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Abstract— The Reed-Solomon (RS) codes, which are a 

subset of error-correcting codes, are currently employed in a 

number of significant applications. The most notable of these 

are data recovery in storage systems, barcodes in 

management and advertising systems, and communication 

systems and networks. In the present technological era, RS 

codes over Galois fields GF(2m) are frequently employed in 

the aforementioned applications, with GF(28) being the most 

prevalent. This enables the representation of all 256 values of 

a byte as a polynomial with eight binary coefficients over 

GF(28). The motivation for verifying and generalizing the 

idea of systematic encoding of RS codes in a field with a base 

p other than 2 stems from the fact that the mathematical 

dependencies in arbitrary field GF(pm) are not only valid for 

GF(2m), but also have wider applicability. Consequently, the 

article establishes the specific features of the systematic 

encoding of p-ary Reed-Solomon codes and LFSR-based 

systematic encoder, conceptualizing them as a class of cyclic 

codes over any field GF(pm) whose base is a prime p other 

than 2. 

Keywords—Reed-Solomon Codes, Systematic Encoding, 

LFSR-based pRS Encoder, Multilevel Sequences, PAM-3, 

PAM-5. 

I. INTRODUCTION 

The Reed-Solomon (RS) codes are non-binary cyclic 
(n, k) error correction codes of length n and size k, initially 
proposed by Irving Reed and Gustav Solomon in 1960 [1]. 
By incorporating additional symbols to check the data, the 
RS code is capable of detecting any combination of up to a 
maximum of  
t = (n – k)/2 erroneous symbols, correcting up to ⌊t/2⌋ 
symbols, or detecting and correcting combinations of errors 
and erasures. Here ⌊x⌋ denotes the largest integer less than 

or equal to x. Furthermore, RS codes are well-suited for 
correcting burst errors. 

The Reed-Solomon codes are a widely utilized method 
of error correction in practice, as evidenced by their 
numerous applications. The most significant of these are 
data recovery in storage systems [2], [3], [4] including hard 
drives, CDs, DVDs, BigTable, Google's GFS, and RAID 6, 
as well as in barcodes in management and advertising 
systems [5], such as QR Code, PDF-417, MaxiCode, 
Datamatrix, and Aztec Code. 

Furthermore, RS codes are predominantly employed in 
communication systems. These include software-defined 
wireless networks [6], [7] telecommunication systems and 
networks [8], mobile wireless systems [9], digital video 
broadcasting (DVB-T) [10] and video-watermarking 
applications [11]. Furthermore, the applications of Reed-
Solomon codes extend to code division multiple access in 
mobile phones [12], communication systems based on 
electrical power transmission lines [13], [14], ultra-
wideband communications [15], reconfigurable electronic 
intelligent devices for smart energy [16], 802.11ad MIMO-
OFDM transceivers [17], and other related fields. 

The RS codes implementation can effectively enhance 
the characteristics of the communication system. For 
example, the performance of a RS-coded spectral-
amplitude-encoding optical-code-division-multiplexing 
system [18] is evaluated in the presence of optical beating 
interference (OBI). It is observed that RS coding can 
effectively mitigate the impact of OBI, thereby enabling a 
doubling of the number of active users. 

In the paper [19], the performance of the Satellite 
Downlink Transmitter that employs a Wavelet-based 
Filtered Multi-Tone (WFMT) modulation is examined. It is 
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demonstrated that error correction block codes, such as RS 
codes, can effectively enhance the Peak-to-Average Power 
Ratio characteristics of the communication system. 

In their study [20], the authors examined the Bit Error 
Rate (BER) performance of tree models utilizing 
Hamming, BCH, and RS codes. Their findings indicate that 
the Reed-Solomon model demonstrates enhanced BER 
performance compared to the Hamming and BCH models, 
which demonstrate comparable outcomes. 

