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ABSTRACT

The modular representations of the F,l¥,-Specht modules S, (4, u) as linear codes is given in our
paper [5]. In this paper we are concerning of finding the linear codes of the representations of the
irreducible  F,W;-submodules N . (4, u) of the F,W,-Specht modules S, (4, u) for each pair of

P P

partitions (A, i) of a positive integer n = 4, where F), = GF(p) is the Galois field (finite field) of order p,
and p is a prime number greater than or equal to 3. We will find in this paper a generator matrix of a

2,1,(1)

«
subspace Y’ )

representing the irreducible F,W;-submodules N .. ((2,1),(1)) of the F,W,-Specht
P

((2,1,(1)

modules S . ((2,1),(1)) and give the linear code of ¥ »)
P

for each prime number p greater than or

4, . .
equal to 3. Then we will give the linear codes of all the subspaces ¥ (;) “ for all pair of partitions (A4, i) of

a positive integer n = 4, and for each prime number p greater than or equal to 3.

We mention that some of the ideas of this work in this paper have been influenced by that of Adalbert
Kerber and Axel Kohnert [12], even though that their paper is about the symmetric group and this paper is
about the Weyl groups of type B,.

Keywords: Field of characteristic 0 (infinite field), Finite field F, = GF(p), Weyl group W, of type B,
group ring F,W,, F,W,-module, F,W,-submodule, pair of partitions (1, ) of a positive integer
n, Specht polynomial, Specht module, (A, ) -tableau, standard (A4, u) -tableau, vector space,
subspace, generating matrix, linear code.

Remarks: Throughout this paper, let: over K.

i-  F, be the Galois field (finite field) of order p iii- W, be the Weyl group of type B,, which is the
([7], p-429), that is F,, = GF(p). group of all permutations w of {xi, x2, ..., Xn,

ii- K be a field which is infinite (of characteristic —X1, =X2, ..., =Xa}, such that w(-x;) = —w(x),
0) or finite of order a prime number p > 3, and foreachi=1,2,...,n.
X ,x_,...,x beindependent indeterminates iv- KW, be the group ring of ¥, with coefficients
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in K. KW, is also a group algebra of W, over
K.

INTRODUCTION

There are many types of Weyl groups
which are:

(1) The infinite family of Weyl groups of type
Ay, namely symmetric groups, (2) The infinite
family of Weyl groups of type B, , namely
hyperoctahedral groups, (3) The infinite family
of Weyl groups of type C,, (4) The infinite
family of Weyl groups of type D,, (5) The Weyl
groups of type G», (6) The Weyl groups of type
F4, (7) The Weyl groups of types Es, E7, and Eg
(see [8], p.40; [11], p.134; and [14], p.36). In
this paper we are concern with the Weyl groups
of type B, and the connection of the
representations of the Weyl groups W, of type
B, with the linear codes and more precisely we
are concern with the modular irreducible
representations of the F,W,-submodules

NFp (A4, ) of the F,W,- Specht modules

S F (A, ) as linear codes when n = 4, and for

each prime number p greater than or equal to 3.

2. PRELIMINARIES

Definition 2.1. Let {yl,...,yr}g{ixl,

~,%x,}, such that y, # *y, for each

i,j=1,..,r and i #j ,then we define

M G -yHIly, if r>1
Al(y1=""yr)= I<i<j<r r=1
Y1 if r=l
22 .
I1 (yj i) if r>1
A Yysesy,) =Yisicjsr
1 if r=l

([2], p-8 and [4], p.15).
2 2,2 2
Example 2.2. A2(x2,x7,)cl)=(x1 —X, )X, —x5)

2 2 4 2 4 2 2 4 2 4
(x; —x,)=xx P X, FX X, —xp X, +

7—x

4 4 2
X, X, —X,x,,and Al(xz,x7,xl) =X, X,X,
5 3 5 3
-(Az(xz,x7,xl))= X Xy Xg =X, X)X, +
305 3 5 305 5 3
X[ XyX, =X X, Xo 4 X X,X5 =X X, X5,

Definition 2.3. Let (4, 1) = (4,4 5> 4 ), (4,

Hyseeos )) be a pair of partitions of a positive

2

integer n, and let z 4 be any (A, u)-tableau,
then:
o | NED if |ul=0
M
S(Z) =9 12 if14]=0
f1(Z7). f,(Z*")  otherwise

such that:

A
A 1 . r .
[Z7) = T AZ P, 10 Z 54 (2,5 1))
Jj=1

where /lj’. is the number of the indeterminates in

the % column of the first tableau Z /I, and

H
£Z5 =TT A (ZP(1,),2), ., 25 (u),,2))
j=1

where ,u} is the number of the indeterminates in

the j® column of the second tableau z",

r(z (A, 1)

(4, 1) -tableau Z ) (121, p.9 and [4], p.15).

) is called the Specht polynomial of

Example 2.4. Let A

((2,1), (1)) -tableau:

be the following

X3 X

Xy

1

/11
A (z @0,

f(z ((2,1),(1))) _
J=1
@0, , ,, . o 2.0,1) /1 -
7'-‘9Z (ﬁjajal)) H AZ (Z (1’]52)9
j=1
@n,a ., .
sz (4,.7.2)
_ Al z ((2.1),(1)) (1,11, Z((2,1),(1)) 2,1,1))-
8, a2, 8,2 MY a12)=
A x ) A () A (-x )=
2 2 xl = 3 3
(x4 X, )x3 x,ox el = g, —x xox
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Definition 2.5. Let (Z,4) = (4,4 5> ), (4,

Hyseeos )) be a pair of partitions of a positive

2

(A, 1)

integer n, and let Z be any (A, u) -tableau.

Then the cyclic KW,-module S, (4,u) generated

(A, 1)

over KW,

by f(Z

(4:4)

)

=KW,k f(Z )) is called the Specht module

over K corresponding to the pair of partitions
(A, 1) ofn([2], p.10 and [4], p.16).

(e, S, ()

Theorem 2.6. Let (4, 1) = (( /11,/12,...,/19),(;11,

Hoyseeos 1, )) be a pair of partitions of a positive

|

integer n. Then there are exactly distinct

A pt
=H
vl

(4, p) -standard tableaux where H/1 CH

u u
s A
I1

i=l j

i

h..,where h =1

e ij i

+

such that H/l »
=1
4
I1

J

e where

1

t
= I

i=

+A —i—j+1,

and H
J )7

ij

—_

e4.
ij

[4], p-13).

=u +u —i—j+1 (2], p20 & p.21 and
1 J

Theorem 2.7. Let (4, 1) = (( /11,/12,...,/19),(;11,
Hyseeos 1, )) be a pair of partitions of a positive

integer n. Then the Specht module S, (4, 1) has a

(A, 1) (2. 4)

K-basis B(Al,u) = {f(Z )| Z is

standard (A, u)-tableau}, and dimK Sy (A,pw) =

n!
Hl,#

(121, p-21, [3], p.305 and [4], p.17).

Theorem 2.8. ([1], p.68 & p.87)
Let ((m —2,2),(n —m)) be a pair of partitions

of a positive integer n, where 4 <m < n .

1. If p divides neither (m —1) nor (m —2). Then
Sy ((m —2,2),(n —m))is irreducible KW -

module.

1.

a

2. If p divides either (m —1) or (m —2). Then
the KW -module S, ((m —2,2),(n —m))has
the following composition series:

0Ny (m=2,2),(n—m))cS, (m=2,2),(n —m)).

Theorem 2.9. ([2], p.64)

Let K bea field of characteristic p not equal
to 2.

If p does not divide m, then

S (m—r+1,1"m=m)),

n—m

) >

S, (n=m),(m—r+1,1")), and

S, (m—-r+1,1", (1

n-m r—1 . .
S, (1 ), (m—r+1,1 ")) areirreducible
KW, -modules where 0 <» <m < n.

If p divides m, then we have the following
composition series:
0C N ((m—r+1,1""), (n=m))
S (m-r+1,1"), (n=m) "’

n—m

r—1
OcN ((m-r+1,1 1),(1
S ((m-r+1,1"), (1"

)

)

OCNK((n—m),(m—r+l,lr71))
C S (n-m) (m-r+1,17)

0N ("), (m-r+1,17")
S "y m—r 1,17y

(e, S (m—r+1,17), (n=m)) ,

n—m

S (m—r+1,1", "™y,
S ((n=m),(m—r+1,1"")) , and
S ("), (m—r+1,17Y)

are reducible K W - modules and each one of

them has only one proper irreducible KW -

<

<

m — 1
Se(m), (n-m)), Sem), 1"y,

S ("), (n=m)),and S, ("), 1"

are irreducible K W, - modules.

