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Abstract 

 

Design and Implementation of (255,245) Reed-Solomon Code 

Encoder and Decoder 

 

 

By 

 

Shailee Gajjar 

 

Master of Science in Electrical Engineering 

 

In this project, the Reed-Solomon code algorithm is discussed. It is followed by the 

design and implementations of (255, 245) Reed-Solomon code encoder and decoder. The 

encoder takes a message of 245-byte and generates a codeword of 255-byte. The codeword 

is described by a Galois Field GF (28). In this project, the Reed Solomon guarantees the 

correction of ten short bursts of errors. Once codeword is obtained, it is then transmitted 

via digital communication channel. Design and simulation of the encoder and decoder is 

implemented using Verilog.  

The encoding process is simpler than the decoding process and requires less 

complex hardware. The decoder, however, is implemented using a parallel structure to 

speed up the Galois Field computations necessary to know the positions of the errors and 

their values.  

This decoder logic circuit comprises of multiple units to perform a parallel 

computation for the syndrome calculation. Next step is to determine the coefficients of the 

error location polynomial. To get that Berlekamp’s iterative algorithm is used. Syndrome 

is calculated and the polynomial is searched rigorously for errors. At the same time, the 

roots of the error location polynomials are calculated. Their error values are determined 

and the correction of the found errors is performed.
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CHAPTER 1 

INTRODUCTION 

 Since the discovery of digital data communication, the information is prone to 

noises when communicated via any medium of communication. A major concern to the 

communication engineer is to control these errors such that reliable transmission of data 

can be obtained. Long distance communications have become very common and fast unlike 

a decade ago. And with this rises the urge for more reliable and efficient ways of digital 

data transmission systems. If we talk about digital data communication we simply cannot 

ignore the fact that the noise corrupts the transmitted data in the channel and is one of the 

severe problems to be dealt to begin with. To deal with the noise in the channel various 

methods and theories have been proposed so far and one such method is used in this project. 

 In coding theory, there are various types of codes like linear block codes, 

convolution codes, cyclic, non-cyclic, line code, cryptographic codes, etc. And these codes 

are used for networking basically. The data is compressed first, encrypted and sent through 

the channel. At the receiver’s end, it is checked if it is error free but if some errors are 

found error correction is done which again has so many ways to do it. BCH is one of the 

error correcting codes and is classified as cyclic error correcting code.  

 BCH codes were discovered in 1959 by Hocquenghem, also by Bose and Chaudhri 

in 1960. It is named after the group of these three people who discovered it. BCH is one of 

the strongest codes that is used for error correction. There is also the contribution of other 

two persons in developing these codes. Gorenstein and Zierler defined BCH as binary 

symbols. It was later generalized to pm symbols. In which p is a prime number and m is a 

positive integer. BCH is divided into further two groups such as binary and non-binary 

codes.  

 Let’s say if p is a prime having q as its power, codes will be formed from q symbol 

alphabets called the q-ary codes. If s and t are any positive integers, there would be an 

occurrence of q-ary BCH code having the length of n = qs – 1 and capable of correcting t 

combinations or lesser errors requiring only 2t parity check digits. 
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Reed-Solomon is a special type of BCH code. It was introduced by Gustave 

Solomon and Irving Reed in 1960. It takes the value of s=1. Its encoder is simple to design 

using multipliers and shift register. Though easy to design the encoder; this code was not 

very popular in its early days because of the complexity in decoding part. W.W. Peterson 

played a major role in developing the decoding algorithm which had syndrome calculation 

and elementary symmetric function. Then E.R. Berlekamp further improvised it by giving 

the iteration form of Peterson’s code. And so, error correction technology got its one of the 

most dependable codes in the form of Reed Solomon code.  

The pure hardware implementation would be more expensive and complex whereas 

software implementation is more simple and easier for majority of the cases. Thus, the 

software implementation of (255,245) Reed-Solomon code is done in this project. The 

objective of this project is discussed below. 

1.1 Objective 

 The main aim of this project is to design and model (255,245) Reed Solomon code 

having ten error correcting capability. The encoding and decoding procedure needs some 

parameters which we are going as below: 

Block length:                                       n = q-1 

Number of parity digits:                      n – k = 2t 

Minimum distance:                             d = 2t +1   

Number of bits per symbol:                    m  

Minimal polynomial in GF (2m):            PX         

Error correcting capability:                     t 

 The information message of 245 symbols is encoded first before sending to the 

medium for transmission. This encoding procedure for Reed-Solomon code is summarized 

below in the form of four points: 

1. Field elements are to be determined first 

2. Generator polynomial is to be calculated then 
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3. As per the algorithm there are going to be 10 parity check symbols so the next 

step is to compute the parity check symbols 

4.  This is how after adding the parity symbols a message of 245 symbols is 

converted to 255 symbols 

When the message is encoded, it is communicated via the channel and reaches the 

decoder. Where the decoder checks if the message is corrupted and modified by noise in 

the medium or not and then follow the following decoding algorithm: 

1. First step is finding the Syndrome  

2. Then Berlekamp’s iteration table is filled to determine error location 

polynomial 

3. Error number indicates error location. Error value and error coefficients both 

are computed and received message is corrected 

Software implementation is done using Xilinx’s tool called VIVADO Verilog module. 

1.2 Outline 

This text is divided into six chapters and two Appendices. 

First chapter is the introduction of the project. It discusses the history of the codes 

and later gives a brief explanation of what the project is about by discussing the encoder 

and decoder. 

Second chapter discusses the properties of the Reed Solomon code. It tells how the 

field elements are produced and how all the required information is needed for generating 

the generator polynomial. It also gives all the filed elements that are produced in the 

transmission of 255 symbols into the channel. 

The third chapter explains encoder and the steps included in encoding algorithm. 

The conventional architecture of encoder is presented with circuit simulation. 

Similarly, fourth chapter deals with the description of decoder and decoding 

algorithm, calculation of syndrome, finding error locations and how to correct them with 

circuit simulation.    
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Chapter Five talks about the software implementation of the encoder and decoder 

of the (255, 245) Reed Solomon code with the outputs from the VIVADO software. 

Lastly, chapter 6 is the conclusion of the project. It summarizes the software 

implementation and provides the advantages and disadvantages of using the software 

implementation of the Reed Solomon code. 

Appendix A is the table generated from the code which gives the decimal to binary 

conversion of 0-255 symbols and vice versa. 

Appendix B is the Verilog code script of Reed-Solomon Encoder.  

Appendix C is the Verilog script of Reed Solomon Decoder.  
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CHAPTER 2 

BASICS OF REED-SOLOMON CODE AND ITS PROPERTIES 

Initially this chapter talks a little bit about digital communication, the need of error 

detection, error correction along with BCH and Reed Solomon code. In the large group of 

cyclic codes, BCH is the most effective group of cyclic error correcting codes. BCH has 

the capability to correct multiple errors and is the part of generalized Hamming code 

sequence. They are burst linear error correcting codes over GF(2m). And the algorithm to 

decode it requires working in the broader GF(2m). So, it turns out BCH has two parts: 

Codeword symbol field and decoder computation field. 

 Now in R-S code unlike the BCH symbol & Computation field are same. There are 

different types of q-array BCH codes. Reed Solomon is one of them where value of s = 1 

and s is the positive integer. 

2.1 Digital Communication System 

 Digital communication is defined as, the transferal of digital information from a 

source that produces the information to the destination which can be one or many. The 

medium which is used to carry the information is known as the channel. There are various 

forms of medium like air, coaxial cable, fiber optic cable, etc. Mostly for long distance 

communications air and/or fiber optic channels are greatly used. Even if the channel is said 

to be reliable it cannot be 100% error free. There is a chance of the presence of noise in the 

channel which tend to alter the message. And for that various methods of error detection 

and correction are used. Below figure 2.1 is the block diagram of the general digital 

communication system and it is explained later after the figure. 
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Figure 2.1 Block diagram of basic digital communication system 

 

 Information source is defined as the block where the information message which is 

to be transmitted is stored. This information can be discrete or continuous. 

 Encoder encodes the message and add some redundant symbols with the source 

information so that error detection and correction can take place at the receiver. 

 The job of the digital modulator is to modulate the information message by 

changing one of its parameters like amplitude, phase or frequency so that information can 

be sent over long distances without much damage to the original information. 

 The message from the modulator is sent to the receiver via the channel. There are 

many types of channel or medium on which message is sent to the receiver like air, coaxial 

able, fiber optic cable, etc. So, the media which carries the information message to the 

receiver is known as the channel. 

 Then comes the demodulator. Demodulator demodulates or change the modulated 

signal that had its one of the parameters changed back to the message that encoder had. It 

is the inverse process of the modulation. 

Decoder works just in the reverse way of the encoder. Message received is 

compared to the information message. Error detection and correction is carried out by using 
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one of the various methods available and decoded message is sent to the receiver where it 

is read by the user.   

2.2 Linear Block codes 

 If there is a code segment of ‘k’ information symbols which are to be sent as 

information and at the receiver we get ‘n’ symbols as output, the code segment can be 

represented as (n, k) code. The formal definition is that if the code is of length ‘n’ with 2k 

codewords and these 2k code words forms the k-dimensional subspace. This k-dimensional 

subspace is the vector space of all n-tuples over the field GF (2m). A code having these 

specifications is known as a linear block code ‘C’. Hamming codes are the family of linear 

block codes. Mathematically, hamming codes are the class of the binary linear codes 

discovered by Richard Hamming in 1950. Cyclic codes are the subclass of the linear codes.  

2.3 Hamming Code 

 The code whose generator polynomial is primitive type P(X) having the degree m 

is known as Hamming Codes. They are useful where error rates are very low. Because of 

very limited redundancy added to the data or the information message the capability of 

correcting more errors are reduced. Thus, hamming codes are only capable of correcting 2 

bit errors and are widely used where chances of error occurrences are rare or negligible. 

There are certain parameters of Hamming codes as explained below: 

 Code length n =                                    2n – 1 

Number of parity check digits: n – k = m 

Number of information digits k =         2m – m – 1 

2.4 Parameters of Hamming Code  

Hamming code has the below mentioned parameters: 

 Block length:                  n 

 Number of parity digits: n – k 

 Minimum distance:         d 
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where, 

n = q – 1 

n – k = 2t 

d = 2t + 1 

We are going to consider the code symbol from the Galois Field GF(2m). Which is 

q = 2m. Reed Solomon code is represented symbolically as (n, k) code. 

 In this project n = 255 & k = 245 so is going to be (255, 245) Reed Solomon code. 