In practical applications, Reed-Solomon codes use 
message symbols typically represented using a Galois Field 
with a base 2, i.e. GF(2m). For example, the authors of the 
paper [21] propose a reconfigurable FEC system based on 
the Reed-Solomon codec for DVB and WiMax networks. 
The FEC system is based on the parameterisation approach 
of the RS encoder-decoder architecture, which is a key 
solution for software defined radio systems. The FPGA 
implementation of the advanced RS encoder-decoder uses 
only polynomials over GF(28). 

The paper [22] presents a novel method for bit level 
shortening of a Reed Solomon (RS) code, resulting in only 
shortened BCH subcodes. Using a specific basis, an RS 
code over GF(2m) is mapped to a binary image containing 
m concatenated BCH sub-codewords and some glue-vector 
code words. 

To mitigate the effects of fading and inter symbol 
interference when WiMAX is used in the 2-11 GHz range, 
the time diversity by incorporating an outer Reed-Solomon 
block code concatenated with an inner convolutional code 
is used in WiMAX physical layer. The systematic RS(255, 
239) which Galois Field elements are from GF(28) is 
applied [23]. 

In today's high-speed communication systems, multi-
level signals and sequences are becoming a distinctive 
feature. New methods are being used for in-vehicle 
networking, such as the 4D PAM-7 [24], PWAM signaling 
scheme [25], and Automotive Ethernet [26]. These 
methods use four-dimensional five-level pulse amplitude 
modulation (4D-PAM-5), PAM-7 and PAM-3 symbols to 
improve data transfer rates compared to wired 
infrastructures. 

In numerous research papers, the theoretical encoding 
of Reed-Solomon codes is presented over an arbitrary field 
GF(q) of q elements, where q is a power of a prime number. 
Despite this theoretical representation, the real applications 
and examples elucidating Reed-Solomon codes are over 
Galois fields GF(2m) of base 2. 

It is therefore evident that in order to guarantee the error 
correction features of new multi-level sequences, it is 
necessary to employ advanced methods of RS encoding 
that are capable of handling not only binary but also non-
binary symbols over GF(pn) of base which is arbitrary 
prime p. 

The objective of this article is to present a 
comprehensive analysis of systematic p-ary Reed-Solomon 
(pRS) encoding as a family of codes over an arbitrary 
Galois field GF(pm). Additionally, it elucidates the specific 

features of the encoding process and the encoding scheme, 
based on Linear Feedback Shift Register (LFSR), when a 
pRS code is employed over a finite field of base prime p, 
other than 2. 

II. MATERIALS AND METHODS 

This section provides a concise overview of the 
problem formulation and the preliminary concepts 
employed in the solution. 

In order to guarantee the error-correcting capabilities of 
multi-level sequences, such as PAM signals comprising 3, 
5 or 7 levels, it is vital to determine the specific 
characteristics of the systematic pRS encoding and the 
circuits responsible for pRS encoding in instances where 
the message symbols are situated within a Galois field with 
an odd prime base. 

First, we provide a concise overview of the two primary 
methods for representing Reed-Solomon codes and their 
special properties. We then present a brief introduction to 
the systematic RS encoding procedure. In the subsequent 
subsection, we examine the specific features of GF(pm) 
calculations with an odd prime base p. 

A. A Representation of Reed-Solomon Codes and 

Their Properties 

There are two methods of representing Reed-Solomon 
codes. The first views the code word as a sequence of 
values, which was proposed in the original work of Reed 
and Solomon in 1960 [1]. Reed and Solomon propose a 
code E by which each k-tuple (a0, a1, …, ak-1) of the field K 
of degree n over a field Z2 of 2 elements is matched by a 

2n-tuple (m(0), m(), m(2), …, m(1)) of K. Here m(x) is a 
polynomial of degree k – 1 

𝑚(𝑥) = 𝑎0 + 𝑎1𝑥 + 𝑎2𝑥2 + ⋯ + 𝑎𝑘−1𝑥𝑘−1, (1) 

where ai,  K, k < 2n, and  is the primitive n−th unit root 
in K. The k-tuple is the input message and the 2n-tuple is 
the transmitted message. The authors prove that, depending 
on whether k is an even or odd number, this code corrects 
either (2n – k)/2 or (2n – k – 1)/2 symbols. 