module), where 1 < r n, and
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fz ((2’1)’(1))) = (x2 —xz) X XX
3. THE SPECHT POLYNOMIALS OF THE 5 3 1 374
STANDARD ((2,1),(1))- TABLEAUX = x,x 33X4 —x 3x3x4,
41 @nan, _ 2
dim S ((2,1), (1) = —8, and thus f(Zg )= (g —x D) e,
3 3
) I-1-1 ) =X XX, TX XX,
we have eight standard ((2,1),(1))-tableaux, which @) , )
are: S(Z777 ) =(xy —x,) x,x5x,
3 3
7 @10 _ Xy X3 Xy = X, XX, —X,X,X,,
1 - > >
((2,D,(1) 2 2
%2 I (Zg )=y —x,) X050y,
3 3
Z((Z,l),(l))_ xl x2 x4 —x2x3x4—x2x3x4.
2 - B B
. 2,11
X3 The above  polynomials [ (Z, (@0 )))
(2,0),(1)) (2,D,(1))
7 @.n,0) x] X4 'x3 f(22 ), cee s f(Z ) mod 3 will be:
3 - b B
X (2,1,(1) 3 3
2 f(})(Z1 ) =X, X,x%5 +2x,Xx,x,,
X, X X
2,1),(1 1 2 3 (2,1,(1) 3
Z4(( D) _ : , f ( 5 ) :x1x2x3+2x X,X5,
Xy
@Dy 3 3
oy ; f ( 3 ) = X XX, +2x X%, ,
7 @D _ 1 4 2
5 - > ’ ((2,D,(1) 3 3
X, f ( 4 )=x1x2x4+2x1x2x4,
(2, 1)(1)) 3 3
Z @y _ Tt T f5Zs ) =X XX, 20 X0,
6 - E >
X
4 ((2 D,(1) 3 3
f ( ) = X Xx3x, +2x X%,
X, x x
(2.n,m) 2 4 1 (2,1,(1)) 3 3
Z, . ; , f (Z ) = X,xx, +2X,x,X,,
3
(2,1,(1) 3 3
v . f(3)(Z8 ) = X,X3x, +2x,05%,.
7 @D _ 2tz M
. - ;. ™ b | - (.11
X, e above polynomials [ (Z, ),
(2,1,(1) (2,1),(1) . .
The corresponding Specht polynomials are: f(2, ) een [ (2 ) mod 5 will be:
(2,D,(1) 3 3
@y, 2 2 f(s)(Z1 ) = x,x,x, +4x,x,x,,
1z, )= (X, —xp) X xpxg
3 3 @.n.ay, _ 3 3
=X, X, Xy =X XX, f (Z ) = X,x,x, +4x,x,x,,
@.n,ay, _ , 2 2 2,1),(1 3 3
1z, ) =(x; _x;)xl:2x3 f(5)(23« )())) =X, X0, 44X x,x,,
= X[ X,X5 =X X,X
14243 2430 2,01 3
f (Z(( )()))zx XX +4xx X, ,
@), _ 1244 2% 4
f(Z, )—(xz—)cl)xlxzx4
((2,D,(1)) 3 3
3 3 _
=X, XX, — X X,X,, f(S)(Zs ) = X xgx, FAx X0,
((2,D,(1) 2 2 2.1),(1 3 3
[z, )=(x, —x;) xx,x, f (Z(( )()))=x1x3x4+4x1x3x4,
3 3
T XXX T Yy
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3
3

(2.1
f 5 (Zq

(2.0.(1)
I Zs

3
+4x2x

)
)

=X

XX X

2 4 3tgo

_ 340
= X,Xyx, +4x,x,x,.

4. THE SYMMETRIZED SPECHT
POLYNOMIALS OF THE STANDARD
((2,1),(1))- TABLEAUX

(4.40)

Definition 4.1. Let Z, be any (A, u)-tableau.

Then R (Z;l’”)) will be defined as the set of

all permutations w belong to the Weyl group W, of
type B, , which permute the variables in each row

2
of Z, and in each row of Z Z‘ without changing

(4,4)

the sign of any variable in 2,77, e,

(A.p) .

(Z,1) .
¢ (l 9]191)

R(Z,

) = {weWn wZ

PR (3 0 I T

A,
and wZ(( #)

Z ,sand 1 <1, p £ A4

.. (Ap) . . .
(i.j,2) = 2,7, j,,2), i=1,
..., t and 1Sj1,j2$,ui}.

(A,1)

Definition 4.2. Let Z ,
the

be any (A, u)-tableau,

then symmetrized Specht

f[zlf“"} will be defined by f [z;”‘)] _

(v 20),

If we take the coefficients of the polynomial

polynomial

(4.40)
14

Lo f

w EQ(Z,(:L“))

(4.4) .
f |:Z , :l modulo a prime number p, then

f [Z;ﬂ,ﬂ)] will be denoted by f,, [Z;l,ﬂ)] ’
which will be called the p - reduced symmetrized

Specht polynomial of the (A1, u)-tableau Z ;’1’#) .

Remark 4.3. The F,W,-module generated by any
p-reduced symmetrized Specht polynomial

(4,u) .
f(p)[Zf :l will be denoted by NFp (4, 1),

]

. B (A.1)
1.e., NFp A,p) = Fp Wn f(P) |:Z£

N (4, u) will be irreducible Fp W - submodule
o

of the Specht module S, (4,u), where Fp is
»
a field of order p.

The pair of partitions ((2,1),(1)) of 4 have the
following symmetrized Specht polynomials of the
standard ((2,1),(1))-tableaux:

(0.0
J =z -

((2,1),(1))
£ (e 2z,

((2,1),(1))
sz

_ 3 3 3 3
= | XXX 3 =X XX 5 |+ () X)X XX 3 —X XX

) =wr (2)

and V w €W, by [4], Remark 1.6.7, p.16)

p) A,
(A,1) VZ(( ﬂ)e

l

(2,4)
¢

(since f (w VA

(A,u)

T

3 3 3 3
lex2x3 —x1x2x3+x1x2x3 —x1x2x3

3
=2x1x2x =X XX T X XX

((2,1),(1)
rlz]

3 273

_ f(Z;(z’l)’(l))) N
((2.).(1)
7 (G, xpz )

3

_ 3 .3 3 .3
—(x1x2x3—x1x2x3)+(xl xz)(xlxzx3 —x1x2x3)

3 3 3 3
:x1x2x3 —x1x2x3+x1x2x3 —x1x2x3

_» 303 3
=2X X, X5 =X XX, —X XX,

((2,1),(1))
sz

2

_ f(ZS((ZJ)’(l))) .
((2,2),(1)
7, xpz )

_ 3 3 3 3
—(xlxzxé‘—xlxzx4)+(x1 x4)(x1x2x4—x1x2x4)

_ 3 3 3 3
—x1x2x4—x1x2x4+x1x2x4—x1x2x4
-9 3 3 3
—X1X2x4_x1)€2x4_.x1xzx4,
(2,1),(1) ((2,1),(1))
[z ] = (200 +
((2,1),(1))
7 (G, xpz )

_ 3.3 3.3
=202 =X X 00 [0 X)X XX =X XXy

211




Journal of Theoretical and Applied Information Technology
31* January 2020. Vol.98. No 02

© 2005 — ongoing JATIT & LLS

5

-
N iN]

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

3 3 3 3
=x1x2x4 —x1x2x4+x1x2x4 —x1x2x4

_s 303 3
= x1x2x4—x1x2x4—x1x2x4,
((2.1),(1)) ((2,D),(1))
2] = (200 +
((2,1),(1))
7 (G, xz @00

_ 3 3 n 3 3
= X030 =X 7x 304 |+ (0 X )| X X3x =X 1X 53Xy

3 3 3 3
=X, X x4 —x1x3x4+x1x3x4 —x1x3x4

"3
DS 3 3
=2X XX, X XX, —X X X,
((2,1),(1)) ((2,0),(1)

sl ] s () -

((2,1),(1))
7 (G, 2z @00

_ 3_.3 3.3
= (X3 =X XX |+ () X )| XXX =X x5y

3 3 3 3
:x1x3x4 —x1x3x4+x1x3x4 —X1X3X4
) 3 3 3
= x1x3x4 —x1x3x4—x1x3x4,

((2,1),(1)) ((2,1),(1))
[z ) =z -
((2,1),(1))
7 (G, 2z

_ 3 3 3 3
= XX 3x 4 =X 53004 [ () X )| XX 3x =X X 3xy

3 3 3
x3x4+x2x3x4 —x2x3x4

_ 3
=X, XX 2

X3Xy =X

2 3 3 3
= x2x3x4 —x2x3x4—x2x3x4,

((2,1),(1)) ((2,1),(1))
[z ] = (200
((2,1),(1))
7 (G, x 2z

_ 3.3 3.3
—(x2x3x4—x2x3x4)+(x2 x3)(x2x3x4—x2x3x4)

303 3 3
SX,X X, XXX, F XXX, XXX,
_» 303 3
=2X,X,X, —X X X, —X,X X,

Thenf[zl‘(z’l)’(l”] f[zfz’”’(l”] o

f [Z;(z’l)’(l))} mod 3 will be:

M _@.n,a)] 3 3 3
f(3) Zl« HD =2x XX 5 +2x X, x5+ 2x X, 5,
@) ] 3 3 3
f(3) Zz« ) =2X X, X5 +2X X X+ 2X X )X 4,

™ «2.0),0) ] 3 3 3
f(3) Z3(( M =2XX,% , +2X X, X 0+ 2x XX ,,
@) ] 3 3 3
f(}) Zi( D) =2X X, 4 +2x XX, +2x X X,