So, the parameters for the project are the following: 

2m = 28 = 256 = q 

Here m = 8 

Block length = n = q – 1 = 255 

Number of parity digits = n – k = 2t 

k = 245 information symbols. 

255 – 245 = 2t 

2t = 10 

⸫t = 5 

minimum distance d = 2t + 1 = 11 

2.5 BCH Code 

 It is one of the most popular and most famous form of cyclic codes. It was 

discovered by Hocquenghem, Bose, and Chaudhuri. Thus, is named after them as BCH 

codes. BCH code could correct multiple errors at a time.  

BCH code parameters: 

Block Length:                            n = 2m - 1      

Number of parity check digits:  n – k ≤ mt         
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Minimum distance:                    d ≥ 2t +1 

Where m and t are any positive integers (t < 2m-1).  

 To calculate the generator polynomial of the BCH code, consider α to be the 

primitive element from the Galois Field GF(2m). The powers of α are calculated in the 

following manner: 

α, α2, α3, ……., α2t                    (2.1) 

If there is a block of n = 2m – 1 digits, BCH code can correct up to ‘t’ or fewer 

errors. Because of this it is known as t-error correcting BCH code.  

This says that the minimum polynomial of αi is going to be mi(X). Then the generator 

polynomial is going to be  

g(x) = LCM [m1(X), m2(X), m3(X), m4(X),…, m2t(X)]       (2.2) 

 The parameters of BCH code are the primitive element α, code length n = pm – 1, 

Galois Field (Pm) and the power of m. To get the BCH code we should know the following: 

1. Minimal polynomial is to be found mi(X) where i = 1, 3, …, 2t -1 

2. Obtain the generator polynomial g(X), 

g(x) = LCM [m1(X), m2(X), m3(X), m4(X),…, m2t(X)] 

3. According to the generator polynomial, g(X), value of k is to be fixed, where (n-

k) ≤ mt 

4. Minimum distance i.e. dmin ≥ 2t + 1   

2.6 Galois field (2m) 

 Galois field is an important aspect of study in cyclic codes. The definition is that a 

field that has finite number of elements. This is also a special case of finite field. It is a 

field that has 2m symbols denoted by GF(2m). In BCH, they are used for decoding codes 

and Reed Solomon codes use it like symbols. 

Steps to find the Galois Filed are below: 

1. Take arithmetic with 2 symbols and polynomial having the degree of ‘m’  

2. Let a new symbol α is used such that p(α) = 0 
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3. Develop a table of power of α. 

4. Powers of α up to 2m – 2 

(𝛼2𝑚−1 = 1) 

(0, 1, α, α2, …, 𝛼2𝑚−2 = set of 2m field elements) 

5. Write every element as sum of elements, 

For example, let m = 8 then, the primitive polynomial is 

P(X) = 1 + X2 + X3 + X4 + X8                  (2.3) 

The field Elements are:  

P(X) = α8 + α4 + α3 + α2 + 1 = 0                (2.4) 

    ⸫ α8 = α4 + α3 + α2 + 1         (2.5) 

We get the following table:  

1st element     1 

2nd element      α 

3rd element     α2 

4th element     α3 

5th element     α4 

6th element     α5 

7th element     α6 

8th element     α7 

9th element     α8 = α4 + α3 + α2 + 1 

10th element      α9 = α (α4 + α3 + α2 + 1)  

           = α5 + α4 + α3 + α 

 .     . 

 .     . 
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 .     . 

 .     . 

 .     . 

 .     . 

256th element     α255 = 1 

 

2.7 Generator Polynomial 

For encoding and easy calculation of syndrome, there are few properties of polynomial 

representation as follows: 

1. Let the code be an (n, k) cyclic code. Then, there could be one and only one code 

polynomial g(x) of degree n – k. 

2. The generator polynomial g(x) of an (n, k) cyclic code is factor of xn + 1.  

Where, 

xn + 1= g(x) h(x) 

3. g(x) generates an (n, k) cyclic code if and only if g(x) is a polynomial of degree n-

k and is a factor of xn + 1. 

If we combine two codewords of (255, 245) Reed Solomon we get a codeword in the 

result. This suggests that the (255, 245) Reed Solomon code is a linear code. There also 

exists a generator polynomial because of the cyclic properties. As 2t = 10, due to the cyclic 

properties the degree of the generator polynomial of (255, 245) Reed Solomon code is 10. 

So, there are 10 coefficients of the parity check symbols in the generator polynomial. 

G(x) = g0 + g1x + g2x
2 + g3x

3 + g4x
4 + g5x

5 + g6x
6 + g7x

7 + g8x
8 + g9x

9 + x10                            (2.6) 

Suppose α is the primitive element of the Galois Field GF (28) for (255, 245) Reed Solomon 

code. Then there are ten roots of the generator polynomial which are the consecutive 

powers of α. These are calculated below:  
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G(x) = (x - α) (x – α2) (x – α3) (x – α4) (x – α5) (x – α6) (x – α7) (x – α8) (x – α9) (x – α10) 

    (2.7) 

From the equations (2.6) and (2.7) we get, 

g0 = α
55  

g1 = α
41  

g2 = α
102  

g3 = α
71  

g4 = α
76  

g5 = α
123  

g6 = α
65  

g7 = α
49  

g8 = α
69  

g9 = α
252  

Substituting the values of the coefficients or the roots of the generator polynomial in the 

equation (2.6) we get, 

G(x) = α55 + α41x + α41x + α102x2 + α71x3 + α76x4 + α123x5 + α65x6 + α49x7 + α69x8 + α252x9 + 

x10               (2.8) 
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CHAPTER 3 

ENCODER 

 The encoding and decoding procedure for Read Solomon code is same as that used 

in the binary codes. This chapter focuses entirely on encoding procedure. In the digital 

communication system encoder is an important block. There is always a chance of noise in 

the channel. Because of that noise the information that is to be transmitted over the channel 

can be altered. To solve this problem there is this process of encoding the information. This 

means there are some redundant bits added to the information message so that at the 

receiver when the message is checked error detection can be performed and there is a less 

chance that the message received by the user is corrupted.   

In recent time, the ease for implementing cyclic codes are increasing because they 

can be easily implemented with the use of shift registers. 

3.1 What is an encoder? 

 The basic definition of encoder algorithm is that any device or software which can 

convert the required message to another format by altering a little for various reason like 

for standardizing or compression. 

In Reed Solomon coding, the encoding process has two steps: 

1. Information sequence is divided into the blocks of message each having ‘k’ 

successive message bits of information 

2. There are some rules according to which message changes to longer 

message known as code word. 

In all there are k binary digits where (n > k) and n is longer message block so there 

are 2k possible different message block. As a result, there are 2k code words at the output 

of encoder. 

There is a type of code known as systematic code in which the message is encoded 

in a way that the first block or initial k digits are exactly same as message and last part is 

n – k is the parity check digits which are redundant digits as shown in figure 3.1. There 
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redundant digits must be such that the they should have the ability to protect message from 

the noise introduced by the channel. 

 

 

Figure 3.1 Information message with redundant digits 

 

3.2 What happens in the encoder? 

 Suppose g(x) is the generator polynomial of (n, k) cyclic code, which had the first 

k digits as message and last n – k is parity check redundant digits. Let the message that can 

be encoded be 

m = (m0, m1, m2, …, mk-1)           (3.1) 

It gives the message polynomial as, 

 m(x) = m0 + m1x + m2x
2 + … + mk-1x

k-1         (3.2) 

Multiplying m(x) by xn-k we get, 

 m(x) xn-k = m0 x
n-k + m1 x

n-k+1 + m2 x
n-k+2 + … + mk-1x

n-1                  (3.3) 

Dividing xn-k m(x) by generator polynomial g(x) we get, 

 xn-k m(x) = q(x) g(x) + r(x)                  (3.4) 

where, 

 q(x) = quotient 

 r(x) = remainder 
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r(x) should have degree n – k – 1 or less 

r(x) = r0 +r1x + r2x
2 + … + rn-k-1x

n-k-1          (3.5) 

 

Now from equation (3.4), 

 r(x) + xn-k m(x) = q(x) g(x) 

Thus, it is proved that r(x) + xn-k m(x) is a multiple of g(x) having degree (n – 1) or 

less. Therefore, g(x) generates a code polynomial in the form of r(x) + xn-k m(x). 

 

 r(x) + xn-k m(x) = r0 + r1x + r2x
2 + … + rn-k-1x

n-k-1  

+ m0x
n-k + m1x

n-k+1 + … + mk-1x
n-1  (3.6) 

Which is in the form of (r0, r1, r2, … rn-k-1, m0, m1, …, mk-1) 

 So, the code word has k digits as message and n – k parity bits, first n – k symbols 

i.e. the coefficients of 1, x, x2, …, xn-k-1 are parity check symbols and coefficients of xn-k, 

xn-k+1, …, Xn-1are information symbols. 

 

3.3 Arithmetic Realization on finite Field 

Multiplication, addition, division and subtraction can be performed on the finite field 

to encode and decode any information in digital communication system. In the software 

implementation of the Reed Solomon code these operations are the basic unit of the 

encoder and the decoder. 

3.4 Addition and Subtraction on finite field 

The addition and subtraction of the finite filed are very simple. Because there is no 

carry bit the arithmetic operation becomes easy. Bitwise XOR is used using the XOR gates 

with the shift registers. If bitwise XOR is implemented on the finite field, on the 8 bit binary 
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numbers we will get the addition of two numbers. The block diagram of binary adder is 

given below. 

  

 

 

Figure 3.2 Binary Adder/ Subtractor 

 From the figure, the adder has two inputs in the form of a and b and result is the 

output of the adder. We two 8-bit numbers are added modulo-2 addition of both the 

numbers take place and the result is the new 8-bit number. 

 Subtraction is same as the addition since it is binary operation. The circuit of 

subtractor is also same as the adder. 

3.5 Multiplication on the Finite field 

Types of multipliers:  

• natural basis multipliers,  
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• dual basis multipliers and  

• standard basis multipliers.  

Compared to addition and subtraction multiplication is a complex process. It requires 

a large time delay. Reed Solomon code considers this as one of the most important function 

of the finite field arithmetic. The conventional method of encoding and decoding has a 

large use of multiplication and division. 

A lot of multipliers are used for constructing encoder and decoder. It’s the operational 

speed of multipliers that decides the performance of the Reed Solomon encoder and 

decoder. For the construction of the Reed Solomon encoder, the most used multiplications 

are shift based registers, Berlekamp’s algorithm, look-up table and algorithms based on 

polynomials. 

