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Abstract - A Subspace Subcode of Reed-Solomon 
(SSRS)[l] code is a subcode of a Reed-Solomon (RS) 
code (called parent code) over F p m  consisting of 
codewords whose components all lie in a fixed w- 
dimensional (over Fpj p-  a prime)vector subspace V of 
F p m  . In this paper we present a formula for the cardi- 
nality of an SSRS code by viewing V as an [m, w ]  linear 
code over Fp with parity check matrix H. Our formula 
is in terms of H and counting the endomorphisms of 
Fpm satisfying certain conditions resulting from the 
DFT domain characterization of SSRS codes. 

a 
I. PRELIMINARIES. 

Let C be an [n,Ico,do] RS code over F p m  defined by the 
parity check polynomial h(x )  = n j c J ( x  - aj ) ,  where J is 
a subset of ko consecutive integers of { 0 , 1 , .  . . , n - 1) and 
a is a primitive n-th root of unity in F p m .  The DFT 
of X = (Xo,X1,  . . . ,  X,-1) E F,"- is defined to be x = 
(xo,x1,...,xn--l) E F,"m, given by xj = ~ ~ ~ ~ a i j X i ,  j = 
0 , 1 , .  . . , n - 1. For j E {0,1,. . . ,n  - l} ,  let b]g = { j p i / i  = 
0 , 1 , .  . . , dj - 1) denote the jth cyclotomic coset mod- 
ulo n, where dj is the smallest positive integer such that 
j pd j  j(mod n). Note that d j l m  and let fj = m / d j .  

Let I, denote the set consisting of the smallest integers in 
each cyclotomic coset. Given the set J ,  for each j E I,, define 
Jj = J n [ j ]:. Let e j  = IJj I. Define the index set Aj as 
Aj = {i/jpi(mod n) E Jj,O 5 i 5 dj - 1). Thus lAjl = e j .  

Since the minimum distance of a subcode is lower bounded 

if it does not have any proper nonzero [j,p]-invariant sub- 
space. Let the set vj = { K , 1 , 4 , 2 , .  . . denote the 
set of all minimal [j,p]-invariant subspaces, where v j  = 161. 
Note Is,, I = pdj  for all 1 E {0,1, .  . . , wj} and wj is given by, 
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SSRS codes are nonlinear and cyclic and constitute a proper 
subclass of Fp-Linear Cyclic (FpLC) codes over FPrn [3]. We 
use the DFT domain characterization of minimal FpLC codes 
[2, 31. A minimal FpLC code has in its transform domain 
description, zeros in all transform components except com- 
ponents of one cyclotomic coset modulo n, say [j]{, and in 
[j]g only one component is free taking values from a mini- 
mal [ j ,  p]-invariant subspace, the rest are either related to this 
free component or zero. If related, say xj, = uj2,jlxjl then 
j 2  = jlp' where X E {0,1, . . .  , d j  - 1) and uj2,jl E SO', 
where S is a Singer Cycle, which is a matrix realization of the 
multiplicative group of F p m  and O is a generator of a cyclic 
subgroup of order m in the Normalizer of S [2]. The Defin- 
ing endomorphism [2] of a minimal FpLC code, Sj is given 
by, Sj = :cjzE J j  uj2,jl , where the minimal code takes nonzero 
values in Jj and jl is the free component. For j E I,, let Aj  
denote the set of all (PPmL;' ) defining endomorphisms of the 
minimal .FpLC codes taking nonzero values in Jj . 

Viewing the subspace V as an [m,v] linear code over Fpr 
let H denote a parity check matrix of V. 
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Theorem 2 [4] The  cardinality of the SSRS code CV is given 
by the formula, 

by that of the parent code, finding the dimension of the sub- pm-1 s 
ICVI = n (pdJ - 1)( N j J )  + 11 (2) [ 1=1 

code is important. Hattori, McEliece and Solomon have given 
a formula for the dimension of SSRS code, for the case p = 2, 
using the notion of trace dual subspace, which we call the 
HMS dimension formula: 

Theorem 1 [I] (HMS Dimension Formula) Let the parent 
RS code be defined over the field F 2 m ,  then the binary dimen- 
sion K ( C , V )  of the SSRS code CV is given by, 

K(C,  V )  = d j (e j  f j  - r j )  

j€In 

where N j , l  denote the number of defining endomorphisms b E 
Aj such that E ker (HS), 1 = 1 , 2 , .  . . , p. 
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where rj is  the rank of j t h  cyclotomic matrix Fj [l]. 

11. DFT DOMAIN DIMENSION FORMULA 
For every E F;m, (nonzero elements of Fpm), an Fp-subspace [3] Bikash Kumar Dey and B. Sundar Rajan, "Fq-lixlear 

v of F p m  is called an s-invariant Fp-subspace if s v  = v. 
If s = aj we denote the invariant subspace by Ij,p]-invariant 
subspace. An [j,p]-invariant subspace is said to be minimal 
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