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ABSTRACT—

Data transfer between two or multiple nodes is a common but critical operation in many applications of
communication network. When the data transfer through the communication network some error bit and noise is
added with data. To obtain the original data at the receiver side Error Correction Codes are used.
Communication performance is improved by enabling the transmitted signal to better withstand the effects of
channel disabilities such as noise, interference and fading which occur during transmission as well as during
comparison. In short the Error Correction is the detection of errors and reconstruction of the original, error free
data. There are errors correcting codes to detect as well as correct errors. In this paper the detail review of error
correction code techniques is done. The main aim of this paper is to study the different error correcting codes
techniques available for the error correction during the transformation of the data from the communication

channel in details.
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INTRODUCTION :

In the communication system there are errors during the transmission of the information. Communication
performance is improved by enabling the transmitted signal to better withstand the effects of channel disabilities
such as noise, interference and fading which occur during transmission as well as during comparison. In short the
Error Correction is the detection of errors and reconstruction of the original, error free data. There are errors

correcting codes to detect as well as correct errors. These error correcting codes have vast field of application.

In a computing system, it is necessary to compare the received data with the stored by the method of data
comparison. During the comparison if it is observed that the received data cannot match with the stored data when
we go through the data comparison process that the mismatched data is called as an error. So for the proper and
quality communication it is necessary to reduce those errors. Hence by using data comparison technique the errors
can be detected and corrected. Data comparison is widely used in computing systems to perform many operations
such as the tag matching in a cache memory and the virtual-to-physical address translation in a translation look a
side buffer (TLB). The circuit, therefore, must be designed to have as low latency as possible, or the components
will be disqualified from serving as accelerators and the overall performance of the whole system would be severely
deteriorated. As recent computers employ error-correcting codes (ECCs) to protect data and improve reliability [1]-
[5], complicated decoding procedure, which must precede the data comparison, elongates the critical path and
exacerbates the complexity overhead. Thus, it becomes much harder to meet the above design constraints. Despite

the need for sophisticated designs as described, the works that cope with the problem are not widely known in the
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literature since it has been usually treated within industries for their products. Recently, however, [6] triggered the
attraction of more and more attentions from the academic field. The most recent solution for the matching problem
is the direct compare method [6], which encodes the incoming data and then compares it with the retrieved data that
has been encoded as well. Therefore, the method eliminates the complex decoding from the critical path. In
performing the comparison, the method does not examine whether the retrieved data is exactly the same as the
incoming data. Instead, it checks if the retrieved data resides in the error correctable range of the codeword
corresponding to the incoming data. As the checking necessitates an additional circuit to compute the Hamming
distance, i.e., the number of different bits between the two code words, the saturate adder (SA) was presented in [6]

as a basic building block for calculating the Hamming distance.

However, [6] did not consider an important fact that may improve the effectiveness further, a practical ECC
codeword is usually represented in a systematic form in which the data and parity parts are completely separated
from each other [7]. In addition, as the SA always forces its output not to be greater than the number of detectable

errors by more than one, it contributes to the increase of the entire circuit complexity.

DATA COMPARISON

Data comparison is a logic that has many applications and it is widely used in computing system. For
example tag matching in a cache memory means to check whether a piece of information is in cache, the address of
the information in the memory is compared to all cache, the tags in the same set that might contain that address.
Another place that uses data comparison logic is the virtual-to-physical address translation in a translation look aside
buffer (TLB). As recent computers employ error-correcting codes (ECCs) to protect data and improve reliability
[8]-[12], complicated decoding procedure, which must precede the data comparison, elongates the critical path and
increases the complexity overhead. Thus, it becomes much harder to meet the above design constraints. Data
comparison circuit is usually in the critical path of a pipeline stage because the result of the comparison determines
the flow of the succeeding operations. When the memory array is protected by ECC, it exacerbates the criticality
because of the added latency due to ECC logic. In proposed work, we consider the characteristics of systematic
codes in designing the proposed architecture and propose a low-complexity processing element that computes the
Hamming distance faster. Therefore, the latency and the hardware complexity are decreased considerably even

compared with architecture.
DIFFERENT ERROR CORRECTION CODE TECHNIQUE
A. Double Error Correcting Long Code

Double Error Correction Long Code technique is a novel binary, long double error correcting, systematic code (8 2
5) that can detect and correct errors up to two bits in the received vector using simple concept of syndrome
decoding. In an error correcting code the central concept is the notion of minimum distance. If a code can be
constructed with the minimum distance of 2t+1 between two code words, then any number of errors per codeword
which does not exceed t can be corrected. A linear block code C is generally specified as (n, k, d) code, where n=

length of the code word, k= length of information bits and d is the minimum Hamming distance between any two
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code words [13][14]. Shannon showed that at any rate of information transmission up to the channel capacity, it
should be possible to transfer information at error rates that can be reduced to any desired level. In [15] author
shows that the practical codes such as, long turbo codes with code rates <% can approach the theoretical limits on

code (near Shannon limit) performance [16].
B. Polar Codes

Polar codes [17] are a significant breakthrough in coding theory, since it is proved that polar codes can achieve the
channel capacity of binary-input symmetric memory-less channels in [17] and any discrete or continuous channel in
[18]. Polar codes can be efficiently decoded by the low-complexity successive cancelation (SC) decoding algorithm
[17] with complexity of O(N logN), where N is the block length.