™ _ 2.0,y ] 3 3 3
f(}) Zs« M =2x X%, +2x X%, +2x XX,
™ .0),1) ] 3 3 3
f(}) Z6« MO =2x XX+ 2x XX+ 2x X 0x,,
™ _ .00 3 3 3
f(3) Z;( )())]:2x2x3x4 +2x,x %, + 2x )X 0x
@ 3 3 3
f(3) Z;( )(»]=2x2x3x4+2x2x3x4+2x2x3x4.
_ [ ,@enm] _ [, @]
Let b1_f(3) _Z1 i —f(3) _22 |
_ . [ ,@enm] _ [, @]
bz_f(3> | %5 _ _f<3) |24 4’
. [ @] [ @n.a)7]
b3_f(3> | Zs i _f<3> | %6 1

3 @n.an] (2,1,(1)
b, _f(s) [27 ] _f<3> [ZS } ’

Then B _ {bl,bz,b3,b4} is a

3)
basis of the submodule N A (2,1),(1))

= FW, f(s) [Zl((z’l)’(l))} of the Specht module

Sp (@D, =FW, f, (Zl«z,n,(l)))_

7 [Zl((z,n,(l»] L f[Zé(z’l)’(l»} mod 5

will be:

f(s) :Zl«z’l)’(l)):zlex ;x3 + 4)613362)63 +4x 1x2x§s
f(5) :Z;(z,l)’(l)):: 2xx Zx; +4x 13x X5+ 4x X ;x3 ,
/s _23«2’1)’(1)):: 2x % ;x P 13 XXy +Ax,x 2%3;,
f(S) :Zi(z,l),(l)):zlexzxi +4x13x2x4+4x1x§x4,
S :25((2’1)’(1»::2’61’“33)‘4 430+ e,
f(s) :Zé(z,l),(l)):=2x1x3xj + 4x13x3x4+ 4x1x33x4,
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(2,0,(1) 3 2,1),(1 2,1),(1
(5)[2 ] 2x xx +4xxx +4x,x,x,, =2f(Z3(( )()))—f(Zi( )(»),
2,31 2,),(1 3 3 3
(5>|:Z(( )())i| 2x,x,x, +4xxx -|-4xxx4 f|:Zi( )())i|=2xlx2x4—x1x2x4—x1x2x4
_5 3 3 3
=2X X)X, X[ X,X , —X XX,

Let b = f [zi“z’”’“”}, i=1,..,8, ; 5
! —X X ,X +x1x2x4

(2,1),(1)) .
then B = { b, b,, ..., bg} is a -y (23((2,1),(1))) Lo (ZA(‘(Z,I),(I))),

(%)
basis of the submodule N F @,n,y) =

(2.0),(1)) 3 3 3
P f|:ZS ]:2x1x3x4—x1x3x4—x1x3x4
Fw, f(5)|: . :| of the Specht module
3 3 3
=2X XX, —X X X,—X XX
SF5 (2,1,() = F,w, f(s) (Zl((z’l)’“»). 13 34 31 R R R
—X XX, X XX,
2,1),31 2,1),31
«21),(1» = 2f(Zs« )(») —f(Ze« “»),
5. THE SUBSPACE Y AS A LINEAR
CODE f [Zé(z’l)’(l))}=2x1x3xi —x13x3x4—x1x;x4
. . 3 3 3
The  symmetrized Specht polynomials =2X X X, T X XX, — X XX,
2,1),(1 2,1),(1 . 3 3
f[Zl(( )())], e f':Z;( )()):| will be x1x3x4 + X x3x4
written in  terms of f (Zl((z’“"”)), - _— (Zs((z,1>,<1»>+2f (26«2,1),(1»),
S (Zs((z’l)’(l))) as follows: f [Z;(z,l)’(l))} :2x2x33x4 —x;x3x4—x2x3xi
(2.0, 303 _ 3 3 3 3
f|:Zl :| 2X X)X 5 ZX XX 3T XXX =2X,0 X, =X XX, =X X X,
3 3 3 XXX F XXX
=2X X ,X 5 =X X, X=X XX, 2%3% 4 2% 3% 4
3 3
TXX Xy XXy _2f (27«2,1),(1)))_f (Zg‘z’l)’(”)),

Y (21«2,1),(1») y (Zg(z’”’(”)),

(2,),(1)) 3 3 3
f|:Z8 ]:2x2x3x4—x2x3x4—x2x3x4
7@ 303 3
I, XXXy =X XX 3= X X X3

_, 33 3
= 2X,X X, — X X X, — X X X,
5 303 3 ; 3
TAX XXy TX X T X XXy XXX, T XXX,
3 3
— XXX, FX XX
Xo¥s T X XX _ g (Z§(2’1)’(1)))+2f (Zg((z,l),(l)))’
-y (Zl«z,l),(l») Loy (z;@’”’“»),
(2,1),(1) (2.1),(1)
Z((z,l)a(l)) -9 3 3 3 f [Zl :|’ e [ZS :| mod 3
I Z; TAX XXy T XXy T XXXy will be:
2x x3x x3x X x3x X ((2,1),(1)
= - - D, 2,101
ate TXIT TN f(3)[21 }z 2f(3)(21(( )()))
—X X,X, X XX,
)
(2,1),(1)
" 2f(3>(22 )
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B ((2,1),(1))__ ((2 1)(1))) _1 1 00000 0_
f(3)_22 __2f(3)( 00110000
+2f((21)(1))) 00001100
3) 00O0O0O0OO0OT11
r ] 000O0OO0OODO
((2.0,(1) 2,1),1
f(3)_Z3 _=2f(3)( 3 )())) 000O0O0OOO0OO
00O0O0OO0OO OO
7 (2.,M)
+2f(3)(4 ) 10000000 0|
7@ _ z DM The ab ix will give the followi
f 5 zZ, = 2f(3) e above matrix will give the following
R - generator matrix ([9], p.2 & [10], p.49) of the
+ 2 (Z((2 1)(1»), 2,1),(1 .
f<3) 4 subspace Y (( M ))( hich represents the
[ 2.0,a) ]
f(3) Z5« 2O . (3) (ZS((N)(U)) submodule NF ((2,1),(1)) ) of the vector space
L - 3
2,1),(1 .
+ (3) (Z é( M ))), F3 ’ (which  represents the Specht module
7 [ @ _, ( (21)(1») Sp (2.D.(1)):
L . (3)
. (Z((zl)(l))) 11000000
S\ %o ’ @nam 001 10000
f _Z((2,1)~(1))__ (21)(1))) (©) 000O0OT1T1TGO0TGO0
;L7 17275 0000O0TO0T 1
Y ( @ 1)(1»)
(3) ’ The four rows of the above generator matrix
2.0,y ] 2,1),(1 . .
f(3) Z;( Y 2f(3) (Z((2 1)(1))) ((;) PO are representing the elements of the basis
((2,1),(1)) 2,1),1
+2f(3>(Zs ) Bg) O b by, by b} of the submodule
. . 2,,31
The above polynomials modulo 3 give the N (@D.1) = FEW, f(3) |:Zl(( )())i| of
following matrix:

s the Specht module S A (2,0),(1) =
22000000 EW, f (21“2’1)’“))), where :
22000000 3
00220000 _ ((2,2>,<1>>) ( (2. 2><1>>)
00220000 b1 _f(s)(Zl +f(3> Z;
000027200

— ((2,2),(1)) ((2,2),(1))
00002200 b2 _f(3)(Z3 )+f(3)(Z )
00 0O0O0O0TZ22
_ ((2,2),(1)) ((2,2),(1))
00000022 b3 _f(3)(25 )+f(3)(Z )
2,2),1 2,2),(1
b, =f(3)(Z§( )()))+f(3)(2§( )()))'
2R, >R,
2R3 ks N @)
2R5 >R, The four-dimensional subspace Y ) '
2R; >R,
gz +§§1ﬁ§5 (which represents the submodule N . ((2,1),(1)))
4 2R3 5 R¢ }
Rg+2R5—>R, 8 .
Rg+2R; —>Rg of the vector space F3 (which represents the

214

Specht module § A ((2,1),(1)) ) can be considered
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as a linear (8, 4, 2, 3)-code ([6], p.16), where 8
means that each vector of this subspace has 8
coordinates, and 4 means that the dimension of this

((2 ), (1)

subspace Y is 4, and 2 means that the

minimum number of nonzero coordinates of any

2,1),1) .

nonzero element of the subspace Y is 2 (the

@n,m) .
1

minimum distance of this code Y ) s 2

([13], p.195)), and 3 means that this subspace

y (@n.m) .
3)

is over a field of order 3.