To simplify the algorithm of the multipliers, special algebraic properties of the finite 

field is used. Natural basis multipliers are used for the project of Red Solomon (255, 245) 

code. To be precise, bit-serial and bit-parallel multipliers are used that are categorized from 

natural biased multipliers. Bit-parallel multipliers have high throughput rate as well as 

small delay so are used in the project.   

 

3.6 Division on finite field 

Division is another important arithmetic operation of the finite field. If there are two 

elements of the finite field a and b the output of division can be c. So a/b = c. The division 

circuit is very difficult to construct. 

One of the easy way to do division is inverse of multiplication. This method can prove 

to be quite easier than applying direct multiplication. 

 

3.7 Encoding with (n - k) shift register 

 Encoding of any message is the calculation of the parity check digits which is the 

remainder of the polynomial xn-k m(x) when divided by the generator polynomial g(x). If 
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we use shift registers as dividing circuitry having the feedback connections the task can be 

achieved. 

 g(x) = 1 + g1x + g2x
2 + … + gn-k-1X

n-k-1 + xn-k        (3.7) 

The following part explains the working of the division circuit: 

For this project Reed Solomon code is: 

c (x) = ∑ 𝐶𝑖𝑥𝑖255

𝑖=0
              (3.8) 

Each word has the generator polynomial with the parity: 

G (x) = ∑ 𝑔𝑖𝑥
𝑖2𝑡

𝑖=1
 = ∑ 𝑔𝑖𝑥

𝑖10

𝑖=1
           (3.9) 

u (x) is the message polynomial which is to be converted to codeword polynomial of a 

(255, 245) Reed Solomon code, 

u (x) = 𝑐254𝑥244 + 𝑐253𝑥243 + ⋯ + 𝑐10        (3.10) 

During encoding process 8-bit ten parity check symbols are calculated and sent together 

with 245 8-bit message polynomial resulting in to be 255 8-bit codeword.  

Multiplying the above equation (3.10) with x10 we get, 

x10 u (x) = 𝑐255𝑥254 + 𝑐253𝑥253 + ⋯ + 𝑐10𝑥10        (3.11) 

Dividing the equation (3.11) by equation (2.8) we get, 

x10 u (x) / G (x) = q (x) + r (x) / G (x)        (3.12) 

The degree of r (x) should be less than 10, 

 x10 u (x) = G (x) * q (x) + r (x)  

x10 u (x) = r (x) mod G (x) 

 So, 

C (x) = r (x) + x10 u (x) = 0 mod G (x) 
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This can be implemented using the division circuit having the feedback connection. As 

shown in the figure 3.3 the implementation of the division circuit is as below, 

1. Clock which is externally synchronized shifts the  single binary shift 

registers because we want the input to appear at output after a unit time. It is a 

storage device used to store the 8-bit field elements from the Galois Field GF (28). 

2.  is Exclusive – OR gate also known as modulo -2 adders. It is a 8-bit adder 

used to add two 8-bit filed elements from the Galois Field GF (28).  

3.  is a connection where Gate = 0 is no connection and Gate = 1 

is active connection. 

4.  is the symbol representing multiplier is used to multiply the 8-bit field 

element from the Galois Field GF (28) with the 8-bit elements gi of the same field.  
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Figure 3.3 Reed Solomon Encoder conventional architecture 



21 
 

3.8 Operation of Encoder  

There are 3 steps as explained below: 

1. As soon as the gate is turned on, the k information digits are sent into the shift 

registers and then into the channel. n – k digits in the shift registers are redundant 

parity check bits. 

2. This step involves breaking off the gate connection. 

3. As soon as the gate is turned off the shift register contents are sent to the channel. 

Thus, the n – k parity symbols with the xn-k m(x) is the required code. 

Now the encoder is ready to encode the next message. 

 

3.9 Berlekamp’s algorithm for encoder 

There in one more method apart from shift registers which is known as Berlekamp’s 

Algorithm. It is named after the discoverers Elwyn R. Berlekamp and Lloyd R. It was 

discovered in 1969. Welch. In the conventional method of encoding syndrome 

calculation is used and dual codes, this Berlekamp’s method of encoding just uses 

generator matrix. 

The Berlekamp’s method of encoding has the features as given below: 

1. Self-reciprocal generator polynomial, and 

2. Bit-serial multiplier 

 

3.9.1 Self-reciprocal generator polynomial 

The generator polynomial g(x) of a Reed Solomon algorithm can be defined by it’s roots. 

g(x) = ∏ (𝑥 − 𝛼𝑖)
2𝑡

𝑖=1
          (3.13) 

where,  

 2t = number of parity digits 

 α = primitive field element. 

https://en.wikipedia.org/wiki/Elwyn_R._Berlekamp
https://en.wikipedia.org/wiki/Lloyd_R._Welch
https://en.wikipedia.org/wiki/Lloyd_R._Welch
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The encoder can be simplified if we choose the following equation, 

g(x) = ∏ (𝑥 − 𝛼𝑖)
2𝑡−1

𝑖=1
          (3.14) 

 

g(x) = ∏ (𝑥 − 𝛼𝑖)
2𝑡+1−1

𝑖=1
          (3.15) 

 

Generally, in the Reed Solomon code the values of all the 1s gives the same error 

correcting properties. Instead, there is a unique value of 1 which can make the generator 

polynomial reversible. This value is the reciprocal of roots of g(x) and the value is, 

 1 = 2m-1 – t   or   1 = 128 - 123 

By using this method, the number of coefficient of g(x) reduces to half the number of what 

it was. Also by using this the coefficients of g(x) are symmetric under reversibility. 

   

   g0 = g2t 

   g0 = g2t 

   . 

   . 

   . 

   gt-1 = gt+1 

   gt 

i.e. 

   g0 = g10 = 1 

   g1 = g9 = α119 
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   g2 = g8 = α58 

   g3 = g7 = α160 

   g4 = g6 = α43 

   g5 = α223 

 

Here we can see that the number of coefficients of g(x) is reduced to half unlike the 

conventional method of encoding. 

 

3.9.2 Bit serialized multiplication 

In the Galois field GF (28), we can represent each element by a polynomial in α 

with the degree less than 8.  

αn = u7 α
7 + u6 α

6 + u5α
5 + u4 α

4 + u3 α
3 + u2 α

2 + u1 α + u7       (3.16) 

Where, 

 

ui = 0 or 1      (n is between 0 <= n < 255) 

 

From the equation (3.11) the trace element can be represented by αn is as represented below, 

Tr (αn) = u5 

Tr (1) = 0  

 

Tr (α)  = α + α2 + α4 + α16 + α32 + α64 + α128  

 = α + α2 + α4 + (α4 + α3 + α2 + 1) + (α7 + α4 + α3 + α1 +1) + (α7 + α2 +1) 

 = 0 
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We know that, 

Tr (α2) = Tr (α) = 0  

 

Tr (α3) = α3 + α6 + α12 + α24 + α48 + α96 + α129 

 = α3 + α6 + (α7 + α6 + α3 + α2 + 1) + (α7 + α3 + α2 + α +1) + (α6 + α2 +α) +  

(α7 + α6 + α4 + α3 +1) + (α7 + α) + (α4 + α2 +α + 1) 

= 0 

 

Tr (α4) = Tr (α2)2 = Tr (α2) = Tr (α) = 0 

 

Tr (α5) = α5 + α10 + α20 + α40 + α80 + α160 + α65 + α130 

 = α5 + (α6 + α5 + α4 + α2) + (α7 + α5 + α4 + α2) + (α6 + α5 +α3 + α) +  

(α7 + α6 + α5 + α4 + α3 + α2 + 1) + (α7 + α6 + α5 + α2 + α) +  

(α7 + α5 + α4 + α3 + α2 + α) + (α5 + α3 +α2 + α) 

= 1 

 

Tr (α6) = Tr (α3)2 = Tr (α3) = 0 

 

Tr (α7) = α7 + α14 + α28 + α56 + α112 + α224 + α193 + α131 

 = α7 + (α4 + α + 1) + (α4 + α3) + (α6 + α4 +α3 + α2 + 1) + (α7 + 1) + (α4 + α) +  

(α4 + α3 + 1) + (α6 + α4 +α3 + α2) 

= 0 
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For every basis {βi} in GF (28), α8 could also be represented as, 

 v0 10 + v1 11 + v2 12 + v3 13 + v4 14 + v5 15 + v6 16 + v7 17 

where,  

 vi = Tr (βi αn) 

The following set is basis dual to basis {βi}, 

{10 + 11 + 12 + 13 + 14 + 15 + 16 + 17} = {1j} 

  1  (0 ≤ i = j < 8)  

Tr (βi 1j) =             (3.17) 

0 (0 ≤ i = j < 8)  

 

If αn is given in the GF (28), we can calculate components in the dual basis in the following 

manner, 

  αn = ∑ 𝑣𝑗  1𝑗
7
𝑗=0  

Multiplying by βi and taking trace of both sides, we get, 

Tr (βi αn) = ∑ 𝑣𝑖 𝑇𝑟 (𝛽𝑖1𝑗)7
𝑗=0  = vi 

We can calculate the coefficients gi of g(x), 

g0 = g10 = 1 

g1 = g9 

g2 = g8 

g3 = g7 

g4 = g6 

g5 = g5 

Field element z is multiplied with the coefficients g0, g1, g2, g3, g4, g5, 
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T1 (z) = Tr (zg1) 

The simultaneous application of T0 to T5 to z gives, 

{(z0)
1}   for  1 ≤ 1 ≤ 5 

The output of matrix are 

T0 = Tr (zg0) 

T1 = Tr (zg1) 

T2 = Tr (zg2) 

T3 = Tr (zg3) 

T4 = Tr (zg4) 

T5 = Tr (zg5) 

Tr (zg1) is parity symbol for a given 1, with a fixed subset of bits representing z. 

Tr (βi z) is fed back to the register z. This z can be represented as αn as, 

 z = Tr (z), Tr (βz), … , Tr (β7z) 

where,  

 Tr (βi z) = Tr (βi αn) = zi  

The output is the following matrix, 

  

 T0 = Tr (βzg0) 

 T1 = Tr (βzg1) 

 T2 = Tr (βzg2) 

 T3 = Tr (βzg3) 

 T4 = Tr (βzg4) 

 T5 = Tr (βzg5)  
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We know that, 

 g10- 1 = g1 

we get, 

 zg10-1 = zg1   1 ≤ 1 ≤ 5 

The rest of the components like zg10, zg9, zg8, zg7, zg6 would also get calculated with the 

first element. 

 Thus, from this, the bit serial multiplication over GF (28) with z is calculated. 