The generation matrix of a polar code is an NxN matrixG = ByF®", where N =2", BN is the bit reversal

1 0
01:|

u) ™! = (ugp, uy, ..., uy_,)denote the data bit sequence and x{'~! = (xo, x4, ..., xy_1)the corresponding encoded bit

permutation matrix, and F = [ . Here ®n denotes the nth Kronecker power and F®" = FQF®M~1  Let

sequence, then x)~1 =u}~1G. The indices of the encoding bit sequence u)~! are divided into two sets: the
information bits set A contains K indices and the frozen bits set A°contains N — K indices. uA are the information
bits whose indices all come from A. uAc are the frozen bits whose indices from A¢. The encoding graph of a polar
code with N = 8 is shown in Fig. 1.A polar code of length N = 2n can also be represented by a full binary tree of
depth n [19], where each node of the tree is associated with a constituent code. The binary tree representation of an
(8, 3) polar code is shown in Fig. 2, where the black and white leaf nodes correspond to information and frozen bits,
respectively. In order to show the connection between the tree representation and the direct encoding graph in Fig. 1,

the constituent code associated with
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Fig. 1. Polar encoder with N = 8

Fig. 2. Binary tree representation of a (8, 3) polar code
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each tree node is also shown in Fig. 2. There are three types of nodes in a binary tree representation of a polar code:
rate-0 , rate-1 and arbitrary rate nodes. The leaf nodes of a rate-0 and rate-1 nodes are associated with only frozen
and information bits, respectively. The leaf nodes of an arbitrary rate node are associated with both information and
frozen bits. For example, the rate-0, rate- 1 and arbitrary rate nodes in Fig. 2 are represented by circles in white,

black and gray, respectively.
C. BCH Codes

BCH codes are t-error-correcting codes with symbol field from GF(q) and error location field from
GF(q™). In general, m_1 for BCH codes, if m = 1, we give it another name --Reed-Solomon codes. Let p and m be
given and B be any element of GF(q™) of order n (i.e. B*. = 1). Then for any positive t and any integer j, the
corresponding BCH code is the cyclic code of block length n with the generator polynomial [20] [2].

g(x) = LCM [£j,(x). fj+1(x). fjy+2t-1(x)]

where fj(x) is the minimal polynomial of Bj. The above equation is a so-called generalized BCH generator
polynomial. Usually jO = 1 and B is the primitive element of GF(¢q™) a. Therefore, g(x) will have a!, o2, o3, ...,
o®tas its roots. If the symbol field and the error-locator field are different, i.e., the error locator field is an extension
field of the symbol field, then g(x) will have more than 2t degree. The message length is k < n-2t. In the case of
Reed-Solomon codes, the message word length is exactly n-2t. We say this is more efficient because the code rate

k/n is larger for the same n.
D. Reed-Solomon Codes

Reed-solomon codes are random single- or multiple-symbol error correcting codes. Operating on symbols
which are elements of a finite field. The coefficients of the data polynomial and the check symbols are elements of
the field, and all encoding, decoding , and correction computations are performed in the field. Reed-Solomon are
symbol oriented and the circuits implementing them are typically colocked once per data symbol, although bit-serial
techniques are also employed. Reed-solomon codes are used as part of the forward-error-correction strategy of
digital transmission of signals in the four proposed all digital HDTV systems. The following table summarizes the
length of a code block in bytesl, the length of parity-check bytes, and the error-correcting capability of these digital
HDTYV systems [20] [4].

Table 1: Reed-Solomon codes used in HDTV systems.

HDTV Code Structure® Check T3

Systems Bytes

ADTV (147, 127) 20 10

ccoe (158, 148) (32 OAM) 10 5
(116, 106) (16 QAM) 10 5
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Digi-Cipher | (155, 145) (32 QAM) 10 5
(116, 106) (16 QAM) 10 5
DSC (167, 147) 20 10

The length of the parity-check symbols are twice the error-correcting capability. This is a unique property of Reed-

Solomon codes and is a result of having a generator polynomial of degree 2t.

Table 2: Comparison of different ECC Encoder Results

Technique Data Width Latency (ns) | Area (m?)
Ham. SEC 16 0.4 296
32 0.5 598
64 0.65 1302
Hsiao SEC- 16 0.4 291
DED64 32 0.5 605
64 0.7 1168
DEC 16 0.5 496
32 0.6 1250
64 0.7 2335
DEC-TED 16 0.9 786
32 1.1 1424
64 1.3 2546

Table 3: Comparison of different ECC Decoder Results

Technique Data Width Latency (ns) | Area (m?)
Ham. SEC 16 0.4 296
32 0.5 598
64 0.65 1302
Hsiao SEC- 16 0.4 291
DED64 32 0.5 605
64 0.7 1168
DEC 16 05 496
32 0.6 1250
64 0.7 2335
DEC-TED 16 0.9 786
32 11 1424
64 1.3 2546
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Table 1 shows the comparison of different Error Correcting Code encoder result with respect to latency and Area.
Table 2 shows the comparison of different Error Correcting Code decoder result with respect to latency and Area.
Form the table is it is clear that Ham. SEC uses BCH code ECC technique and has the minimum latency for the

different data size of data transfer through the communication network.
CONCLUSION :

In this paper the detail review of error correction code techniques is done. The main aim of this paper is to
study the different error correcting codes techniques available for the error correction during the transformation of
the data from the communication channel in details.

In future work pipelining based Error Correction Code is used for the fast and high error correction capability for the

communication system.
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