((2 1),(1)

6. THE SUBSPACE ¥ _ AS A LINEAR
CODE
r [Z ((2,1),(1))J 7 [Z «2,1>,(1»] 45
1 b A 8
will be:
C_@nan] 7@ 1)(1»)
f(s)_Zl 1=27 (5)( !
v a4y ( 7@, 1)(1»)
<5) 2
T @nan] 7@, 1)(1)))
f(S) 22 __4 <5)( !
v27 ( @, 1)(1)))
. (5) 2
T @nan] 7@, 1)(1»)
f<5)_Z3 __2f<5)( 3
(2,1,(1))
+ 4f(5) (Z4 )
. @nan’ 7@, (1)))
f(s)[z4 }_4 (5)( 3
2 f ( (@1, (1»)
Tis)
. [, enm] 7@, 1)(1)))
f(S) Zs 47 2 (5)( 5
v a4y (Z«z 1)(1)))
. (5) 6
T @] 7@, 1)(1»)
UKL 4f<5)( 5
L9 ( (@1, (1)))
T
T @iy 7@ 1)(1»)
f(5)_Z7 __2‘(5)( 7
L4y (Z«z 1)(1)))
<5) 8

215

((2,D,(1)
8

A (2.1).(1)
] =4 f(S) (27 )

((2,D),(1)
+ 2 f(s) (28 )

S5 [Z

The above polynomials modulo 5 give the
following matrix:

24000000
42000000
00240000
00420000
00002400
00004200
0000002 4
000000 4 2
2R, + R >R,
2R+ Ry >R, |
2R¢+Rs—>Rg
2Rg+R, >Ry
24000000
03000000
00240000
@nm [0 0030000
©) o000 2 40 0
00000300
0000002 4
000000 O0 3

which is the generator matrix of the subspace

Y ((5()2’1)’(1)) of the vector space F58. The eight rows
of the above generator matrix y E(Sz)’l)’(l»

representing the elements of the basis
B((g D) {b b,, bs} of the submodule
N (@D.) = EW, fs [Zl«z,u,(l»] of
the Specht module S F (2,1),(1)) =

Fw, f(s)( ((21)(1))) , where:

(Zl«z,l),(l))) L af

b1:2f )

(Z (0,0 )
(5) : ’

=37

(Z (ERIXT) )
$\72 ’
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b,=2f (z””“” +4f

5 (z“2 ”“») ((4),( ))-tableau Z " whose  Specht

(5)

polynomial is f( )( (9 ))) = XX ,X X,

=31 (zEnm
Jes

: B N7 _
_af (Z @ 1),(1))) vas (Z((z 1)(1») () If p =3, then f, [Zl ]_
(5)

41(mod 3) £ ;) (2 P) =24 (mod 3)

- (Z (0,
( X, x,x,x, =0 (since 24 (mod 3) = 0).

70 4y ( «21)(1»)
®) Jes ,
Thus Ky = dim, N, (4).()) =

b =3/ (28«2,1),(1»).
8 (5) (4),( )
dlIIlF KW, f(3)|: ] =0,

(@.1),(1)

The eight-dimensional ~subspace Y ®) hence the minimum distance o, does
(which represents the submodule N, ((2,1),(1))) not exist. Therefore, the  subspace
y DO (which  represents  the

8 .
of the vector space F_ (which represents the 3

Specht module S F, ((2,1),(1)) ) can be considered submodule NF; ((4),(1))) of the vector

as a linear (8, 8, 1, 5)-code. space F3 (which represents the Specht
module SF3 ((4),()) is a linear

7. THE  p-MODULAR  IRREDUCIBLE (1,0, -, 3)-code.
REPRESENTATIONS FOR THE o
SUBMODULES N, (i,u) OF THE @) If p=5, then f )[ }

P

SPECHT MODULES Sp Gon) 41(mod p) £, )( (4 ))):24(m0dp)
CORRESPONDING TO ALL PAIRS OF .
PARTITIONS (1,4) OF 4 AS LINEAR TX XX x4 # 0 (since 24 (mod p)# 0).
CODES WHEN p IS A PRIME NUMBER '
AND p >3 Thus kp = d1me NFp (4,() =

. , dim . F W 7O
The linear codes of the representations of the lmF,, p 4 f (» [~ =5b

submodules N . (l ) of the Specht modules since N, ((4).()) is a nontrivial

S F, (A, 1) correspondmg to all pairs of partitions submodule of the Specht module

(A, 1) of 4, when p > 3, are as follows: S, ((4),()), hence the minimum

i . distance d_=1.  Therefore, the
1)  For the pair of partitions ((4),( )), we have P

41 subspace ¥, « M

(which represents the
that m (S)= dlm S ((4) ()=

4.3.2-1 submodule N ,. ((4),( ))) of the vector
=1, and thus we have only one standard !

space Fp (which represents the Specht

216
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module S, ((4),())) is a linear
(L, 1,1, p)-code.

2)  For the pair of partitions ((3,1),( )), we have

that m(S) = dim, S, (3.D.() =

4!
— =3, and thus we have 3 standard
4.2-1-1
((33 1)3( ))' tableaux

polynomials are:

whose Specht

(ERVAQ)] 3
f(p)(Zl ):x1x2x3x4+

3
(p—Dx x,x5x,,

(CRYAQ)) 3
f(p)(Z2 ):x1x2x3x4 +
3
(p=Dxx,xx,,
(CRVAQ)) 3
f(p)(Z3 )=x1x2x3x4 +

3
(p=Dx x,x5x,.
If p > 3, then by theorem 2.9 (1), we
have that S, ((3,1),()) is irreducible
»

F W, -module. Hence NF,] (3,1, () =
@GN0 | _

Fp W4 f(P) |:Zl i| - SF,] ((33 1):( )):

; (CRVAQY)]

since f(p)|:z1 :| —

(3,1, ) (3,1, )
f<p>(Zl )+(p‘2) f<p>(Zz )

((ERYXQ))
+ (p _2) f(p)(Z3

6 (modp)

) = 6(mod p) -

3 3
X X, X X, +(p=2)x,x,x,x,+(p—2)-

3 3
X X, XX, +(p—2)x x,x,x, #0.

Thus kp = dime NFP ((3’1)’( )) =

dime SFp (G,1),() = 3, and the
minimum distance d »= 1, since each Specht

polynomial belongs to S, ((3,1),()) =

Np (GD,0)) -

217

3)

Therefore for each p > 3, the subspace

(CRVAQ)]

Y(p)

(which represents the submodule

3
N F, ((3,1),( ))) of the vector space Fp

(which represents the Specht module
SFp ((3,1),( ))) isalinear (3, 3, 1, p)-code.

For the pair of partitions ((2,2),( )) , we have

that m(S) = dim, S, ((2,2),() =

4!
= 2, and thus we have 2 standard

((2,2),( ))- tableaux

polynomials are:

whose Specht

=X X x3x3+(p—1)-

(2,2).()
172737 4

(
f(p)(zl
3.3 3
XXX X, +(p—1Dx x,x,x

23
(2,2),( »
f(p) (ZZ )

3 3
x1x2x3x4 +

3 3
4 X, X

3
TX XXXy

3 3

=xx,xx, +(p-1-
3 3003 3

(P =D x| x,xx,+x x,xx,.

(i) If p = 3, then:

3
+x1x XX

2

22.(n]_,3.3
f(a)[zl }—x1x2x3x 4
3

3
+x1x X X +x1x2x X

273

w@oa W N
wowow wow

4
3
Xy T X XXX,

- f(})(zl(u,z),( ))) +f(3)(Z§<2’2)’( )))’

3
+x1x2x

3
2X3%,

303
2%3

3
x3x4+x1x

2] - 3.3
f(3)[22 }_xlxz

3 3
+x1x2x3x4+x1x Xy

3 3 33
+x1x2x3x4 +x1x2x3x4

- f(})(zl«z,z),( ))) +f(3)(Z£(2,2),( ))).

Thus N A ((2,2),()) generated by

the polynomial f(3) [Zl((z,z),( ))} only

which means that k ; =
dimF3 NF3 ((2,2),()) =1, and the
minimum distance d, = 2, since

3
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(i)

Lo [Zl((z,z),( ))} = fu) (Zl((z,z),( )))

+ L (28020,

Therefore, the subspace
(2.2),( »
Y(3)
(which  represents the submodule
NF3 ((2,2),( ))) of the vector space
F32 (which represents the Specht
module SF3 (2,2),( ))) is a linear

(2,1, 2, 3)- code.

If p >5, then by theorem 2.8 (1), we

have that S, ((2,2),( )) is irreducible

F W, - module.
P

Hence

Np ((2,2),0) =

2,2),( )
F W f(p)|: :|
= 85 ((2,2),0)),

since

(2,2),( ) 3.3
f(p)|:Zl ] = 4x XXX,

3
+(p — 2)x X,X X,

3 3
(P =2)x,x,x;x, 3
303
+(p-2xx,xx, +(p-2)-
3 3.4 33
X X,X X, + 4x x,xx,

41, (Zl((z,z),( ))) +(p-2)-
2,2),
f(p)(Zz(( ) ))) £ 0.

Thus Kk, = dim, N, ((2,2),()

= dim, S, ((2,2).() = 2, and
Lo (21«2,2),( ))) c

Ny ((2.2.0).

since

Sp (2,2,() =

Therefore for each p >5, the

:2),())

subspace Y (which represents

the submodule N . ((2,2),( ))) of the

218

4)

2 .
vector space Fp (which represents the

Specht module S, ((2,2),())) is a
P
linear (2, 2, 1, p)-code.