3.10 Design of Reed-Solomon Encoder 
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Figure 3.4 Reed-Solomon Encoder Design 
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Figure 3.5 Reed Solomon Multiplication-Addition module diagram 

 

Figure 3.6 Edge Detector 
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CHAPTER 4 

DECODER 

In this chapter, the general working procedure of a conventional decoder is explained along 

with Meggit decoder. 

4.1 What is decoder? 

 It is reverse of encoder so it is a software, device or algorithm that converts back 

the codeword which may have been converted to a codeword because of various reasons, 

in to the original transmitted message. 

4.2 How the error is determined 

 The first step here is to get the error pattern. Suppose v(x) be the transmitted vector 

and r(x) be received code vector where, 

v(x) = v0 + v1x + v2x
2 + … + vn-1x

n-1               (4.1) 

r(x) = r0 + r1x + r2x
2 + … + rn-1x

n-1                                        (4.2) 

 

As we know the noise is being added by the channel so the error pattern would be, 

 

 e(x) = r(x) + v(x)             (4.3) 

          

 

 Syndrome calculation is the first step to decoding cyclic codes for decoding the 

binary cyclic BCH code syndrome is, 

 

 si = r(αi)             (4.4) 

    = r0 + r1 α
i + r2(α

i)2 + … + rn-1 (α
i)n-1         (4.5) 
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Where, (i = 1, 2, …, 2t) 

 

from equation (4.3) & (4.4), 

  si = v(αi) + e(αi)            (4.6) 

         

where (i = 1, 2, …, 2t) 

The roots of v(x) are α1 , α2 , …, α2 t, 

 

  si = e(αi)             (4.7) 

         

where (i = 1, 2, …, 2t) 

 

If there are v errors with error pattern of e(x) then, 

  e(x) = xj1 + xj2 + … + xjv           (4.8) 

        

 

From Equation (4.6), 

 

 s1 = αj1 + αj2 + … + αjv           (4.9) 

 s2 = (αj1)2 + (αj2)2 + … + (αjv)2       

 . 

 . 

 .       

  s3 = (αj1)3 + (αj2)3 + … + (αjv)3 
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 . 

 . 

 . 

 s2t = (αj1)2t + (αj2)2t + … + (αjv)2t 

Now let, 

  βl = αjl   (for 1 <= l <= v)         (4.10) 

  s1 = β1 + β2 + … + βv 

 s2 = (β1)
2 + (β2)

2 + … + (βv)
2 

 s3 = (β1)
3 + (β2)

3 + … + (βv)
3 

. 

 . 

 . 

 s2t = (β1)
2t + (β2)

2t + … + (βv)
2t        (4.11) 

  

 

2t components are known as power-sum symmetric fns. 

 

So, σ(x) = (1 + β1x) (1 + β2x) … (1 + βvx)         (4.12) 

 = σ0 + σ1x + σ2x
2 + … + σvx

v         (4.13)  

Where, 

 σ0 = 1 

 σ1 = β1 + β2 + … + βv 



33 
 

 σ2 = β1 β2 + β2 β3 + … + βv-1 βv       

  

 . 

 . 

 . 

 σv = β1 β2 … βv           (4.14) 

  

 These (β1)
-1, (β2)

-1, …, (βv)
-1 are roots of σ(x). They are known as error location 

polynomial. And (β1)
-1, …, (βv)

-1 are the inverses in the error location polynomial. 

 Hence, we can say that there are three steps in the error correction procedure as 

given below: 

 

1. Get the syndrome from r(x). 

2. From syndrome, get the error location polynomial σ(x).  

3. From the roots of σ(x) determine the location of errors βj.  

 

4.3 General Decoding procedure 

 We all know that message is transmitted over various media. And while travelling 

through the media noise gets added to it, so as a result and message received at the input 

of the decoder may not be the same as transmitted message. Suppose the received vector 

is, 

 

r(x) = r0 + r1x + r2x
2 + … + rn-1x

n-1         (4.15) 

 where, 

  r0, r1, r2, …, rn-k-1 = received parity digits. 
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  Rn-k, …, rn-1 = information message. 

 

 The first job of the decoder is to verify if the received polynomial is what was 

transmitted or it’s different. This is done with syndrome and that can be accomplished by 

modulo – 2 addition of parity check digits that is received and parity check digits of 

received information message. 

 This happens when the received vector r(x) is divided by the generator polynomial 

g(x). The remainder we obtain is known as the syndrome s (x). s(x) should have a degree 

(n-k)-1 or less. 

 r(x) = p(x) g(x) + s(x)                (4.16)  

 

 For the decoder to accept the code or identify whether the code is real or not; the 

decoder should first check if the received vector is divisible by generator polynomial g(x). 

If divisible, then decoder can accept and if received vector is not the code if syndrome s(x) 

is not zero.  

 Then errors are detected. 

 r(x) = v(x) + e(x)          (4.17) 

  

 

Where, 

 v(x) = Transmitted vector 

 e(x) = error pattern 

 v(x) = m(x) g(x)         

  

transmitted vector is multiple of generator polynomial. 
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 e(x) = [ p(x) + m(x)] g(x) + s(x)        (4.18) 

 

So, syndrome has error pattern information in the received vector which is used for error 

correction syndrome calculation uses division circuit which is just like the encoder circuit. 

 

Figure 4.1 General Decoder Circuit 

 



36 
 

 

Figure 4.2 General cyclic code decoder with received polynomial  

In figure 4.2, r (x) is shifted into syndrome register from left end. Initially all the 

registers are set to ‘0’. When the gate is open the received vector is shifted into the registers. 

We get syndrome when we do modulo-2 addition of received parity digits and calculated 

parity check digits. 

 

4.4 Decoding in Reed Solomon Code 

Parameters of t = 10, error correcting Reed Solomon code are: 

Block length : n = q – 1 

Number of parity digits : n – k = 2t 

Min distance : d = 2t + 1 

Here q = 2m 

= 28 

 = 256 



37 
 

n = 255 

n – k = 2t 

(k = 245) = message information 

  2t = 10 

  t = 5 

 

  d = 2t + 1 

     = 11 

 

The generator polynomial is, 

g(x) = (x + α) (x + α2) … (x + α2t)                    (4.19) 

          = (x + α) (x + α2) (x + α3) … (x + α10)        (4.20) 

Where α is the primitive element of GF(28). If the transmitted vector is v(x) and 

received code vector is r(x) then, 

 

v(x) = v0 + v1x + v2x
2 + … + vn-1x

n-1          (4.21) 

          = v0 + v1x + v2x
2 + … + v255x

255         (4.22) 

 

r(x) = r0 + r1x + r2x
2 + … + rn-1x

n-1                        (4.23) 

        = r0 + r1x + r2x
2 + … + r255x

255         (4.24) 

 

Error pattern added by the channel is: 

 e(x) = e0 + e1x + e2x
2 + … + en-1x

n-1        (4.25) 
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         = e0 + e1x + e2x
2 + … + e255x

255         (4.26) 

         = r(x) – v(x)           (4.27) 

 

If e(x) has errors v <= t (non-zero) at positions xj1, Xj2, …, xjv 

Where, 

   0 <= j1 < j2 < … < jv <= n-1 

 0 <= j1 < j2 < … < jv <= 255 

 

Let βl = αjl for l = 1, 2, …, v be the error location numbers we need to know the values of 

the errors ejl and their location jl, 

Where,  

z(x) = 1 + (s + σ1) x + (s2 + σ1s1 + σ2 )x
2 + … + ( sv + σ1sv-1 + σ2sv-2 + … + σv )x

v  

 (4.28) 

 

4.5 MEGGIT Decoder (A General Decoder for cyclic codes) 

There are three steps in decoding a linear code: 

(1) Firstly, the syndrome of the received vector is calculated. 

(2) From step 1, the error pattern needs to be identified. It is the correctable error 

pattern. And this error pattern has presumably occurred.   

(3) The last step is to do the modulo-2 addition of the error pattern found from the 

previous step and received vector. 

A general decoder for an (n, k) cyclic code is shown in figure 4.3 
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Figure 4.3 General cyclic decoder 

The general cyclic decoder consists of three parts as shown from the figure above and 

explained below: 

(1) A syndrome register 

(2) An error pattern detector, and 

(3) A buffer register 

 

4.5.1 Meggit Decoder Error correction procedure 

1. As soon as the vector is received, syndrome is formed by shifting the entire vector into 

the shift registers. Meanwhile the buffer is used to store the received vector. 

2. Then the syndrome is checked for the errors and compared to the corresponding error 

pattern in the detector. The detector is designed like a combinational circuit. If the 

error pattern is found, the output of the detector is ‘1’. And this output is only ‘1’ when 

the syndrome in the syndrome register recognizes the relatable error pattern with the 

error at the highest order position Xn. 

e.g.  
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If 1 shows up at the output of the detector, there is an error and it must be corrected. 

The symbol of the right most stage of the buffer register is assumed to be in error. But 

if 0 appears at the detector, the symbol received in the rightmost buffer register is 

correct and need not be corrected. So, the output of the detector is checked in this stage 

to know about the possible error in the received vector. 

3. Following the above two steps the first symbol is read from buffer register. 

Simultaneously, the syndrome register shifts one time. If the first read symbol was in 

error, it is corrected by the output detector. The detector output is fed back to the 

syndrome register to modify it. The syndrome is now changed and so is the received 

vector that has shifted right. 

4. Now we get new syndrome from step 3. It is used to detect the error in second symbol. 

And if it is in error, it is corrected and step 2 and 3 are repeated. 

5. Following the above steps, the decoder decodes the entire received vector symbol by 

symbol and error detection and correction is carried out.   

Using these steps, the whole received vector is read out. If errors are present, they are 

corrected if they correspond to the detector. Syndrome register must be all 0s. If the 

syndrome register does not contain all 0s, the errors which cannot be corrected have found. 

The above decoder applies in principle to any cyclic code. But whether this decoder 

is practical or not depends solely on its combinational logic circuit. 
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4.6 Design of Reed-Solomon Decoder 

 

 

 

 

Figure 4.4 Reed Solomon decoder 
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Figure 4.5 Syndrome Calculation 
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CHAPTER 5 

DESIGN AND SIMULATION of REED SOLOMON CODE 

(ENCODER AND DECODER) 

 In this chapter, everything about the design and simulation of Reed-Solomon code 

is presented. Verilog is the programming language and the tool that is used for Verilog 

programming is the software from Xilinx which is called as Vivado. 

