i c  _ v e c  t o r  ( 63  dow nto 0)  

. l o g i c  . v e c t o r  ( 1 2 7  dow nto 0)  

. l o g i c  . v e c t o r  ( 2 5 5  dow nto 0)

b e g i n

i f  p h P h a s e I n _ D e l 4  ( 0 )  = ’ 1* then  
ph4DeMuxO(0)  := ’O ’ ;
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ph4DeMuxO(  1)  := ’ 1 ’ ; 
e l s e
ph4De Mux0( 0)  := ’ 1 ’ ; 
ph4De MuxO( l )  := ’ O ’ ; 
end i f ;

i f  p h P h a s e I n _ D e ! 4  ( 1 )  = ’ 1 ’ then  
p h 4 De Mu x l ( l  downto  0)  := ( o t h e r s  = > ’O’); 
p h 4De Muxl ( 3  d ow nto  2)  := ph4DeMuxO;  
e l s e
p h 4 De Mu x l ( l  d ow nto  0)  := ph4DeMuxO;  
p h 4De Muxl ( 3  downto  2)  := ( o t h e r s  = > ’O’) ; 
end i f ;

i f  p h P h a s e l n  _De l 4  ( 2 )  = ’ 1 ’ then  
ph4DeMux2(3 do wnto  0)  := ( o t h e r s  = > ’0 ’);  
ph4DeMux2(7 downto  4)  := ph4DeMuxl ;  
e l s e
ph4DeMux2(3 downto  0)  := ph4DeMuxl ;  
ph4DeMux2(7 downto  4)  := ( o t h e r s  = >  ’O’) ; 
end i f ;

i f  p h P h a s e ! n _ D e l 4  ( 3 )  = ’ 1 ’ then  
ph4DeMux3(7 downto  0)  := ( o t h e r s  = > ’O’) ; 
ph4DeMux3( 15 downto  8)  := ph4DeMux2;  
e l s e
ph4DeMux3( 7  downto  0)  := ph4DeMux2;  
ph4DeMux3( 15 downto  8) := ( o t h e r s  = > ’O’) ; 
end i f ;

i f  p h P h a s e I n _ D e l 4  ( 4 )  = ’ 1 ’ then  
ph4DeMux4( 15 downto  0) := ( o t h e r s  = > ’O’) ; 
ph4DeMux4(31 downto  16)  := ph4DeMux3;  
e l s e
ph4DeMux4( 15 downto  0)  := ph4DeMux3;  
ph4DeMux4(31 downto  16) := ( o t h e r s  = >  ’O’) ; 
end i f ;

i f  p h P h a s e I n _ D e l 4  ( 5 )  = ’ 1 ’ th e n  
ph4DeMux5(31 downto  0)  := ( o t h e r s  = > ’0 ’); 
ph4DeMux5( 63 downto  32)  := ph4DeMux4;  
e l s e
ph4DeMux5(31 downto  0)  := ph4DeMux4;  
ph4DeMux5( 63 downto  32)  := ( o t h e r s = > ’0 ’); 
end i f ;

i f  p h P h a s e I n _ D e l 4  ( 6 )  = ’ 1 ’ then  
ph4DeMux6( 63 downto  0)  := ( o t h e r s = > ’O’); 
ph4DeMux6( 127  downto  64)  := ph4DeMux5;  
e l s e
ph4DeMux6( 63 downto  0)  := ph4DeMux5;  
ph4DeMux6( 127 downto  64)  := ( o t h e r s = > ’0 ’); 
end i f ;

i f  p h P h a s e l n . D e l 4  ( 7 )  = ’ 1 ’ th en  
ph4DeMux7( 127 dow nto 0)  := ( o t h e r s = > ’0 ’); 
ph4DeMux7( 255 dow nto 128)  := ph4DeMux6;  
e l s e
ph4DeMux7( 127 dow nto 0)  := ph4DeMux6;  
ph4DeMux7( 255 dow nto 128)  := ( o t h e r s = > ’O’) ; 
end i f ;

ph4DeMux < =  ph4De Mux7; 

end p r o c e s s ;

—  GE T - WR I T E - P A R I T Y . CH E CK - O  UT P  U T S A N D - D E L A  Y .  UPDA TE

—  e l a b o r a t e  t i m e  o f  t h i s  p r o c e s s  b y  i t s e l f :  " 1 5 m i n  
GET.WRITE-PARITYjCHECK-OUTPUTS^ND-DELAY_UPDATE : 

p r o c e s s  ( l l r d u I n f o L l r D e l a y U n i t l n  , l l r d u C o d e L l r D e l a y U n i t l n  ) is  
b e g in

—  P l a c e  t h e  m o s t  r e c e n t  I n f o r m a t i o n  b i t  a n d  c o d e  b i t  i n t o
—  f i r s t  p o i n t  o f  t h e  d e l a y  l i n e  ( e n t r y  0)

U r d u I n f o L l r D e l a y L i n e . N e x t  ( 0 )  < =  l l r d u I n f o L l r D e l a y U n i t l n ;  
U r d u C o d e L l r D e l a y L i n e . N e x t  (O) < =  l l r d u C o d e L l r D e l a y U n i t l n  ;

end p r o c e s s ;

p r o c e s s  ( U r d u C o d e L l r D e l a y L i n e ,  U r d u I n f o L l r D e l a y L i n e ,  p h P h a s e l n . D e l l  ) i s  
b e g in

—  P l a c e  t h e  m o s t  r e c e n t  I n f o r m a t i o n  b i t  a n d  c o d e  b i t  i n t o
—  f i r s t  p o i n t  o f  t h e  d e l a y  l i n e  ( e n t r y  O)

—  N o w  c o m e s  t h e  t r i c k y  p a r t .  We n e e d  t o  a s s i g n  t h e  p a r i t y  c h e c k  ( P C)
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—  i n p u t s  f r o m  t h e  d e l a y  l i n e s  a n d  t h i s  v a r i e s  f r o m  o n e  p h a s e  t o
—  t h e  n e x t .  We u s e  an  a r r a y  o f  P C  e l e m e n t s  t o  m a k e  t h e  c o d e  c l e a n .
—  NB  S i n c e  2 o f  t h e  c o d e  i n p u t s  a r e  f i x e d  t h e  m i d d l e  o n e  a l w a y s  h a s  w e i g h t
—  2.  T h i s  s i m p l i f i e s  t h e  c o d e  f o r  t h e  c o d e  d e l a y  l i n e  a l o t .  T h e  i n f o
—  a d d r e s s i n g  i s  m o r e  c o m p l e x .

—  T h e  l a s t  c o d e b i t  a n d  m o s t  r e c e n t  c o d e b i t  a r e  a l w a y s  u s e d  s o  we
—  c a n  h a r d c o d e  t h e s e  h e r e .  N o t e  we  a l w a y s  r e g i s t e r  t h e  i n p u t  f i r s t
—  t o  b e  n i c e  f o r  s y n t h e s i s .

—  A u t o g e n e r a t e d  c o d e  f o r  LDPCC c o d e  I d p c c . 1 2 8 . 1 . 2 . 3 . 6  . p c m .

l l r P a t y T e r m l n  l . N e x t < = l r d u C o d e L l r  D e l a y  L i n e 0)  ( 1 ) ;
l l r P a t y T e r m ! n 2 _ N e x t < = l r d u C o d e L l r D e l a y L i n e nCodeMemory
c a s e  p h P h a s e l n . D e l l  is
when 0 0 0 0 0 0 0 0 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 11) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 8 ) ( ) ;
l l r P a t y T e r m l n S . N e x t < = l r d u I n f o L l r D e l a y L i n e 65) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 105 ( 3 ) ;
when 0 0 0 0 0 0 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 9 ) ( 2 )  ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 32) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 5 3) 2 ) ;
l l r P a t y T e r m l n O . N e x t < = l r d u I n f o L l r D e l a y L i n e 121 ( 3 ) ;
when 0 0 0 0 0 0 1 0 ” =>
l l r P a t y T e r r a I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 2 9) 2 ) ;
l l r P a t y T e r m ! n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 40) 2 ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 62) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 108 ( 3 ) ;
when 0 0 0 0 0 0 1 1 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 20) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 12) 1 ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 73) 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 103 ( 3 ) ;
when 0 0 0 0 0 1 0 0 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 38) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 25) 2 ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 57) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 113 ( 3 ) ;
when 0 0 0 0 0 1 0 1 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 28) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 9)  ( ) ;
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 7 7 ) 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 115 ( 3 ) ;
when 0 0 0 0 0 1 1 0 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 22) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 38) 2 ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 60) 2 ) ;
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 125 ( 3 ) ;
when 0 0 0 0 0 1 1 1 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 31) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 2)< ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 30) 2 ) ;
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 70) 2)1
when 0 0 0 0 1 0 0 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 34) 2)1
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 22) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 79) 3)1
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 95) 3 ) ;
when 0 0 0 0 1 0 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 39) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 24) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 55) 2 ) ;
l l r P a t y T e r m ! n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 126 ( 3) 1
when 0 0 0 0 1 0 1 0 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 42) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 52) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 74) 3 ) ;
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 125 ( 3 ) ;
when 0 0 0 0 1 0 1 1 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 15) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 11) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 52) 2)1
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 89) 2)1
when OOOOIIOO” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 25) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 19) D i
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 68) 2)1
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 116 ( 3 ) ;
when 0 0 0 0 1 1 0 1 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 22) 2 ) ;
l l r P a t y T e r m l n  4 .  N e x t < = l r d u I n f o L l r D e l a y L i n e 7 ) ( ) ;
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 33) 2)1
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 81) 2)1
when 0 0 0 0 1 1 1 0 ” =>
l l r P a r t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 15) 2)1
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 4 1 ) 2)1
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l l r P a r i t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 88) 3 ) :
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 111 ( 3 ) ;
when ” 0 0 0 0 1 1 1 1 ” =>
l l r P a r i t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 51) 2 ) ;
H r  P a r i t y  T e r  m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 44) 2 ) ;
H r P a r i t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 95) 3 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 126 ( 3 ) ;
when ” 0 0 0 1 0 0 0 0 ” =>
l l r P a r i t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 31) 2 ) ;
l l r P a r i t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 35) 2 ) ;
l l r P a r i t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 99) 3 ) ;
H r P a r i t y T e r m I n 6 - N e x t < = U r d u I n f o L l r D e l a y L i n e 119 ( 3 ) ;
when ” 0 0 0 1 0 0 0 1 ” =>
l l r P a r i t y T e r m l n  3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 35) 2 ) ;
l l r  P a r i t y  T e r  m l  n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 35) 1 ) ;
l l r P a r i t y T e r m l n  5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 78) 2 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 109 ( 3 ) ;
when ” 0 0 0 1 0 0 1 0 ” =>
l l r P a r i t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 21) 2 ) ;
H r P a r i t y T e r m I n 4 - N e x t < = U r d u I n f o L l r D e l a y L i n e 4 3 ) 1 ) ;
H r P a r i t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 97) 3 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 125 ( 3 ) ;
when ” 0 0 0 1 0 0 1 1 ” =>
H r P a r i t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 58) 2 ) ;
H r P a r i t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 21) 1 ) ;
H r P a r i t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 66) 2 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 110 ( 3 ) ;
when ” 0 0 0 1 0 1 0 0 ” =>
H r P a r i t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 39) 2 ) ;
l l r  P a r i t y  T e r  m I n 4 - N e x t < = U r d u I n f o L l r D e l a y L i n e 7)  ( ) ;
H r P a r i t y T e r m l n S . N e x t < = U r d u I n f o L l r D e l a y L i n e 25) 1 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 78) 3 ) ;
when ” 0 0 0 1 0 1 0 1 ” =>
H r P a r i t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 43) 2 ) ;
H r P a r i t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 0)  ( ) i
H r P a r i t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 51) 2 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 90) 3 ) ;
when ” 0 0 0 1 0 1 1 0 ” =>
H r P a r i t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 64) 2 ) ;
l l r P a r i t y T e r m l n  4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 28) 1 ) ;
H r P a r i t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 77) 3 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 120 ( 3 ) ;
when ” 0 0 0 1 0 1 1 1 ” =>
H r P a r i t y T e r m I n 3 - N e x t O U r d u C o d e L l r D e l a y L i n e 4 4 ) 2 ) ;
H r P a r i t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 4 9 ) 2 ) ;
l l r P a r i t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 100 ( 3 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 125 ( 3 ) ;
when ” 0 0 0 1 1 0 0 0 ” =>
H r P a r i t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 36) 2 ) i
H r P a r i t y T e r m I n 4 - N e x t < = U r d u I n f o L l r D e l a y L i n e 40) l ) ;
H r P a r i t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 106 ( 3 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 120 ( 3 ) ;
when ” 0 0 0 1 1 0 0 1 ” =>
H r P a r i t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 53) 2 ) ;
H r P a r i t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 23) l ) ;
H r P a r i t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 68) 2 ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 87) 3 ) ;
when ” 0 0 0 1 1 0 1 0 ” =>
H r P a r i t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 63) 2 ) ;
H r P a r i t y T e r m I n 4 - N e x t < = U r d u I n f o L l r D e l a y L i n e 50) 2 ) ;
H r P a r i t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 93) 2 ) ;
H r P a r i t y T e r m I n 6 - N e x t < = U r d u I n f o L l r D e l a y L i n e 125 ( 3 ) ;
when ” 0 0 0 1 1 0 1 1 ” =>
H r P a r i t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 62) 2 ) ;
H r P a r i t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 62) D )
H r P a r i t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 86) 2 ) ;
H r P a r i t y T e r m I n 6 - N e x t < = U r d u I n f o L l r D e l a y L i n e 115 ( 3 ) ;
when ” 0 0 0 1 1 1 0 0 ” =>
H r P a r i t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 68) 2 ) ;
H r P a r i t y T e r m I n 4 - N e x t < = U r d u I n f o L l r D e l a y L i n e 12) 1 ) ;
H r P a r i t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 39) l ) ;
H r P a r i t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 94) 2)1
when ” 0 0 0 1 1 1 0 1 ” =>
H r P a r i t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 49) 2 ) ;
H r P a r i t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 14) l ) ;
H r P a r i t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 4 2 ) D i
l l r P a r i l y T e r m I n 6 - N e x t < = U r d u I n f o L l r D e l a y L i n e 7 7 ) 2 )  ;
when ” 0 0 0 1 1 1 1 0 ” =>
H r P a r i t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 63) 2 ) ;
H r P a r i t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 33) D i
H r P a r i t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 105 ( 3) 1
H r P a r i t y T e r m I n 6 - N e x t < = U r d u I n f o L l r D e l a y L i n e 123 ( 3 ) ;
when ” 0 0 0 1 1 1 1 1 ” =>
H r P a r i t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 72) 2)1
H r P a r i t y T e r m I n 4 - N e x t < = U r d u I n f o L l r D e l a y L i n e 24) l ) ;
l l r  P a r i  t y T e r m l n  5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 67) 2)1
l l r P a r i t y T e r m l n d . N e x t < = U r d u I n f o L l r D e l a y L i n e 88) 2 ) ;
when ” 0 0 1 0 0 0 0 0 ” = >

H r P a r i t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e ( 6 1 ) ( 2 )  ;

138

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy

H r P a r i t y T e r m I n 4 _ N e x t  < =  
l l r P a r i t y T e r m I n 5 - N e x t  < =  
l l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 0 0 0 0 1 ” =>  
H r P a r i t y T e r m I n 3 _ N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =  
H r P a r i t y T e r m I n 5 _ N e x t  < =  
l l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 0 0 0 1 0 ” =>  
l l r P a r i t y T e r m I n 3 _ N e x t  < =  
H r P a r i t y T e r m I n 4 . N e x t  < =  
l l r P a r i t y T e r m I n 5 _ N e x t  < =  
H r P a r i t y T e r m I n 6 . N e x t  < =  
when ” 0 0 1 0 0 0 1 1 ” =>  
H r P a r i t y T e r m I n 3 _ N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =  
l l r P a r i t y T e r m I n 5 - N e x t  < =  
l l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 0 0 1 0 0 ” =>  
l l r P a r i t y T e r m I n 3 - N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =  
H r P a r i t y T e r m I n 5 - N e x t  < =  
H r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 0 0 1 0 1 ” =>  
l l r P a r i t y T e r m I n 3 _ N e x t  < =  
H r P a r i t y T e r m I n 4 _ N e x t  < =  
l l r P a r i t y T e r m I n 5 _ N e x t  < =  
l l r P a r i t y T e r m I n 6 - N e x t  < =  
when ” 0 0 1 0 0 1 1 0 ” =>  
l l r P a r i t y T e r m I n 3 . N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =  
l l r P a r i t y T e r m I n 5 _ N e x t  < =  
l l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 0 0 1 1 1 ” =>  
l l r P a r i t y T e r m I n 3 _ N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =  
l l r P a r i t y T e r m I n 5 - N e x t  < =  
l l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 0 1 0 0 0 ” =>  
l l r P a r i t y T e r m I n 3 - N e x t  < =  
l l r P a r i t y T e r m I n 4 . N e x t  < =  
U r P a r i t y T e r m I n 5 - N e x t  < =  
l l r P a r i t y T e r m I n 6 . N e x t  < =  
when ” 0 0 1 0 1 0 0 1 ” =>  
l l r P a r i t y T e r m I n 3 - N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =  
l l r P a r i t y T e r m I n 5 _ N e x t  < =  
l l r P a r i t y T e r m l n O - N e x t  < =  
when ” 0 0 1 0 1 0 1 0 ” =>  
l l r P a r i t y T e r m I n 3 _ N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =  
l l r P a r i t y T e r m I n 5 _ N e x t  < =  
l l r P a r i t y T e r m l n O - N e x t  < =  
when ” 0 0 1 0 1 0 1 1 ” =>  
l l r P a r i t y T e r m I n 3 _ N e x t  < =  
H r P a r i t y T e r m I n 4 _ N e x t  < =  
l l r P a r i t y T e r m I n 5 - N e x t  < =  
l l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 0 1 1 0 0 ” =>  
l l r P a r i t y T e r m I n 3 _ N e x t  < =  
H r P a r i t y T e r m I n 4 _ N e x t  < =  
H r P a r i t y T e r m I n 5 _ N e x t  < =  
l l r P a r i t y T e r m I n 6 - N e x t  < =  
when ” 0 0 1 0 1 1 0 1 ” =>  
H r P a r i t y T e r m I n 3 _ N e x t  < =  
H r P a r i t y T e r m I n 4 . N e x t  < =  
H r P a r i t y T e r m I n 5 _ N e x t  < =  
l l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 0 1 1 1 0 ” =>  
H r P a r i t y T e r m I n 3 . N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =  
H r P a r i t y T e r m I n 5 _ N e x t  < =  
l l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 0 1 1 1 1 ” =>  
H r P a r i t y T e r m I n 3 . N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =
H r P a r i t y T e r m l n S . N e x t  < =  
I l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ”0 0 1 1 0 0 0 0 ” =>  
l l r P a r i t y T e r m I n 3 _ N e x t  < =  
H r P a r i t y T e r m I n 4 . N e x t  < =  
H r P a r i t y T e r m I n 5 . N e x t  < =  
l l r P a r i t y T e r m I n 6 _ N e x t  < =  
when ” 0 0 1 1 0 0 0 1 ” =>  
U r P a r i t y T e r m I n 3 _ N e x t  < =  
l l r P a r i t y T e r m I n 4 _ N e x t  < =  
H r P a r i t y T e r m I n 5 - N e x t  < =  
H r P a r i t y T e r m I n 6 . N e x t  < =  
when ” 0 0 1 1 0 0 1 0 ” =>