The second method considers Reed-Solomon codes to 
be Bose-Chaudhuri-Hocquenghem (BCH) codes [27], in 
which the code word is represented as a sequence of 
coefficients. In this approach, instead of sending all the 
values of the message polynomial m(x) (1), the transmitter 
calculates another polynomial s(x) 

𝑠(𝑥) = 𝑚(𝑥)𝑔(𝑥). (2) 

of degree at most n - 1 and sends the n coefficients of this 
polynomial. 

The generating polynomial g(x) is defined as the 

polynomial whose roots are the elements , 2, …, n – k of 
the field K 

g(𝑥) = (𝑥 − 𝛼)(𝑥 − 𝛼2) … (𝑥 − 𝛼𝑛−𝑘) =
= 𝑔0 + 𝑔1𝑥 + ⋯
+ 𝑔𝑛−𝑘−1𝑥𝑛−𝑘−1 + 𝑥𝑛−𝑘. 

(3) 
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Reed-Solomon codes are Maximum Distance 
Separable (MDS) codes because their minimum Hamming 
distance is 

𝑑𝑚𝑖𝑛 = 𝑛 − 𝑘 + 1. (4) 

Because RS codes are MDS codes, they have special 
properties. For example, any k positions in the block can be 
used as information and its weight distribution can be easily 
determined. 

The RS code can correct up to a maximum of t = (n – 
k)/2 erroneous symbols or can correct up to 2t erasures if 
the error locations are known in advance, as defined by the 
erasure term. Moreover, the RS code is able to correct any 
combination of errors and erasures, provided they fall 
within its correction capability 

2𝑒 + 𝑒𝑟 ≤ 𝑛 − 𝑘, (5) 

where e is the number of errors and er is the number of 
erasures. 

Given that GF(2m) is a vector space of size m over 
GF(2), it follows that each element of GF(2m) can be 
represented by m bits, with the element 0 being represented 
by a zero binary m-tuple (0, 0, 0, ..., 0). In this 
representation, the (n, k) RS code over GF(2m) is 
transformed into a binary (mn, mk) code with a minimum 

distance mind   that is at least as large as the minimum 

distance dmin of the RS code. Binary (mn, mk) codes with 
equivalent properties are useful for their ability to correct 
bursts of errors. Each burst of errors, defined as 
(t – 1) m + 1 or fewer consecutive bits, will appear as at 
most t errors in the GF(2m) symbols. As a result, RS codes 
are ideal for correcting bursts of errors [28] due to their 
largest possible dmin. 

B. Systematic Encoding of Reed-Solomon Codes 

The RS encoding (3), which considers RS codes as a 
subset of BCH codes, is a well-established approach for all 
linear codes. However, it does not satisfy the requirement 
of the systematic encoding procedure that the message is 
contained unchanged in the transmitted codeword. 

To satisfy the requirement of systematic encoding, the 
message polynomial m(x) is relocated to the k most 
significant positions of the codeword register. The parity 
polynomial t(x) is then concatenated to the right of m(x) in 
the n - k least significant positions. This rule, which is 
applicable to any RS code with base 2, can be found in any 
work on the subject and any textbook on data transmission 
or information theory. 

The mathematical description of these operations is as 
follows [29]. The rightmost shift of the polynomial m(x) is 
represented by multiplying m(x) by xn – k. The product 
m(x).xn – k is then divided by the generating polynomial 
g(x), yielding the quotient q(x) and the remainder t(x). 

𝑥𝑛−𝑘 . 𝑚(𝑥)  = g(𝑥). 𝑞(𝑥)  +  𝑡(𝑥). (6) 

In a manner analogous to the classical binary encoding 
procedure, the remainder is the parity polynomial, which, 
as indicated in (5), can be represented as follows: 

𝑡(𝑥) = 𝑥𝑛−𝑘. 𝑚(𝑥) mod g(𝑥). (7) 

The resulting polynomial of the codeword in binary 
case is 

𝑐(𝑥) = 𝑥𝑛−𝑘. 𝑚(𝑥)    +  𝑡(𝑥). (8) 

For an example of systematic encoding for a (7, 3) RS 
code one can see [29]. 