5.1 Verilog 

 For a long time, to express the sequential computer program; programming 

languages such as C, Pascal and Fortran were widely used. As a result, designers of the 

digital world felt the need for a standardized language which can explain digital circuits. 

That is how Hardware Description Languages were born. These Hardware Description 

Languages (HDLs) could very aptly model the various processes going on with the 

hardware elements. It was then that VHDL and Verilog started gaining popularity.  

 Though, the HDLs started becoming very popular, they could just be used for logic 

verification and the designers still had to manually translate the HDL logic to schematic 

with the interconnections between the gates. Then logic synthesis was developed in late 

1980s and changed the whole of design methodology. What’s new was, Digital circuits 

could now be described at Register Transfer Level which now popularly known as RTL. 

Hence, logic synthesis brought the HDLs to the forefront of digital logic design. HDLs also 

began to be used at system level design later.  It can be explained very simply. Design 

every IC using HDL and then verify the functionality of the system via simulation.   

Verilog HDL was developed at Gateway Design Automation in 1983. Verilog is 

one of the HDL used for the designing and/or verification of digital circuits at register level. 

This language was invented by Prabhu Goel, Phil Moorby, Chi Zai Huang and Douglas 

Warmke in 1984. 

 Verilog is like the other software programming language used. It also has the syntax 

very much like C language at C was very popular and used widely during the time of its 

invention. 
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5.1.1 Typical Design Flow of HDLs 

 The typical design flow of digital VLSI IC is shown below 

 

Figure 5.1 Typical Design Flow of HDL 
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First step in HDL design flow is the writing of specifications about the project. 

Mostly it is the description of the architecture of the digital circuit. Along with this the 

functions and interface of various modules are explained and discussed briefly. At this 

point in time, designers need not worry about the implementation of the circuit. It is carried 

out in the next part. 

HDLs are used for writing the behavioral description. To give the behavioral 

description, performance of the circuit and its functionality, HDLs are used. Here in this 

step, behavioral description is changed to explanation of RTL which is the next stage of 

the design flow. To operate the digital circuit the designer must brief about the data flow. 

All and many more things can be done using Computer Aided Tools (CAD). 

Next stage is logic synthesis, wherein the tools used for logic synthesis are used for 

the conversion of RTL description to gate level netlist. It can be best described as the layout 

of all the gates on a chip and the connection between them. After checking and verification 

it is fabricated on a chip. 

Some years ago, this could take few years. Now with the help of CAD tools and 

other software we can manage it in few days or even less depending on the project 

complexity.  

5.2 Vivado 

 For high level synthesis Xilinx provides a software suite. It can be used for HDL 

design adding in the features of system on the chip development.  

5.3 Simulation of Encoder 

1. Decimal to Binary Table: 

To start coding for encoder first a sample code is created in which 0-255 decimal 

numbers are converted to 8 bits binary and vice versa. The full program is presented in 

appendix A. The output waveforms are in the Appendix D 

When the program implementation is run, the clock is set to high i.e. ‘1 ’ and reset is 

set to low i.e. ‘ 0 ’ and then when the circuit is run for several clock cycles for about 

10000ns we get the following output, 
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Figure 5.2 Output of encoder code first part 

 

 

Figure 5.3 Output of encoder code part 2 

The program always begins at the positive edge of the clock. It is checking the 

generator polynomial and the place where generator polynomial has coefficient is ‘1’ and 
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rest are ‘ 0 ’ in the 8 bits polynomial. For loop is used for 254 times and a table is created 

which gives 0 - 255 decimal and its equivalent binary. 

5.4 Encoder results  

For the encoder, the code begins at the positive edge of the clock. As soon as the 

positive edge is reached the coefficients of the generator polynomial starts developing in 

an 8-bit word. 

Initially when the gate is closed, all the registers are at value ‘ 0 ’. When the gate is 

turned on the information signal on the information signal travels to the register 1 and then 

int the channel. This is one after checking that the message is valid. 

Here the parity is 10 so the feedback signal is multiplied with 10 and second part EX-

ORs the previous register message with the multiplier signal and then sent to the register. 

Here dividing the information after one it is multiplied by 2t parity digits is done by 

giving the delay. So, it is divided by generator polynomial g(X) and this gives the output 

codeword as encoded message that has information message followed by parity symbols 

at the output of the encoder. The figures below shows the output of the encoder. 

5.5 Encoder RTL Schematic 

 

Figure 5.4 RTL schematic of Encoder 
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The above figure is the RTL schematic of the Reed Solomon encoder of (255,245) code 

generated by VIVADO as per the Verilog script. 

 

5.6 Simulation of Decoder 

 Conventional method is followed for the software implementation of the Reed 

Solomon Decoder. First the syndrome calculation is carried out by the modulo-2 addition 

of the received polynomial parity symbols. Once we get the syndrome the next step is to 

get the error location polynomial and then to check the locations of the errors. Given below 

is the screenshot of the Decoder output from ViVADO and RTL schematic generated. 

 

Figure 5.5 Decoder output without errors 

The about figure shows the output of the decoder code with no errors. For the code to start 

working the clock should be high all the time. So, the code works only at the positive edge 

of the clock. And so, the if the clock is high the first 255 symbols are same as the input as 

it is seen in the figure. 
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Figure 5.6 Decoder output with errors and corrected 

 

The above figure is the output received when there were errors in the polynomial received 

and corrected. This (255, 245) code can correct up to 10 errors and as soon as the errors 

become more than 10 this code loses its reliability. 
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Figure 5.7 RTL schematic of the decoder code. 
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CHAPTER 6 

CONCLUSION 

From all the facts and arguments presented in this project of Design and 

Implementation of (255, 245) Reed Solomon code, it can be concluded that Reed Solomon 

code has the outstanding capability to correct random and short bursts of errors. 

It can be safely claimed that Reed-Solomon code can be used in a variety of 

applications in today’s world. Digital audio disc and compact disc uses Reed-Solomon 

code for error correction. Voyager- NASA’s expedition to Uranus and Neptune also used 

concatenated Reed-Solomon code for efficient data communication. 

Some error control coding system with feedback like wireless data transmission 

system and high-reliable military communication system uses the RS code. Satellite 

broadcasting and Digital Video broadcasting uses Reed Solomon code for over the period 

of 20 years.  

In this project, digital communication system is presented first. Then the theory of 

error detection and correction with finite field is explained briefly. Later encoding and 

decoding algorithms of (255,245) Reed Solomon code encoder and decoder are discussed, 

designed, simulated and verified. Some of the achievements for this project are listed 

below:  

 

1. Conventional and Berlekamp’s algorithm are used for the detection and correction of 

any errors.  

2. Bit-parallel natural biased multipliers are used to reduce the design complexity instead 

of common multipliers. 

3. Pipeline architecture is used to design the decoder.  

4. Employed Verilog to model the whole systems. Used XILINX VERILOG DESIGN 

SUITE VIVADO to perform design, synthesis, simulation of the Reed Solomon code. 
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Some of the work that deserves future consideration as a continuation of this project 

are listed below: 

1. Other improved BM algorithm like Commentz-Walter algorithm could be used. 

2. Inverse-free Chien Search can be adopted instead of conventional method.  

To design the RS encoder and decoder, prospective research should focus on the 

simplification of the complex decoder circuit. The expansion of the throughput capacity, 

crispness of the architecture and the acceleration of the running speed, and the reduction 

of the delay also have a wide scope of future study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Commentz-Walter_algorithm
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APPENDIX A 

 

Power form Binary Form 

0 00000001 

1 00000010 

2 00000100 

3 00001000 

4 00010000 

5 00100000 

6 01000000 

7 10000000 

8 00011101 

9 00111010 

10 01110100 

11 11101000 

12 11001101 

13 10000111 

14 00010011 

15 00100110 

16 01001100 

17 10011000 

18 00101101 

19 01011010 

20 10110100 

21 01110101 

22 11101010 

23 11001001 

24 10001111 

25 00000011 

26 00000110 
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27 00001100 

28 00011000 

29 00110000 

30 01100000 

31 11000000 

32 10011101 

33 00100111 

34 01001110 

35 10011100 

36 00100101 

37 01001010 

38 10010100 

39 00110101 

40 01101010 

41 11010100 

42 10110101 

43 01110111 

44 11101110 

45 11000001 

46 10011111 

47 00100011 

48 01000110 

49 10001100 

50 00000101 

51 00001010 

52 00010100 

53 00101000 

54 01010000 

55 10100000 

56 01011101 

57 10111010 
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58 01101001 

59 11010010 

60 10111001 

61 01101111 

62 11011110 

63 10100001 

64 01011111 

65 10111110 

66 01100001 

67 11000010 

68 10011001 

69 00101111 

70 01011110 

71 10111100 

72 01100101 

73 11001010 

74 10001001 

75 00001111 

76 00011110 

77 00111100 

78 01111000 

79 11110000 

80 11111101 

81 11100111 

82 11010011 

83 01101011 

84 01101011 

85 11010110 

86 10110001 

87 01111111 

88 11111110 
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89 11100001 

90 11011111 

91 10100011 

92 01011011 

93 10110110 

94 01110001 

95 11100010 

96 11011001 

97 10101111 

98 01000011 

99 10000110 

100 00010001 

101 00100010 

102 01000100 

103 10001000 

104 00001101 

105 00011010 

106 00110100 

107 01101000 

108 11010000 

109 10111101 

110 01100111 

111 11001110 

112 10000001 

113 00011111 

114 00111110 

115 01111110 

116 11111100 

117 11101101 

118 11000111 

119 10010011 
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120 00111011 

121 01110110 

122 11101100 

123 11000101 

124 10010111 

125 00110011 

126 01100110 

127 11001100 

128 10000101 

129 00010111 

130 00101110 

131 01011100 

132 10111000 

133 01101101 

134 11011010 

135 10101001 

136 01001111 

137 10011110 

138 00100001 

139 01000010 

140 10000100 

141 00010101 

142 00101010 

143 01010100 

144 10101000 

145 01001101 

146 10011010 

147 00101001 

148 01010010 

149 10100100 

150 01010101 
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151 10101010 

152 01001001 

153 10010010 

154 00111001 

155 01110010 

156 11100100 

157 11010101 

158 10110111 

159 01110011 

160 11100110 

161 11010001 

162 10111111 

163 01100011 

164 11000110 

165 10010001 

166 00111111 

167 01111110 

168 11111100 

169 11100101 

170 11010111 

171 10110011 

172 11110110 

173 11110110 

174 11110001 

175 11111111 

176 11100011 

177 11011011 

178 10101011 

179 01001011 

180 10010110 

181 00110001 
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182 01100010 

183 11000100 

184 10010101 

185 00110111 

186 01101110 

187 11011100 

188 10100101 

189 01010111 

190 10101110 

191 01000001 

192 10000010 

193 00011001 

194 00110010 

195 01100100 

196 11001000 

197 10001101 

198 00000111 

199 00001110 

200 00011100 

201 00111000 

202 01110000 

203 11100000 

204 11011101 

205 10100111 

206 01010011 

207 10100110 

208 01010001 

209 10100010 

210 01011001 

211 10110010 

212 01111001 
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213 11110010 

214 11111001 

215 11101111 

216 11000011 

217 10011011 

218 00101011 

219 01010110 

220 10101100 

221 01000101 

222 10001010 

223 00001001 

224 00010010 

225 00100100 

226 01001000 

227 10010000 

228 00111101 

229 01111010 

230 11110100 

231 11110101 

232 11110111 

233 11110011 

234 11111011 

235 11101011 

236 11001011 

237 10001011 

238 00001011 

239 00010110 

240 00101100 

241 01011000 

242 10110000 

243 01111101 
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244 11111010 

245 11101001 

246 11001111 

247 10000011 

248 00110110 

249 01101100 

250 11011000 

251 11011000 

252 10101101 

253 01000111 

254 10001110 

255 00000001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



63 
 

APPENDIX B 

ENCODER  

Decimal to Binary and Vice-versa 

GF Field code 

module gf_field( 

  input clock, 

  input reset, 

  input [7:0] coeff, 

  input [7:0] power, 

  output reg [7:0] output_codeword 

);   

