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Abstract-

T

he original contribution of the work in this paper is to understand the sources of errors during
transmission system for any Arithmetical or Logical computation. In this work the BCH codes for Error
detection and Error Correction upto 5 bit in any location of 32 bit data at both end of ALU Inputs are
presented. Each transmitted bit has probability p > 0 being received incorrectly. On memory less channels every
transmitted symbol may be considered independently, so only random errors occur. Unfortunately, most channels
have memory and usually several successive symbols are corrupted. These kinds of errors are called burst errors.
Burst errors can be most efficiently corrected through use of burst error correcting codes, e.g. Reed Solomon (RS)
codes/ BCH codes. The simplest block codes are Hamming codes. They are capable of correcting only one random
error and therefore are not practically useful, unless a simple error control circuit is required. More sophisticated
error correcting codes are the Bose, Chaudhuri and Hocquenghem (BCH) codes that are a generalisation of the
Hamming codes for multiple-error correction. In this paper the subclass of binary, random error correcting BCH
codes is considered, hereafter called BCH codes. BCH codes operate over finite fields or Galois fields. The
mathematical background concerning finite fields is well specified and in recent years the hardware implementation
of finite fields has been extensively studied.
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I. INTRODUCTION
Transmission of information through a practical communication system is not free from noise. Information may rather be
corrupted by noise in the channel. Therefore it is necessary for communication systems to have adequate means for the
detection and correction of errors in the information received over communication channels. BCH codes, turbo codes and
LDPC (low density parity check) codes are most commonly used for error detection and correction nowadays. LDPC
codes are linear codes that are used for error correction with the help of sparse bipartite graph. Error correcting codes
have been successfully implemented in wire-line and wireless communication to offer error-free transmission with high
spectral efficiency. Error correcting codes are generally used with communication of digitally encoded data in order to
reduce errors.
In digitally encoded data, there is a block of symbols generally in the form of 0 and 1. Suppose that we want to transmit
the information that "There is no class on Monday". This information can be defined by 10110, say, and transmitted over
a channel where some "noise" may be introduced. Noise means simply errors. The aim of an error-correcting code is to
lengthen the message is such a way that the original message can be recovered even if errors are present here. By error it
means that there is unwanted change in data which is required to be correct for efficient and reliable reception of data.
The following diagram represents the communications channel.

Fig. 1: Communication Systems
Now suppose that due to presence of noise, second digit of information is changed from 0 to 1, and then decoder is able
to correct it with the help of extra bits. The process of error correction uses redundancy means some extra data is added
to a message, which receivers can use to check consistency of the delivered message, and to recover data determined to
be corrupted.
II. PROPOSED WORK
In this procedure BCH (63,36) encoder circuit have been designed to find the codeword and BCH (63,36) decoder have
been designed to correct any faults in codeword. The designing of (63, 36) BCH encoder and decoder for t=5 has been
provided in [4] by the way encoder and decoder has been described and implemented summarily.
The encoder circuit [2], calculates the parity bits using the LFSR (Linear Feedback Shift Register). The generator
polynomial of the (63, 36) BCH code is:
G(X)=X27+X22+X21+X19+X18+X17+X15+X8+X4+X1+1
Encoding circuits are shown in fig. 2
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Fig 2: Encoding circuit for an BCH code
The decoding of BCH code is composed of three main steps that are expressed as follows:
1) Compute the syndromes from the received codeword.
2) Obtain the error locator polynomial σ(x) (ELP) through the BMA (Berlekamp-Massy-Algorithm).
3) Determine the error-location numbers by finding the roots of error location polynomial (identifying the position of
erroneous bit). All these steps shown in the following block diagram in fig 3.

Fig. 3: Block diagram for decoder system using BCH code
2.1 The syndrome computations:
The first step of decoding procedure is “syndrome computation”. The syndromes identify whether error has occurred. If
the syndromes all are zero, there will be no error in codeword and if the syndromes not be zero there will be error in
codeword. For computing the syndromes, the syndrome S i is defined as:
Si = r(αi) = rn-1α(n-1)i+rn-2α(n-2)i+......+r0
=...((rn-1αi+rn-1)αi+rn-3)αi+....+r1)αi+r0
Where i is 1≤ i ≤ 2t. Each syndrome component is calculated by dividing r(x) by the minimal polynomial mi(x) of α i.
r(x) = qi(x)mi(x) + bi(x)
bi(x) is the reminder. When the entire received codeword has entered the decoder, 10 syndromes components (s1, s2,…,
s10) are formed. It takes 63 clock cycles to complete the computation. Since, the generator polynomial is a product of at
most 5 minimal polynomials Therefore at most 5 feedback shift register , each consist of at most 6 stages, are required to
form the 10 syndrome components. For more information about the computation of syndrome refer to [4].The syndrome
computation circuit for (63, 36, 5) BCH code which has been presented in [4] is also implemented.
2.2 The Berlekamp-Massy Algorithm:
The second step of decoding for finding the error location polynomial has been done through the simplified BerlekampMassy Algorithm which is shown in fig 4. It is assumed that the numbers of errors v ≤ t have occurred and error locator
polynomial σ(x) is:
σ (x)= σ0 + σ1x1+.....+ σv xv
σ(x)=(1+β1 x)(1+β2x).......(1+βvx)
The coefficient of error locator polynomial and the error location numbers are related by the following set of equations:
[3].
σ0=1
σ1=β1+β2+.....+βv
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σ2=β1 β2+β2 β3+.....+βv-1 βv