C. Some Specific Features of GF(pn) Calculations 

with Odd Base p 

The field GF(q) can be considered an extension of the 
Galois field GF(p) with a power of m, provided that the 
order of GF(q) can be expressed as a power of the prime p 
(q = pm), where m is a positive integer with m ≥ 2. In such 
cases, the notation Extended Galois Field GF(pm) is used. 

The elements of the field GF(pm) are polynomials of 
degree m – 1, which belong to the ring GF(p)[x] and have 
coefficients in GF(p) 

𝐺𝐹(𝑝𝑚) = {𝑎𝑚−1𝛼𝑚−1 + ⋯ + 𝑎1𝛼 + 𝑎0 | 𝑎𝑖

∈ 𝐺𝐹(𝑝)}. 
(9) 

The arithmetic in GF(p) is computed using integer 
arithmetic modulo p and the arithmetic in GF(pm) involves 
polynomial arithmetic modulo the irreducible polynomial 
p(x) over GF(p) with degree m [30]. 

In their analysis, the authors in [31] identify two 
specific features for p-ary Reed-Solomon code 
construction by considering them as a family of codes over 
any Galois field GF(pm) whose base is a prime p other than 
2. These features are as follows: 

Specific Feature 1. Every nonzero element 𝑎 has an 
additive inverse element −𝑎 = 𝑝 − 𝑎  in a Galois Field 
GF(p). 

Specific Feature 2. The subtraction operations must be 
performed due to the difference between addition and 
subtraction operations for fields GF(pn) with base p > 2. 

 

III. RESULTS AND DISCUSSION 

This section looks at the specific features of p-ary Reed-
Solomon encoding and an LFSR-based circuit for encoding 
non-binary symbols in GF(pm) with an arbitrary prime p. 
Examples of systematic encoding and polynomial division 
are also given, as well as an LFSR-based encoder for an (8, 
4) 3RS code over the field GF(32). 

A. Systematic Encoding of p-ary Reed-Solomon 

Codes 

As demonstrated in Section 2.2, in the systematic 
encoding, the codeword is constituted of k message 
symbols, followed by n – k parity symbols.  
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In this section, the codeword polynomial will be 
considered from a slightly different perspective, taking into 
account the differences in addition and subtraction 
operations in GF(pm). Let f(x) be a polynomial in which the 
leading k coefficients represent the message symbols, and 
the coefficients in front of powers less than n – k are set to 
zero, i.e. 

𝑓(𝑥) = 𝑎𝑘−1𝑥𝑛−1 + ⋯ 𝑎1𝑥𝑛−𝑘+1 + 𝑎0𝑥𝑛−𝑘

= 𝑥𝑛−𝑘 . 𝑚(𝑥). 
(10) 

In accordance with Euclidian's division algorithm 

𝑓(𝑥) = 𝑔(𝑥). 𝑞(𝑥) + 𝑡(𝑥), (11) 
where the degree of the remainder t(x) is less than the 
degree n – k of the generating polynomial g(x). 

Hence 

𝑓(𝑥) − 𝑡(𝑥) = 𝑔(𝑥). 𝑞(𝑥), (12) 

and thus, the codeword is c(x) = f(x) – t(x). 

In the aforementioned context, in order to obtain the 
resulting polynomial of the codeword c(x) from the 
encoding procedure with pRS codes with a base p ≠ 2, it is 
necessary to subtract the remainder t(x) from the product xn 

– k.m(x), i.e. 

𝑐(𝑥) = 𝑥𝑛−𝑘 . 𝑚(𝑥)  −  𝑡(𝑥). (13) 

This is the third significant distinction in encoding a 
pRS code with an arbitrary base p ≠ 2. Here, the check 
symbols in the codeword c(x) are the additive inverse of the 
coefficients of the remainder t(x). The following specific 
feature will present the fundamental rule that governs 
systematic encoding procedure in pRS codes. 