l r d u I n f o L l r D e l a y L i n e  ( 2 9 )  ( 1 )  ; 
l r d u I n f o L l r D e l a y L i n e  ( 6 9 )  ( 2 )  ; 
l r d u I n f o L l r D e l a y L i n e  ( 1 1 7 )  ( 3 )  ;

l r d u C o d e L l r D e l a y L i n e  ( 7 6 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 2 5 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 3 4 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 1 4 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 4 4 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  (5 1) ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 2 0 )  ( 3 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 2 3 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 6 0 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 3 1 )  ( 1 )  ; 
l r d u I n f o L l r D e l a y L i n e  ( 6 8 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 8 0 )  ( 2 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 4 3 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 8 ) ( 1 ) ; 
l r d u I n f o L l r D e l a y L i n e  ( 7 6 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 0 9 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 7 5 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 2 0 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 4 7 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 8 6 )  ( 2 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 4 4 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 3 ) ( 1 ) ; 
l r d u I n f o L l r D e l a y L i n e  ( 7 7 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 8 8 )  ( 2 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 5 3 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 0 ) ( 1 ) ; 
l r d u I n f o L l r D e l a y L i n e ( 6 1 ) ( l ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 2 3 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 7 1 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 6 ) ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 7 4 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 9 1 )  ( 2 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 4 6 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 3 0 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 5 3 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 8 5 )  ( 2 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 4 4 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 4 1 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 7 0 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 1 8 )  ( 2 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 2 7 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 2 7 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 4 7 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 1 1 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 3 7 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 2 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 4 5 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 2 2 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 1 1 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 3 3 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 7 0 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 9 2 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 1 1 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 2 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 4 6 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 8 0 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 4 1 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 0 )  ( 1 ) ;
l r d u I n f o L l r D e l a y L i n e  ( 5 7 )  ( 2 ) ;
l r d u I n f o L l r D e l a y L i n e  ( 9 8 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 1 5 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 4 0 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 6 4 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 9 8 )  ( 3 ) ;

l r d u C o d e L l r D e l a y L i n e  ( 3 2 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 2 9 )  ( 1 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 5 4 )  ( 2 ) ;  
l r d u I n f o L l r D e l a y L i n e  ( 1 1 4 )  ( 3 ) ;
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l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 14) 2)
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 24) 1)
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 58) 2)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 126 ( 3)
when 0 0 1 1 0 0 1 1 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 4 8) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 17) 2)
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 57) 2)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 110 (3)
when 0 0 1 1 0 1 0 0 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 4 7) 2)
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 3 0) 1)
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 84) 3)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 100 ( 3)
when 0 0 1 1 0 1 0 1 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 53) 2)
l l r P a t y T e r m I n 4 „ N e x t < = l r d u I n f o L l r D e l a y L i n e 3 0) 1)
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 6 8) 2)
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 116 ( 3)
when 0 0 1 1 0 1 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 3 3) 2)
l l r P a t y T e r m I n 4 - N e x t < = l r d u I n f o L l r D e l a y L i n e 19) 2)
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 81) 3)
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 121 ( 3)
when 0 0 1 1 0 1 1 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 2 8) 2)
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 6)  ( ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 14) 1)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 7 2 ) 2)
when 0 0 1 1 1 0 0 0 ” => ■v
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 34) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 10) 1)
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 3 5) 2)
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 82) 3)
when 0 0 1 1 1 0 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 53) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 18) 2)
l l r P a t y T e r m l n S - N e x t < = l r d u I n f o L l r D e l a y L i n e 9 3) 3)
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 117 ( 3)
when 0 0 1 1 1 0 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 3 3) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 3 0) 2)
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 9 7) 3)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 114 ( 3)
when 0 0 1 1 1 0 1 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 3 5) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 23) 1)
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 88) 3)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 125 (3)
when 0 0 1 1 1 1 0 0 ” =>
U r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 5 1) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 1 ) ( ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 4 2 ) 1)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 103 (3)
when 0 0 1 1 1 1 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 4 9 ) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 5 8) 2)
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 8 9) 3)
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 107 (3)
when 0 0 1 1 1 1 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 20) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 31) 1)
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 75) 2)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 123 ( 3)
when 0 0 1 1 1 1 1 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 4 9 ) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 3 0) 1)
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 77) 2)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 112 (3)
when 0 1 0 0 0 0 0 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 44) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 7)  ( ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 5 9) 2)
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 99) 2 ) ,
when 0 1 0 0 0 0 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 36) 2)
l l r P a t y T e r m ! n 4 _ N e x t < = l r d u  I n f o  L l r  D e l a y  L i n e 17) 1)
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 38) 1)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 98) 2)
when 0 1 0 0 0 0 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 58) 2)
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 60) 2)
l l r P a t y T e r m ! n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 106 ( 3)
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 118 ( 3)
when 0 1 0 0 0 0 1 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 4 1 ) 2)
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 65) 2)
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 8 9) 2)
l l r P a t y T e r m ! n 6 - N e x t < = l r d u I n f o L l r D e l a y L i n e 124 ( 3)
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when 0 1 0 0 0 1 0 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 4 0 ) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 18) i ) ;
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 5 9) i ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 109 (3);
when 0 1 0 0 0 1 0 1 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 54) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 15) l ) ;
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 50) i ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 100 (3);
when 0 1 0 0 0 1 1 0 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 30) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 30) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 72) 2 ) ;
l l r P a t y T e r m l n O . N e x t < = l r d u I n f o L l r D e l a y L i n e 115 ( 3 ) ;
when 0 1 0 0 0 1 1 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 3 4) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 4 2 ) i ) ;
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 78) 2 ) ;
l l r P a t y T e r m l n O . N e x t < = l r d u I n f o L l r D e l a y L i n e 124 ( 3 ) ;
when 0 1 0 0 1 0 0 0 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 7 1 ) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 4 2 ) l ) ;
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 109 ( 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 116 ( 3 ) ;
when 0 1 0 0 1 0 0 1 ” =>
l l r P a t y T e r m ! n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 42) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 66) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 103 (3);
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 127 (3);
when 0 1 0 0 1 0 1 0 ” =>
l l r P a t y T e r m ! n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 42) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 16) l ) ;
l l r P a t y T e r m I n 5 - N e x t < = l r d u I n f o L l r D e l a y L i n e 61) 2 ) ;
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 86) 3);
when 0 1 0 0 1 0 1 1 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 73) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 4)  ( ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 4 3 ) l ) ;
l l r P a t y T e r m I n 6 - N e x t < = l r d u I n f o L l r D e l a y L i n e 84) 2 ) ;
when 0 1 0 0 1 1 0 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 35) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 24) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 51) 1 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 99) 3 ) ;
when 0 1 0 0 1 1 0 1 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 58) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 3 ) ( ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 73) 2 ) ;
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 80) 2 ) ;
when 0 1 0 0 1 1 1 0 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 48) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 22) l ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 54) i ) ;
l l r P a t y T e r m l n O - N e x t < = l r d u I n f o L l r D e l a y L i n e 116 (3);
when 0 1 0 0 1 1 1 1 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 69) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 34) 1 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 68) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 100 (3);
when 0 1 0 1 0 0 0 0 ” =>
l l r P a t y T e r m I n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 62) 2 ) ;
l l r P a t y T e r m ! n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 37) l ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 65) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 98) 2 ) ;
when 0 1 0 1 0 0 0 1 ” =>
l l r P a t y T e r m ! n 3 - N e x t < = l r d u C o d e L l r D e l a y L i n e 7 0) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = l r d u I n f o L l r D e l a y L i n e 2 1) l ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 67) l ) ;
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 101 ( 3 ) ;
when 0 1 0 1 0 0 1 0 ” =>
l l r P a t y T e r m I n 3 . N e x t < = l r d u C o d e L l r D e l a y L i n e 44) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 27) 1 ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 65) 2 ) ;
l l r P a t y T e r m I n 6 . N e x t < = l r d u I n f o L l r D e l a y L i n e 106 ( 3 ) ;
when 0 1 0 1 0 0 1 1 ” =>
l l r P a t y T e r m l n  3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 60) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 16) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = l r d u I n f o L l r D e l a y L i n e 45) l ) ;
l l r P a t y T e r m I n 6 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 94) 2 ) ;
when 0 1 0 1 0 1 0 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 4 5 ) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 19) l ) ;
l l r P a t y T e r m I n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 7 4) i ) ;
l l r P a t y T e r m I n 6 . N e x t < - l r d u I n f o L l r D e l a y L i n e 103 ( 3 ) ;
when 0 1 0 1 0 1 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = l r d u C o d e L l r D e l a y L i n e 7 2 ) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 3 8) l ) ;
l l r P a t y T e r m ! n 5 _ N e x t < = l r d u I n f o L l r D e l a y L i n e 84) 2)1
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l l r P a r t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e ( 1 2 7 ) ( 3 ) ;
when 0 1 0 1 0 1 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 18) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 41) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 63) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 119 ( 3 ) ;
when 0 1 0 1 0 1 1 1 ” =>
l l r P a t y T e r m I n 3 . N e x t < = U r d u C o d e L l r D e l a y L i n e 23) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 4 0 ) 2 ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 66) 3 ) ;
l l r P a t y T e r m l n O . N e x t < = U r d u I n f o L l r D e l a y L i n e 97) 3 ) ;
when 0 1 0 1 1 0 0 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 33) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 8)  ( ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 70) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 113 ( 3 ) ;
when 0 1 0 1 1 0 0 1 ” =>
l l r P a t y T e r m I n 3 . N e x t < = U r d u C o d e L l r D e l a y L i n e 9 ) ( 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 21) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 78) 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 124 ( 3 ) ;
when 0 1 0 1 1 0 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 43 ) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 18) l ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 62) 3 ) ;
l l r P a t y T e r m ! n 6 . N e x t < = U r d u I n f o L l r D e l a y L i n e 107 ( 3 ) ;
when 0 1 0 1 1 0 1 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 40) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 26) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 83) 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 96) 3 ) ;
when 0 1 0 1 1 1 0 0 ” =>
l l r P a t y T e r m I n 3 . N e x t < = U r d u C o d e L l r D e l a y L i n e 13) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 8)  ( ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 61) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 93) 3 ) ;
when 0 1 0 1 1 1 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 43) 2 ) ;
l l r  Pa t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 26) 2 ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 87) 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 109 ( 3 ) ;
when 0 1 0 1 1 1 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 31) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 5 ) ( ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 31) l ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 80) 2 ) ;
when 0 1 0 1 1 1 1 1 ” =>
l l r P a t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 13) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 10) 1 ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 88) 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 103 ( 3 ) ;
when 0 1 1 0 0 0 0 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 11) 2 ) ;
l l r P a t y T e r m I n 4 - N e x t < = U r d u I n f o L l r D e l a y L i n e 20) l ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 91) 3 ) ;
l l r P a t y T e r m I n 6 - N e x t < = U r d u I n f o L l r D e l a y L i n e 110 ( 3 ) ;
when 0 1 1 0 0 0 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 44) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 43) 2 ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 85) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 103 ( 3 ) ;
when 0 1 1 0 0 0 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 4 6 ) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 25) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 68) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 120 ( 3 ) ;
when 0 1 1 0 0 0 1 1 ” =>
l l r P a t y T e r m ! n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 41) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 35) 1 ) ;
l l r P a t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 65) 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 106 ( 3 ) ;
when 0 1 1 0 0 1 0 0 ” =>
l l r P a t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 29) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 1 ) ( ) ;
l l r P a t y T e r m I n 5 - N e x t < = U r d u I n f o L l r D e l a y L i n e 49) l ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 71) 2 ) ;
when 0 1 1 0 0 1 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 31) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 27) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 81) 2 ) ;
l l r P a t y T e r m I n 6 . N e x t < = U r d u I n f o L l r D e l a y L i n e 119 ( 3 ) ;
when 0 1 1 0 0 1 1 0 ” =>
l l r P a t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 56) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 16) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 31) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 93) 2 ) ;
when 0 1 1 0 0 1 1 1 ” =>
l l r P a t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 25) 2 ) ;
U r P a t y T e r m ! n 4 - N e x t < = U r d u I n f o L l r D e l a y L i n e 4 4 ) 2 ) ;
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l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 63) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 105 ( 3 ) ;
when 0 1 1 0 1 0 0 0 ” =>
l l r P a t y T e r m I n 3 - N e x t <= U r d u C o d e L l r D e l a y L i n e 61) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 56) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 71) 2 ) ;
l l r P a t y T e r m I n 6 . N e x t < = U r d u I n f o L l r D e l a y L i n e 119 ( 3 ) ;
when 0 1 1 0 1 0 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 30) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 52) l ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 92) 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 116 ( 3 ) ;
when 0 1 1 0 1 0 1 0 ” =>
l l r P a t y T e r m I n 3 . N e x t < = U r d u C o d e L l r D e l a y L i n e 4 9) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 13) l ) ;
l l r P a t y T e r m I n 5 - N e x t <= U r d u I n f o L l r D e l a y L i n e 24) i ) ;
l l r P a t y T e r m I n 6 . N e x t < = U r d u I n f o L l r D e l a y L i n e 82) 2 ) ;
when 0 1 1 0 1 0 1 1 ” =>
l l r P a t y T e r m I n 3 . N e x t <= U r d u C o d e L l r D e l a y L i n e 3 3) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 10) 1 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 50) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 104 ( 3 ) ;
when 0 1 1 0 1 1 0 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 35) 2 ) ;
l l r P a t y T e r m ! n 4 _ N e x t <= U r d u I n f o L l r D e l a y L i n e 5)  ( ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 58) 2 ) ;
l l r P a t y T e r m l n O . N e x t <= U r d u I n f o L l r D e l a y L i n e 93) 3 ) ;
when 0 1 1 0 1 1 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t <= U r d u C o d e L l r D e l a y L i n e 5 0) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t <= U r d u I n f o L l r D e l a y L i n e 8)< );
l l r P a t y T e r m I n 5 _ N e x t <= U r d u I n f o L l r D e l a y L i n e 6 3) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t <= U r d u I n f o L l r D e l a y L i n e 9 0) 2 ) ;
when 0 1 1 0 1 1 1 0 ” =>
l l r P a t y T e r m I n 3 . N e x t <= U r d u C o d e L l r D e l a y L i n e 4 3 ) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t U r d u I n f o L l r D e l a y L i n e 67) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t <= U r d u I n f o L l r D e l a y L i n e 106 ( 3 ) ;
l l r P a t y T e r m I n 6 _ N e x t <= U r d u I n f o L l r D e l a y L i n e 123 ( 3 ) ;
when 0 1 1 0 1 1 1 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t <= U r d u C o d e L l r D e l a y L i n e 35) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t <= U r d u I n f o L l r D e l a y L i n e 11) l ) ;
l l r P a t y T e r m I n 5 . N e x t <= U r d u I n f o L l r D e l a y L i n e 34) l ) ;
l l r P a t y T e r m I n 6 . N e x t <= U r d u I n f o L l r D e l a y L i n e 8 9) 2 ) ;
when 0 1 1 1 0 0 0 0 ” =»
l l r P a t y T e r m I n 3 . N e x t <= U r d u C o d e L l r D e l a y L i n e 5 1) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t <= U r d u I n f o L l r D e l a y L i n e 3)  ( ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 5 1) 1 ) ;
l l r P a t y T e r m I n 6 . N e x t < = U r d u I n f o L l r D e l a y L i n e 112 (3);
when 0 1 1 1 0 0 0 1 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 44) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 21) 1 ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 3 0) l ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 103 ( 2 ) ;
when 0 1 1 1 0 0 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 52) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 65) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 79) 3);
l l r  Pa t y T e r m I n 6 . N e x t < = U r d u I n f o L l r D e l a y L i n e 117 (3);
when 0 1 1 1 0 0 1 1 ” =>
l l r  P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 55) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 5 )  ( ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 45) 1 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 77) 2 ) ;
when 0 1 1 1 0 1 0 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 60) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 60) 2 ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 89) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 125 (3);
when 0 1 1 1 0 1 0 1 ” =>
l l r P a t y T e r m I n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e 52) 2 ) ;
l l r P a t y T e r m I n 4 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 9 )  ( ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 62) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 101 ( 3 ) ;
when 0 1 1 1 0 1 1 0 ” =>
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 4 6 ) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 12) l ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 56) l ) ;
l l r P a t y T e r m l n  6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 7 9 ) 3 )  :
when 0 1 1 1 0 1 1 1 ” = >
l l r P a t y T e r m I n 3 . N e x t < = U r d u C o d e L l r D e l a y L i n e 74) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 17) l ) ;
l l r P a t y T e r m I n 5 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 75) 2 ) ;
l l r P a t y T e r m I n 6 _ N e x t < = U r d u I n f o L l r D e l a y L i n e 83) 2 ) ;
when 0 1 1 1 1 0 0 0 ” = >
l l r P a t y T e r m I n 3 _ N e x t < = U r d u C o d e L l r D e l a y L i n e 54) 2 ) ;
l l r P a t y T e r m I n 4 . N e x t < = U r d u I n f o L l r D e l a y L i n e 22) l ) ;
l l r P a t y T e r m I n 5 . N e x t < = U r d u I n f o L l r D e l a y L i n e 60) 2 ) ;
l l r P a t y T e r m I n 6 . N e x t < = U r d u I n f o L l r D e l a y L i n e 83) 2 ) ;
when 0 1 1 1 1 0 0 1 ” = >
l l r P a t y T e r m ! n 3 - N e x t < = U r d u C o d e L l r D e l a y L i n e  ( 3 7 )  ( 2 ) ;
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H r P a r i t y T e r m I n 4 _ N e x t  <= 
H r P a r i t y T e r m I n 5 . N e x t  < :  
l l r P a r i t y T e r m I n 6 _ N e x t  <= 
when ” 0 1 1 1 1 0 1 0 ” =>  
l l r P a r i t y T e r m I n 3 - N e x t  < :  
H r P a r i t y T e r m I n 4 . N e x t  < :  
U r P a r i t y T e r m I n 5 _ N e x t  < :  
H r P a r i t y T e r m I n 6 _ N e x t  <= 
when ” 0 1 1 1 1 0 1 1 ” =>  
H r P a r i t y T e r m I n 3 - N e x t  <5 
H r P a r i t y T e r m I n 4 _ N e x t  < :  
H r P a r i t y T e r m I n 5 - N e x t  < :  
H r P a r i t y T e r m I n 6 _ N e x t  <= 
when ” 0 1 1 1 1 1 0 0 ” =>  
H r P a r i t y T e r m I n 3 . N e x t  <= 
H r P a r i t y T e r m I n 4 _ N e x t  O  
H r P a r i t y T e r m I n 5 _ N e x t  O  
H r P a r i t y T e r m I n 6 _ N e x t  O  
when ” 0 1 1 1 1 1 0 1 ” =>  
H r P a r i t y T e r m I n 3 _ N e x t  <= 
H r P a r i t y T e r m I n 4 _ N e x t  O  
l l r P a r i t y T e r m I n 5 . N e x t  <= 
l l r P a r i t y T e r m I n 6 _ N e x t  <= 
when ” 0 1 1 1 1 1 1 0 ” =>  
H r P a r i t y T e r m I n 3 _ N e x t  <= 
H r P a r i t y T e r m I n 4 _ N e x t  < :  
l l r  P a r i  t y T e r m I n 5 - N e x t  <= 
l l r  P a r i  t y T e r m I n 6 _ N e x t  <= 
when ” 0 1 1 1 1 1 1 1 ” =>  
l l r P a r i t y T e r m I n 3 _ N e x t  O  
H r P a r i t y T e r m I n 4 _ N e x t  <= 
H r P a r i t y T e r m I n 5 _ N e x t  O  
H r P a r i t y T e r m I n 6 _ N e x t  <= 
when ” 1 0 0 0 0 0 0 0 ” =>  
l l r P a r i t y T e r m I n 3 _ N e x t  <= 
l l r P a r i t y T e r m I n 4 _ N e x t  <= 
H r P a r i t y T e r m I n 5 - N e x t  o  
l l r P a r i t y T e r m I n 6 _ N e x t  <= 
when o t h e r s  =>  
l l r P a r i t y T e r m I n 3 _ N e x t  O  
H r P a i ; i t y T e r m I n 4 _ N e x t  < :  
l l r P a r i t y T e r m l n S . N e x t  O  
H r P a r i t y T e r m I n 6 _ N e x t  <= 
end c a s e ; 
end p r o c e s s ;