For the pair of partitions ((2,1,1),( )), we have

that m(S) = dim. S, ((2,1,1),())

4!
= = 3’
4-1-2-1
standard ((2,1,1),( ))- tableaux whose Specht
polynomials are:

(2,1,1, )
f(p)( )=x1x2x3x

3 5
X, X,xx, +(p

and thus we have 3

5
4+(p_1)'
—l)x5x2x3x +(p—1)-

53 5 3 3
X X x3x4+x x2x3x4+x X

1% 2 xx

273742

2,11, ) 3
f(p)( )—xx2x3x +(p-1)-
+(p -~

5 3.5
+Xx xzx X +X x2x3x4,

53
xxx3x 1)xxx3x +(p-1-

5
xlx 2x3x

(2.L.D,C ) 3.5
f(p)( ):xlxz X3x,+(p -1
Dx, x3xx +(p-1)-

5 3 5 3 3 5
x1x2x3x4+x1x2x3x4+x1x2x3x4.

5
4
3
4

5
xlxzx x,+(p -

If p >3, then by theorem 2.9 (1), we

have that S, ((2,1,1),()) is irreducible

£, W, - module. Hence NFp (2,L,1),( ) =
((Z,1LD,()
:FpW4f(p) |:Zl ]:SFp ((23191)9( ))a

2,11 5 3
since f( )|: (« )()):|=(p—1)x1x2x3x4

35

3 3
+(p—l)x1x2x3x4+x Xoxix, +x XXX,

2737 4

5 5 ) 5.3
XXX X, +x1x2x3x4+(p— )X X, X X

2r3ty
+(p—1)x1x2x3x4+(p 1)x1x2x3x4+

3.5 ((2.L1.( )
2xxxx, =2 f(p)( ) +

2L, ) (2,10, )
(p - 1)f(m( )f(p)( )

#0. Thus k,= dim, N ((2,1,1),()) =

dim, S, (2L1.() =3,  and  the
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5)

minimum distance since
Fi(2{EDO) e Sp (ZLD.() =

Np (2,11,0)).

d =1,
P

Therefore for each p >3, the subspace

2,11,
(p)

N, ((2,1,1),())) of the vector space F;

(which represents the Specht
S]:‘p ((2’1a1)s( ))) is a linear (39 3’ 19 P)'

Y (which represents the submodule

module

code.

For the pair of partitions ((1,1,1,1),( )), we
have that m (S)= dim,. S, ((LL,L1),()) 6)

4!
= —— = 1. Thus we have only one
4-3.2-1
standard ((1,1,1,1),( ))-tableau whose Specht

polynomial is:

1,1,1,1), 357
f(p)(Zl« )()))=x1x2x3x4 +(p =1

300 53 7

XXX X +(p—1)x X,x.x, +(p—1)
735 3 7

XXX, 4+(p—1)x1x 3x4+(p—l)-
75 3 : 37 5 5 307

XXX X+ (p—Dx x,x,x, +x,x,x,x,
3 s 7 7 337 5

X XXX, +X x2x3x X X XX,
73 s 53 7 735

X XXXy HX XXX, +X XXX,
57 3 3 7 s 5.7

X XXXy + XX, 3x4 +x1 2 X%y
L1503 5

Xy ¥oXs 4+(p—1)x Xa¥s 4+(p—1)
PR 503

XXoX3 4+(p—1)x XX %, +(p =1
LI 73

XXX 4+(p—1)x XXX, +

(LLLD,()
g and  f [Zl J

_ «1111>(>>) ( ((LLLI( )))
f(p) ( z f(p Z ’

Np (LLLD, ()=

(p - l)x X 5x 7x

for each p > 3. Hence

SFp ((1,1,1,1),()).

Thus k, = dim, N, (LLLD,()) =

dim, S, (LLLD.()) =1, and d, =1,

since f,, (z@100) Sp (LLLD,()
= Np (LLLD, ().

Therefore for each p >3, the subspace

(LLLD,()

Y(p)

(which represents the submodule

N ((1,1,1,1),( ))) of the vector space Fp
4

(which represents the Specht
SF,, (1, L,1,1),())) is a linear (1,1, 1, p)-

module

code.

For the pair of partitions ((3), (1)), we have

that m (S)=dim, S, @) = —
v 3.2-1-1
=4,

@) If p=3, then f(3)|: “3””)} _

31(mod 3) (2 ( “3“‘”) = 6 (mod 3)-

X

x,x; =0 (since 6 (mod 3)=0),

3),(1
where Z 1« MO

tableau.

172

is a standard ((3),(1))-

Thus &k, = dimF3 NFg(G)’(l)) =
. ((3),(1)
dim, F; W, f |:Zl ]=0,

hence the minimum distance d3 does

not exist.
31
Therefore, the subspace y((;))( )
(which  represents the submodule

N A ((3),(1))) of the vector space F34

(which represents the Specht module

SF3 ((3),(1))) is a linear (4, 0, — , 3)-
code.
(ii)) If p > 5, then by theorem 2.9 (2), we

have that S. ((3),(1)) is irreducible
P

Fp W ,-module. Hence NFp (3),(1)) =

219
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7) For
that

(M)

((3)(1)
E W, 1o, | 29 ] = 5, @100,
. @]
since f(p)|:Z1 i| = 3! (modp) -
f(p) (Zl(m’“))) = 6 (modp)x x,x, # 0

(since 6 (modp) # 0).

Thus &, = dime Np (3, (1)) =

dim, S, ((3),(1)) = 4, and the

minimum  distance dp =1, since

S [ZO0) e 5, @10 =
N (30D,

Therefore for p > 5,

(3),(1)
(p)

submodule N . ((3),(1))) of the vector

the subspace

Y (which  represents  the

space F: (which represents the Specht

SFp ((3),(1)) is a
(4, 4,1, p)-code.

module linear

the pair of partitions ((2,1),(1)), we have

m(S) = dim, S, (2D.() =
4!
— =8
3-1-1-1
If p=3, then:
(2,D),(1) 3 3
f(3) Z, =X X X5 +2x,X,x 5,
((2,1),(1)) 3 3
fa\%2 —x1x2x3+2x1x2x3,
f(3) XX + 2x X ,X ,,

3

+2x1x3x‘
2,1),(1

3
p —xxx +2xxx

I 4 3740

(2.1
7

2,1),(1
Zé( D,(1)

=X
—xlx
=X

) 3
)X X + X5X X 4,

(2.D,(1) 3
Z, - 2 1
((2,1,(1)) 3 3
Z4 —x1x2x4+2x1xx s
((2,D,(1))
f(3) EZS g

=X X, x4+2x2x3x4,

220

and the 3-reduced symmetrized Specht
polynomials are:

(2,),(1)) 3 3
f(3)|:Z1 :|=2x1x2x3+2x1x2x3

3
+ 2x1x X

(2,0),(1) (2.),(1))
:2f<3>(zl ) 2f<3>( )

f(3) [Zé(z’l)’(l))] = 2] X%, +2x x ;x 3
+ 2x x,x

-2/, ( @ 1)(1))) F2f ( 7@ 1)<1>>) ’

f(3) |:Z3((2’1)’(1)):' = 2x1x2x4 +2xx ;x4
+ 2x x,x

(2,1),(1)) ((2 1),(1))
_2f<3>( ) 2f<3>( )

((21)(1)) 3
f(3)|: :': 2x1x2x4+2x1x2x4

3
+ 2x1x2x4

(2,),(1)) ((2,1),(1))
‘2f<3>( )+2f<3>( )

(2.1).(1) 3 3
f(3)|: :|= 2x xx, +2x x3x,

+ 2x1x3x4

((2,1),(1)) ((2,1),(1))
‘2f<3>( ) 2f<3>( )

((2.0,(1)) 3 3
f(3)|: :|: 2x, XX, +2x x3x,
) 3
+ 2x xx,

@) 7@y
‘2f<3>< )+2f<3>( )

((2.D,(1) 3
f(3)|:Z7 :': 2x2x3x4+2x2x3x4
+ 2x,x.x

(2,1),(1)) (2,D),(1)
‘2f<3>( ) 2f<3>( )

(2.D,(1) 3
]‘(3)|:Z8 i|—2 X ,X X, +2x,0 5%,

+ 2x )X X

(2,1),(1) (2,1),(1)
= 2f<3>( ) 2f<3>( )

The above polynomials

(2,D),(1)) (2,D),(1))
/) [ } 1) [ ]

give the following matrix:
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(i)

22 0 0 0 0 0 O
22 0 0 0 0 0 O
0o 0 2 2 0 0 0 O
o 0 2 2 0 0 0 O
o 0 0 0 2 2 0 O
o 0 0 0 2 2 0 O
O 0 0 0 0 0 2 2
0O 0 0 0 0 0 2 2
R, >R,
R,—>R,
R,—>R,
R,—>R,
R,+2R >R,
R,+2R, >R,
R +2R, >R,
R +2R, >R,
2 2 0 0 0 O 0 O
0o 0 2 2 0 0 O O
0 0 0 0 2 2 0 O
0o 0 0 0 0 0 2 2
0O 0 0 0 0 0 0 O
0O 0 0 0 0 0 0 O
0 0 0 0 0 0 0 O
|0 0 0 0 0 0 0 0]

The first 4 rows of the matrix above

) 2,31
form a basis of the subspace Y (g() )

(which  represents

N ((2,1),(1))

the submodule

Hence k, = dim; N ((2,1),(1))

= 4, and the minimum distance d, = 2.