Specific Feature 3. In systematic encoding of pRS 
codes, the message polynomial m(x) is shifted to the k most 
significant positions of the codeword register and then the 
additive inverse of each coefficient of the parity 
polynomial t(x) is written to the n – k lowest positions of 
the register. 

Example 1. Consider an (8, 4) 3RS code over the field 
GF(32) with the generating polynomial g(x) 

g(x) = 12 + 20x + 12x2 + 11x3 + 10x4 = 

= 2 + 4x + 2x2 + 7x3 + 0x4. 

Let the input be 10 11 12 22. It is therefore represented 
by the message polynomial m(x) 

m(x) = 10 + 11x + 12x2 + 22x3 = 

= 0+ 7x + 2x2 + 3x3. 

The first calculation in systematic encoding is 

xn – k.m(x) = x4.m(x) =  

= 10x4 + 11x5+ 12x6 + 22x7 = 

= 0x4+ 7x5 + 2x6 + 3x7. 

Then dividing the polynomial x4.m(x) by the generating 
polynomial g(x) gives a quotient q(x) and a remainder t(x): 

q(x) = 01 + 12x + 22x3 = 1 + 2x + 3x3; 

t(x) = 11 + 11x + 20x2 + 01x3 = 

= 7 + 7x + 4x2 + 1x3. 

The inverse additive polynomial is found as follows: 

– t(x) = – (11 + 11x + 20x2 + 01x3) = 

= 22 + 22x + 10x2 + 02x3 = 

= 3 + 3x + 0x2 + 5x3. 

The codeword is obtained according to (13) 

c(x) = x4.m(x) + (– t(x)) = 22 + 22x + 

=  + 10x2 + 02x3 + 10x4 + 11x5 + 12x6 + 22x7 = 

= 3 + 3x + 0x2 + 5x3 + 0x4 + 7x5 + 2x6 + 3x7. 

If the code word is represented only by the coefficients 
of the polynomial c(x), it is obtained by concatenating the 
inverse additive elements of the coefficients of the 
remainder t(x) to the right of the input symbols of the 
message polynomial m(x) 

 𝑐(𝑥) =
(10 11 12 22) (22 22 10 02)

𝑚(𝑥) −𝑡(𝑥)
.  

B. LFSR Encoder for pRS Codes 

As well as obtaining an output p-ary pseudorandom 
sequence with a pLFSR register [32], the systematic 
encoding of (n, k) = (pm – 1, k) pRS codes can be achieved 
through a linear feedback shift register. As demonstrated in 
the preceding paragraphs, the elements of the input 
sequence, m(x), and the code sequence, c(x), respectively, 
are the elements of a Galois field extension, GF(pm). This 
will determine the characteristics of the elements of the 
pLFSR register operating in the Galois field GF(pm). Each 
of its elements must be a non-binary register comprising m 
elements, each of which can store integers from 0 to p – 1. 

The elements  implement the addition operation in the 

field GF(pm), and  implements the multiplication 
operation in the field GF(pm). The feedback coefficients g1, 
g2, …, gL are determined by the coefficients of the 
generator polynomial g(x) of the pRS code (3). 

It should be noted that the generating polynomial g(x) 
is not always a primitive polynomial so that some 
transformations can be applied to determine the feedback 
coefficients. Therefore, it is necessary to implement a 
hardware scheme for the polynomial division operation. 
Such a scheme was proposed by Peterson and Weldon in 
their book [33]. 

This section presents the specific characteristics of the 
aforementioned scheme when applied to an arbitrary field 
GF(pm) with a base p that differs from 2. To illustrate this 
process, we will initially consider the example of 
performing polynomial division on the input sequence 
xn – k.m(x) = x4.m(x) with the generator polynomial g(x). 

Example 2. Polynomial division of the input message 
sequence with the generator polynomial g(x). 