U r d u I n f o L l r D e l a y L i n e ( 5 5 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 1 2 0 ) ( 3 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 1 2 5 ) ( 3 ) ;

U r d u C o d e L l r D e l a y L i n e  ( 7 8 )  ( 2 )  ; 
H r d u I n f o L l r D e l a y L i n e ( 3 1 ) ( l )  ; 
U r d u I n f o L l r D e l a y L i n e ( 4 1 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 8 1 ) ( 2 ) ;

U r d u C o d e L l r D e l a y L i n e  ( 4 2 )  ( 2 )  ; 
U r d u I n f o L l r D e l a y L i n e ( 6 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 5 4 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 1 2 1 ) ( 3 ) ;

U r d u C o d e L l r D e l a y L i n e  ( 4 7 )  ( 2 )  ; 
U r d u I n f o L l r D e l a y L i n e ( 3 6 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 6 6 ) ( 2 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 1 0 7 ) ( 3 ) ;

U r d u C o d e L l r D e l a y L i n e  ( 7 1 )  ( 2 )  ; 
U r d u I n f o L l r D e l a y L i n e ( 3 8 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 4 7 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 9 9 ) ( 2 ) ;

U r d u C o d e L l r D e l a y L i n e  ( 4 3 )  ( 2 )  ; 
U r d u I n f o L l r D e l a y L i n e ( 3 1 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 4 7 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 9 4 ) ( 2 ) ;

U r d u C o d e L l r D e l a y L i n e  ( 7 8 )  ( 2 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 2 2 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 5 2 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 8 5 ) ( 2 ) ;

U r d u C o d e L l r D e l a y L i n e  ( 8 0 )  ( 2 )  ; 
U r d u I n f o L l r D e l a y L i n e ( 3 8 ) ( 1 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 7 6 ) ( 2 ) ;  
U r d u I n f o L l r D e l a y L i n e ( 1 0 3 ) ( 2 ) ;

LOG-LIKE _RATIO_RESET; 
LOG_LIKE_RATIO_RESET; 
LOG-LIKE-RATIO-RESET; 
LOGXI KE- RATI O. RESET;

—  e l a b o r a t e  t i m e  b y  i t s e l f :  8  mi n
p r o c e s s  ( U r d u I n f o L l r D e l a y L i n e ,  ph4De Mux,

H r P a r i t y T e r m O u t 4  , H r P a r i t y T e r m O u t 5  , H r P a r i t y T e r m O u t 6  ) i s

b e g in
—  TB
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 3 9  dow nto 1) < =  U r d u I n f o L l r D e l a y L i n e  ( 1 3 8  downto  0 ) ;

—  Co d e  f o r  I n f o  R e g i s t e r s  4 
i f  ( ph4DeMux( 21)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 4 ) ( l )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 3 9 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 4 ) ( l )  < =  l l r P a r i t y T e r m O u t 4 ;  
end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  5 
i f  ( ph4DeMux( 60)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e - N e x t  ( 5 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph 4 De Mu x ( 1 0 0 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 )  ( 1 )  < =  U r P a r i t y T e r m O u t 4 ;  
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  6 
i f  ( ph4DeMux( 7 ) = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mux( 44)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 4 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e n d  i  f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  7 
i f  ( ph4DeMux( 38)  = ’ ! ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux ( 7 7 )  *  ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 1 1 2 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  8 
i f  ( ph4De Mux( 75)  = ’ ! ’ ) th e n
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l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 )  ( 1 )  < =  l l r P a r i t y T e r m 0 u t 4 ;  
end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  9  
i f  ( ph4De Mux( 94)  = ’ 1* ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 )  ( 1 )  < =  H r P a r i t y T e r m 0 u t 4 ;  
e l s i f  ( ph4DeMux( 1 0 8 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 1 1 5 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  1 0  
i f  ( ph4DeMux( 40)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 0 ) ( l )  < =  l l r P a r i t y T e r m O u t 4  
e l s i f  ( ph4De Mux( 55)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4  
e l s i f  ( ph4 De Mu x ( 1 2 3 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4  
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  11  
i f  ( ph4DeMux( 13)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 2 0 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 ) ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 6 4 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 ) ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  12  

i f  ( ph4DeMux( 0)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 3 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 8 8 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 9 2 )  = ’ ! ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph 4 De Mu x ( 1 0 9 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  13  
i f  ( ph4DeMux( 5)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 3 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4DeMux( 1 1 7 )  = ’ ! ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 3 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 
end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  14  
i f  ( ph4DeMux( 4 7 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 4 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 5 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 4 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 9 5 )  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 4 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph 4 De Mu x ( 1 0 7 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 4 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  15  

i f  ( ph4DeMux( 1 1 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 1 1 1 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  16  
i f  ( ph4DeMux( 3)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 6 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( p h 4 De Mu x ( 2 8 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 6 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;
e l s i f  (  p h 4 D e M u x  ( 1 1 8 )  =  ' 1 '  )  t h e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 6 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 7  
i f  ( ph 4 De Mu x ( 1 0 6 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 7 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 
end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  18  
i f  ( ph4DeMux( 29)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 8 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 5 5 )  = ’ ! ’ ) then
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l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 8 )  ( 1 )  < =  H r P a r i t y T e r m 0 u t 5 ;  
end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  19  
i f  ( ph4De Mux( 69)  = *1’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 9 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  2 0  
i f  ( ph4De Mux( 74)  = ’ 1* ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 0 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mux( 83)  = * 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 2 0 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4 De Mu x ( 1 0 2 )  = ’ ! ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 0 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  21  
i f  ( ph4De Mux( 65)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 2 1 ) ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( p h 4De Mux( l  19)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 2 1 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
end i f ;
i f  ( ph4De Mux( 51)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 2 1 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ;  
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  22  
i f  ( ph4DeMux( 68)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 2 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 9 0 )  = * 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 2 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
end i f ;
i f  ( ph4DeMux( 5 7 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ; 
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  23  

i f  ( ph4DeMux ( 1 2 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 2 3 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mux( 8 4 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 2 3 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
end i f ;
i f  ( ph4De Mux( 54)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 2 3 )  ( 2 )  < =  U r P a r i t y T e r m O u t 4 ; 
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  24  
i f  ( ph4De Mux( 37)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 4 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 9 6 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 4 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  25  

i f  ( ph4De Mux( 19)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 2 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 8 1 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 2 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 8 9 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4DeMux( 1 1 3 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  2 6  

i f  ( ph4DeMux( 8)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 6 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 7 8 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 6 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( p h 4 De Mu x ( 1 2 0 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 2 6 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;
e l s i f  (  p h 4 D e M u x  ( 1 2 7 )  =  ’ 1 ’ )  t h e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 2 6 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  2 7  

i f  ( ph4De Mux( 25)  = ’ 1* ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 7 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( p h 4 De Mu x ( 5 9 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 7 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  

end i f ;
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—  Co d e  f o r  I n f o  R e g i s t e r s  2 8  

i f  ( ph4DeMux( 9)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 2 8 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 3 1 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 2 8 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 5 0 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 8 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 7 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 8 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph 4 De Mu x ( 1 0 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 2 8 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  2 9  

i f  ( ph4DeMux( 2 0 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 2 9 )  ( 1 )  < =  U r P a r i t y T e r m O u t S ; 
e l s i f  ( ph4DeMux( 3 3 )  = ’ ! ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 2 9 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mux( 98)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 2 9 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 

end i f ;
i f  ( ph4DeMux( 4)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 2 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  30  

i f  ( ph4DeMux( 91)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( p h 4 De Mux( 93)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ;  

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  31 

i f  ( ph4De Mux( 82)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 3 1 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;

end  i f ;
i f  ( ph4De Mux( 43)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 3 1 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 1 0 1 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t (3 1) ( 2 )  < =  H r P a r i t y T e r m O u t 4 ;  

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  32  

i f  ( ph4DeMux( 22)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 2 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  33  

i f  ( ph4DeMux( 3 2 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 3 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 4 9 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 3 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  34  

i f  ( ph4De Mux( 41)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 3 4 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( p h 4 De Mu x ( 5 2 )  = ’ ! ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 3 4 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;
e l s i f  ( p h 4 D e M u x ( 5  3) =  ’ 1 ’ ) t h e n
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 3 4 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 6 3 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 3 4 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 7 0 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 3 4 ) ( l )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 1 1 3 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e . N e x t ( 3 4 ) ( l )  < =  H r P a r i t y T e r m O u t 5 ;  

end i f ;
i f  ( ph4DeMux( 7)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 3 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4De Mu x ( 5 8 )  = ) then

147

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy

l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ;  

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  35  

i f  ( p h4De Mux( 35)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 5 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  { ph4De Mu x ( 6 2 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 9 4 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 5 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4DeMux(  122)  = * 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 3 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph 4 De Mu x ( 1 2 6 )  = ’ 1* ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 3 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  

end i f ;
i f  ( p h 4 De Mux( 102)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  3 6  

i f  ( p h 4 De Mu x ( l )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 3 6 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  3 7  

i f  ( ph4DeMux( 30)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 3 7 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 4 5 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 7 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  

end i f ;
i f  ( ph4De Mux( 13)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  ; 

end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  3 8  

i f  ( ph4DeMux( 3 3 )  = ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  (3 8)  ( 1 )  < =  l l r P a r i t y T e r m O u t 5 ;  
e l s i f  ( ph4De Mu x ( 7 9 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 8 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 1 1 1 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 8 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5  ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  3 9  

i f  ( ph4De Mux( 17)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 3 9 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mux( 99)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 9 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  

end  i f ;
i f  ( ph4DeMux( 16)  *= ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 5 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 3 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  4 0

i f  ( p h 4 De Mux( 124)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 0 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  

end i f ;

 C o d e  f o r  I n f o  R e g i s t e r s  4 1

i f  ( ph4De Mux( 80)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 1 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  

end i f  ;

—  Co d e  f o r  I n f o  R e g i s t e r s  42  

i f  ( ph4DeMux( 65)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 4 2 ) ( l )  < =  H r P a r i t y T e r m O u t 5 ;  
e l s i f  ( ph4De Mu x ( 8 5 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 2 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;
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e l s i f  ( ph4DeMux ( 12 5)  = ’ 1 ’ ) th en
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 4 2 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 1 2 8 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 2 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 

end i f ;
i f  ( ph4DeMux( 6)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 4 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ;  

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  43  

i f  ( ph4DeMux( 2 8 )  = ’ 1* ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 3 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5  ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  44  

i f  ( ph4DeMux( 2 4 )  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 4 4 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 

end i f ;
i f  ( ph4DeMux( 2)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 4 8 )  = * 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mux( 87)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 4 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  45  

i f  ( ph4DeMux( 42)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph 4 De Mu x ( 1 2 2 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5  ; 

end i f ;
i f  ( ph4De Mux( 14)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 5 )  ( 2 )  < =  U r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 8 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ;  

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  4 6  

i f  ( ph4DeMux( 29)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 6 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mu x ( 6 0 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 6 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mu x ( 7 1 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 6 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4De Mu x ( 7 2 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 6 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  4 7  

i f  ( ph4DeMux ( 1 8 )  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 4 7 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4De Mu x ( 7 5 )  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 4 7 ) ( l )  < =  l l r P a r i t y T e r m O u t 5 ;  

end i f ;
i f  ( ph4DeMux( 97)  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 4 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  48

i f  (  p h 4 D e M u x ( 1 5 )  =  ’ 1 ’ )  t h e n

l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 8 )  ( 2 )  < =  U r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph 4 De Mu x ( 1 0 3 )  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 8 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  4 9  

i f  ( ph4DeMux( 83)  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 4 9 ) ( l )  < =  l l r P a r i t y T e r m O u t 5 ;  
e l s i f  ( ph4DeMux( 1 1 5)  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 9 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5  ;
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end i f ;
i f  ( ph4De Mux( 44)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 4 9 )  ( 2 )  < =  H r P a r i t y T e r m 0 u t 5  ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  5 0  

i f  ( ph4DeMux( 46)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 5 0 )  ( 2 )  O  H r P a r i t y T e r m 0 u t 5 ; 

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  51  

i f  ( ph4DeMux( 3 7 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  (5  1 ) ( 1 )  < =  U r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4DeMux( 1 2 5 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 5 1 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4DeMux( 1 2 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t (5 1) ( 1 )  < =  H r P a r i t y T e r m O u t S ;  

end i f ;
i f  ( ph4DeMux( 43)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 5 1 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  52

—  C o d e  f o r  I n f o  R e g i s t e r s  53  

i f  ( ph4De Mux( 100)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 3 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end i f ;
i f  ( ph4De Mux( 23)  = ’ 1* ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  54  

i f  ( ph4DeMux( 6 9 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 4 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5 ; 

e n d  i f ;
i f  ( ph4DeMux( 26)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 5 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ; 
e l s i f  ( p h 4 De Mux( 107)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  55  

i f  ( ph4De Mux( 34)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 7 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 5 5 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5 ;  
e l s i f  ( ph4DeMux( l  12)  = ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 5 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5  ; 

end i f ;
i f  ( ph4DeMux( 2 1 )  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  5 6  

i f  ( ph4DeMux( 1 0 5 )  = ’ 1* ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t  (5 6)  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  (  p h 4 D e M u x  ( 1 2 7 )  =  ’ 1 ’ )  t h e n

l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 6 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end i f ;
i f  ( ph4De Mux( 10)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ;  
e l s i f  ( p h 4 D e M u x ( l l )  = * 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 6 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  5 7
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i f  ( ph4D eMu x( l )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 7 )  ( 2 )  < =  H r P a r i t y T e r m 0 u t 5 ;  
e l s i f  ( ph4De Mu x ( 4 1 )  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 5 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  5 8  

i f  ( Ph4DeMux( 7 8 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 8 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4DeMux( 1 2 3 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 8 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5  ; 

end  i f ;
i f  ( ph4DeMux( 49)  = ’ ! ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 5 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  59  

i f  ( ph4DeMux( 1 2 1 )  = *1* ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 5 9 )  ( 1 )  < =  H r P a r i t y T e r m O u t 4 ; 

end  i f ;
i f  ( ph4DeMux( 9)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 5 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 

end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  6 0  

i f  ( ph4DeMux( 1 1 8 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 6 0 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5  ; 

end  i f ;
i f  ( p h 4 De Mux( 104)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 6 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  61  

i f  ( ph4DeMux( 4 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 1 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mu x ( 4 7 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 6 1 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mu x ( 5 1 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 6 1 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  62  

i f  ( ph4DeMux( 5 0 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ;  
e l s i f  ( ph4De Mu x ( 6 1 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph4DeMux( 1 0 8 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  63  

i f  ( ph4DeMux( 6 8 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 3 )  ( 1 )  < =  U r P a r i t y T e r m O u t 5  ; 

end i f ;
i f  ( ph4DeMux(64) = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  ; 

end  i f ;

 C o d e  f o r  I n f o  R e g i s t e r s  6 4

i f  ( ph4DeMux( 6)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mu x ( 6 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ; 
e l s i f  ( ph4DeMux( 1 1 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4 ;  
e l s i f  ( ph 4 De Mu x ( 1 2 0 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ;  

end i f ;
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—  C o d e  f o r  I n f o  R e g i s t e r s  65  

i f  ( ph4De Mux( 39)  = * 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 5 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end i f ;
i f  ( ph4De Mux( 74)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5 ;  
e l s i f  ( ph4De Mu x ( 9 2 )  = ’ 1* ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 6 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  6 6  

i f  ( ph4DeMux( 27)  = T  ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 6 6 )  ( 1 )  < =  l l r P a r i t y T e r m O u t 4 ; 

end i f ;
i f  ( ph4DeMux( 2)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 6 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  < ph4DeMux( 1 1 7 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 6 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
end  i f ;
i f  ( ph4DeMux( 90)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 6 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5  ; 
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  6 7  

i f  ( ph4De Mux( 86)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e . N e x t ( 6 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  
e l s i f  ( ph 4 De Mu x ( 1 0 3 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 6 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  
e l s i f  ( ph 4 De Mu x ( 1 0 9 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 6 7 )  ( 2 )  < =  U r P a r i t y T e r m O u t 5  
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  68  
i f  ( ph4De Mux( 48)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 6 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ;  
end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  69  
i f  ( ph4DeMux( 0)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  
e l s i f  ( ph4De Mux( 67)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 4  
e l s i f  ( ph4De Mu x ( 8 0 )  = *1’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 6 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  
e l s i f  ( ph4De Mu x ( 8 2 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 6 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  
e l s i f  ( p h 4De Mux( l  14)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4  
end i f ;
i f  ( ph4DeMux( 99)  = ’ ! ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 6 9 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  70  
i f  ( ph4DeMux( 1 9 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  
e l s i f  ( ph4DeMux( 7 3 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4  
e l s i f  ( ph4DeMux( 1 2 4 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  
end i f ;
i f  ( ph4De Mux( 87)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 0 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 
end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  71 
i f  ( ph4DeMux( 81)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 7 1 ) ( 1 )  < =  l l r P a r i t y T e r m O u t 5 ; 

end i f ;
i f  ( p h4De Mux( 31)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 7 I )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( p h 4De Mux( l  10)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 7 1 )  ( 2 )  < =  H r P a r i t y T e r m O u t 4 ;  

