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Abstract

Computer memory systems using high-density RAM chips are vulnerable to m-
spotty byte errors when they are exposed to high-energy particles. These errors can
be effectively detected or corrected using (m-spotty) byte error-control codes. In
order to study the properties of these codes and to measure their error-detection
and error-correction performance, m-spotty weight enumerators are introduced and
studied with respect to various weights such as m-spotty Hamming weight, m-spotty
Lee weight, RT weight. For a large code C, it is in general very hard to obtain the
m-spotty weight enumerator. However, when the code has a large size, its dual code
is of comparatively smaller size. MacWilliams [Bell System Tech. J., 1963] proved
an identity for linear codes relating the weight enumerator of a linear code with
that of its dual code. This identity enables one to obtain the weight enumerator of

a large code from the weight enumerator of its dual code.

Based on this, we introduced and studied m-spotty weight enumerator, split
m-spotty weight enumerator, g-fold joint m-spotty weight enumerator, complete
m-spotty weight enumerator, with respect to both m-spotty Hamming weight and
m-spotty Lee weight, of codes over the ring Z, of integers modulo ¢ or a finite field
F, or the finite chain ring R, = F, + uF, + v’F, + --- + u*"'F, (u®* = 0) or the
ring R, = F, + uF, + vF, + wF, (u* = 0,0 = 0,uv = vu). We have discussed

some of their applications and derived MacWilliams type identities for each of the
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enumerators. We have also defined and studied the split p weight enumerator of a
linear code in M,,»s(R), where R is any finite Frobenius commutative ring and derive
MacWilliams type identity for the same. Further, we defined the Lee complete p
weight enumerator of a linear code in M,,s(Zy,) and obtain the MacWilliams identity

for it.

As an application of MacWilliams identity, one can determine several modular
forms from weight enumerators of self-dual codes over certain finite rings. In this
thesis, we obtained Jacobi forms (or Siegel modular forms) of genus ¢ from byte
weight enumerators (or symmetrized byte weight enumerators) in genus g of Type I
and Type II codes over either the ring Z,,, of integers modulo 2m or the quaternionic
ring Yoy, = Zom + oy + By + V2o, With a = 1—1—%, b= 1—1-5 and v = 1+l%, where
i, 7,k are elements of the ring H of real quaternions satisfying i2 = j2 = k2 = —1,
ij = —ﬁ = l%, ﬁc = —l%j =i and ki = —ik = j We also obtained Jacobi forms over
the totally real field k, = Q(¢, + ¢, ") with ¢, = e?™/? from byte weight enumerators
of self-dual codes over IF,. We also determined Siegel modular forms of genus g
(9 > 1 is an integer) over k, by substituting certain theta series into byte weight
enumerators in genus g of self-dual codes over I, for all p € 3, where the set P
consists of all those odd primes p for which the ring Oy, of algebraic integers of
k, is a Euclidean domain. Further, we defined some partial Epstein zeta functions
and derive their functional equation using the Mellin transform of the theta series

in each case.

Self-dual codes (Type I and Type II codes) play an important role in the con-
struction of even unimodular lattices, and hence in the determination of Jacobi
forms. In this thesis, we constructed Type I and Type II codes (of higher lengths)
over the ring Zoym of integers modulo 2™ from shadows of Type I codes over Zym, and
obtain their complete weight enumerators. As an application, we determined some

Jacobi forms on the modular group I'(1) = SL(2,7Z). Besides this, we constructed
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self-dual codes (of higher lengths) over Zom from the generalized shadow of a self-
dual code C of length n over Zsm with respect to a vector s € Z5,. \ C satisfying
either (s,s) =0 (mod 2™) or (s,s) = 2™"! (mod 2™).
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