In the case of the (8, 4) 3RS code with generator 

polynomial g(x) = 12 + 20x + 12x2 + 11x3 + 10x4 = 2 + 4x 
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+ 2x2 + 7x3 + 0x4 and input message 10 11 12 22, it is 
necessary to perform the division of x4.m(x) = 10x4 + 11x5+ 

12x6 + 22x7 = 0x4+ 7x5 + 2x6 + 3x7 by g(x). 

The steps of the actual polynomial division are shown 
in Fig. 1. For a more compact representation of the 
polynomial division, the powers of x in the dividend and 
divisor are omitted, and only the coefficients of the 
polynomials are recorded. Here, q(x) is a quotient and t(x) 
– remainder. 

 
Fig. 1. Example of polynomial division. 

As can be seen from Fig. 1, at each step the value of the 
product of g(x) with the current input symbol is subtracted 
from the state of the current dividend. This operation can 
be implemented with a linear feedback shift register. 
Because it operates in an extension of a Galois field, it will 
be called GF(pm) LFSR 

Table captions and titles should always be right aligned 
and placed above the tables. Tables are numbered 
consecutively with Roman numerals and have reference in 
the main text. 

The Galois architecture of the GF(pm) LFSR will be 
considered because it directly corresponds to the real 
polynomial division algorithm shown in Fig. 1. The scheme 
of a GF(pm) LFSR register with Galois architecture (Fig. 2) 
implementing systematic encoding of p-ary Reed-Solomon 
codes consists of a register R with n – k number of 
elements, each of which can store one element of the 
extension GF(pm), and with linear feedbacks defined by the 
generator polynomial g(x), an inverter I that outputs 
additive inverse element –а0 in the GF(pm) field, and two 
keys K1 and K2. 

The operation of the scheme is as follows: 

1. The information symbols ms, which are k in 
number, arrive sequentially in the register R and 
appear at the output c. For this purpose, the key K1 
is in the upper position and the key K2 is closed. 

2. The register R continues to clock for n – k more 
clock cycles, with no new symbols ms fed to its 
input. This computes the remainder t(x) of the 
polynomial division, which resides in register R. 
No symbols are output to the output c. For this 
purpose, key K1 is in the middle position and key 
K2 is closed. 

3. The register R continues to clock for n – k more 
clock cycles, with no new symbols ms fed to its 
input. At this, the already obtained remainder t(x) 
is output through the inverter I to the output c. Key 
K1 is in the down position and key K2 is open. 

 

 

Fig. 2. Galois architecture of the GF(pm) LFSR 

    g(x) =           3 0 2 1 = q(x) 
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Fig. 3. GF(32) LFSR with generator polynomial g(x) = 2 + 4x + 2x2 + 7x3 + 0x4 

 

C. Example of Systematic Encoding with GF(pm) 

LFSR register 

The operation of the scheme of Fig. 2 will be explained 
with the example which actual polynomial division is 
shown in Fig. 1. 

Example 3. The cyclic code under consideration is an 
(8, 4) 3RS code. The register R, therefore, consists of four 
elements, each of length m = 2. The feedback coefficients 
are calculated from the generator polynomial g(x) = 12 + 

20x + 12x2 + 11x3 + 10x4 = 2 + 4x + 2x2 + 7x3 + 0x4 
as shown below 

 

– 𝑔0 = –2  = – 12 =  21 =  6 

– 𝑔1 = –4  = – 20 =  10 =  0 

– 𝑔2 = –2  = – 12 =  21 =  6 

– 𝑔3 = –7  = – 11 =  22 =  3 

(14) 

Therefore, the GF(32) LFSR register scheme with 
Galois architecture has the form shown in Fig. 3. The 
sequential operation of the scheme is shown in Table 1. 

In the initial state, all four elements of the GF(32) LFSR 
register, which encodes an (8, 4) 3RS code, are in a zero 
state. For the next four clocks, key K1 is in the upper 
position and key K2 is closed. Therefore, the information 
symbols ms arrive sequentially in register R and 
simultaneously appear at output c. 