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  72 

i f  ( ph4De Mux( 35)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 7 2 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5 ;
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i f  ( ph4De Mux( 12)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t S ; 
e l s i f  ( p h 4 De Mux( 25)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( p h 4 De Mux( 53)  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( p h 4 De Mux( 79)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mux( 98)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  73  

i f  ( ph4DeMux( 32)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 3 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  74  

i f  ( ph4DeMux( 7 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 4 2 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 7 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4De Mu x ( 4 5 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4De Mu x ( 8 8 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  75  

i f  ( ph4De Mux( 100)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph 4 De Mu x ( 1 0 4 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  76  

i f  ( ph4DeMux( 55)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 7 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mux( 70)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 6 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  77  

i f  ( ph4DeMux( 7 7 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 

end i f ;
i f  ( ph4DeMux( 3)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 7 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  78  

i f  ( ph4De Mux( 84)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 8 )  ( 1 )  < =  H r P a r i t y T e r m O u t 5 ; 

end i f ;
i f  ( ph4De Mux( 40)  = ’ 1 ’ ) th en
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 7 8 )  ( 2 )  < -  H r P a r i t y T e r m O u t 5 ; 

end i f ;
i f  ( ph4De Mux( 10)  = ’ 1 ’ ) th en
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 7 8 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5  ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  79  

i f  ( ph4DeMux( 62)  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ;
e l s i f  ( ph4DeMux (1 1 9)  = ’ 1 ’ ) t h e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 7 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  80  

i f  ( ph4De Mux( 36)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4DeMux( 1 2 8 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 8 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5  ; 

end i f ;
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—  C o d e  f o r  I n f o  R e g i s t e r s  81 

i f  ( ph4De Mux( 29)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  (8 1) ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( p h 4 De Mu x ( 3 8 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  (8 1) ( 2 )  < =  H r P a r i t y T e t m O u t 5  ; 
e l s i f  ( ph4De Mu x ( 6 3 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 8 1 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4DeMux( 1 1 5 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 1 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ;  

end i f ;
i f  ( ph4DeMux( 5)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 1 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4DeMux( 2 2 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  (8 1) ( 3 )  < =  l l r P a r i t y T e r m O u t 5  ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  82  

i f  ( ph4DeMux( 17)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 2 )  ( 2 )  < =  U r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mu x ( 7 1 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 

end  i f ;
i f  ( ph4DeMux ( 2 0 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 8 2 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mux( 89)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 8 2 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  83  

i f  ( ph4DeMux( 8)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 8 3 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( p h 4De Mux( l  14)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 3 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5 ;  
e l s i f  ( ph4DeMux( 1 1 8 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 3 )  ( 3 )  O  l l r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  84  

i f  ( ph4DeMux( 3 5 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 8 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 7 7 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 8 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 9 4 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 8 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 

end  i f ;
i f  ( ph4De Mux( 46)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 4 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  85  

i f  ( ph4DeMux( 1 3 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6  ; 
e l s i f  ( ph4DeMux( 1 0 1 )  = ’ 1 ’ ) th e n
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 8 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4DeMux( 1 2 2 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 8 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;
i f  ( ph4DeMux( 54)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 5 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5  ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  8 6

i f  ( ph4DeMux(  1 06)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 6 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;
i f  ( ph4De Mux( 56)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 6 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6  ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  8 7
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i f  ( ph4DeMux( l  19) = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph 4 De Mu x ( 1 2 0 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ;  

end i f ;
i f  ( ph4DeMux( 9 1 )  = ’ 1 ’ ) t h e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 7 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  88  

i f  ( ph4DeMux( 7 5 )  = ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 8 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( 8  5)  = ’ 1 ’ ) t h e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 8 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5  ; 

end  i f ;
i f  ( ph4DeMux( 5 2 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 8 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5  ; 

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  89  

i f  ( ph4DeMux( 41)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t d ; 
e l s i f  ( ph4De Mu x ( 9 7 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 8 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 5 ;  
e l s i f  ( p h 4 De Mux( 127)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 8 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  9 0  

i f  ( ph4DeMux( 27)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4De Mu x ( 3 7 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;
i f  ( ph4DeMux( 74)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 0 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  91

i f  ( ph4DeMux( 25)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 1 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 9 3 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 9 1 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  92  

i f  ( ph4De Mux( 31)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 9 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mux( 38)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 9 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end  i f ;
i f  ( ph4De Mux( 14)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 9 2 )  ( 3 )  < =  U r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4De Mux( 59)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 9 2 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4De Mux( 95)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 2 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  93  

i f  ( ph4DeMux( 1 1 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mu x ( 6 7 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 9 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4DeMux( 1 1 1 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 9 3 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( p h 4De Mux( l  16)  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 5 ; 

end i f ;
i f  ( ph4De Mux( 61)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 9 3 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5 ;
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end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  94  

i f  ( ph4DeMux(  1 09)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 9 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;
i f  ( ph4DeMux( 21)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 9 4 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  95  

i f  ( ph4DeMux( 40)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 9 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f  ;
i f  ( ph4DeMux( 96)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 5 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  96  

i f  ( ph4De Mux( 45)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 6 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux(  105)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 6 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5 ; 

end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  9 7  

i f  ( ph4DeMux( 2 6 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 9 7 )  ( 2 )  < =  U r P a r i t y T e r m O u t 5  ; 
e l s i f  ( p h 4 De Mu x ( 1 0 2 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 9 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ;  

end  i f ;
i f  ( ph4De Mux( 57)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 9 7 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mu x ( 9 2 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 7 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph 4 De Mu x ( 1 0 8 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 7 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;

— Code f o r  Info R e g i s t e r s  98 

i f  ( ph4DeMux( 28)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 8 3 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 9 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux(  126)  = ’ 1 ’ ) th e n
H r d u I n f o L l r D e l a y L i n e . N e x t ( 9 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  9 9  

i f  ( ph4DeMux( 8)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e . N e x t ( 9 9 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mu x ( 1 5 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 9 9 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5 ; 

end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  1 0 0  

i f  ( ph4De Mux( 91)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 0 0 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;

e n d  i  f  ;

—  Co d e  f o r  I n f o  R e g i s t e r s  101  

i f  ( ph4De Mux( 18)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e . N e x t ( l O l )  ( 3 )  < =  H r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mu x ( 5 8 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 1 ) ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4De Mu x ( 8 7 )  = ’ 1 ’ ) then
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 1 ) ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;
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—  C o d e  f o r  I n f o  R e g i s t e r s  102

i f  ( ph4De Mux( 65)  = ’ 1 ’ ) t h e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( p h 4 De Mux( 80)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ;  

end i f ;
i f  ( ph4DeMux( 47)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 2 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( p h 4 De Mux( 48)  = * 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 2 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 0 3  

i f  ( ph4DeMux( 64)  = ’ ! ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 3 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4 De Mu x ( 1 2 5 )  = *1’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 3 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;
i f  ( ph4DeMux( 1 6 )  = ’ 1* ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 3 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mux( 76)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 3 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 0 4  

i f  ( ph4DeMux( 23)  = ’ 1* ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 4 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mux( 52)  = ’ 1* ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 4 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mux( 69)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 4 ) ( 3 . )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mux( 79)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 4 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 0 5  

i f  ( ph4DeMux ( 8 1 )  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 5 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( 1 1 7 )  = ’ 1* ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 5 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 0 6

—  Co d e  f o r  I n f o  R e g i s t e r s  1 0 7  

i f  ( ph4DeMux( 1 1 3 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 7 ) ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( p h 4 De Mux( 128)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;
i f  ( ph4DeMux( 3)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 7 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mux( 60)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 7 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( 7 3 )  = ’ 1 ’ ) th en
l l r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 0 7 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4De Mux( 84)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 7 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mux( 95)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 7 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mux( 97)  = * 1 ’ ) th en
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 0 7 ) ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ;

e n d  i  f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 0 8  

i f  ( ph4 De Mu x ( 1 0 7 )  = *1* ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 8 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  1 0 9  

i f  ( ph4DeMux( 0)  = ’ 1* ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 9 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;
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e l s i f  ( ph4De Mu x ( 3 0 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 0 9 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4DeMux( 1 0 3 )  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 0 9 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  1 1 0  

i f  ( ph4DeMux( 24)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 0 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( p h 4 De Mux( 66)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 0 )  ( 3 )  < =  H r P a r i t y T e r m O u t S ; 
e l s i f  ( p h 4 De Mux( 82)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 0 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( p h 4 De Mux( 99)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 0 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( l  10)  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 1 0 ) ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  11 1  

it  ( ph4DeMux( 6 1 )  = ’ 1 ’ ) th en
H r d u I n f o L l r D e l a y L i n e _ N e x t ( l l l ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mux( 90)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 1 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph 4 De Mu x ( 1 2 4 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 1 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 12  

i f  ( ph4DeMux( 2)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 2 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  1 1 3  

i f  ( ph4DeMux( 17)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 3 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mux( 36)  = ’ 1 ’ ) th en
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 1 3 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mux( 68)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 3 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 7 2 )  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 3 )  ( 3 )  < =  H r P a r i t y T e r m O u t 5  ; 
e l s i f  ( ph4De Mux( 93)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 3 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 1 4  

i f  ( ph4De Mux( 19)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 4 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( p h 4 De Mux( 51)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 4 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( p h 4 De Mux( 96)  = ’ 1 ’ ) th en
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 4 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 1 5  

i f  ( ph4De Mux( 14)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 5 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mux( 43)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 5 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 1 6  

i f  ( ph4De Mux( 63)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 6 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( l  12)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 6 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 1 7  

i f  ( ph4DeMux( 4)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 7 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux ( 8 8 )  = ) th e n
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U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 7 )  ( 3 )  < =  H r P a r i t y T e r m 0 u t 6 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  1 1 8  

i f  ( ph4DeMux( 33)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 1 8 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mu x ( 4 9 )  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 8 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mu x ( 5 8 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 8 ) ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 1 9  

i f  ( ph4DeMux( 5)  = ’ 1 ’ ) then
U r d u I n t f o L l r D e l a y L i n e . N e x t  ( 1 1 9 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 2 7 )  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 9 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mu x ( 7 0 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 1 9 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 2 0  

i f  ( ph4DeMux( 1 2 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 0 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mu x ( 5 3 )  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 0 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 7 2 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 0 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 7 8 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 0 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( p h 4 De Mux( 105)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 0 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  121  

i f  ( ph4De Mux( 32)  = ’ 1 ’ ) th e n
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 2 1 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 5 7 )  = ’ 1 ’ ) th e n
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 2 1 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( p h 4De Mux( l  14)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 1 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  1 2 2  

i f  ( ph4DeMux( 42)  = ’ 1 ’ ) th e n
l l r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 2 ) ( 2 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;
i f  ( ph4DeMux( 66)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 2 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 2 3  

i f  ( ph4De Mux( 16)  = ’ 1 ’ ) th en
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 2 3 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 8 6 )  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 3 )  ( 3 )  < =  H r P a r i t y T e r r a O u t 6 ;  
e l s i f  ( ph4DeMux( 1 0 1 )  = *1’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 3 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph 4 De Mu x ( 1 0 4 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 3 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 

end i f ;

 C o d e  f o r  I n f o  R e g i s t e r s  1 2 4

i f  ( ph4DeMux( 2 2 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 4 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 2 4 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 4 ) ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 3 4 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 4 ) ( 3 )  < =  H r P a r i t y T e r m O u t 5 ; 
e l s i f  ( ph4De Mu x ( 9 8 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 4 )  ( 3 )  < =  U r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( 1 2 1 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 4 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 5  ; 
end i f ;
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—  C o d e  f o r  I n f o  R e g i s t e r s  1 2 5  
i f  ( p h 4 De Mu x ( l )  -  ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 5 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4DeMux(54)  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 5 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( 1 2 3 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 5 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
end  i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  1 2 6  
i f  ( ph4DeMux( 44)  = ’ ! ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 6 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  1 2 7  
i f  ( ph4DeMux( 3 0 )  = ’ 1 ’ ) th e n
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 7 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mu x ( 3 4 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 7 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4DeMux( 3 9 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 7 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mu x ( 6 2 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 7 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  { ph4DeMux( l  10)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 7 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 2 8  
i f  ( ph4DeMux( 67)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 8 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( 7 1 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 2 8 ) ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 8 9 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 8 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ;  
end i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 2 9  
i f  ( ph4DeMux( 6)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 9 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 1 0 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 9 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4DeMux( 1 8 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 9 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mu x ( 2 3 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 2 9 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4De Mu x ( 2 6 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 2 9 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( 5 9 )  = ’ 1 ’ ) then
H r d u I n f o L l r D e l a y L i n e _ N e x t ( 1 2 9 ) ( 3 )  < =  U r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4DeMux( 1 1 6 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 9 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( 1 2 1 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 2 9 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
end  i f ;

—  Co d e  f o r  I n f o  R e g i s t e r s  1 3 0  
i f  ( ph4DeMux( 9)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 3 0 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( ph4DeMux( 1 5 )  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 3 0 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 6 ;  
e l s i f  ( ph4De Mux( 50)  = ’ 1 ’ ) th e n
H r d u I n f o L l r D e l a y L i n e . N e x t ( 1 3 0 ) ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
end i f ;

—  C o d e  f o r  I n f o  R e g i s t e r s  131  
i f  ( ph4DeMux( 73)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t ( 1 3 1 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
e l s i f  ( p h 4 De Mux( 85)  = ’ 1 ’ ) then
U r d u I n f o L l r D e l a y L i n e . N e x t  ( 1 3 1 )  ( 3 )  < =  H r P a r i t y T e r m O u t 6 ; 
end i f :

end  p r o c e s s ;

—  e l a b o r a t e  t i m e  o f  t h i s  p r o c e s s  b y  i t s e l f :  ~ 2 0 m i n  
p r o c e s s  ( U r d u C o d e L l r D e l a y L i n e , ph4DeMux,

1 l r P a r i t y  T e r  m O u t  1 , U r P a r i t y T e r m O u t 2  , H r P a r i t y T e r m O u t 3  )  i s

b e g in

H r d u C o d e L l r D e l a y L i n e _ N e x t ( 1 3 9  dow nto 1) < =  U r d u C o d e L l r D e l a y L i n e ( 1 3 8  downto  0 ) ;

—  Co d e  f o r  C o d e  R e g i s t e r s  13  
i f  ( p h 4 De Mu x ( l )  = ’ 1 ’ ) then
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 1 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4De Mu x ( 8 9 )  = ’ 1 ’ ) then
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 1 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end  i f ;
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—  C o d e  f o r  C o d e  R e g i s t e r s  15  
i f  ( ph4DeM ux (0)  = ’ 1 ’ ) then
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 1 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4DeM ux(45)  = ’ 1 ’ ) th en
l l r d u C o d e L l r D e l a y L i n e _ N e x t ( 1 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
e l s i f  ( p h 4DeM ux(46)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 1 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4DeM ux(96)  »  ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 1 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
end t f .

—  C o d e  f o r  C o d e  R e g i s t e r s  17  
i f  ( ph4DeM ux(92)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 1 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4 DeM ux(95)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 1 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  18  
i f  ( ph4DeM ux (50 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 1 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  19  
i f  ( ph4DeMux( 1 1 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 1 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4DeM ux(14)  = * 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 1 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4DeM ux(48)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 1 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  22  
i f  ( ph4DeM ux(86)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 2 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ;  
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  24  
i f  ( ph4DeM ux (3)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 2 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ;  
e l s i f  ( p h 4DeM ux(62)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 2 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s e
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 2 4 )  ( 2 )  < =  U r d u C o d e L l r D e l a y L i n e  ( 2 3 )  ( 2 ) ;  
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  25  
i f  ( ph4DeMux( 1 8 ) = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 2 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  2 6  
i f  ( ph4DeMux( 6 ) = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 2 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ;  
e l s i f  ( p h 4DeM ux(13)  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 2 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  2 1  
i f  ( ph4 DeM ux(87)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 2 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  29  
i f  ( ph4DeMux ( 1 2 )  = ’ 1 ’ ) th en
l l r d u C o d e L l r D e l a y L i n e _ N e x t ( 2 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 D eM ux(103)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 2 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  31 
i f  ( ph 4DeM ux(43)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 3 1 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  32  
i f  (  p h 4 D e M u x ( 5 )  =  * 1 ’ )  t h e n
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(55)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 3 2 )  ( 2 )  < =  U r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  33  
i f  ( ph4DeM ux (2)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeM u x (1 0 0 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end  i f ;
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—  C o d e  f o r  C o d e  R e g i s t e r s  34  
i f  ( ph4DeM ux(70)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 3 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeMux( 1 05)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  3 5  
i f  ( ph4DeM ux( 7 )  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 3 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeM ux(16)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 3 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4 DeM ux(94)  = ’ 1 ’ ) th en
l l r d u C o d e L l r D e l a y L i n e _ N e x t ( 3 5 ) ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
e l s i f  ( ph4DeMux( 1 0 1 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  3 6  
i f  ( ph4DeMux ( 4 9 )  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 3 6 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  3 7  
i f  ( ph4DeM ux(54)  = ’ 1* ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
e l s i f  ( p h 4 DeM ux(58)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
e l s i f  ( p h 4 DeM ux(88)  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 3 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeMux( 1 07)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e  . N e x t  ( 3 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  3 8  
I f  ( ph4DeMux (8 ) = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 8 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(56)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 8 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeM ux(71)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 3 8 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  3 9  
i f  ( ph4DeMux ( 1 7 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4 DeM ux(59)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(76)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4DeMux( 1 0 8 )  = * 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4DeMux( 1 1 1 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 3 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  4 0  
i f  ( ph4DeM ux(24)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph 4DeM ux(65)  = ) th en
l l r d u C o d e L l r D e l a y L i n e _ N e x t ( 4 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  41 
i f  ( ph 4DeM ux(44)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 1 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4DeMux( 1 2 1 )  = *1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 1 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  42  
i f  ( ph4D eMux (4 ) = ’ 1 ’ ) then
U r d u C o d e L l r D e l a y L i n e . N e x t ( 4 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  43
i t  (  p h 4 D e M u x ( 9 )  = *1* ) t h e n
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 4 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4DeMux ( 2 0 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 3 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  44  
i f  ( ph4DeMux ( 6 8 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(91)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;
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—  C o d e  f o r  C o d e  R e g i s t e r s  45  
i f  ( ph4DeM ux(47)  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 4 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4DeM ux(67)  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 4 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4DeM ux(99)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  4 6  
i f  ( ph4DeM ux(10)  = ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4DeM ux(73)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4DeM ux(74)  = *1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 D eM ux(123)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  4 7  
i f  ( ph 4DeMux (21 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4DeM ux(36)  = ’ 1* ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 4 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4DeM ux(90)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 4 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4DeM ux(93)  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 4 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeMux( 1 10)  = ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeMux( 1 2 6 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  4 8  
i f  ( ph 4DeM ux(23)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4 DeM ux(34)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4 DeM ux(38)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(42)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(64)  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 4 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(82)  = ’ 1 ’ ) th en
l l r d u C o d e L l r D e l a y L i n e _ N e x t ( 4 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( Ph4 D eM u x (9 7 )  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e . N e x t ( 4 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4DeM ux( 1 1 3 )  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 4 8 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  4 9  
i f  ( ph4DeM ux(84)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 4 9 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  5 0  
i f  ( ph4DeM ux(41)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(98)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 0 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
e l s i f  ( ph4DeMux ( 1 1 8 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 0 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  51 
it  ( ph4DeM ux( 5 2 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  (5 1) ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeMux( 1 24)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  (5  1) ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  52
i f  (  p h 4 D e M u x  ( 5 1 )  =  ’ 1 ’ )  t h e n
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ;  
e l s i f  ( p h 4 DeM ux(78)  = ’ 1 '  ) th en
l l r d u C o d e L l r D e l a y L i n e . N e x t ( 5 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  53  
i f  ( ph4DeM ux(29)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 3 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
e l s i f  ( ph4D eM u x (6 1 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4D eM u x (6 3 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ;
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e l s i f  ( ph 4 D eM u x (1 0 6 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 3 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  54  
i f  ( ph4DeMux( 10 9 ) = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  5 5  
i f  ( ph4DeM ux(15)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(60)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h4DeM ux( l  12) = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  5 6  
i f  ( ph4DeM ux ( l 14)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 6 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4DeMux ( 1 1 7 ) = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  5 7  
i f  ( ph 4DeM ux(25)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(39)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(53)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(57)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  5 8  
i f  ( ph4DeMux ( 6 9 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4DeM u x (1 2 0 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 8 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  5 9  
i f  ( ph4DeMux (1 1 5 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 5 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  6 0  
i f  ( ph4DeMux( 1 0 2 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 0 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  62  
i f  ( ph4DeMux ( 1 9 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(66)  = ’ 1 ’ ) th en
l l r d u C o d e L l r D e l a y L i n e _ N e x t ( 6 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(77)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 2 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  64  
i f  ( ph4DeMux ( 3 5 )  = ’ 1* ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeMux ( 8 3 )  = * 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( ph4DeMux( 1 16)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 4 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  65  
i f  ( ph 4DeM ux(32)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4DeM u x (1 0 4 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 6 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ;
e n d  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  6 6  
i f  ( ph4DeM ux(27)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( p h 4 DeM ux(80)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  6 7  
i f  ( ph 4DeM ux(26)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 7 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4 DeM ux(30)  = ) th en
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U r d u C o d e L l r D e l a y L i n e . N e x t  ( 6 7 )  ( 2 )  < =  H r P a r i t y T e r m 0 u t 3 ;  
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  68  
i f  ( ph4DeM ux(22)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 6 8 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  72  
i f  ( ph4DeM ux(28 )  = ’ 1 ’ ) th en
H r d u C o d e L l r D e l a y L i n e _ N e x t ( 7 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  73  
i f  ( ph4DeM ux(79)  = * 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 7 3 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  74  
i f  ( ph4DeMux( 8 1 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 7 4 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  75  
i f  ( ph4DeM ux(40 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 7 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4DeM ux(72)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 7 5 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3 ; 
e l s i f  ( ph4DeMux ( 1 2 5 )  = ' 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 7 5 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  76  
i f  ( ph4DeMux( 3 1 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 7 6 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
e l s i f  ( p h 4DeM ux(85)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 7 6 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  77  
i f  ( ph4DeMux( 7 5 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 7 7 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  78  
i f  ( ph4DeMux ( 1 1 9 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t ( 7 8 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  79  
i f  ( ph4DeM ux(37)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 7 9 )  ( 2 )  < =  H r P a r i t y T e r m O u t 3  ; 
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  8 0  
i f  ( ph4DeMux( 3 3 )  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 8 0 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  82  
i f  ( ph4DeMux( 1 22)  = *1’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 8 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
e l s i f  ( p h 4 D eM ux(127)  = ’ 1 ’ ) th en
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 8 2 )  ( 2 )  < =  l l r P a r i t y T e r m O u t 3  ; 
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  84  
i f  ( ph4DeMux( 1 2 8 ) = ’ 1 ’ ) th en
l l r d u C o d e L l r D e l a y L i n e _ N e x t ( 8 4 ) ( 2 )  < =  l l r P a r i t y T e r m O u t 3 ;  
end  i f ;

