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Abstract

Cyclic codes are most studied error correcting codes among the families of codes in coding theory.
Vinocha and Kumar (2013) discovered some new zero set leading to the triple-error-correcting codes. In
the present proposed work, we study on a new zero set of triple error correcting codes like BCH Code
and proposed some new roots of error correcting code having roots {1,322 + 1,3*3 + 1} and {1,3% +
1,3% + 1} where ged (23, n) =1.
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1. Introduction

A significant class of linear code is cyclic codes. Many families of codes including Golay
codes, binary Hamming codes and BCH codes are either cyclic or extended cycle codes. BCH
codes are a generalization of the Hamming codes for multiple—error correction. The cyclic
structure of BCH codes was proved by Peterson (1960). BCH codes is an interesting class of
linear codes. BCH codes are best known as a subclass of cyclic codes. BCH code are very
important in both theory and practical as they have good error—correcting capability and are
generally used in storage device and communication systems. We can represent BCH codes
with the help of zeros set. Many authors worked on finding the different zeros set of triple
error correcting BCH codes than the existing one. The work of Kasami [l was remarkable in
this field. He suggested some zero set and proved that BCH codes are also represented by
these zeros set. In a sequence of papers (2013), (2014) Vinocha and Kumar 1 were given a
new technique to find the zero set of the above said codes. In this work, a new zero sets of
BCH codes dissimilar from the existed zeros of BCH type codes is proposed. The proposed
triple error correcting BCH type Code is a cyclic code with least distance seven. We will
assume a Galois field with 2" elements and g(X) be the gernator polynomial of the above said
codes havingj, j3and jSbe its zeros. Let s;= 1, s,= 4 and s,= 5 then the parity check matrix H is
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The order of H is given 3n by2™ — 1. And code has same parameters as the BCH codes.The
basic idea of such error-correcting codes is to add redundant bits in the stream so that the
receiving point can still translate the information correctly even if there are mistakes. BCH can
be non-binary (such as Reed-Solomon codes used by the Audio CDs and CD-ROMs), and
binary. BCH is a generalization from the single error correcting Hamming code. BCH codes
are often used over GE (28), which means there are 8 different phases carried on the output
waves. In this case, a class of codes is three bits, and have 8 possibilities: 000, 001, 010, 100,
011, 101, 110, 111. If we use ¢ to represent each possibility as @1, @2, @3 ... @8, we can write
the information 000110100010 as ¢1¢p7¢4¢3.
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1.1 Literature Survey

Zheng and Mazumder ™in their research work proposes a One-pass Chase soft-decision decoding algorithm for BCH code based
on an efficient polynomial division algorithm and VLSI architecture. The proposed algorithm is more powerful and efficient and
has no speed penalty, effectively reducing the overall decoder area relative to traditional hard-decision decoding methods for BCH
code.

Pachare et al. @ their proposed work is likely to achieve FIR filters (Finite Impulse Response filter, a type of digital filters) based
on a multi-bit error correcting code and can obtain low complexity, reduce delay and achieve efficient protection technique for
higher bits data based on VHSIC Hardware Description Language.

Bracken et al. Bl in their research work author proposes a triple-error-correcting BCH based on studies as of Kasami and Chang et
al. The paper also presents a simpler proof of Kasami’s triple-error-correcting code, which can lead to new codes of this kind.

Wu et al. Blin their research work proposes the blind recognition of BCH codes based on the property of GFFT of the code
polynomial in the faster-than-Nyquist signaling system. Simulation results show the proposed method can maximize the correct
recognition probability of the root of the generator polynomial based on the appropriate decision criterion and efficiently
recognize BCH codes in the FTN system.

Argument-1: An equation of the form x3741 4 px3™ 4 cx = ddefined on GF (2™) has no more than four solutions in x when
ged (k, n) =1 for all b, ¢ and d in GF (2™) [l

For calculating minimum distance, a famous result in coding theory is that if there are no sets of d — 1 column in parity check
matrix then the code has minimum distance at least d. We will prove our results by contradicting the fact that H has six linear non-
independent columns. Which result the minimum distance of the code are seven.