2,1),(1
Therefore, the subspace Y((s() (1)

which  represents  the

NF3 ((2,1),(1)) ) of the vector space FS8

submodule

(which represents the Specht module
SF3 ((2,1),(1))) is alinear (8, 4, 2, 3)-

code.
If p >5, then by theorem 2.9 (1), we
have that S, ((2,1),(1)) is irreducible

F,W,- module. Hence N ;. ((2,1),(1))

8)

_ @nay _
‘FpW4f(p)[Zl }_

S, (21,1, since
r

((2,D,(1)

F [Zl }
3 3

=(p-Dxx,x;+ (p-Dxx,x,+

3 (2,D,(1)
2x1x2x3:2f(p)(21 )+(p—1)~

..y
f(p) (22 ) #= 0.

Thus &, = dim, N ((2,1),(D) =

and the

dim, S, ((2,1),(1) = 8,

minimum  distance d b= 1, since

fo2@P0D) e s @) =

N F, ((2,1),(1)). Therefore for each

2.,
p =5, the subspace Y(;() )

represents the

N ((2,1),(1)) ) of the vector space Fp8
P

(which

submodule

(which represents the Specht module
SF,] ((2,1),(1))) is a linear (8,8, 1, p)-

code.
For the pair of partitions ((1,1,1),(1)), we
have that m(S) = dim, S, ((1,1,1),(1))

41
= ——— = 4
3-2-1-1
standard ((1,1,1),(1))- tableaux whose Specht

polynomials are:

Thus we have 4

((LLD,(1) 3.5 3 5
f(p)(Zl )=x1x2x3 +(p—Dx xx;
5.3 5.3
+(p-Dxxx;+(p-Dxx,x,
53 35
+XX,X5 + X X,5X,
((LLD,(1)) 35 3 5
f(p)(Z2 )=x1x2x4+(p—l)x1x2x4
5.3 5.3
+(p-Dxxx,+(p-Dxx,x,
5.3 3
+ XXX, + X XX,
((LLD,(1))
o2
(P)\73

35 305
)=x1x3x4+(p—1)x1x3x4
53 5.3
+(p-Dxxyx,+(p-Dxxyx,
35

5 3
+ XXX, X XXy,

221
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9)

((111)(1)) 3 3 5
f(p)( ) X)X 53X, +(p 1)x2x3x4
5.3
+(p—l)x2x3x4+(p—l)x2x3x4
3

5 3
+ X,x,x, + x2x3x4,

((1,11,(1) (11,1
and f(p)[zl } f(p)( )

= f(p)( ((111)(1))), for each p > 3. Hence
Ny (11,00 =

((LLD),(1)
F W f(p)|: :|

L,L1),(1 _
= F, Wy fo (200000 = 5 (@10, ),

for each p > 3.

Thus kp = dime NFp (1,1,0,Q) =
dime SFp ((1,1,D),(1)) = and the
minimum distance d b= 1, since

(LD, B
f(p) (Zl( ) )) € SFp (LLD, (1) =
N . ((1,1,1),(1)). Therefore for each p >3,

((1,1,D),(1))
(»)

N, ((1LL,1),(1)) of the

the subspace Y (which represents

the submodule

vector space Fp4 (which represents the Specht

SF] (LLD,1)) is a
(4, 4,1, p)- code.

module linear

For the pair of partitions ((2),(2)), we have

that ~ m(S) = dim, 5, (2.(2) =

4!
——— = 6. Thus we have 6 standard
2-1-2-1
((2),(2))- tableaux

polynomials are:

whose Specht

( ((2).(2))

((2) (2))

N

((2)(2))

)=
)
<<2><2)>)
)=

222

10)

5

2),(2
(Z« )Xt )))=x3x

(2).(2)
(Z ) =X Xy,

6 4°

and f, )|: ((2)(2))] =4 (modp)x x, =
4 (mod p) f(,,)( «2)(2)))’
NFp (2),2) =

(2),(2)
F w f(p)|: i|
— 2),(2 —
= F, W, [, 2] =5, (2.Q),

for each

p >3. Hence

for
each p > 3.

Thus kp = dimeNFp (2),(2)) =
dim F S F ((2),(2)) = 6, and the minimum
: 2),(2
1, since f(p)(Zl(( M ))) €

Sp (2:(2) = Np (2)(2)).

distance d b=

Therefore for each p >3,

(2).(2))
(»)

the subspace

Y (which represents the submodule

N ((2),(2))) of the vector space Fp6 (which
P

represents the Specht module S F, (2),(2))

is a linear (6, 6, 1, p)- code.

For the pair of partitions ((1,1),(2)),

we have that m(S) =
4!

=6. Thus

dim,, S, (LD.2) = ———
standard ((1,1),(2))- tableaux
whose Specht polynomials are:

we have 6

(@,0,(2)) 3
f(p)(Zl ) +(p Dxjx,,
(@,0,(2)) 3
f(p)(Z ) x3 +(p -Dxx,,
f (Z (“)(2») XX, +(p—1)x x,
(P)
f(p)(Z((“)m)) X,X 5 +(p—1)x Xy
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11)

(ZS((“)(Z))) 24 +(p—1)x X,

((,1(2)
(287) =

and 1, )|: ((11)(2))i| = 2x1x;+(p—2)~

X, +(p l)x;x4,

xl3 2f(p)( @ 1)(2))) for each p > 3.

Hence

Np (LD,(2) =

((1,D,(2))
F w f(p)|:Z i|

1,1),(2
F Wy [ (Z2002) = s, (@,0,2),

for each p > 3.

Thus kp = dimFP NFp (1,n,2) =
dimFP SFp (,0,2) = and the
minimum distance d =1, since

p

foZ0D) e s (@,2) =
N, (@1,(2).

Therefore for each p >3,

((L,D.(2)
(p)

the subspace

Y (which represents the submodule

6
NFp ((L1),(2))) of the vector space F,

(which represents the Specht module
SFp ((1,1),(2)) ) is a linear (6, 6,1, p)- code.

For the pair of partitions ((2),(1,1)), we have

that m(S) = dimFﬂ SFp (2),(a,1) =
41
————— = 6. Thus we have 6 standard
2-1-2-1
((2),(1,1))- tableaux whose Specht
polynomials are:
((2),(1,1) 2
f(p)( ) +(p 1)x XX
((2),(1,1)
f(p)(Z ): XXX, +(p Dxx,x,
((2),(1,1) 2
f(p)(Z )=xx x,+(p-Dxx,x,,
((2),(1,1)) 2
f(p)(Z )=x XX, +(p Dx,x,xy,

223

12)

((2),(1,1)) 2
(Z5 ) X, XX, +(p—1)xxx4

((2),(1,D) 2
f(p)( ) XX 3x4+(p—1)xxx4
((2),(1,1)) 2
andf(p)[Z1 :|:2x1x2x4+(p—2)-
xlxzx = 2f(p)( (@0 1))) for each
Ny (@),0,1) =

@uy]
FpW4f<p>[Z1 :' =

F Wy [ (Z00D) = 8, (2).(1,1), for

p >3. Hence

each p > 3.

Thus k= dim, N, ((2)(LD) =

dime SF” ((2),(1,1)) = 6, and the minimum

; — ; ((2),(1,1))
distance dp = 1, since f(p)(Z1 ) €

Sp (@LD) = N (2).(L1).

Therefore for each p >3, the subspace

((2),(1L,1)

Y(p)

(which represents the submodule

6
NFp ((2),(1,1)) ) of the vector space Fp

(which represents the Specht
SFp ((2),(1,1)) ) is a linear (6, 6,1, p)- code.

module

For the pair of partitions ((1,1),(1,1)), we
have that m (S) = dim,. S, ((1,1),(1,1)) =

4!
———— = 6. Thus we have 6 standard
2-1-2-1
((1,1),(1,1))- tableaux

polynomials are:

whose Specht

((LD,(1,1)) 3 32
f(p)( ) XXX, +(p Dx x,x

3
+(p —l)x1

((1,Dy(L,1)) 2
f(p)( ) XXy 4+(p 1)x1x2x3

302 3
+(p-Dx x>, +xx,x

2 3
XX +xxx

2737

3

((1,Dy(L,1))
f(p)( ) XXy 4+(p 1)x1x2x4

2 3.2
+(p —1)x1x3x4 +X,x,X

274>
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13)

(L,,(1,1) 3 2 3
f(p)( ) XX 3x4+(p D x x5

2.3
+(p—1)x X x g TX X X5,

((11)(11)) 2 2 3
f(p)( ) XX 3x4+(p Dx x,x,

2.3
+(p - l)x2x3x4+x XX

2V 40
((@.D,(L,1) 2
f(p)( ) X,X X, +(p

2.3
+(p - 1)x2x3x4+x XXy,

(D11 (D11
and f(,,)[ } f(p)( )

—f(p)( @, l))) for each p >3. Hence

3
1)x1x3x4

_ ((L,1),(1,1))
N @Dy = Ew,f [ 2000
_ 1,1),(1,1 _

= F, W, [, [Z(DOD) = s (@, .),

for each p > 3.