—  C o d e  f o r  C o d e  R e g i s t e r s  1 3 2  
U r d u C o d e L l r D e l a y L i n e . N e x t  ( 1 3 2 )  ( 3 )  < =  l l r P a r i t y T e r m O u t 2 ;

—  E n d  o f  a u t o —g e n  c o d e  
end p r o c e s s ;

end  B e h a v i o r a l ;

Listing B.10: LdpccParityCheckNodeWithlnf.vhd

F i l e n a m e : L d p c c P a r i t y C h e c k N o d e W i t h l n f . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4  
V e r s i o n :  0 . 1
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A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  Sw am y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g  

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T 6G  2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  a  6  i n p u t  6  o u t p u t  p a r i t y  c h e c k  n o d e  f o r  LD PC ~C C s  w h i c h  c a n  o p e r a t e
—  w i t h  i n f i n i t e  i n p u t s .

l i b r a r y  IEEE;
u se  IE E E .S T D .L O G I C .1 1 6 4 . ALL; 
u se  IE E E . STD-LOGIC.ARITH .ALL; 
u se  I E E E . STD-LOGIC-UNSIGNED .ALL;

u se  w o rk .  L d p c c P a c k a g e F o r I c f a a l p 2 . A L L ;  

e n t i t y  L d p c c P a r i t y C h e c k N o d e W i t h l n f  is
P ort ( c l k C l o c k  

r s t R e s e t  
l l r L l r T e r m l n  1 
H r L l r T e r m I n 2  
H r L l r T e r m I n 3  
H r L l r T e r m I n 4  
H r L l r T e r m I n 5  
H r L l r T e r m I n 6  

—  O u t p u t s  
H r L l r T e r m O u t l  
H r L l r T e r m O u t 2  
l l r L l r T e r m O u t 3  
H r L l r T e r m O u t 4  
H r L l r T e r m O u t 5  
U r L l r T e r m O u t 6

) ;

in  L o g i c B i t ;  
in  L o g i c B i t ;  
in  L o g L i k e R a t i o  
in  L o g L i k e R a t i o  
in  L o g L i k e R a t i o  
in  L o g L i k e R a t io  
in  L o g L i k e R a t i o  
in  L o g L i k e R a t i o

o u t  L o g L i k e R a t i o  ; 
o u t  L o g L i k e R a t i o  ; 
o u t  L o g L i k e R a t i o  ; 
o u t  L o g L i k e R a t i o  ; 
o u t  L o g L i k e R a t i o  ; 
o u t  L o g L i k e R a t i o

end L d p c c P a r i t y C h e c k N o d e W i t h l n f ;

a r c h i t e c t u r e  B e h a v i o r a l  o f  L d p c c P a r i t y C h e c k N o d e W i t h l n f  is

—  COMPONENTS

—  C o m p o n e n t s  w h i c h  w e  i n s t a n t i a t e  w i t h i n  t h e  m a i n
—  b l o c k .

com ponent LdpccMinMaxComp 
p o r t  ( mmtMinMaxCompInl : in  MinMaxTerm; 

mmtMinMaxCompIn2 : in  MinMaxTerm;
— O u t p u t s
mmtMinMaxCompMinOut : o u t MinMaxTerm; 
mmtMinMaxCompMaxOut : o u t MinMaxTerm

) ;
end c o m p o n en t;

—  R E G I S T E R S

—  R e g i s t e r e d  v a l u e s  w h i c h  m u s t  h a v e  an  _N e x t  v a l u e
—  t o  w o r k  w e l l .  A s  p e r  M a s s a n a  d e s i g n  r u l e s .

s ig n a l  mmtMinimum-Next 
s ig n a l  mmtMinimum

MinMaxTerm;
MinMaxTerm;

s ig n a l  mmtS econdM in im um -N ext  
s i g n a l  mmtSecondMinimum

MinMaxTerm;
MinMaxTerm;

s ig n a l
s ig n a l
s ig n a l
s i g n a l

s ig n a l
s ig n a l
s ig n a l
s ig n a l
s ig n a l
s ig n a l
s ig n a l
s ig n a l

s ig n a l
s ig n a l
s ig n a l

I r L l r T e r m O u t  1 R e g - N e x t  
l r L l r T e r m O u t  I R e g  
l r L l r T e r m O u t 2 R e g _ N e x t
l r L l r T e r m O u t 2 R e g

l r L l r T e r m O u t 3 R e g _ N e x t
l r L l r T e r m O u t 3 R e g
l r L l r T e r m O u t 4 R e g _ N e x t
l r L l r T e r m O u t 4 R e g
I r L l r T e r m O u t  5 R e g - N e x t
l r L l r T e r m O u t 5 R e g
l r L l r T e r m O u t 6 R e g _ N e x t
l r L l r T e r m O u t 6 R e g

b S i g n B i t T e r m  1-Del l . N e x t  
b S i g n B i t T e r m l  - D e l l  
b S i g n B i t T e r m  2 - D e l  l . N e x t

L o g L i k e R a t i o
L o g L i k e R a t i o
L o g L i k e R a t i o
L o g L i k e R a t i o

L o g L i k e R a t i o
L o g L i k e R a t i o
L o g L i k e R a t i o
L o g L i k e R a t i o
L o g L i k e R a t i o
L o g L i k e R a t i o
L o g L i k e R a t i o
L o g L i k e R a t i o

L o g i c B i t ; 
L o g i c B i t ; 
L o g i c B i t ;
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s ig n a l  l b S i g n B i t T e r m 2 _ D e l l  : L o g i c B i t ;
s ig n a l  l b S i g n B i t T e r m 3 _ D e l l _ N e x t  : L o g i c B i t ;  
s ig n a l  l b S i g n B i t T e r m 3 - D e l  1 : L o g i c B i t ;
s ig n a l  l b S i g n B i t T e r m 4 _ D e l  1- N e x t  : L o g i c B i t ;  
s ig n a l  l b S i g n B i t T e r m 4 . D e l l  : L o g i c B i t ;
s ig n a l  l b S i g n B i t T e r m 5 _ D e l l _ N e x t  : L o g i c B i t ;  
s ig n a l  l b S i g n B i t T e r m 5 - D e l l  : L o g i c B i t ;
s ig n a l  l b S i g n B i t T e r m 6 - D e l l _ N e x t  ; L o g i c B i t ;  
s ig n a l  l b S i g n B i t T e r m 6 - D e l  1 : L o g i c B i t ;

s ig n a l  l b T o t a l S i g n . N e x t  : L o g i c B i t ;  
s ig n a l  l b T o t a l S i g n  L o g i c B i t ;

—  T h e  f o l l o w i n g  s i g n a l s  a r e  d e f i n e d  t o  e l i m i n a t e  t h e
—  WARNINGS d u r i n g  s y n t h e s i s
s ig n a l  H r L l r T e r m l n  1 - S g n . t m p  L o g i c B i t  
s ig n a l  l l r L l r T e r m I n 2 _ S g n - t m p  L o g i c B i t  
s ig n a l  l l r L l r T e r m I n 3 _ S g n - t m p  L o g i c B i t  
s ig n a l  l l r L l r T e r m I n 4 . S g n . t m p  L o g i c B i t  
s ig n a l  H r L l r T e r m I n 5 . S g n . t m p  : L o g i c B i t  
s ig n a l  l l r L l r T e r m I n 6 - S g n _ t m p  : L o g i c B i t

—  COMB INATORI AL

—  C o m b i n a t o r i a l  s i g n a l s  w h i c h  a r e  n o t  a s s i g n e d  t o  r e g i s t e r s .

s ig n a l  mmtMinMaxTermini 
s i g n a l  mmtMinMaxTermIn2 
s ig n a l  mmtMinMaxTermIn3 
s i g n a l  mmtMinMaxTermIn4 
s i g n a l  mmtMinMaxTermIn5 
s i g n a l  mmtMinMaxTermIn6

MinMaxTerm;
MinMaxTerm;
MinMaxTerm;
MinMaxTerm;
MinMaxTerm;
MinMaxTerm;

s ig n a l  m m tM in S ta g eO n e ld O n e  
s ig n a l  mmtMaxS tageOneldOne  
s ig n a l  m mtMinStageOne ldTw o 
s ig n a l  m mtMaxS tageOne ldTw o 
s ig n a l  m m t M i n S t a g e O n e ld T h r e e  
s ig n a l  m m tM a x S ta g e O n e ld T h re e

s ig n a l  m mtMinStageTwoMinldOne 
s ig n a l  m mtMaxS tageTw oM in ldOne  
s ig n a l  mmtMaxStageTwoMinldTwo

MinMaxTerm; 
MinMaxTerm; 
MinMaxTerm; 
MinMaxTerm; 
MinMaxTerm; 
MinMaxTerm;

MinMaxTerm;
MinMaxTerm;
MinMaxTerm;

s ig n a l  mmtMinStageT woMaxIdOne  
s ig n a l  mmtMinStageTwoMaxIdTwo

MinMaxTerm;
MinMaxTerm;

s ig n a l  m m tM in S ta g eT h re e M a x Id O n e  : MinMaxTerm;

—  PROCEDURES a n d  F UN CTI ON S

—  P r o c e d u r e s  a n d  f u n c t i o n s  we m i g h t  u s e  t o  s p e e d  up  c o d e .

b e g in

—  I N S T A N T I A T I O N S

—  I n s t a n t i a t e  t h e  m a x / m i n  e n t i t i e s  w h i c h  d e t e r m i n e  b o t h  t h e
—  m i n i m a  a n d  2 n d  m i n i m a  o f  t h e  6  i n p u t s .  We d o  t h i s  i s  a  c a s c a d e d
—  f a s h i o n .  N o t  t h e s e  e n t i t i e s  a r e  c o m b i n a t o r i a l  a n d  we a d d
—  p i p e l i n i n g  e x t e r n a l l y  i f  r e q u i r e d .

MinMaxCompStageOneldOne  : LdpccMinMaxComp 
p o r t  m a p  ( mmtMinMaxCompInl =>  mmtMinMaxTermlnl  ,

mmtMinMaxCompIn2 =>  mmtMinMaxTermIn2 ,
—  O u t p u t s
mmtMinMaxCompMinOut =>  m m tM in S ta g eO n e ld O n e ,  
mmtMinMaxCompMaxOut =>  mmtMaxStage OneldOne

) ;

M i n M a x C o m p S t a g e O n e l d T w o  L d p c c M i n M a x C o m p

p o r t  m a p  ( mmtMinMaxCompInl =>  m mtMinMaxTe rm In3,
mmtMinMaxCompIn2 =>  m mtMinMaxTermIn4,
—  O u t p u t s
mmtMinMaxCompMinOut =>  m mtMinStageO ne ldTwo , 
mmtMinMaxCompMaxOut =>  m mtMaxStage OneldTw o

) ;

M in M a x C o m p S tag e O n e ld T h re e  ; LdpccMinMaxComp 
p o r t  m a p  ( mmtMinMaxCompInl =>  mmtMinMaxTermIn5 ,

mmtMinMaxCompIn2 =>  mmtMinMaxTermIn6 ,
—  O u t p u t s
mmtMinMaxCompMinOut =>  m m tM in S ta g eO n e ld T h re e  ,
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mmtMinMaxCompMaxOut =>  m m tM a x S ta g e O n e ld T h re e
) ;

M inMaxCompStageTwoMinldOne : LdpccMinMaxComp 
p o r t  map  ( mmtMinMaxCompInl =>  m m tM in S ta g eO n e ld O n e ,

mmtMinMaxCompIn2 =>  m mtMinStageOneldTwo ,
—  O u t p u t s
mmtMinMaxCompMinOut =>  m m tM in S ta g eT w o M in ld O n e , 
mmtMinMaxCompMaxOut =>  m mtMaxStage Tw oMin ldOne

) ;

MinMaxCompStageTwoMinldTwo : LdpccMinMaxComp 
p o r t  map ( mmtMinMaxCompInl =>  m m tM in S ta g eO n e ld T h re e  ,

mmtMinMaxCompIn2 =>  m m tM in S ta g eT w o M in ld O n e ,
—  O u t p u t s
mmtMinMaxCompMinOut =>  m m tM in im u m .N ex t , 
mmtMinMaxCompMaxOut =>  mmtMaxStageTwoMinldTwo

) ;

MinMaxCompStageTwoMaxIdOne : LdpccMinMaxComp 
p o r t  map ( mmtMinMaxCompInl = >  m mtMaxS tageOneldOne  , 

mmtMinMaxCompIn2 = >  m m tM a x S ta g e O n e ld T w o ,
—  O u t p u t s
mmtMinMaxCompMinOut =>  mmtM inStageT woMaxIdOne

) ;

MinMaxCompStageTwoMaxIdTwo : LdpccMinMaxComp 
p o r t  map ( mmtMinMaxCompInl = >  m m tM a x S ta g e O n e ld T h re e  ,

mmtMinMaxCompIn2 =>  m m tM axS tageT woM in ld O ne ,
—  O u t p u t s
mmtMinMaxCompMinOut =>  mmtMinStageTwoMaxIdTwo

) ;

M in M axCom pS tageThreeM axIdO ne  : LdpccMinMaxComp 
p o r t  map ( mmtMinMaxCompInl =>  mmtMinStageT woM axIdOne,

mmtMinMaxCompIn2 =>  mmtMaxStageTwoMinldTwo ,
— O u t p u t s
mmtMinMaxCompMinOut = >  m m tM in S ta g eT h re e M a x Id O n e

) ;

MinMaxCom pS tageThreeMaxIdTw o : LdpccMinMaxComp
p o r t  map ( mmtMinMaxCompInl = >  mmtMinStageTwoMaxIdTwo ,

mmtMinMaxCompIn2 = >  m m tM in S ta g e T h re e M a x Id O n e ,
—  O u t p u t s
mmtMinMaxCompMinOut =>  m m tS econdM in im um .N ext

) ;

—  U P D A T E J 4 I N J 4 A X .T E R M S

—  U p d a t e  t h e  . N e x t  v a l u e s  o f  t h e  d e l a y  l i n e s  b a s e d  on  t h e
—  n e w  i n p u t s  a n d  t h e  n e w  c o d e  b i t .

UPDATE_MIN_MAX_TERMS : p r o c e s s  ( l l r L l r T e r m l n  1 , l l r L l r T e r m I n 2  , l l r L l r T e r m I n 3  ,
H r L l r T e r m I n 4  , H r L l r T e r m I n 5  , H r L l r T e r m I n 6  , 
mmtMinMaxTermln 1 , mmtMinMaxTermIn2 , mmtMinMaxTermIn3 , 
mmtMinMaxTermIn4 , mmtMinMaxTermIn5 , mmtMinMaxTermIn6 ) i s

b e g i n

—  A u g m e n t  t h e  L L R s  w i t h  t h e  p o r t  t h e y  c a m e  i n  s o  we c a n
—  d o  t h e  o u t p u t  m a p p i n g  c o r r e c t l y .

mmtMinMaxTermln 1 < =  ( L l r = > l l r L l r T e r m I n  1 , l d = > ” 0 0 0 ” ) ;  
mmtMinMaxTermIn2 < =  ( L l r = > l l r L l r T e r m I n 2  , I d = > ” 0 0 1 ” ) ;  
mmtMinMaxTermIn3 < =  ( L l r = > l l r L l r T e r m I n 3  , I d = > ” 0 1 0 ” ) ;  
mmtMinMaxTermIn4 < =  ( L l r = > l l r L l r T e r m I n 4  , I d = > ” 0 1 1 ” ) ;  
mmtMinMaxTermIn5 < =  ( L l r = > l l r L l r T e r m I n 5  , I d = > ” 10 0 ” ) ;  
mmtMinMaxTermIn6 < =  ( L l r = > l l r L l r T e r m I n 6  , I d = > ” 10 1 ” ) ;

l b S i g n B i t T e r m l . D e l l . N e x t  < =  l l r L l r T e r m l n  1.  S g n ; 
l b S i g n B i t T e r m 2 . D e l l . N e x t  < =  H r L l r T e r m I n 2 . S g n ; 
l b S i g n B i t T e r m 3 . D e l l . N e x t  < =  H r L l r T e r m I n 3  . S g n ; 
l b S i g n B i t T e r m 4 _ D e l  1 . N e x t  < =  l l r L l r T e r m I n 4  . S g n ; 
l b S i g n B i t T e r m 5 . D e l l - N e x t  < =  H r L l r T e r m l n S  . S g n ; 
l b S i g n B i t T e r m 6 - D e l l - N e x t  < =  H r L l r T e r m I n 6  . S g n ;

e n d  p r o c e s s  UPDATE-MIN-MAX-TERMS;

—  UP DATE.MAGNITUDES

—  W r i t e  t h e  m i n i m u m  v a l u e  i n t o  a l l  t h e  o u t p u t  r e g i s t e r s  e x c e p t  f o r
—  t h e  o n e  c o r r e s p o n d i n g  t o  t h e  p o s i t i o n  o f  t h e  m i n i m a .  I t  g e t s  t h e
—  s e c o n d  m i n i m a .