2. List of Roots of 3-Error Correcting codes

Roots Situation References
{1,2m 4+ 1,22m 4+ 1} -
{127 41,257 4+ 1) ged(m,n)=1,n is odd Bracken and Helleseth 2009 [3]
{1,22m +1,2*™ + 1} . .
{1,227 4 1,26m 4 1) gcd(2m,n)=1,n is odd Kumar and Vinocha 2013 [10]
{1,3™ +1,3%™m 4+ 1} i .
(1,37 + 1.3 4+ 1) ged(m,n)=1,n is odd Kumar and Vinocha 2014 [12]
{1,322 +1,3%* + 1} ged(2a,n)=1,n is odd Theorem-3.1
{1,3%¢ +1,3% + 1} gcd(2a,n)=1, n is odd Theorem-3.2

3. New zero set of Triple Error Correcting BCH resembling Codes

In this part, we are specified a new zero set of BCH like codes and proposed the roots of the proposed codes. The proof of
Theorem 3.1 and 3.2 are given in this section

Theorem 3.1The Triples{1,3"2a+1,3"4a+1}arethezerosetof a new type of 3 —error-correcting codes parallel to BCH code such
that ged (2a, n) =1.

. . . . . V.V, Vg
Proof: The parity check matrix H has not more than six dependent columns then there exist basics Mis Moo M3sVisVao Vg G
(2™ s.t.
W+ Wy + Uy +V, 4V, +V; =0

2a 2a 2a 2a 2a 2a
Ml?; +1+M23 +1+M;‘a +1 +Vl3 +1 +'V§ +1 +'V§’ +1 =0

4a 4a 4a 4a 4a 4a
M]S +l+!~“23 +1+M§a +1 +V13 +1 +'V§ +1 +'V§ +1 =0

The root set {1,32¢ + 1} with an additional condition gcd (2a, n) = 1 must have least distance 5. Every element

Mis Was U33V15V 25V 5 s 1o be dissimilar so from above equation, we get

W+ U, + U, =§1
32941 32941 32941
R T L
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Now replace with
w=u +§13 U, =Uu, +E1: U; =y +E]
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M+ Uy + Uy =0 G
I.Lf’h” + ugz"ﬂ + M;Z"H =0 (32)
M134a+] + M;4u+] + M;“”"'] — M (3.3)

Where § = + 3°“+1&u =+ 3'+1
From (3.1) substituting "3 = 1 ¥ 12
Therefore equations (3.2) & (3.3) becomes

2

3 a 32a _ B
Wy W+, W=
34:{ 345
W Uy +ly Wy =u

Substitute 12 = "1l and we get

32041

TR (TR P (34)

341
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The equations (3.4) can be written as

Equation (3.4) implies

_34a _32:1

Wy + =0 T 40y

Using above equation (3.5) becomes

T (T e B

Therefore, the equation becomes
023°" 1 + uz + 63" = 0

As we know 6 # 0 this implies by Argument-1 that the above equation has no more than four solutions in z and we get the
desired result.

Theorem3.2: The set {1,3%% + 1,3%* + 1}aretheroots of a new type of triple —error-correcting codes like BCH code provided
ged (2a, n) =1for all xeGF (2™) for odd n.

Proof: we use the same concept as we do in theorem 3.1 the systems of equations are

W+ W0, + Uy =§ (3.6)
H132“+1 + u;z“-ﬂ + M;Z”H =Ez (3.7)
ufha+l+ugﬁu+l+ugﬁa+l =E3 (38)

Where 0 = Uy + H132a+1&ﬂ — #3+M136a+1
From (3.6) substituting W; =W + U,

~g4~



International Journal of Statistics and Applied Mathematics

Therefore equations (3.7) & (3.8) becomes

2

32a 32:3 _B
Wy W+, W=
360 35&
By U+l =N
Replace 2 = Milts ang we get
341

W' (uy +uy ) =0

39941

W, s ) =n

The equations (3.9) can be written as

(3.9)

(3.10)

2

2 _32a -1

M+, =6y,

Equation (3.4) emplies

u, + M23 ’ =8M1_3 40 W

y%a _ga_gda 320 _34a_g2a
+0° W,

Using above equation (3.10) becomes

364 4 _32a_] 344 _g6a_qda q2¢  _34a_q2a
W (eu‘l +6 W, +6 W, )=|J'

Therefore, the equation becomes

0s3°+1 4+ 9353 +su+ 63" =0

Hence by argument 1 the above equation has at most four solutions in s and we are done.

Conclusion

In the present work new zeros of triple error correcting BCH type code is discovered. Finding further such type of triples in the
family of proposed triple error correcting BCH type codes is an interesting and challenging research problem. In future, we will
work on finding the new roots of four or five error correcting codes distinct from the existing one.
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