Thus k, = dim, N, (LD.(LD) =

dim, S, (LD.(L) =6, and  the

minimum distance d »= 1, since

f(p>(Zl((1’1)’(l’1))) € S ((LD,(LD) =
N, ((1,1),(1,1)). Therefore for each p >3,

((L1),(L1))
(p)

NF ((131)3(191))) of the

the subspace Y (which represents

the submodule

vector space F; (which represents the Specht

SF ((1,D,1,1)) is a
(6,6,1, p)- code.

module linear

For the pair of partitions ((1),(3)), we have

4!
that m (§)=dim, S, (1),3)=——

P P 1-3.-2-1
=4.

. (M,(3)
(i If p=3, then f(3)|:Z1 i|=

31(mod 3) f,, ( “1)(3))) = 6 (mod 3)-

224

(i)

x,= 0 (since 6 (mod 3)=0), where

[(OXE))
Z, is a standard ((1),(3))- tableau.

Thus k, = dim, N, ((1),(3)) =

. @6
dlmF3 Fw, f(3)|: :| =0,

hence the minimum distance d3 does

not exist. Therefore, the

(M,(3)
(3)

submodule N A ((1),(3))) of the vector

subspace

Y (which represents the

space F34 (which represents the Specht

Sp () (1)) s a
(4,0, —,3)-code.

module linear

If p=>5,
have that S, ((1),(3))
»

then by theorem 2.9 (2), we

is irreducible

Fp W ,-module. Hence NFp ((1),(3)) =

((M,(3)

ROV PRl ECRGYEN

since f(p)|:Z (1)(3)):| = 3! (modp) -

S 2] = 6 (modp) x, =0

1
(since 6 (modp) # 0).
Thus &, = dim, N ((1),(3)) =

dim. S, ((1,(3) = and the

minimum  distance dp =1, since

f(p)(Zl((l),(S))) < SFp (M,(3) =
NF] ((1),(3)). Therefore for p >35,

(()())

the subspace Y (which represents

the submodule N, ((1),(3))) of the

4 .
vector space Fp (which represents the

Specht module S,. ((1),(3))) is a linear
(4,4,1, p)-code.
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14) For
that

(@)

the pair of partitions ((1),(2,1)), we have
m(s) = dim, S, (,Q21) =
4!
— =8
1-3-1-1
If p =3, then:
((1,(2,1) 2 2
f(S)(Zl ):x1x4+2x1x2,
((M.(2,1) 2 2
f<3>(Zz )2x1x3+2x1x2,
((1),(2,1)) 2 2
f(3)(Z3 )=x2x4+2x1x2,
((M.(2.1) 2 2
f(3)(Z4 ):x2x3+2x1x2,
((M.(2.1) 2
f(3)(Zs )=x3 4 T 2x x5,
(M.(2.1) 2
f(3)(26 )=x2x3+2x1x3,
(M.(2.1) 2 2
]’(3)(27 )=x3x4+2x1x4,

(M.(2.1) 2 2
f(3)(Zs ):x2x4+2x1x4,

and the 3-reduced symmetrized Specht
polynomials are:

((D,(2,1)) 2 2
f(3)|:Zl :|:2xlxz+2xlx3
2
+ 2xx,

((D,(2,1) (
=274, (27 )r 21, (2

((1,(2,1) 2 2
f(3)|:Z2 :|:2xlxz+2xlx3

>

(1),(2,1»)

+ 2x X
((D,(2,1) ((D,(2,1)
=274, (20 ) 2p, (2047,

((H,(2,1) 2 2
f(3)|:Z3 :|=2x1x2+2x2x3

+ 2x X

4
((M,(2,1) ((1,(2,1)
g (2 27, (20000),
((M,(2,1) 2 2
]‘(3)|:Z4 :|=2x1x2+2x2x3

2
+ 2x X4
((M,(2,1) ((1),(2,1))
=270, (21 21, (24007),

225

((M,(2,1)

e [Zs

2 2
:|:2x1x3 +2x2x3

+ 2x X

((D(2,1) (M,(2,1)
=216 (200 )e 21, (22007),

((M,(2,1) 2 2
f(3)|:26 :|:2x1x3+2x2x

3
2
+ 2x Xy
((D,(2,1) ((M,(2,1))
=21 (200 )e 21, (22007),

(M,(2.1) 2 2
f(3)|:Z7 i|:2xlx4+2x2x4

2
+ 2x3x4

((M,(2,1)) . (QXERY)
=2f(3)(Z7 )+ 2f(3)(28 ),

(M,(2.1) 2 2
f(3)|:Z8 i|:2xlx4+2x2x4

2
+2x3x

((M,(2,1)) ((M,(2,1)
=2f(3)(Z7 )+ 2f(3)(28 ),

The above polynomials

((D.(2.1) ((M.(2,1))
ro[200], g [2000]

give the following matrix:

22 0 0 0 0 0 O
22 0 0 0 0 0 O
o0 2 2 0 0 0 O
0O 0 2 2 0 0 0 O
o0 0 0 2 2 0 0
o0 0 0 2 2 0 O
o0 0 0 0 0 2 2
_0 o 0 0 0 0 2 2_
R, —R,
R3—>R2
R5—>R3
R,—R,
R2+2R1—>R5
R4+2R3 —>R6
R6+2R5—>R7
R8+2R7—>Rx
22 0 0 0 0 0 O
0O 0 2 2 0 0 0 O
0O 0 0 0 2 2 0 0
0O 0 0 0 0 0 2 2
0O 0 0 0 0 0 0 O
0O 0 0 0 0 0 0 O
0O 0 0 0 0 0 0 O
_0 0O 0 0 0 0 O 0_
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(i)

The first 4 rows of the matrix above

. 1),(2,1
form a basis of the subspace Y (O

(3)
(which  represents the submodule
N, (D,2,1)).
3
Hence &, = dlmF3 NF3 (M),(2,1))

= 4, and the minimum distance d, = 2.

((D,(2,1))
3)
submodule

Therefore, the subspace Y
which  represents  the
N A ((1),(2,1)) ) of the vector space FS8

(which represents the Specht module
SF3 ((1),(2,1))) is alinear (8, 4, 2, 3)-

code.
If p >5, then by theorem 2.9 (1), we
have that S F, ((1),(2,1)) is irreducible

Fp W ,-module. Hence NF,, (1), (2,1)

B @2
= F W7, f(p)[zl i| =

since

Sp (.2,
((M,(2,1)
f(p) |:Zl i|

2 2 2
=(p-Dxx,+(p-Dxx;+2xx,
# 0.

Thus &, = dim, N, (D.2]) =

and the

dim, S, (1),(2,1) = 8,

minimum  distance since

S (2] e s (@.2.1) =

NFp ((1),(2,1)). Therefore for

d =1,
P

each

((M,(2.1

p =5, the subspace ¥ ») ) (which

represents the submodule

N ((1),(2,1))) of the vector space Fp8
P

(which represents the Specht module

S ((1),(2,1))) is a linear (8,38,1, p)-

code.

15) For the pair of partitions ((1),(1,1,1)), we

have that m(S) = dim, S, ((1.(1.1.1)

4!
= — =4
1-3-2-1
standard ((1),(1,1,1))- tableaux whose Specht

polynomials are:

Thus we have 4

(Dy(L,1,1)) 2 4 2 4
f(p)(Zl )=x1x3x4+(p—1)x1x2x4
4 2 42
+(p—Dxpx,xy +(p-Dxxyx,

4 2 2 4

XXX, XXX,
((M,(1,1,1)) 2 4 4
f(p)(Z2 ): X%, (P =Dx x,x,
4 2 4 2
+(p=Dxx,x; +(p—Dxyxsx,

I 4

4
+ x1x2x4 + xlxzx

3’
((D,(1,1,1) 2 4 2 4
f(p)<Z3 )=x2x3x4 +(p—Dx x,x,
4 2 4 2
+(p=Dx xyxs +(p-Dxyxyx,
4 2 2 4
+ X, X3X, + X[ X,X5,
((D,(L,1,1)) 2 4
f(p)(Z4 ) = x,x5x0, + (p—-D-
2 4 4 2
X x3x,+(p-Dx x,x, +(p-1-
42 4 2 4
X,X 31X, + X XX, 4+ X X,X,,

(M,LLY) | . (D(1L,1,1)
andf(p)|:Z1 :|—f(p)(zZ1 )

B (().(1.1.1)
=S (Z 1

Ny (011 =

),for each p > 3. Hence

. ((D,(LL)
Fp W4 f(p) |:Zl :|

_ 1),(1,1,1 _
= F, Wy [, [Z{O0D) =5, (). LD),

for each p > 3.

Thus kp = dime NFp (1,1,1,1) =
dime SFp ((M),1,1,1)) = 4, and the
minimum distance d b= 1, since

F(ZP0D) e s, (@ LLD)

NFp ((1),(1,1,1)). Therefore for each p > 3,

226
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16)

((D,(LL1))
(p)

the submodule NFp (M), (1,1,1))) of the

the subspace Y (which represents

vector space F: (which represents the Specht

SF ((1)!(19131))) is a
(4, 4,1, p)- code.

module linear

For the pair of partitions (( ),(4)), we have

that — m(S) = dim, S (().(4) =

4!
=1, and thus we have only one

4.3.2.1
standard  (( ), (4))- tableau Z 1(( M) wh

K >,<4)>) _1

0se

Specht polynomial is f ») (Z

. € ),(4)
i If p=3, then f(3) |:Z1 :|

= 41(mod3) £, (zl“ )"4”) — 24 (mod3)
-1 =0 (since 24 (mod 3) = 0).