UPDATEJvlAGNllUDES : p r o c e s s  ( mmtMinimum , mmtSecondMinimum ) is  
b e g i n
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i f  ( mmtMinimum. Id  = ” 0 0 0 ” ) t h e n
l l r L l r T e r m O u t l R e g . N e x t  .Mag < =  mmtSecondMinimum . L l r  . M ag ; 
l l r L l r T e r m O u t l R e g . N e x t .  S a t  < =  mmtSecondMinimum . L l r  . S a t ; 

e l s e
l l r L l r T e r m O u t l R e g . N e x t  .Mag < =  mmtMinimum. L l r  .Mag; 
l l r L l r T e r m O u t l R e g . N e x t . S a t  < =  mmtMinimum. L l r  . S a t ; 

end  i f ;
i f  ( mmtMinimum. Id  = ” 0 0 1 ” ) t h e n

l l r L l r T e r m O u t 2 R e g _ N e x t  .Mag < =  mmtSecondMinimum . L l r  .Mag; 
l l r L l r T e r m O u t 2 R e g _ N e x t . S a t  < =  mmtSecondMinimum . L l r  . S a t ; 

e l s e
l l r L l r T e r m O u t 2 R e g _ N e x t  .Mag < =  mmtMinimum. L l r  .Mag; 
l l r L l r T e r m O u t 2 R e g . N e x t . S a t  < =  mmtMinimum. L l r  . S a t ; 

e n d  i f ;
i f  ( mmtMinimum. Id  = ” 0 1 0 ” ) t h e n

H r L l r T e r m O u t 3 R e g . N e x t  .Mag < =  mmtSecondMinimum . L l r  .Mag; 
l l r L l r T e r m O u t 3 R e g _ N e x t . S a t  < =  mmtSecondMinimum . L l r  . S a t ; 

e l s e
l l r L l r T e r m O u t 3 R e g _ N e x t  .Mag < =  mmtMinimum. L l r  .Mag; 
l l r L l r T e r m O u t 3 R e g _ N e x t . S a t  < =  mmtMinimum. L l r  . S a t ; 

end  i f ;
i f  ( mmtMinimum. Id  = ” 0 1 1 ” ) t h e n

H r L l r T e r m O u t 4 R e g . N e x t  .Mag < =  mmtSecondMinimum . L l r  .Mag; 
l l r L l r T e r m O u t 4 R e g _ N e x t . S a t  < =  mmtSecondMinimum . L l r  . S a t ; 

e l s e
l l r L l r T e r m O u t 4 R e g _ N e x t  .Mag < =  mmtMinimum. L l r  . Mag; 
H r L l r T e r m O u t 4 R e g _ N e x t . S a t  < =  mmtMinimum. L l r  . S a t ; 

end  i f  ;
i f  ( mmtMinimum. Id  = ” 100 ” ) t h e n

H r L l r T e r m O u t 5 R e g . N e x t  .Mag < =  mmtSecondMinimum . L l r  .Mag; 
l l r L l r T e r m O u t 5 R e g _ N e x t . S a t  < =  mmtSecondMinimum . L l r  . S a t ; 

e l s e
H r L l r T e r m O u t 5 R e g . N e x t  .Mag < =  mmtMinimum. L l r  .Mag; 
H r L l r T e r m O u t 5 R e g _ N e x t . S a t  < =  mmtMinimum. L l r . S a t ; 

e n d  i f ;
i f  ( mmtMinimum. Id = ” 101 ” ) t h e n

H r L l r T e r m O u t 6 R e g _ N e x t  .Mag < =  mmtSecondMinimum . L l r  .Mag; 
H r L l r T e r m O u t 6 R e g _ N e x t . S a t  < =  mmtSecondMinimum . L l r  . S a t ; 

e l s e
l l r L l r T e r m O u t 6 R e g _ N e x t . M a g  < =  mmtMinimum. L l r  .Mag; 
l l r L l r T e r m O u t 6 R e g _ N e x t . S a t  < =  mmtMinimum. L l r . S a t ; 

end  i f ;

e n d  p r o c e s s  UPDATE-MAGNITUDES;

U P D A T E .S I G N S

l l r L l r T e r m l n l .
l l r L l r T e r m I n 2 .
l l r L l r T e r m I n 3 .
H r L l r T e r m I n 4 .
l l r L l r T e r m I n 5 .
l l r L l r T e r m l n b .

UPDATE.SIGNS

b e g i n

S g n . t m p  < =  
S g n . t m p  < =  
S g n . t m p  < =  
S g n . t m p  < =  
S g n . t m p  < =  
S g n . t m p  < =

H r L l r T e r m l n l . S g n ;  
H r L l r T e r m I n 2 . S g n ;  
H r L l r T e r m I n 3 . S g n ; 
l l r L l r T e r m I n 4 . S g n ;  
H r L l r T e r m I n 5 .  S g n ; 
H r L l r T e r m I n 6 . S g n ;

p r o c e s s  ( l l r L l r T e r m l n l . S g n . t m p  
1 l r  L l r  T e r  m l n 4  . S g n . t m p  
l b T o t a l S i g n  , 
l b S i g n B i t T e r m l  . D e l l  , 
l b S i g n B i t T e r m 4 _ D e l l  ,

l l r L l r T e r m l n  2 . S g n . t m p  
l l r L l r  T e r  m l n 5 . S g n . t m p

l l r L l r T e r m l n  3 . S g n . t m p  
l l r  L l r T e r m I n 6 . S g n . t m p

l b S i g n B i t T e r m 2 . D e l l  
l b S i g n B i t T e r m 5  - D e l l

l b S i g n B i t T e r m 3  . D e l  1 , 
l b S i g n B i t T e r m 6 - D e l  1 )

—  D e t e r m i n e  t h e  t o t a l  s i g n  a s  t h e  XOR o f  a l l  t h e  i n p u t  s i g n
—  b i t s .  We p i p e l i n e  t h i s  s i g n a l .

l b T o t a l S i g n . N e x t  < =  l l r L l r T e r m l n  1 . S g n . t m p  xor l l r L l r T e r m I n 2 . S g n . t m p  xor
H r L l r T e r m I n 3 . S g n . t m p  x or  l l r L l r T e r m I n 4 . S g n . t m p  xor
H r L l r T e r m I n 5 . S g n . t m p  xor H r L l r T e r m I n 6 . S g n . t m p  ;

—  T h e  o u t p u t  s i g n s  a r e  c o r r e c t e d  b y  x o r  i n g  t h e  t o t a l  s i g n
—  b y  t h e i r  o w n  i n p u t  s i g n .  N o t e  t h e  p i p e l i n i n g .

H r L l r T e r m O u t l R e g . N e x t . S g n  < =  l b T o t a l S i g n  xor l b S i g n B i t T e r m l  . D e l l
l l r L l r T e r m O u t 2 R e g . N e x t  .Sgn  < =  l b T o t a l S i g n  xor  l b S i g n B i t T e r m 2  . D e l l
H r L l r T e r m O u t 3 R e g . N e x t . Sgn < =  l b T o t a l S i g n  xor  l b S i g n B i t T e r m 3  . D e l l
H r L l r T e r m O u t 4 R e g _ N e x t  . S g n  < =  l b T o t a l S i g n  x o r  l b S i g n B i t T e r m 4  . D e l  1

H r L l r T e r m O u t 5 R e g . N e x t  .Sgn  < =  l b T o t a l S i g n  xor  l b S i g n B i t T e r m 5  . D e l l
H r L l r T e r m O u t 6 R e g . N e x t  .Sgn  < =  l b T o t a l S i g n  xor  l b S i g n B i t T e r m 6  . D e l l

end p r o c e ss  UPDATE.SIGNS;

—  T a k e  a  r e g i s t e r e d  o u t p u t  t o  h e l p  w i t h  t i m i n g  c l o s u r e  a n d
—  t o  b e  n i c e  t o  t h e  n e x t  b l o c k .

—  A S S I G N . O U T P U T
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ASSIGNjOUTPUT : p r o c e ss  ( l l r L l r T e r m O u t l R e g  , l l r L l r T e r m O u t 2 R e g  , H r L l r T e r m 0 u t 3 R e g  ,

b e g in
H r L l r T e r m O u t l
l l r L l r T e r m O u t 2
l l r L l r T e r m O u t 3
H r L l r T e r m O u t 4
H r L l r T e r m O u t 5
l l r L l r T e r m O u t 6

l l r L l r T e r m O u t 4 R e g  , l l r L l r T e r m O u t 5 R e g  , l l r L l r T e r m O u t 6 R e g  ) is

< =  l l r L l r T e r m O u t l R e g  ;
< =  l l r L l r T e r m O u t 2 R e g  ;
< =  l l r L l r T e r m O u t 3 R e g  ;
< =  l l r L l r T e r m O u t 4 R e g  ;
< =  H r L l r T e r m O u t 5 R e g  ;
< =  l l r L l r T e r m O u t 6 R e g  ;

end p r o c e ss  ASSIGNjOUTPUT;

—  CLOCK.UPDATE

—  T h i s  i s  t h e  p r o c e s s  w h i c h  u p d a t e s  a l l  t h e  r e g i s t e r s
—  w i t h  t h e i r  n e w  v a l u e s .

CLOCK.UPDATE
b e g in

p r o c e ss  ( c l k C l o c k  ) is

i f  ( c l k C l o c k  ’ e v e n t  and c l k C l o c k = ’ l ’ ) th en

i f  ( r s t R e s e t  = *1 ’ ) th en

mmtSecondMinimum < =  MIN_MAX-TERM_RESET; 
mmtMinimum < =  MIN _MAX_TERM -RES E T ;

l l r L l r T e r m O u t l R e g
H r L l r T e r m O u t 2 R e g
l l r L l r T e r m O u t 3 R e g
l l r L l r T e r m O u t 4 R e g
l l r L l r T e r m O u t 5 R e g
l l r L l r T e r m O u t 6 R e g

< =  LOG-LIKE JRATIO-RESET 
< =  LOG-LIKE-RATIO-RESET 
< =  LOG-LIKE_RATIO-RESET 
< =  LOG-LIKE-RATIO-RESET 
< =  LOG_LIKE_RATIO-RESET 
< =  LOG-LIKE-RATIO-RESET

l b S i g n B i t T e r m l - D e l  1 < =  
l b S i g n B i t T e r m 2 - D e l l  < =  
l b S i g n B i t T e r m 3  - D e l l  < =  
l b S i g n B i t T e r m 4 - D e l l '  < =  
l b S i g n B i t T e r m 5 - D e l l  < =  
l b S i g n B i t T e r m 6  . D e l  1 < =

l b T o t a l S i g n  < =  ’O ’ ; 

e l s e
mmtSecondMinimum
mmtMinimum

l l r L l r T e r m O u t l R e g
H r L l r T e r m O u t 2 R e g
l l r L l r T e r m O u t 3 R e g
H r L l r T e r m O u t 4 R e g
l l r L l r T e r m O u t 5 R e g
H r L l r T e r m O u t 6 R e g

< =  m m tS e c o n d M in im u m .N ex t ; 
< =  m mtMin im um -Next;

< =  l l r L l r T e r m O u t l R e g . N e x t ; 
< =  H r L l r T e r m O u t 2 R e g - N e x t ; 
< =  H r L l r T e r m O u t 3 R e g . N e x t ; 
< =  l l r L l r T e r m O u t 4 R e g - N e x t ; 
< =  l l r L l r T e r m O u t 5 R e g _ N e x t ; 
< =  H r L l r T e r m O u t 6 R e g . N e x t ;

l b S i g n B i t T e r m l - D e l  1 < =  
l b S i g n B i t T e r m 2 - D e l  1 < =  
l b S i g n B i t T e r m 3 _ D e l l  < =  
l b S i g n B i t T e r m 4 . D e l l  < =  
l b S i g n B i t T e r m 5 - D e l l  < =  
I b S i g n B i t T e r m b . D e l l  < =

l b S i g n B i t T e r m  l_ D e l  1- N e x t  
l b S i g n B i t T e r m 2 _ D e l  1 - N e x t  
l b S i g n B i t T e r m 3 . D e l  l - N e x t  
l b S i g n B i t T e r m 4 - D  e l l - N e x t  
l b S i g n B i t T e r m 5 _ D e l  l - N e x t  
l b S i g n B i t T e r m 6 _ D e l  l - N e x t

l b T o t a l S i g n  < =  l b T o t a l S i g n . N e x t ;

end  i f ;  

end  i f ;  

end p r o c e ss  CLOCBLUPDATE; 

end B e h a v i o r a l ;

Listing B .ll: LdpccMinMaxComp.vhd

F i l e n a m e : L d p c c M in M a x C o m p  . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  Sw am y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T6G 2 V 4 .
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—  D e s c r i p t i o n

—  T h i s  i s  a s i m p l e  c o m b i n a t o r i a l  b l o c k  t h a t  o u t p u t s  t h e  m i n  a n d  m a x  o f  i t s
—  t w o  i n p u t s .

l i b r a r y  IEEE;
u se  I EEE.STD_LOGIC _1164 .ALL; 
u se  IEEE . STD_LOGIC_ARITH .ALL; 
u se  I E E E . STD-LOGIC-UNSIGNED.ALL;

u se  w o r k . L d p c c P a c k a g e F o r I c f a a l p 2 .ALL;

e n t i t y  LdpccMinMaxComp i s
P ort ( mmtMinMaxCompInl ; in  MinMaxTerm;

mmtMinMaxCompIn2 : in  MinMaxTerm;
— O u t p u t s
mmtMinMaxCompMinOut : o u t MinMaxTerm; 
mmtMinMaxCompMaxOut : o u t MinMaxTerm

) ;
end  LdpccMinMaxComp;

a r c h i t e c t u r e  B e h a v i o r a l  o f  LdpccMinMaxComp i s  

b e g in

—  N o t e  t h i s  i s  a c o m b i n a t o r i a l  b l o c k  o n l y .  F i r s t  c h e c k  t h e  i n f i n i t y  b i t
—  o f  t h e  f i r s t  i n p u t  a n d  i f  s e t  t h e n  w r i t e  t h e  o t h e r  a s  m i n i m u m .

FIND.MINIMUN : p r o c e ss  (mmtMinMaxCompInl ,mmtMinMaxCompIn2) is  
b e g in

i f  ( mmtMinMaxCompInl . L l r . S a t  = ’ 1 ’ ) t h e n

mmtMinMaxCompMinOut < =  mmtMinMaxCompIn2 ; 
mmtMinMaxCompMaxOut < =  mmtMinMaxCompInl ;

e l s e

i f  ( mmtMinMaxCompIn2. L l r  . S a t  = ’ 1 ’ ) t h e n

mmtMinMaxCompMinOut < =  mmtMinMaxCompInl ; 
mmtMinMaxCompMaxOut < =  mmtMinMaxCompIn2;

e l s e

i f  ( mmtMinMaxCompInl. L l r  .Mag >  mmtMinMaxCompIn2 . L l r  .Mag ) then  
mmtMinMaxCompMinOut < =  mmtMinMaxCompIn2 ; 
mmtMinMaxCompMaxOut < =  mmtMinMaxCompInl ; 

e l s e
mmtMinMaxCompMinOut < =  mmtMinMaxCompInl ; 
mmtMinMaxCompMaxOut < =  mmtMinMaxCompIn2 ; 

e n d  i f ;

e n d  i f ;

e n d  i f ;

e n d  p r o c e s s  FIND.MINIMUN;

end B e h a v i o r a l  ;

Listing B.12: LdpccLogLikeAdd.vhd

F i l e n a m e : L d p c c L o g L i k e A d d  . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S w am y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T 6G  2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  a  s i m p l e  c o m b i n a t o r i a l  b l o c k  t h a t  p e r f o r m s  t h e  a d d i t i o n  p h a s e  o f  t h e
—  L LR  u p d a t e s . .