  always @ ( posedge clock) begin 

    if(reset) 

      output_codeword <= 8'b0; 

    else if(power[7]== 1'b1) 

      output_codeword <= {power[6:0], 1'b0} ^ coeff; 

    else 

      output_codeword <= {power[6:0], 1'b0}; 

  end 

   

  // always @ (posedge clock) begin 

    // $display("The decimal value of output_codeword is: %b",coeff ) ; 

  // end 
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endmodule 

 

GF_GENERATOR CODE 

module gf_generator ( 

  input clock, 

  input reset 

); 

 

reg [7:0] x1; 

wire [7:0] x [255:0]; 

wire [7:0] y [255:0]; 

reg  [7:0] coeficient; 

genvar i; 

 

always @ (posedge clock) 

  begin 

    coeficient <= 8'b00011101; 

    x1      = 8'b00000001; 

  end 

 

assign x[0] = x1; 
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assign y[0] = x1; 

 

generate 

  for (i = 0; i <= 254 ; i = i + 1) begin:gf_field_loop 

  gf_field gf_field_inst( 

    .clock(clock), 

    .reset(reset), 

    .coeff(coeficient), 

    .power(x[i]), 

    .output_codeword(y[i+1]) 

  ); 

  assign x[i+1] = y[i+1];   

 

end     

endgenerate 

 

endmodule     
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TCL File for decimal to Binary 

add_force {/gf_generator/clock} -radix hex {1 0ns} {0 50000ps} -repeat_every 100000ps 

add_force {/gf_generator/reset} -radix hex {1 0ns} 

run 10000 ns 

add_force {/gf_generator/reset} -radix hex {0 0ns} 

run 10000 ns 

run 10000 ns 

run 10000 ns 

run 10000 ns 

run 10000 ns 

run 10000 ns 
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Encoder script 

reedsolomon_encoder 

//----------------------------------------------------------------- 

//-- Project   : Reed Solomon(255,245) 

//----------------------------------------------------------------- 

//-- File      : reedsolomon_encoder.v 

//--  

//----------------------------------------------------------------- 

//-- Abstract  : This module is a reed Solomon encoder. 

//               It encodes 8 bit Input message. 

//               Generated 8 bit Output Codeword with valid. 

//----------------------------------------------------------------- 

 

module reedsolomon_encoder( 

  input clock, 

  input reset, 

  input [7:0]input_msg, 

  input input_msg_valid, 

  output reg [7:0] output_codeword, 

  output reg output_codeword_valid 

); 

 

//----------------------------------------------------------------- 

// Internal Signal Declaration 

//----------------------------------------------------------------- 

  wire [7:0] input_feedback; 

  wire [7:0] first_register; 

  reg valid_delayed; 

  reg counter_en; 

  reg [7:0] msg_delayed0; 
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  reg [7:0] msg_delayed1; 

  reg [7:0] msg_delayed2; 

  reg [7:0] msg_delayed3; 

  reg [7:0] msg_delayed4; 

  reg [7:0] msg_delayed5; 

  reg [7:0] msg_delayed6; 

  reg [7:0] msg_delayed7; 

  reg [7:0] msg_delayed8; 

  reg [7:0] msg_delayed9; 

  reg [8:0] counter; 

  reg [7:0] register0; 

  wire [7:0] registers [9:0]; 

  reg [7:0] coefficient [9:0]; 

  // genvar i; 

 

//----------------------------------------------------------------- 

// Initializing coefficient value 

//----------------------------------------------------------------- 

always @ (posedge clock) 

  begin 

    coefficient[0] = 8'b10100000; 

    coefficient[1] = 8'b11010100; 

    coefficient[2] = 8'b01000100; 

    coefficient[3] = 8'b10111100;  

    coefficient[4] = 8'b00011110; 

    coefficient[5] = 8'b11000101; 

    coefficient[6] = 8'b10111110; 

    coefficient[7] = 8'b10001100; 

    coefficient[8] = 8'b00101111; 

    coefficient[9] = 8'b10101101; 

  end 
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//----------------------------------------------------------------- 

// Adding the input message and feedback register 

//----------------------------------------------------------------- 

assign input_feedback = input_msg ^ registers[9]; 

 

//----------------------------------------------------------------- 

// Multiplying with coeficient0 

//----------------------------------------------------------------- 

assign first_register = input_feedback * coefficient[0]; 

 

//----------------------------------------------------------------- 

// Registering first register input 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if(reset) 

      register0 <= 0; 

    else if (input_msg_valid) 

      register0 <= first_register; 

  end 

 

assign registers[0] = register0; 

   

//----------------------------------------------------------------- 

// Delaying message valid to the detect rising edge 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if (reset) 

      valid_delayed <= 1'b0; 
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    else 

      valid_delayed <= input_msg_valid; 

  end 

 

//----------------------------------------------------------------- 

// Delaying input message for four cycle 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

      msg_delayed0 <= input_msg; 

      msg_delayed1 <= msg_delayed0; 

      msg_delayed2 <= msg_delayed1; 

      msg_delayed3 <= msg_delayed2; 

      msg_delayed4 <= msg_delayed3; 

      msg_delayed5 <= msg_delayed4; 

      msg_delayed6 <= msg_delayed5; 

      msg_delayed7 <= msg_delayed6; 

      msg_delayed8 <= msg_delayed7; 

      msg_delayed9 <= msg_delayed8; 

  end 

 

//----------------------------------------------------------------- 

// Detecting rising edge to generate Counter Enable 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if (reset) 

      counter_en <= 1'b0; 

    else if (input_msg_valid == 1'b1 && valid_delayed == 1'b0) 

      counter_en <= 1'b1; 

    else if (counter == 265) 
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      counter_en <= 1'b0; 

  end 

 

//----------------------------------------------------------------- 

// Counter logic to shift output with code word 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if(reset) 

      counter <= 0; 

    else if (counter == 265) 

      counter <= 0; 

    else if (counter_en) 

      counter <= counter + 1; 

  end 

 

//----------------------------------------------------------------- 

// Combinational logic for generating output_codeword 

//----------------------------------------------------------------- 

  always @ (counter) 

  begin 

    if(counter > 10 && counter <= 255) 

      output_codeword = msg_delayed9; 

    else if(counter == 256) 

      output_codeword = registers[9]; 

    else if(counter == 257) 

      output_codeword = registers[8]; 

    else if(counter == 258) 

      output_codeword = registers[7]; 

    else if(counter == 259) 

      output_codeword = registers[6]; 
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    else if(counter == 260) 

      output_codeword = registers[5]; 

    else if(counter == 261) 

      output_codeword = registers[4]; 

    else if(counter == 262) 

      output_codeword = registers[3]; 

    else if(counter == 263) 

      output_codeword = registers[2]; 

    else if(counter == 264) 

      output_codeword = registers[1]; 

    else if(counter == 265) 

      output_codeword = registers[0]; 

    else 

      output_codeword = 8'b0; 

  end 

 

//----------------------------------------------------------------- 

// Combinational logic to generate valid for output_codeword 

//----------------------------------------------------------------- 

  always @ (counter) 

  begin 

    if(counter > 10 && counter <= 265) 

      output_codeword_valid = 1'b1; 

    else 

      output_codeword_valid = 1'b0; 

  end 

//----------------------------------------------------------------- 

// Instantiating the coefficient multiplier  

// Adding Multiplier output with previous register 

// For loop to instantiate nine times 

//----------------------------------------------------------------- 
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  generate 

    genvar i; 

    for(i=1; i <= 9 ; i= i+1) begin:rs_mul_add_loop 

      rs_mul_add rs_mul_add_inst( 

        .clock(clock), 

        .reset(reset), 

        .input_fb_msg(input_feedback), 

        .input_msg_valid(input_msg_valid), 

        .coefficient(coefficient[i]), 

        .previous_register(registers[i - 1]), 

        .next_register(registers[i]) 

      ); 

      end 

  endgenerate 

   

endmodule 
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rs_mul_add 

//----------------------------------------------------------------- 

//-- Project   : Reed Solomon(255,245) 

//----------------------------------------------------------------- 

//-- File      : reedsolomon_encoder.v 

// 

//----------------------------------------------------------------- 

//-- Abstract  : This module : multiples , adds and register 

//----------------------------------------------------------------- 

module rs_mul_add( 

  input       clock, 

  input       reset, 

  input [7:0] input_fb_msg, 

  input       input_msg_valid, 

  input [7:0] coefficient, 

  input [7:0] previous_register, 

  output reg [7:0] next_register 

); 

 

begin 

//----------------------------------------------------------------- 

// Internal Signal Declaration 

//----------------------------------------------------------------- 
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wire [7:0] multiplier_signal; 

wire [7:0] adder_signal; 

 

 assign multiplier_signal = input_fb_msg * coefficient; 

 assign adder_signal = previous_register ^ multiplier_signal; 

 