For the next four clocks, key K1 is in the middle position 
and key K2 is closed. No more symbols ms are passed to its 
input and no symbols are produced at the output c. The 
computation of the states of the elements of the register R 
when the linear feedbacks are operating is performed as 
follows: 

Clock 5. a0 = 3. 3 + 2 = 6 + 2 = 21 + 12 = 

= 00 = 0 

a1 = 3. 6 + 7 = 1 + 7 = 01 + 11 = 12 = 2 

a2 = 3. 0 + 0 = 3 + 0 = 22 + 10 = 02 = 5 

a3 = 3. 6 = 1 

TABLE 1 SEQUENTIAL OPERATION OF THE GF(32) LFSR REGISTER FROM 

EXAMPLE 3 

Clock Input ms 

Register R 

Output c 
a3 a2 a1 a0 

0 - 0 0 0 0  

1 3 3 0 0 0 3 

2 2 2 3 0 0 2 

3 7 7 2 3 0 7 

4 0 0 7 2 3 0 

5 0 1 5 2 0 - 

6 0 0 1 5 2 - 

7 0 0 2 7 1 - 

8 0 7 7 4 1 - 

9 0 0 7 7 4 –1 = 5 

10 0 0 0 7 7 –4 = 0 

11 0 0 0 0 7 –7 = 3 

12 0 0 0 0 0 –7 = 3 

 

Clock 6. a0 = 0. 3 + 2 = 2 

a1 = 0. 6 + 5 = 5 

a2 = 0. 0 + 1 = 1 

a3 = 0. 6 = 0 

Clock 7. a0 = 2. 3 + 5 = 5 + 5 = 02 + 02 = 

= 01 = 1 

a1 = 2. 6 + 1 = 0 + 1 = 10 + 01 = 11 = 7 
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a2 = 2. 0 + 0 = 2 

a3 = 2. 6 = 0 

Clock 8. a0 = 1. 3 + 7 = 4 + 7 = 20 + 11 = 

= 01 = 1 

a1 = 1. 6 + 2 = 7 + 2 = 11 + 12 = 20 = 4 

a2 = 1. 0 + 0 = 1 + 0 = 01 + 10 = 11 = 7 

a3 = 1. 6 = 7 

In the last four cocks, key K1 is in the down position and 
key K2 is open. The remainder is sent through the inverter 
I to the output c. 

From Table 1, it can be seen that after the 12th clock, 
the scheme is in the initial zero state and it can start 
encoding the next k number of information symbols from 
the field GF(pm). 

IV. CONCLUSION AND FEATURE WORK 

The article proposes an approach to implement a 
systematic p-ary Reed-Solomon encoding with input 
information symbols in a Galois field GF(pm) with an 
arbitrary prime p. 

This article presents a detailed derivation of the special 
features involved in determining the coefficients of the 
parity polynomial t(x). It is demonstrated that the additive 
inverse of each coefficient of the parity polynomial t(x) 
must be written to the n – k lowest positions of the 
codeword. Furthermore, the article examines the process of 
encoding non-binary symbols in GF(pm) with an arbitrary 
prime p using a LFSR-based circuit. It also gives some 
examples of systematic encoding and polynomial division, 
as well as an LFSR-based encoder for an (8, 4) 3RS code 
over the field GF(32). 

Nevertheless, the proposed approach presents certain 
theoretical and practical issues that require further 
examination. From a theoretical standpoint, a 
comprehensive analysis is necessary to elucidate the 
distinctive characteristics that emerge when employing a 
GF(pm) field comprising an odd prime base p in the  
p-ary Reed-Solomon codes decoding process. 

From a practical standpoint, it is necessary to design the 
Field Programmable Gate Arrays (FPGAs) [34], [35] or 
Application Specific Integrated Circuits (ASICs) [36], [37] 
hardware implementation of the proposed approach, which 
will facilitate the acceleration of algebraic operations in the 
Galois field GF(p) and Galois Extension GF(pm) for p = 3, 
5 or 7. Such an approach is well-suited to the analysis of 
multi-level sequences, including PAM-3, PAM-5, and 
PAM-7 signals. 
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