171

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy

l i b r a r y  IE EE;
u s e  IE E E .S T D -L O G IC .  116 4.ALL; 
u s e  IEEE.STD-LOGIC.ARITH.ALL;  
u s e  I E E E . STD-LOGIC-UNSIGNED .ALL;

u s e  w o r k . L d p c c P a c k a g e F o r I c f a a l p 2  .ALL;

e n t i t y  Ldpc c L o g L ik e A d d  i s  
P o r t  ( c l k C l o c k  

r s t R e s e t
U r d u I n f o L l r D e l a y U n i t l n
U r d u I n f o L l r D e l a y U n i t O u t

) ;
e n d  L d p c c L o g L i k e A d d ;

i n  L o g i c B i t ;  
i n  L o g i c B i t ;
i n  L o g L i k e R a t i o D e l a y U n i t  ; 
o u t  L o g L i k e R a t i o D e l a y U n i t

a r c h i t e c t u r e  B e h a v i o r a l  o f  L d p c c L o g L ik e A d d  i s

—  COMPONENTS

—  C o m p o n e n t s  w h i c h  we i n s t a n t i a t e  w i t h i n  t h e  m a i n
—  b l o c k .

c o m p o n e n t  L l rS ig n M a g A d d  is
P o r t  ( l l r L l r l n l  : i n  L o g L i k e R a t i o ;

U r L l r I n 2  : i n  L o g L i k e R a t i o ;
H r L l r O u t l  : o u t  L o g L i k e R a t i o

) ;
e n d  c o m p o n e n t ;

—  R E G I S T E R S

—  R e g i s t e r e d  v a l u e s  w h i c h  m u s t  h a v e  a n  . N e x t  v a l u e
—  t o  w o r k  w e l l .  A s  p e r  M a s s a n a  d e s i g n  r u l e s .

s ig n a l  H rS u m O n e T w o _ N e x t  : L o g L i k e R a t i o ;  
s ig n a l  U rS um OneT w o : L o g L i k e R a t i o ;

s ig n a l  l l r S u m O n e T h r e e . N e x t  : L o g L i k e R a t i o ; 
s ig n a l  U r S u m O n e T h r e e  : L o g L i k e R a t i o  ;

s ig n a l  U r S u m T w o T h r e e - N e x t  : L o g L i k e R a t i o ;  
s ig n a l  U rS u m T w o T h re e  : L o g L i k e R a t i o  ;

s ig n a l  l l r C h a n n e l L l r _ D e l l _ N e x t  : L o g L i k e R a t i o ;  
s ig n a l  l l r C h a n n e l L l r . D e l l  : L o g L i k e R a t i o ;

s ig n a l  U r d u I n f o L l r D e l a y U n i t O u t R e g - N e x t  : L o g L i k e R a t i o D e l a y U n i t ;  
s ig n a l  U r d u I n f o L l r D e l a y U n i t O u t R e g  : L o g L i k e R a t i o D e l a y U n i t  ;

—  T h i s  s i g n a l  i s  d e f i n e d  t o  e l i m i n a t e  WARNINGS d u r i n g  s y n t h e s i s  
s ig n a l  U r d u I n f o L l r D e l a y U n i t l n . t m p  : L o g L i k e R a t i o ;

b e g in

—  I N S T A N T I A T I O N S

L l rS ig n M a g A d d l 2  : L l rS ig n M ag A d d  
p o r t  map

( l l r L l r l n l  =>  U r d u I n f o L l r D e l a y U n i t i n  ( 1 )  , 
H r L l r I n 2  =>  U r d u I n f o L l r D e l a y U n i t l n  ( 2 )  , 
l l r L l r O u t l  =>  U rS u m O n e T w o -N e x t

) ;

L l rS ig n M a g A d d l3  : L l rS ig nM agA dd  
p o r t  map

( l l r L l r l n l  =>  U r d u I n f o L l r D e l a y U n i t l n  ( 1 )  ,
l l r L l r I n 2  =>  U r d u I n f o L l r D e l a y U n i t l n  ( 3 )  ,
l l r L l r O u t l  = >  l l r S u m O n e T h r e e . N e x t

) ;

L l rS ig n M a g A d d 2 3  : L l rS ig n M ag A d d  
p o r t  map

( l l r L l r l n l  =>  U r d u I n f o L l r D e l a y U n i t l n  ( 2 )  ,
H r L l r I n 2  =>  U r d u I n f o L l r D e l a y U n i t l n  ( 3 )  ,
l l r L l r O u t l  = >  U r S u m T w o T h r e e - N e x t

) ;

L l rS ig n M a g A d d 0 1 2  : L l rS ig n M ag A d d  
p o r t  map

( l l r L l r l n l  =>  l l r C h a n n e l L l r . D e l l  ,
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) ;

H r L l r I n 2  =>  UrSum OneTwo ,
l l r L l r O u t l  =>  U r d u I n f o L l r D e l a y U n i t O u t R e g - N e x t  (3 )

L l rS ig n M ag A d d 0 1 3  : 
p o r t  map

( l l r L l r l n l  
l l r L l r I n 2

L l rS ig n M ag A d d

=> l l r C h a n n e l L l r . D e l  1 . 
= >  U r S u m O n e T h r e e  ,

l l r L l r O u t l  = >  U r d u I n f o L l r D e l a y U n i t O u t R e g - N e x t  ( 2 )
) ;

L l rS ig nM agAdd023  
p o r t  map

( l l r L l r l n l  
H r L l r I n 2

L l rS ig nM agA dd

= >  l l r C h a n n e l L l r _ D e l l  
= >  U r S u m T w o T h r e e ,

) ;
l l r L l r O u t l  =>  U r d u I n f o L l r D e l a y U n i t O u t R e g - N e x t  ( 1 )

—  CHAN NE LJL LR .U PD AT E

— s i g n a l  U r d u I n f o L l r D e l a y U n i t l n  _t m p  : L o g L i k e R a t i o ;  
l l r d u I n f o L l r D e l a y U n i t l n . t m p  < =  U r d u I n f o L l r D e l a y U n i t l n  ( 0 ) ;

CHANNELXLR.UPDATE : p r o c e s s  ( l l r C h a n n e l L l r . D e l  1 , l l r d u I n f o L l r D e l a y U n i t l n . t m p  ) is  
b e g i n

l l r C h a n n e l L l r . D e l  1 - N e x t  < =  l l r d u I n f o L l r D e l a y U n i t l n . t m p ;
U r d u I n f o L l r D e l a y U n i t O u t R e g  . N e x t  ( 0 )  < =  l l r C h a n n e l L l r . D e l l  ; 

e n d  p r o c e s s  CHANNELXLR.UPDATE;

—  A S S I G N . O U T P U T

ASSIGNjOUTPUT : p r o c e s s  ( U r d u I n f o L l r D e l a y U n i t O u t R e g  ) is  
b e g i n

U r d u I n f o L l r D e l a y U n i t O u t  < =  U r d u I n f o L l r D e l a y U n i t O u t R e g  ; 

e n d  p r o c e s s  ASSIGNjOUTPUT;

—  CLO CK.UPDATE

—  T h i s  i s  t h e  p r o c e s s  w h i c h  u p d a t e s  a l l  t h e  r e g i s t e r s
—  w i t h  t h e i r  n e w  v a l u e s .

CLOCK.UPDATE : p r o c e ss  ( c l k C l o c k  ) i s  
b eg in

i f  ( c l k C l o c k  ’ e v e n t  and c l k C l o c k = ’ l ’ ) th en

i f  ( r s t R e s e t  = ’ 1 ’ ) th en

U rS um OneT w o < =  LOG-LIKE-RATIO-RESET;
U rS u m T w o T h re e  < =  LOG.LIKE.RATIO-RESET;
U r S u m O n e T h r e e  < =  LOG.LIKE.RATIO-RESET;

l l r C h a n n e l L l r . D e l l  < =  LOG-LIKE-RATIO-RESET;
U r d u I n f o L l r D e l a y U n i t O u t R e g  < =  LOGXIKE_RATIO_DELAY_UNIT-RESET;

e l s e

UrSum OneTw o < =  U rS u m O n e T w o  . N e x t ;
U r S u m O n e T h r e e  < =  l l r S u m O n e T h r e e . N e x t ;
U rS u m T w o T h re e  < =  U r S u m T w o T h r e e - N e x t ;

l l r C h a n n e l L l r . D e l l  < =  l l r C h a n n e l L l r . D e l  1 . N e x t ;
U r d u I n f o L l r D e l a y U n i t O u t R e g  < =  U r d u I n f o L l r D e l a y U n i t O u t R e g  . N e x t ;

end i f ; 

end i f  ;

end p r o c e ss  CLOCK-UPDATE;

Listing B. 13: LlrSignMagAdd.vhd

F i l e n a m e :  L l r S i g n M a g A d d .  v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d :  2 9 t h  A p r i l  2 0 0 4  
V e r s i o n :  0 . 1
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A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  Sw am y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g  

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a  , T6G 2 V 4 .

—  D e s c r i p t i o n

—  T h i s  i s  a  s i m p l e  c o m b i n a t o r i a l  b l o c k  t h a t  p e r f o r m s  t h e  a d d i t i o n  p h a s e  o f  t h e
—  L LR  u p d a t e s .

l i b r a r y  IEEE;
u s e  IEEE. STD -LOGIC. 1164. ALL; 
u s e  IE EE.STDXOGIC .A RITH.A L L; 
u s e  IEEE.STD-LOGIC-UNSIGNED.ALL;

u s e  work  . L d p c c P a c k a g e F o r I c f a a l p 2  ALL;

e n t i t y  L l rS ig n M a g A d d  i s
P o r t  ( l l r L l r l n l  : i n  L o g L i k e R a t i o ;

l l r L l r I n 2  : i n  L o g L i k e R a t i o ;
l l r L l r O u t l  : o u t  L o g L i k e R a t i o

) ;
e n d  L l rS ig n M ag A d d  ;

a r c h i t e c t u r e  B e h a v i o r a l  o f  L l rS ig n M a g A d d  i s

s i g n a l  s lv S um  : s t d - l o g i c . v e c t o r  ( l l r L l r l n  1 .M ag’ l e f t  ( 1 )+ 1  d o w n to  0 )
s i g n a l  s l v l n l  s t d . l o g i c . v e c t o r  ( l l r L l r l n  1 .M ag’ l e f t  (1 ) + l  d o w n to  0 )
s i g n a l  s l v l n 2  : s t d _ l o g i c . v e c t o r  ( l l r L l r l n  1 .M ag’ l e f t  (1 ) + l  d o w n to  0 )

b e g i n

—  N o t e  t h i s  i s  a  c o m b i n a t o r i a l  b l o c k  o n l y . .

ADD-TERMS : p r o c e s s  ( l l r L l r l n  1 , H r L l r I n 2  , s lv S um  , s l v l n l  , s l v l n 2  ) i s  
b e g i n

—  A d d  t h e  t e m p  t e r m s  r e g a r d l e s s  o f  i f  s t a t e m e n t s  b e l o w .

s l v l n  1 ( s l v l n l  ’ l e f t  ( 1 ) )  < =  ’ O ’ ;
s l v l n l  ( s l v l n l  ’ l e f t  ( 1 ) - 1  d o w n to  0)  < =  l l r L l r l n  1 .Mag;
s l v l n 2 ( s l v l n 2  ’ l e f t  ( 1 ) )  < =  ’ O ’ ;
s l v l n 2 ( s l v l n 2  ’ l e f t  ( 1 )  —1 d o w n to  0)  < =  l l r L l r I n 2  .Mag;

slvSum  < =  s l v l n l  + s l v l n 2 ;

—  I f  e i t h e r  i n p u t  i s  + i n f  t h e n  t h e  o u t p u t  i s  a l s o  + i n f .

—  T h e  f o l l o w i n g  l i n e  d o e s  n o t  w o r k  w i t h  ’ o t h e r s —> '
—  l l r L l r O u t l  < =  (  S a t = > T  , S g n  = > ’0 ’ , M a g = > ( o t h e r s - > ’0 ' )  ) ;
—  T h e r e f o r e , z e r o s  w e r e  h a r d c o d e d  f o r  s y n t h e s i s

i f  ( ( l l r L l r l n  1 . S a t  = ’ 1 ’) o r  ( H r L l r I n 2  . S a t  = ’ 1 ’ ) ) t h e n
—  TB l l r L l r O u t l  < =  ( S a t = > ’l ’ , S g n = > ’0 ’ , M a g = > ( o t h e r s  = >  ’O ’) ) ;

l l r L l r O u t l  < =  ( S a t = > ’ l ’ , S g n = > ’0 ’ , Mag=>” 0 0 0 0 ” ) ;  
e l s e

l l r L l r O u t l  . S a t  < =  ’O ’ ;

—  A d d  o r  s u t r a c t  t h e  m a g n i t u d e s  a s  g i v e n
—  b y  t h e  s i g n  b i t .  N o t e  i f  we a d d  we c h e c k  f o r
—  s a t u r a t i o n .  I f  we s u b t r a c t  we m u s t  p u t  t h e  l a r g e r
—  f i r s t .

i f  ( l l r L l r l n l  .S g n  = l l r L l r I n 2  . Sgn ) t h e n

l l r L l r O u t l  . Sgn < =  l l r L l r l n  1 . S g n ;

i f  ( s l v S u m ( s lv S um  ’ 1 e f t  ( 1 ) )  = ’ 1 ’ ) t h e n
—  TB l l r L l r O u t l  . M a g  < =  ( o t h e r s  = > ’1

l l r L l r O u t l  .Mag < =  ” 1 111” ; 
e l s e

l l r L l r O u t l  . Mag < =  s lv S um  ( s lv S um  ’ l e f t ( l ) —1 d o w n to  0)  ;
e n d  i f ;

e l s e

i f  ( l l r L l r l n  1 . Mag >  l l r L l r I n 2  .Mag ) t h e n  
l l r L l r O u t l  .S g n  < =  l l r L l r l n l  . S g n ;
l l r L l r O u t l  .Mag < =  l l r L l r l n l  .Mag -  H r L l r I n 2  .Mag;

e l s e
l l r L l r O u t l  .S g n  < =  l l r L l r I n 2  . Sgn ;
l l r L l r O u t l  .Mag < =  H r L l r I n 2  .Mag -  l l r L l r l n  1 .Mag;

e n d  i f ;  

e n d  i f ;
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e n d  i f ;  

e n d  p r o c e s s  ADD.TERMS; 

e n d  B e h a v i o r a l  ;

Listing B.14: LdpccSignExtractor.vhd

F i l e n a m e : L d p c c S i g n E x t r a c t o r  . v h d

C r e a t e d :  2 9 t h  A p r i l  2 0 0 4
M o d i f i e d : 2 9 t h  A p r i l  2 0 0 4  
V e r s i o n :  0 . 1

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S w a m y
L o c a t i o n :  D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g  

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T6G 2 V 4 .

D e s c r i p t i o n

—  T h i s  i s  t h e  h a r d —s l i c e r  u n i t  i n  t h e  LDPC—CC d e c o d e r .

l ib r a r y  IEEE;
u se  IEEE. STD.LO G IC.l 164. ALL; 
u se  IEEE . STDJLOGIC-ARITH .AIL,; 
u se  IEEE.STDXOGIC.UNSIGNED.ALL;

u se  work . L d p c c P a c k a g e F o r I c f a a l p 2 . ALL;

e n t i t y  L d p c c S i g n E x t r a c t o r  i s  
P o rt ( c l k C l o c k  

r s t R e s e t
l l r d u L l r D e l a y U n i t l n  

—  O u t p u t s  
l b B i t O u t
) ;

e n d  L d p c c S i g n E x t r a c t o r ;

a r c h i t e c t u r e  B e h a v i o r a l  o f  L d p c c S i g n E x t r a c t o r  is

in  L o g i c B i t ; 
in  L o g i c B i t ;
in  L o g L i k e R a t i o D e l a y U n i t  ; 

o u t L o g i c B i t

—  COMPONENTS

—  C o m p o n e n t s  w h i c h  we i n s t a n t i a t e  w i t h i n  t h e  m a i n
—  b l o c k .

com ponent L l rS ig n M a g A d d  is
P o r t ( l l r L l r l n l  

U r L l r I n 2  
l l r L l r O u t l

) ;
end c o m p o n en t;

in  L o g L i k e R a t i o ; 
in  L o g L i k e R a t i o ; 
o u t  L o g L i k e R a t i o

—  R E G I S T E R S

—  R e g i s t e r e d  v a l u e s  w h i c h  m u s t  h a v e  a n  _N e x t  v a l u e
—  t o  w o r k  w e l l .  A s  p e r  M a s s a n a  d e s i g n  r u l e s .

s ig n a l  U r S u m Z e r o O n e - N e x t  : L o g L i k e R a t i o  ;
s ig n a l  U r S u m Z e ro O n e  : L o g L i k e R a t i o  ;

s i g n a l  U r S u m Z e r o O n e T w o T h r e e - N e x t  : L o g L i k e R a t i o  ; 
s i g n a l  U r S u m Z e ro O n e T w o T h re e  L o g L i k e R a t i o  ;

s ig n a l  U r S u m T w o T h r e e - N e x t  : L o g L i k e R a t i o ;
s ig n a l  U rS u m T w o T h re e  : L o g L i k e R a t i o  ;

b e g in

—  I N S T A N T I A T I O N S
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L l r S i g n M a g A d d O  1 L l r S i g n M a g A d d  

p o r t map
( l l r L l r l n l  = >  U r d u L l r D e l a y U n i t l n  ( 0 )  , 

H r L l r I n 2  = >  U r d u L l r D e l a y U n i t l n  ( 1 )  , 
l l r L l r O u t l  =>  l l r S u m Z e r o O n e - N e x t

) ;

Llr S ig n M ag A d d 2 3  L l rS ig nM agA dd  
p o r t  map

( l l r L l r l n l  =>  U r d u L l r D e l a y U n i t l n  ( 2 )  , 
H r L l r I n 2  =>  U r d u L l r D e l a y U n i t l n  ( 3 )  , 
l l r L l r O u t l  =>  U r S u m T w o T h r e e - N e x t

) ;

LlrS ig n M ag A d d 0 1 2 3  L l rS ig n M a g A d d  
p o r t map

( l l r L l r l n l  =>  U r S u m Z e r o O n e ,
H r L l r I n 2  =>  U r S u m T w o T h r e e ,  
l l r L l r O u t l  = >  H rS u m Z e ro O n e T w o T h re e _ N e x t

) ;

—  A S S I G N . O U T P U T

ASSIGNjOUTPUT : p r o c e s s  ( U r S u m Z e ro O n e T w o T h re e  ) is  
b e g in

l b B i t O u t  < =  U r S u m Z e r o O n e T w o T h r e e . S g n ; 

e n d  p r o c e s s  ASSIGNjOUTPUT;

—  CLD CKJJPDAT E

—  T h i s  i s  t h e  p r o c e s s  w h i c h  u p d a t e s  a l l  t h e  r e g i s t e r s
—  w i t h  t h e i r  n e w  v a l u e s .

CLOCK-UPDATE : p r o c e s s  ( c l k C l o c k  ) is  
b e g in

i f  ( c l k C l o c k  ’ e v e n t  and c l k C l o c k  = ’ l ’ ) th en

i f  ( r s t R e s e t  = ’ 1 ’ ) th en

U r S u m Z e ro O n e  < =  LOG-LIKE-RATIO-RESET;
U rS u m T w o T h re e  < =  LOG-LIKE-RATIO-RESET;
U r S u m Z e ro O n e T w o T h re e  < =  LOG-LIKE.RATIO-RESET;

e l s e
U r S u m Z e ro O n e  < =  U r S u m Z e r o O n e . N e x t ;
U r S u m Z e ro O n e T w o T h re e  < =  U r S u m Z e r o O n e T w o T h r e e . N e x t ; 
U rS u m T w o T h re e  < =  U r S u m T w o T h r e e - N e x t ;

end i f ;  

end i f ; 

end  p r o c e ss  CLOCK-UPDATE; 

end  B e h a v i o r a l ;

Listing B. 15: ErrorCounter.vhd

F i l e n a m e :  E r r o r C o u n t e r . v h d

C r e a t e d :  0 6  J u l y  2 0 0 4
M o d i f i e d :  01 S e p t e m b e r  2 0 0 4  
V e r s i o n :  $

A u t h o r :  S t e p h e n  B a t e s  & R a m k r i s h n a  S w am y
L o c a t i o n : D e p t ,  o f  E l e c t r i c a l  a n d  C o m p u t e r  E n g i n e e r i n g  

T h e  U n i v e r s i t y  o f  A l b e r t a  
E d m o n t o n ,  A l b e r t a ,  T6G 2 V 4 .