//----------------------------------------------------------------- 

// Registering first register input 

//-----------------------------------------------------------------  

 always @ (posedge clock) 

 begin 

  if(reset) 

    next_register <= 0; 

  else if (input_msg_valid)   

    next_register <= adder_signal; 

  end 

end   

endmodule   
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 simulation.tcl 

add_force {/reedsolomon_encoder/clock} -radix hex {1 0ns} {0 50000ps} -repeat_every 

100000ps 

add_force {/reedsolomon_encoder/reset} -radix hex {1 0ns} 

run 100 ns 

run 100 ns 

add_force {/reedsolomon_encoder/input_msg} -radix hex {a5 0ns} 

add_force {/reedsolomon_encoder/input_msg_valid} -radix hex {1 0ns} 

add_force {/reedsolomon_encoder/reset} -radix hex {0 0ns} 

run 25500 ns 

add_force {/reedsolomon_encoder/input_msg_valid} -radix hex {0 0ns} 

run 1000 ns 

run 1000 ns 
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APPENDIX C 

DECODER 

Decoder Script 

reed_solomon decoder 

module reed_solomon ( 

  input clock, 

  input reset, 

  input received_code_output_word_valid, 

  input [7:0] received_code_output_word, 

  output reg corrected_output_word_valid, 

  output reg [7:0] corrected_output_word_decoded 

); 

 

wire output_codeword_valid_i; 

reg  corrected_output_word_valid_i; 

wire [7:0] output_codeword_i; 

wire [7:0] corrected_output_word_i; 

reg [8:0] counter; 

reg valid_delayed; 

reg counter_en; 

 

//----------------------------------------------------------------- 

// Delaying message valid to the detect rising edge 
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//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if (reset) 

      valid_delayed <= 1'b0; 

    else 

      valid_delayed <= received_code_output_word_valid; 

  end 

 

//----------------------------------------------------------------- 

// Detecting rising edge to generate Counter Enable 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if (reset) 

      counter_en <= 1'b0; 

    else if (received_code_output_word_valid == 1'b1 && valid_delayed == 1'b0) 

      counter_en <= 1'b1; 

    else if (counter == 265) 

      counter_en <= 1'b0; 

  end 

   

//----------------------------------------------------------------- 
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// Counter logic to shift output with code word 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if(reset) 

      counter <= 0; 

    else if (counter == 265) 

      counter <= 0; 

    else if (counter_en) 

      counter <= counter + 1; 

  end 

 

  //----------------------------------------------------------------- 

// Combinational logic to generate valid for output_codeword 

//----------------------------------------------------------------- 

 always @ (counter) 

 begin 

   if(counter > 11 && counter <= 256) 

     corrected_output_word_valid_i = 1'b1; 

   else 

     corrected_output_word_valid_i = 1'b0; 

 end 

 



80 
 

reedsolomon_encoder reedsolomon_encoder_inst( 

 .clock(clock), 

 .reset(reset), 

 .input_msg(received_code_output_word), 

 .input_msg_valid(received_code_output_word_valid), 

 .output_codeword(output_codeword_i), 

 .output_codeword_valid(output_codeword_valid_i) 

); 

 

reed_solomon_decoder reed_solomon_decoder_inst( 

  .clock(clock), 

  .reset(reset), 

  .received_code_output_word_valid(output_codeword_valid_i), 

  .received_code_output_word(output_codeword_i), 

  .corrected_output_word(corrected_output_word_i) 

); 

  always @ (posedge clock) 

  begin 

    if(reset) 

      corrected_output_word_decoded <= 0; 

    else if (corrected_output_word_valid_i) 

      corrected_output_word_decoded <= corrected_output_word_i; 

    else   
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      corrected_output_word_decoded <= 0; 

  end 

   

  //----------------------------------------------------------------- 

// Delaying corrected_output_word_valid_i 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if (reset) 

      valid_delayed <= 1'b0; 

    else 

      corrected_output_word_valid <= corrected_output_word_valid_i; 

  end 

 

endmodule 
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data from encoder 

//----------------------------------------------------------------- 

//-- Project   : Reed Solomon(255,245) 

//----------------------------------------------------------------- 

//-- File      : reedsolomon_encoder.v 

////----------------------------------------------------------------- 

//-- Abstract  : This module is a reed Solomon encoder. 

//               It encodes 8 bit Input message. 

//               Generated 8 bit Output Codeword with valid. 

//----------------------------------------------------------------- 

 

module reedsolomon_encoder( 

  input clock, 

  input reset, 

  input [7:0]input_msg, 

  input input_msg_valid, 

  output reg [7:0] output_codeword, 

  output reg output_codeword_valid 

); 

 

//----------------------------------------------------------------- 

// Internal Signal Declaration 

//----------------------------------------------------------------- 
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  wire [7:0] input_feedback; 

  wire [7:0] first_register; 

  reg valid_delayed; 

  reg counter_en; 

  reg [7:0] msg_delayed0; 

  reg [7:0] msg_delayed1; 

  reg [7:0] msg_delayed2; 

  reg [7:0] msg_delayed3; 

  reg [7:0] msg_delayed4; 

  reg [7:0] msg_delayed5; 

  reg [7:0] msg_delayed6; 

  reg [7:0] msg_delayed7; 

  reg [7:0] msg_delayed8; 

  reg [7:0] msg_delayed9; 

  reg [8:0] counter; 

  reg [7:0] register0; 

  wire [7:0] registers [9:0]; 

  reg [7:0] coefficient [9:0]; 

  // genvar i; 

 

//----------------------------------------------------------------- 

// Initializing coefficient value 

//----------------------------------------------------------------- 



84 
 

always @ (posedge clock) 

  begin 

    coefficient[0] = 8'b10100000; 

    coefficient[1] = 8'b11010100; 

    coefficient[2] = 8'b01000100; 

    coefficient[3] = 8'b10111100;  

    coefficient[4] = 8'b00011110; 

    coefficient[5] = 8'b11000101; 

    coefficient[6] = 8'b10111110; 

    coefficient[7] = 8'b10001100; 

    coefficient[8] = 8'b00101111; 

    coefficient[9] = 8'b10101101; 

  end 

 

//----------------------------------------------------------------- 

// Adding the input message and feedback register 

//----------------------------------------------------------------- 

assign input_feedback = input_msg ^ registers[9]; 

 

//----------------------------------------------------------------- 

// Multiplying with coeficient0 

//----------------------------------------------------------------- 

assign first_register = input_feedback * coefficient[0]; 
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//----------------------------------------------------------------- 

// Registering first register input 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if(reset) 

      register0 <= 0; 

    else if (input_msg_valid) 

      register0 <= first_register; 

  end 

 

assign registers[0] = register0; 

   

//----------------------------------------------------------------- 

// Delaying message valid to the detect rising edge 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if (reset) 

      valid_delayed <= 1'b0; 

    else 

      valid_delayed <= input_msg_valid; 
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  end 

 

//----------------------------------------------------------------- 

// Delaying input message for four cycle 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

      msg_delayed0 <= input_msg; 

      msg_delayed1 <= msg_delayed0; 

      msg_delayed2 <= msg_delayed1; 

      msg_delayed3 <= msg_delayed2; 

      msg_delayed4 <= msg_delayed3; 

      msg_delayed5 <= msg_delayed4; 

      msg_delayed6 <= msg_delayed5; 

      msg_delayed7 <= msg_delayed6; 

      msg_delayed8 <= msg_delayed7; 

      msg_delayed9 <= msg_delayed8; 

  end 

 

//----------------------------------------------------------------- 

// Detecting rising edge to generate Counter Enable 

//----------------------------------------------------------------- 

  always @ (posedge clock) 



87 
 

  begin 

    if (reset) 

      counter_en <= 1'b0; 

    else if (input_msg_valid == 1'b1 && valid_delayed == 1'b0) 

      counter_en <= 1'b1; 

    else if (counter == 265) 

      counter_en <= 1'b0; 

  end 

 

//----------------------------------------------------------------- 

// Counter logic to shift output with code word 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if(reset) 

      counter <= 0; 

    else if (counter == 265) 

      counter <= 0; 

    else if (counter_en) 

      counter <= counter + 1; 

  end 

 

//----------------------------------------------------------------- 
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// Combinational logic for generating output_codeword 

//----------------------------------------------------------------- 

  always @ (counter) 

  begin 

    if(counter > 10 && counter <= 255) 

      output_codeword = msg_delayed9; 

    else if(counter == 256) 

      output_codeword = registers[9]; 

    else if(counter == 257) 

      output_codeword = registers[8]; 

    else if(counter == 258) 

      output_codeword = registers[7]; 

    else if(counter == 259) 

      output_codeword = registers[6]; 

    else if(counter == 260) 

      output_codeword = registers[5]; 

    else if(counter == 261) 

      output_codeword = registers[4]; 

    else if(counter == 262) 

      output_codeword = registers[3]; 

    else if(counter == 263) 

      output_codeword = registers[2]; 

    else if(counter == 264) 
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      output_codeword = registers[1]; 

    else if(counter == 265) 

      output_codeword = registers[0]; 

    else 

      output_codeword = 8'b0; 

  end 

 

//----------------------------------------------------------------- 

// Combinational logic to generate valid for output_codeword 

//----------------------------------------------------------------- 

  always @ (counter) 

  begin 

    if(counter > 10 && counter <= 265) 

      output_codeword_valid = 1'b1; 

    else 

      output_codeword_valid = 1'b0; 

  end 

//----------------------------------------------------------------- 

// Instantiating the coefficient multiplier  

// Adding Multiplier output with previous register 

// For loop to instantiate nine times 

//----------------------------------------------------------------- 
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  generate 

    genvar i; 

    for(i=1; i <= 9 ; i= i+1) begin:rs_mul_add_loop 

      rs_mul_add rs_mul_add_inst( 

        .clock(clock), 

        .reset(reset), 

        .input_fb_msg(input_feedback), 

        .input_msg_valid(input_msg_valid), 

        .coefficient(coefficient[i]), 

        .previous_register(registers[i - 1]), 

        .next_register(registers[i]) 

      ); 

      end 

  endgenerate 

   

endmodule 
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Rs_mul_add_decoder 

//----------------------------------------------------------------- 

//-- Project   : Reed Solomon(255,245) 

//----------------------------------------------------------------- 

//-- File      : reedsolomon_encoder.v 

// 

//----------------------------------------------------------------- 

//-- Abstract  : This module : multiples , adds and register 

//----------------------------------------------------------------- 

module rs_mul_add( 

  input       clock, 

  input       reset, 

  input [7:0] input_fb_msg, 

  input       input_msg_valid, 

  input [7:0] coefficient, 

  input [7:0] previous_register, 

  output reg [7:0] next_register 

); 