σv=β1 β2+....+ βv

Fig. 4:The inversion Berlekamp massy algorithm
2.3 Chein's searching circuit:
This process stored the received codeword in a buffer register to compute the syndrome. It takes 63 clock cycles to
complete the computation. A Chein’s searching circuit [2], for the 5-error correcting (63, 36) BCH has been implemented
in [4]. This circuit is applied to identify the position of erroneous bits into the 63-bit received codeword and then correct
it.
III. FAULT TOLERANT ALU USING BCH CODE
This 32-bit ALU model consist of the following operations Full Adder, Subtractor XOR, AND, OR, NOT, shifting to the
left and right. The codec circuits are applied to correct any
5-bit error occurred in any position of 32-bits input registers of ALU. Our algorithm of fault tolerant ALU is shown in
Fig. 5. In this algorithm at first the 63 bits input register A and B is read out one by one, by the decoding system.
Registers A, B consist of 27-bits parity check; 36-bits data which are 4-bits are extra. These extra bits are used as parity
check bits as shown in fig. 5. If any error occurs in any position of 63-bits the decoder will correct the erroneous bit at
once. In output the decoding system gives 36-bits where only 32-bits are needed as 2-inputs of ALU (here 4-bits of 36bits are not stored). So, the output of 32-bit ALU is the C resister. The 4-bits zero are added for leftmost of C register to
convert the 36-bits for the input of encoder system. After encoding the data of register C´ is kept in register A.

Fig. 5: The fault tolerant ALU Algorithm using BCH code
© 2015, IJERMT All Rights Reserved

Page | 132

First Author et al., International Journal of Emerging Research in Management &Technology
ISSN: 2278-9359 (Volume-4, Issue-10)
IV. RESULTS AND DISCUSSION
In this fig 6 a complete simulation for 32 bit ALU operation has been shown. Two 32 bit inputs a and b as well as 5 bit
error for both signal have been given so in this case it can show that our ALU is working for maximum 5 bit of error for
each signal that is automatically resolved. Here 3 bit opcode "000" has been taken that means it will give 1's complement
of input a. In this case value of a is "00000011" is taken in hexadecimal format and value of b is "01010101" in
hexadecimal format. The output of ALU is "FFFFFFEE". That is a desired output.

Fig. 6:32 bit ALU operation with 5 bit error
In this fig 7 a complete simulation for 32 bit ALU operation has been shown. Two 32 bit inputs a and b as well as more
than 5 bit error for both signal have been given so in this case it can be shown that this ALU is working for maximum 5
bit of error for each signal that is automatically resolved. 3 bit opcode "000" has been taken that means it will give 1's
complement of input a. In this case value of a is taken "00000011" in hexadecimal format and value of b is taken
"01010101" in hexadecimal format. the output is "FFFFFFE1". That is not a desired output.

Fig 7:32 bit ALU operation with more than 5 bit error

Fig. 8:Fault Tolerant ALU Main RTL Schematic
V. CONCLUSION
In conclusion the design of BCH codecs is rather difficult and the BCS system significantly shortens the time taken to
design BCH codecs. In addition the system has been thoroughly simulated and is less error-prone than hand-crafted
designs. However it should be noted that in some cases a modification of a basic BCH code is required, e.g. shortened or
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extended BCH codes. Furthermore a different input/output format may be required or an alarm signal needed to be
asserted if an uncorrectable error pattern has occurred. Finally, it is worth noting that the final VHDL files are almost
gate level descriptions and that the resultant circuits are as hardware efficient as hand-crafted ones developed for just one
set of parameters. Hence there are no hardware penalties incurred by using the BCS system instead of designing a BCH
codec oneself, but obviously using the BCS system saves many design man hours.
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