—  D e s c r i p t i o n

—  T h i s  f u n c t i o n  t r a c k s  t h e  B E R  a n d  o u t p u t s  an  8 s e g m e n t  d i s p l a y  s i g n a l  t o
—  r e p o r t  t h i s .

l ib r a r y  IEEE;
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u s e  IE EE. S T D .L O G IC . l  164 .ALL; 
u s e  IEEE.STD-LOGIC.ARITH.ALL;  
u s e  IEEE.STD_LOGIC-UNSIGNED.ALL;

u s e  work  . L d p c c P a c k a g e F o r I c f a a l p 2  .ALL;

e n t i t y  E r r o r C o u n t e r  is  
p o r t  (

—  i n p u t s  
c l k C l o c k  
r s t R e s e t
l b D e c o d e d l n f o B i t

—  o u t p u t s  
s l v B l o c k C o u n t L o g 2

e n d  E r r o r C o u n t e r ;

a r c h i t e c t u r e  B e h a v o u r i a l  o f  E r r o r C o u n t e r  i s

s ig n a l  b c B l o c k C o u n t e r  ; B l o c k C o u n t e r ;
s ig n a l  b c B l o c k C o u n t e r - N e x t  : B l o c k C o u n t e r ;
s ig n a l  b c T h i s B l o c k C o u n t e r M a x  : B l o c k C o u n t e r ;
s ig n a l  b c T h i s B l o c k C o u n t e r M a x . N e x t  : B l o c k C o u n t e r ;

s ig n a l  b c E r r o r C o u n t :  B l o c k C o u n t e r ;  
s ig n a l  b c E r r o r C o u n t _ N e x t : B l o c k C o u n t e r ;  
s ig n a l  b c E r r o r C o u n t O l  : B l o c k C o u n t e r ;  
s ig n a l  b c E r r o r C o u n t O l  - N e x t : B l o c k C o u n t e r  ; 
s ig n a l  b c E r r o r C o u n t l O : B l o c k C o u n t e r ;  
s ig n a l  b c E r r o r C o u n t l O - N e x t : B l o c k C o u n t e r  ; 
s ig n a l  l b B i t T o C o m p a r e l O  : L o g i c B i t ;  
s ig n a l  l b B i t T o C o m p a r e  1 0 - N e x t : L o g i c B i t ;  
b e g in

—  A S S 1 G N .O U T P U T

ASSIGNjOUTPUT : p r o c e s s  ( b c T h i s B l o c k C o u n t e r M a x  ) is  
b e g i n

—  We c a n  d o  t h i s  a s  a  s l v  o r  a s  a  d r i v e r  f o r  a  7  s e g m e n t
—  d i s p l a y .

c a s e  b c T h i s B l o c k C o u n t e r M a x  is  
when ERROR.WINJVUN =>

s l v B l o c k C o u n t L o g 2  < =  ” 1 1 1 1 1 0 0 1 ” ;— ’1 ’ 
when ”0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 1 0 0 1 0 0 ” ;— ’2 ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 1 1 0 0 0 0 ” ;— ' 3 '  
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 0 1 1 0 0 1 ” ;— ’4 ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 0 1 0 0 1 0 ” ;— ’5 ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 0 0 0 0 1 0 ” ;— ' 6  ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 1 1 1 1 0 0 0 ” ;— ’7 ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 0 0 0 0 0 0 ” ;— ’S ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 0 1 0 0 0 0 ” ;— ’9 ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 0 0 1 0 0 0 ” ;— ’A ’ 
when " 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 0 0 0 0 1 1 ” ;— ’B  ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” = >  

s l v B l o c k C o u n t L o g 2  < =  ” 1 1 0 0 0 1 1 0 ” ;— ’C ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 1 0 0 0 0 1 ” ;— ’D ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 0 0 0 1 1 0 ” ;— ’E ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 1 0 0 0 1 1 1 0 ” ;— ’F ’ 
when ”0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 1 0 0 0 0 0 0 ” ;— ’0 .  ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 1 1 1 1 0 0 1 ” ;—  
when ” 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 1 0 0 1 0 0 ” ;— ’2. ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 1 1 0 0 0 0 ” ;— ' 3 .  ’ 
when ” 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 0 1 1 0 0 1 ” ;— ' 4 . '  
when ” 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 0 1 0 0 1 0 ” ;—  '5 .  ’ 
when ” 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 0 0 0 0 1 0 ” ;—  ’6 .  ’ 
when ” 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>
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s l v B l o c k C o u n t L o g 2  < =  ” 0 1 1 1 1 0 0 0 ” ;— ’7 . '  
when ”0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 0 0 0 0 0 0 ” ;—  ’8 .  ’ 
when ” 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 0 1 0 0 0 0 ” ;— ' 9 .  ' 
when ” 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 0 0 1 0 0 0 ” ;— ’A .  ’ 
when ” 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 0 0 0 0 1 1 ” ;— 'B .  ’ 
when ” 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 1 0 0 0 1 1 0 ” ;— ’C. ’ 
when ” 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 1 0 0 0 0 1 ” ;— ’D.  ’ 
when ” 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 0 0 0 1 1 0 ” ;— ’E .  ’ 
when ” 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ” =>  

s l v B l o c k C o u n t L o g 2  < =  ” 0 0 0 0 1 1 1 0 ” ;— ’F .  ’ 
when o t h e r s  =>

s l v B l o c k C o u n t L o g 2  < =  ” 0 1 0 0 1 1 1 1 ” ;— ’E r r '  
en d  c a s e  ;

end  p r o c e s s  ASSIGNjOUTPUT;

—  BLOCK-COUNTER-MODE

—  I n  t h i s  m o d e  o f  o p e r a t i o n  we f i n d  t h e  c o u n t e r  p e r i o d  2 ' N  t h a t  i s
—  c l o s e s t  t o  g i v i n g  u s  NUM-ERRORS-W ANTED e r r o r s  i n  i t s  p e r i o d .  I t
—  i s  a d a p t i v e  i n  t h a t  t h e  p e r i o d  i n c r e m e n t s  o r  d e c r e m e n t s  u n t i l
—  i t  g e t s  c l o s e  t o  t h e  d e s i r e d  p o i n t  ( o r  s a t u r a t e s ) .  N o t e  t h e  p e r i o d
—  c a n  l i e  i n  t h e  r a n g e  E R R O R - W I N - M I N  t o  ER R O R -W IN -M A X .

BIjOCK_(X)UNIER.MODE ; p r o c e s s  ( b c T h i s B l o c k C o u n t e r M a x  , b c E r r o r C o u n t  , b c B l o c k C o u n t e r ) 
b e g i n

i f  ( b c B l o c k C o u n t e r  = b c T h i s B l o c k C o u n t e r M a x  ) t h e n

—  S e t  t h e  c o u n t e r  u p p e r  v a l u e  b a s e d  on t h e  n u m b e r  o f
—  e r r o r s  o b s e r v e d .  S a t u r a t e  a t  o u r  l i m i t s .

i f  ( b c E r r o r C o u n t  >  NUM_ERRORS-WANTED_UPPERJTHRESH ) th en

i f  ( b c T h i s B l o c k C o u n t e r M a x  = ERROR.WIN.MIN ) th en  
b c T h i s B l o c k C o u n t e r M a x . N e x t  < =  b c T h i s B l o c k C o u n t e r M a x ;  

e l s e
b c T h i s B l o c k C o u n t e r M a x . N e x t  ( b c T h i s B l o c k C o u n t e r M a x  ’ 1 e f t  ( 1 ) )  < =  ’ 0 ’ ;
b c T h i s B l o c k C o u n t e r M a x . N e x t  ( b c T h i s B l o c k C o u n t e r M a x  ’ l e f t  (1 ) - l  d ow nto  0)  < =  

b c T h i s B l o c k C o u n t e r M a x ( b c T h i s B l o c k C o u n t e r M a x  ’ l e f t  ( 1 )  dow nto 1) ;
end i f ;

e l s i f  ( b c E r r o r C o u n t  <  NUM_ERRORS_WANTEDI£>WER_THRESH ) th en

i f  ( b c T h i s B l o c k C o u n t e r M a x  = ERROR.WINJVIAX ) th en  
b c T h i s B l o c k C o u n t e r M a x . N e x t  < =  b c T h i s B l o c k C o u n t e r M a x ;  

e l s e
b c T h i s B l o c k C o u n t e r M a x _ N e x t ( b c T h i s B l o c k C o u n t e r M a x  ’ l e f t  ( 1 )  dow nto 1) < =  

b c T h i s B l o c k C o u n t e r M a x ( b c T h i s B l o c k C o u n t e r M a x  ’ l e f t ( l )  — 1 d ow nto  0 ) ;  
b c T h i s B l o c k C o u n t e r M a x . N e x t  ( 0 )  < =  ’O ’ ;

end i f ;  

e ls e

b c T h i s B l o c k C o u n t e r M a x . N e x t  < =  b c T h i s B l o c k C o u n t e r M a x ;  

end i f ;

—  L a t c h  t h e  e r r o r  c o u n t  r e s u l t  t o  t h e  o u t p u t .  T h a t
—  w i l l  b e  h e l d  u n t i l e  n e x t  e v a l  o f  t h i s  l o o p .

b c B l o c k C o u n t e r . N e x t  < =  ( o t h e r s = > ’O’) ;

e ls e
b c B l o c k C o u n t e r  . N e x t  < =  b c B l o c k C o u n t e r  + BLOCK.COUNTERJNC;
b c T h i s B l o c k C o u n t e r M a x . N e x t  < =  b c T h i s B l o c k C o u n t e r M a x ;  

end i f ;

end p r o c e s s  BLXXTLCOUNIER.MODE;

—  ER RO R -TR AC KIN G

—  G e n e r a t e  a n  a l t e r a t i n g  s e q u e n c e  a n d  c o m p a r e  f o r  b o t h  p o s s i b l e  p h a s e s  w r t
—  t h a t .  O n e  w i l l  b e  r i g h t  a n d  o n e  w i l l  b e  w r o n g .  T h e  c o m p a r e  c o u l d  b e  a n  i s s u e
—  s o  t h e r e  a r e  c l e v e r  w a y s  t o  do  i t .
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ERROR-TRACKING p r o c e ss  ( l b B i t T o C o m p a r e l O  , b c B l o c k C o u n t e r  , b c T h i s B lo c k C o u n te r M a x  ,
b c E r r o r C o u n t O l  , b c E r r o r C o u n t  10 . l b D e c o d e d l n f o B i t )  is

b e g i n

l b B i t T o C o m p a r e l O . N e x t  < =  n o t l b B i t T o C o m p a r e l O ;

i f  ( b c B l o c k C o u n t e r  = b c T h i s B l o c k C o u n t e r M a x  ) th en

b c E r r o r C o u n t O l - N e x t  < =  ( o t h e r s = > ’O’) ; 
b c E r r o r C o u n t l O . N e x t  < =  ( o t h e r s  = > ’0 ’); 
be  E r r  o r  C o u n t - N e x t  < =  ( o t h e r s  = >  ’O’) ;

e l s e

i f  ( l b D e c o d e d l n f o B i t  = l b B i t T o C o m p a r e l O  ) th en
b c E r r o r C o u n t O l - N e x t  < =  b c E r r o r C o u n t O l  + BLOCK-COUNTER-INC; 
b c E r r o r C o u n t l O . N e x t  < =  b c E r r o r C o u n t l O  ; 

e ls e
b c E r r o r C o u n t O l - N e x t  < =  b c E r r o r C o u n t O l ;
b c E r r o r C o u n t l O . N e x t  < =  b c E r r o r C o u n t l O  + BLOCK_COUNTERJNC; 

end i f  ;

i f  ( b c E r r o r C o u n t O l  <  b c E r r o r C o u n t l O  ) th en  
b c E r r o r C o u n t _ N e x t  < =  b c E r r o r C o u n t O l  ; 

e ls e
b c E r r o r C o u n t _ N e x t  < =  b c E r r o r C o u n t l O ;  

end i f ;

end i f ;

end p r o c e ss  ERROR-TRACKING;

—  CLOCK JJPDA TE

CLOCK.UPDATE
b e g i n

p r o c e s s  ( c l k C l o c k  ) i s

i f  ( c l k C l o c k  ’ e v e n t  a n d  c l k C l o c k  = ’ l ’ ) t h e n  

i f  ( r s t R e s e t  = ’ 1 ’ ) t h e n

b c B l o c k C o u n t e r  < =  ( o t h e r s = > ’0 ’);
b c T h i s B l o c k C o u n t e r M a x  < =  ERROR-WIN-MIN;

b c E r r o r C o u n t  
b c E r r o r C o u n t O l  
b c E r r o r C o u n t l O  
lb B i t T o C o m p a r e l O  

e l s e
b c B l o c k C o u n t e r  < =  b c B l o c k C o u n t e r - N e x t ;
b c T h i s B l o c k C o u n t e r M a x  < =  b c T h i s B l o c k C o u n t e r M a x . N e x t ;

< =  ( o t h e r s  = > ’0 ’); 
< =  ( o t h e r s  = > ’O’) ; 
< =  ( o t h e r s  = > ’0 ’);  
< =  ’ 1 ’ ;

b c E r r o r C o u n t
b c E r r o r C o u n t O l
b c E r r o r C o u n t l O
l b B i t T o C o m p a r e l O

e n d  i f ;  

e n d  i f ; 

e n d  p r o c e s s  CLOCBLUPDATE; 

e n d  B e h a v o u r i a l ;

< = b c E r r o r C o u n t _ N e x t ;
< =  b c E r r o r C o u n t O l - N e x t ; 
< =  b c E r r o r C o u n t l O . N e x t ; 
< =  l b B i t T o C o m p a r e l O . N e x t ;

179

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Appendix C 

Tutorial: CFCL for LDPC-CCs

A new technology for pipelined VLSI, based on complementary ferroelectric ca­
pacitor logic (CFCL), was recently reported by Hanyu, Kimura, Matsunaga and 
others. CFCL circuits use of a layer of ferroelectric capacitor (FeC) material for 
non-volatile storage of data. The FeC material is deposited across the top of exist­
ing CMOS logic gates, creating an extra memory layer with negligible footprint on 
the CMOS layout.

FeCs can replace RAM cells and latches in CMOS designs, leading to a consid­
erable reduction in transistor count and circuit area. Because FeCs are non-volatile, 
no static current is needed for data retention. CFCL circuits therefore offer ex­
tremely low static power consumption.

Kimura, Hanyu, et al. recently demonstrated a CFCL-based low-power content- 
addressable memory (CAM) circuit with 7700 times lower static power than an 
equivalent CMOS design. The CFCL design also achieved a 33% reduction in 
dynamic power consumption and a 66% reduction in circuit area. This design 
used a 0.6 /un technology. At present, a 0.35 /jm CFCL technology is available with 
FeCs sized 1 /um2. CFCL logic uses differential storage, requiring two to four FeCs 
per gate, making FeCs quite competitive in area against static RAMs (or SRAMs) 
and other memory circuits.

C.l Content-Addressable-Memory
The CFCL-based CAM designed by Kimura et al. is an array of bits arranged in 
rows and columns. The CAM performs, for each row i, a greater-than operation, 
G(X,Bj) between an input word X  and a set of stored words Bu defined as

G{X,Bi) = { l , l i X > B i  (C.l)
^0, otherwise.

This function is decomposed into pair-wise operations performed between bits 
in a row. Each row produces a single bit of output, zu as illustrated in Fig. C.l.

180

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Swamy C.2: CAM-based LDPC-CC Decoder 

X0 JCj x2 x3 x4 x5 x6 x7
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CAM cell J  I I I I I I L
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Z ;
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[iKD^n^n^cKn^EKiiH—► z j

W rite Driver

Figure C.l: Structure of the CFCL-based CAM. [Figure courtesy o f Dr. Chris 
Winstead, Utah State University.]

C.2 CAM-based LDPC-CC Decoder
In this section, we present a possible CAM-based architecture for implementing 
LDPC-CC decoders. This architecture is not necessarily the most efficient, but it 
illustrates a plausible method for applying CFCL to LDPC-CC decoding.

The CAM operation (C.l) described in Section C. 1 can be used to implement the 
vertical (parity-check) update (3.13) used in LDPC decoders. This implementation 
is based on sorting the stored metrics, [ j ,  for a given phase (p. The two smallest 
metrics are then selected as the solution to (3.13).

One advantage of this method is that the sorted order can be forwarded from one 
processor to the next. In most cases, the sorted order will not change after the first 
two iterations and the solution to (3.13) can subsequently be obtained in a single 
operation. The disadvantage is that additional memory is needed to store the sorted 
order. Since only a small fraction of CAM cells are active at any time, the static 
power holds a significant share of the total power used in this architecture.

C.2.1 Vertical Processing: Parity-Check Update
The CAM-based LDPC-CC decoder consists of at least ms + 1 CAM columns. Each 
column has / + 1  rows. The CAM design differs from that described in Section C.l 
in two ways:
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• The stored words B{ can be retrieved by a read operation, i.e., the CAM 
has read, write and execute modes.

• Only one row is active per column at any time (in typical CAMs, all rows 
execute their function simultaneously on the same input word).

For one phase of vertical processing, one cell is selected in each of K  columns, 
as indicated in Fig. C.2. Initially, one cell is read, and the retrieved metric is called 
the test metric, A. The remaining K  — 1 cells are the sort space, S. The test metric 
is offered as input to all cells in the sort space. Each cell q in S is executed on input 
A, producing the comparison bit zq and the sign bit sq. XOR operations are used on 
the sq to determine the updated sign bits.

An updated sort space, S', is then created by excluding from S all cells for which 
zq = 1. A new test metric A' is selected from S', and the sort operation is repeated. 
This iterative sort algorithm is illustrated in Fig. C.3. When a sort space is obtained 
for which |Sj =  1, we know that S contains the index q of the smallest metric, and 
A is the second smallest. The sort is then terminated. All cells in <p except q are 
overwritten with the metric stored at q. The cell q is overwritten with the metric A.

In the worst case, read, execute and write operations cannot happen during the 
same clock cycle, and a maximum of K  — 1 sort operations are needed. This leads 
to a worst-case scenario of 2K  clocks to complete the operation. A typical (3,6) 
code would thus require 12 clock cycles per phase.

The time lost in vertical processing can be recovered by processing several 
phases in parallel. Because the parity-check matrix is sparse, several adjacent 
phases can be processed without accessing the same columns. If the CAM operates 
at 64ns per operation, as reported by Kimura et al., and six phases are computed in 
parallel, then 1-10 Mbps throughput is easily achieved.

In typical operation, the sort order does not change after the first processor for 
most phases. Processing activity therefore decreases rapidly after the first proces­
sor. Because dynamic processing becomes rare, low static power consumption is a 
critical feature in this architecture. The Bates LDPC-CC decoding architecture has 
30 processors and achieves 10 nJ/bit. Much of this energy is consumed by static 
power in memory cells. The 7700x reduction in static power will therefore play a 
critical role in improving the energy efficiency of a CAM-based LDPC-CC decoder.

C.3 More Information
The CFCL tutorial presented in this Appendix, all text and figures inclusive, is fully 
attributed to Dr. Chris Winstead of Utah State University. For more information, 
see [72].
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Figure C.2: CAM architecture adapted for LDPC-CC decoding. [Figure courtesy 
o f Dr. Chris Winstead, Utah State University.]
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(Read)
1 0 0

1 ™ ! ™ ?
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(Sort 1)
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(Sort 2)

(Read)” D

i (Sort 3)

(Read)
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Figure C.3: Example of vertical processing in a CAM-based LDPC-CC decoder. 
All read, write and execute operations are indicated. [Figure courtesy o f Dr. Chris 
Winstead, Utah State University.]
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