 

begin 

//----------------------------------------------------------------- 

// Internal Signal Declaration 

//----------------------------------------------------------------- 
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wire [7:0] multiplier_signal; 

wire [7:0] adder_signal; 

 

 assign multiplier_signal = input_fb_msg * coefficient; 

 assign adder_signal = previous_register ^ multiplier_signal; //exoring modulo2 addition 

 

//----------------------------------------------------------------- 

// Registering first register input 

//-----------------------------------------------------------------  

 always @ (posedge clock) 

 begin 

  if(reset) 

    next_register <= 0; 

  else if (input_msg_valid)   

    next_register <= adder_signal; 

  end 

end   

endmodule   

 

 

 

 

 



93 
 

buffer.v 

module buffer ( 

  input clock, 

  input reset, 

  input received_code_output_word_valid, 

  input  [7:0] received_code_output_word, 

  output reg  [7:0] buffer_code_output_word 

); 

 

//----------------------------------------------------------------- 

// Registering first register input 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if(reset) 

      buffer_code_output_word <= 0; 

    else if (received_code_output_word_valid) 

      buffer_code_output_word <= received_code_output_word; 

 end 

 

endmodule 
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reed_solomon_decoder.v 

module reed_solomon_decoder ( 

  input clock, 

  input reset, 

  input received_code_output_word_valid, 

  input [7:0] received_code_output_word, 

  output [7:0] corrected_output_word 

); 

 

wire [7:0] error_corrector; 

wire [7:0] syndrome1_i; 

wire [7:0] syndrome2_i; 

wire [7:0] syndrome3_i; 

wire [7:0] syndrome4_i; 

wire [7:0] syndrome5_i; 

wire [7:0] syndrome6_i; 

wire [7:0] syndrome7_i; 

wire [7:0] syndrome8_i; 

wire [7:0] syndrome9_i; 

wire [7:0] syndrome10_i; 

wire [7:0] buffer [255:0]; 

 

syndrome syndrome_inst ( 
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  .clock(clock), 

  .reset(reset), 

  .received_code_output_word_valid(received_code_output_word_valid), 

  .received_code_output_word(received_code_output_word), 

  .syndrome_output1(syndrome1_i), 

  .syndrome_output2(syndrome2_i), 

  .syndrome_output3(syndrome3_i), 

  .syndrome_output4(syndrome4_i), 

  .syndrome_output5(syndrome5_i), 

  .syndrome_output6(syndrome6_i), 

  .syndrome_output7(syndrome7_i), 

  .syndrome_output8(syndrome8_i), 

  .syndrome_output9(syndrome9_i), 

  .syndrome_output10(syndrome10_i) 

); 

 

/* error_locator error_locator_inst ( 

  .syndrome_input1(syndrome1_i), 

  .syndrome_input2(syndrome2_i), 

  .syndrome_input3(syndrome3_i), 

  .syndrome_input4(syndrome4_i), 

  .syndrome_input5(syndrome5_i), 

  .syndrome_input6(syndrome6_i), 
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  .syndrome_input7(syndrome7_i), 

  .syndrome_input8(syndrome8_i), 

  .syndrome_input9(syndrome9_i), 

  .syndrome_input10(syndrome10_i), 

  .error_loacted(error_located_i), 

); */ 

 

assign buffer[0] = received_code_output_word; 

 

//----------------------------------------------------------------- 

// Instantiating the Buffer 256 times 

//----------------------------------------------------------------- 

 

  generate 

    genvar i; 

    for(i=1; i <= 255 ; i= i+1) begin:buffer_inst_loop 

   buffer buffer_inst ( 

   .clock(clock), 

   .reset(reset), 

   .received_code_output_word_valid(received_code_output_word_valid), 

   .received_code_output_word(buffer[i-1]), 

   .buffer_code_output_word(buffer[i]) 

   ); 
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      end 

  endgenerate 

 

 assign error_corrector = syndrome1_i & ~syndrome2_i & syndrome3_i & 

syndrome4_i & syndrome5_i & syndrome6_i & syndrome7_i & syndrome8_i  

&syndrome9_i & syndrome10_i; 

  

   generate 

     genvar j; 

     for(j=0; j <= 245 ; j= j+1) begin:code_word_loop 

       assign corrected_output_word = buffer[i] ^ error_corrector; 

     end 

   endgenerate 

endmodule 
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 syndrome.v 

 module syndrome ( 

  input clock, 

  input reset, 

  input received_code_output_word_valid, 

  input  [7:0] received_code_output_word, 

  output reg [7:0] syndrome_output1, 

  output reg [7:0] syndrome_output2, 

  output reg [7:0] syndrome_output3, 

  output reg [7:0] syndrome_output4, 

  output reg [7:0] syndrome_output5, 

  output reg [7:0] syndrome_output6, 

  output reg [7:0] syndrome_output7, 

  output reg [7:0] syndrome_output8, 

  output reg [7:0] syndrome_output9, 

  output reg [7:0] syndrome_output10 

); 

 

  wire [7:0] input_feedback; 

  wire [7:0] first_register; 

  reg [7:0] register0; 

  wire [7:0] registers [9:0]; 

  reg [7:0] coefficient [9:0]; 
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  // genvar i; 

//----------------------------------------------------------------- 

// Initializing coefficient value 

//----------------------------------------------------------------- 

always @ (posedge clock) 

  begin 

    coefficient[0] = 8'b10100000; 

    coefficient[1] = 8'b11010100; 

    coefficient[2] = 8'b01000100; 

    coefficient[3] = 8'b10111100; 

    coefficient[4] = 8'b00011110; 

    coefficient[5] = 8'b11000101; 

    coefficient[6] = 8'b10111110; 

    coefficient[7] = 8'b10001100; 

    coefficient[8] = 8'b00101111; 

    coefficient[9] = 8'b10101101; 

  end 

//----------------------------------------------------------------- 

// Adding the input message and feedback register 

//----------------------------------------------------------------- 

assign input_feedback = received_code_output_word_valid ^ registers[9]; 

 

//----------------------------------------------------------------- 
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// Multiplying with coeficient0 

//----------------------------------------------------------------- 

assign first_register = input_feedback * coefficient[0]; 

 

//----------------------------------------------------------------- 

// Registering first register input 

//----------------------------------------------------------------- 

  always @ (posedge clock) 

  begin 

    if(reset) 

      register0 <= 0; 

    else if (received_code_output_word_valid) 

      register0 <= first_register; 

  end 

 

assign registers[0] = register0; 

 

    always @ (posedge clock) 

    begin 

      syndrome_output1   <= registers[0]; 

      syndrome_output2   <= registers[1]; 

      syndrome_output3   <= registers[2]; 

      syndrome_output4   <= registers[3]; 
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      syndrome_output5   <= registers[4]; 

      syndrome_output6   <= registers[5]; 

      syndrome_output7   <= registers[6]; 

      syndrome_output8   <= registers[7]; 

      syndrome_output9   <= registers[8]; 

      syndrome_output10  <= registers[9]; 

    end 

 

//----------------------------------------------------------------- 

// Instantiating the coefficient multiplier 

// Adding Multiplier output with previous register 

// For loop to instantiate nine times 

//----------------------------------------------------------------- 

 

  generate 

    genvar i; 

    for(i=1; i <= 9 ; i= i+1) begin:rs_mul_add_loop 

      rs_mul_add rs_mul_add_inst( 

        .clock(clock), 

        .reset(reset), 

        .input_fb_msg(input_feedback), 

        .input_msg_valid(received_code_output_word_valid), 

        .coefficient(coefficient[i]), 
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        .previous_register(registers[i - 1]), 

        .next_register(registers[i]) 

      ); 

      end 

  endgenerate 

 

endmodule 
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simulation.TCL 

add_force {/reedsolomon_encoder/clock} -radix hex {1 0ns} {0 50000ps} -repeat_every 

100000ps 

add_force {/reedsolomon_encoder/reset} -radix hex {1 0ns} 

run 100 ns 

run 100 ns 

add_force {/reedsolomon_encoder/input_msg} -radix hex {a5 0ns} 

add_force {/reedsolomon_encoder/input_msg_valid} -radix hex {1 0ns} 

add_force {/reedsolomon_encoder/reset} -radix hex {0 0ns} 

run 25500 ns 

add_force {/reedsolomon_encoder/input_msg_valid} -radix hex {0 0ns} 

run 1000 ns 

run 1000 ns 
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simulation_rs.v 

# add_wave {{/reed_solomon/reed_solomon_decoder_inst}} 

# add_wave {{/reed_solomon/reedsolomon_encoder_inst}}  

# add_wave {{/reed_solomon/reed_solomon_decoder_inst/syndrome_inst}}  

add_force {/reed_solomon/clock} -radix hex {1 0ns} {0 50000ps} -repeat_every 100000ps 

add_force {/reed_solomon/reset} -radix hex {1 0ns} 

run 100 ns 

run 100 ns 

add_force {/reed_solomon/received_code_output_word} -radix hex {a5 0ns} 

add_force {/reed_solomon/received_code_output_word_valid} -radix hex {1 0ns} 

add_force {/reed_solomon/reset} -radix hex {0 0ns} 

run 25500 ns 

add_force {/reed_solomon/received_code_output_word_valid} -radix hex {0 0ns} 

run 1000 ns 

run 1000 ns 
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simulation_rs_with_error.v 

# add_wave {{/reed_solomon/reed_solomon_decoder_inst}} 

# add_wave {{/reed_solomon/reedsolomon_encoder_inst}}  

# add_wave {{/reed_solomon/reed_solomon_decoder_inst/syndrome_inst}}  

add_force {/reed_solomon/clock} -radix hex {1 0ns} {0 50000ps} -repeat_every 100000ps 

add_force {/reed_solomon/reset} -radix hex {1 0ns} 

run 100 ns 

run 100 ns 

add_force {/reed_solomon/received_code_output_word} -radix hex {a5 0ns} 

add_force {/reed_solomon/received_code_output_word_valid} -radix hex {1 0ns} 

add_force {/reed_solomon/reset} -radix hex {0 0ns} 

run 25000 ns 

add_force {/reed_solomon/received_code_output_word} -radix hex {a3 0ns} 

add_force {/reed_solomon/received_code_output_word_valid} -radix hex {1 0ns} 

run 100 ns 

add_force {/reed_solomon/received_code_output_word} -radix hex {a5 0ns} 

add_force {/reed_solomon/received_code_output_word_valid} -radix hex {1 0ns} 

run 400 ns 

add_force {/reed_solomon/received_code_output_word_valid} -radix hex {0 0ns} 

run 1000 ns 

run 1000 ns 