Thus &y = dim, N, ((),(4) =

. )(4)
dlmF3 Fw, f(3) |:Zl i| = 0, hence

the minimum distance d ; does not exist.

(@AC))]

Therefore, the subspace Y 3)

(which

represents the submodule N A (), (4)

(which
module

) of the vector space F3
represents the Specht

SF3 (( ),(4))) is a linear (1, 0, —, 3)-

code.

(i) If p=>5, then f(p)[Zl(( ”(4”]:

41 (mod p) £, (zl“ HO) ): 24(mod p)

-1 # 0 (since 24 (modp) # 0),

(€ )(4)
1

where Z is the standard

(( ),(4))-tableau.

Thus kp = dimFF NFp (),4) =

. (1 ),(4) :
dlme Fp w, f(p)|:Z1 :|=1,smce
N F (( ),(4)) is a nontrivial submodule
of the Specht module § F, )4y,

hence the minimum distance d b= 1.

4
Therefore, the subspace y(;())s( )

(which the
NFp (( ),(4))) of the vector space Fp

represents submodule

(which represents the Specht module
SFp (( ),(4))) is a linear (1,1,1, p)-

code.

17) For the pair of partitions (( ),(3,1)), we have

that m(S) = dime SFp () @31y =
4!
—— = 3, and thus we have 3 standard
4.2-1-1
(( ),(3,1)- tableaux ~ whose Specht
polynomials are:
(@XEAY)) 2 2
f(p)(Z1 )=x4+(p—l)x1,
()G.1) 2 2
f(p)(Z2 ):x3+(p—1)xl,
(),3.1)) 2 2
f(p)(Z3 ):x2+(p—1)x1.

If p > 3, then by theorem 2.9 (1), we
have that S, ((),(3,1)) is irreducible

Fp W, - module. Hence NFp ()31 =

R ARl BRI GYER)Y

since f(p) |:Z1(( )’(3’1)):| = 6 (mod p) xi +

(P-2)x;+ (p-2)x,+(p-2)x, =

(),3,1)
6 (modp) jf<p)(z1 ) +(p-2)-

(@XERY)
f(p) (ZZ

# 0. Thus £ =
p

€ )(3,1)
)+(p_2)f(p)(z3 )

dim, N, (().3.1) =

227
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and the

dim, S, ().3,1) = 3,

minimum distance dp =1, since each Specht

polynomial belongs to S, ((),(3,1)) =
P

NFp (( ),(3,1)). Therefore for each p > 3,

(().(3.1

the subspace Y ) ) (which represents the

submodule N, (( ),(3,1))) of the vector

space F; (which represents the Specht
moduleS . ((),(3,1))) is a linear
13

(3,3,1, p)-code.

18) For the pair of partitions (( ),(2,2)), we have
that m (S) = dim, S, ((),(2,2) =
41
—— = 2, and thus we have 2 standard
3-2-2-1

(( ),(2,2))-tableaux whose Specht

polynomials are:

((2,2) 2.2 2 2
f(p)(Zl ):x3x4+(p—l)x2x3 +
2 2 22
(p-Dx x,+xx,,
)(2,2) 2.2 2 2
f(p)(Z2 )=x2x4 +(p-Dx,yx; +

2 2 2
(p-Dx;x,+xx,.
(i) If p =3, then:

22n] _ .2
f(3)[zl(()( >>}_x1x

= ) (21« >,(2,2>>)

Lo [Zé( )7(2,2))} —x

+Xx

2 2 2
X,+Xx x3+x1x4
2 2 2
4+x3x4

2
1
2

X, +X

2
2
2
3 X

2
1
2
2 2

= S (zOCD) 4 I (zO2)

Thus N A (( ),(2,2)) generated by
the polynomial f(3) [21(( )’(2’2))} only

that k, =

which ;

means

228

(i)

dim, N, ((),(2,2) =1, and the

d, = 2, since

3

fo[2000D] = 1) (2O0)

+ L (Zg( >,(2,2)>),

(€)(2,2))
€)

submodule

minimum distance

Therefore, the subspace Y

(which the
NF3 (( ),(2,2))) of the vector space

represents

2
F, the

module SF3 (( ),(2,2))) is a linear
(2,1, 2, 3)- code.

(which represents Specht

If p =5, then:

((1).(2,2) 2.2
f(p)|:Z1 ]:4x1x2+(p—2)-

22 2 2 2 2
x3+(p—2)x1x4+(p—2)x2x3

X

2 2 2 2
+(p-2)x,x, + 4x,x,,

(().(2,2)) 2 2
f(p)[Z2 :|=(p—2)x1)c2 +

2 2 2 2 2 2

dx x;+(p—2)x x,+(p—2)x,x,
2 2 2 2
+4x,x, +(p—-2)x;x,,

which implies that:

f(p)[zl« xm»} - 4f(p)(21(( >,(2,2»)
+(p=2) 1, [2i00),

f(,,)[Zé( >,<2,2>)} = (p-2)-
Lo (Zl(( >,(2,2)>) + 4/, (Zz(( >,<2,2)>)_

The above polynomials modulo p
give the following matrix:

{ 4 p—Z} 2R +R, > R,
p-2 4 2R,+R, >R,

6 (modp) 0
0 6 (modp) |
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The rows of the above matrix form a

(( )( 2))

basis of the subspace Y . Thus

k, = dim, N, (().(2.2)) =2, and

d =1. the

» Therefore for each p > 5,

(()(

subspace Y (which represents

the submodule N . (( ),(2,2))) of the

2 .
vector space Fp (which represents the

Specht module S, (( ),(2,2))) is a

linear (2, 2, 1, p)-code.

19) For the pair of partitions (( ),(2,1,1)), we

have that m (S) = dim, S, (( ),(2,1,1)) =

4!
= 3, and thus we have 3 standard

4.1.2-1
(( ),(2,1,1))- tableaux

polynomials are:

(( )(2,1,1)) 2 4 2 4
f(p)( )— 4 T —-Dx/x,
) 4 ) 4 2

(p_ )x x3+(p_ )x3x4

4 2
+x,x,+x, x3,

whose Specht

+

(()(2,1,1) 2 4 2 4
f(p)( ) 2 4+(p Dxjx,
4 2
+(p l)x x2 +(p—-Dx,x,

274

+x, x 2 ix xz,
(()(2,1,1) 2 2 4
f(p)( ) x2x3 +(p—Dx, x,

4 2
+(p—1)x1x2+(p—l)x2x3
4 274
FX XX X,
If p>3,

have that S, (( ),(2,1,1))

then by theorem 2.9 (1), we

i1s irreducible

F W, - module. Hence N . (( ),(2,L,1)) =
(211
SE W, 2 ”]=st O 2,11,

since f(p)[Z(()(ZH»:' = (p-1 x14x32

229

20)

4 2 2 4 2 4 4 2
+(P-Dx,x;+x,x;+x,x;+x,x

3 1743 243 144

4 2 4 2 2 4

tx,x, +(p-2)x;x,+(p-Dx, x,
2 4 2 4
+(p-Dx,x, +2x;x,

B (OM211) o
=2 7, (20%") « -

(21 (211
f(p)( ) f(p)( );’&0'

Thus kp = dime NFp ) @2,1L1) =
dime SFp (),(2,1,1)) =3, and the
minimum distance d b= 1, since

f(p) (Zl(( )’(2’1,1))) € SF) (( )3 (27171))
N, (O.2LD).

Therefore for each p >3, the subspace

(O )(2,L.1)

Y(p)

(which represents the submodule

N, (( ),(2,1,1))) of the vector space F;
)
(which the Specht module

SF) ((),(2,1,1))) is a linear (3,3,1, p)-

represents

code.

For the pair of partitions (( ),(1,1,1,1)),
have that m ()= dim, S, (( ),(1,1,1,1))

we

4!
= 1. Thus we have only one

4-3.2-1
standard ((1,1,1,1),( ))-tableau whose Specht

polynomial is:

LLL1 2.4 6
f(p)( 7O ))) = xaxix, + (p—1).

2

4 6 4 2 6
X x3x, + (p-Dx x,x,+(p-1-

2 4 4 2 6
X, X, + (p-Dx,x;x, +(p-1-
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X X

4
1 X

Rl ]
ERN

6 PN
XX +(p-Dx,x,x, +x

SRRV

+ X, X, x, + X

(=}

xlxx + X
4

- N S SR N N

6
4
4
4
2
4

N N N

X, X

) X

x, +(p-Dx x,x, +(p-1)-

X X, X

+(p -1

+(p -1

6
X, x
4
X, x +(p-Dx

- n = o = o

2 4
3%y
4 2
Yy
6 2
X 2% 3

X, X

X, X +(p-Dx
2

X and

Oy | _ - (OWLLLD)
T [Zl } =S (’ Z )

= f(p) (Zl(( )’(1’1’1’1))) for each p >3.

)
=
R N R N S S

=
[ N N S I Y

Hence N, (().(1,LL1) =

SFp (), (1,1,1,1)).

Thus kp = dlme NFp (), 1,1,1,1) =
dim;, S, (().(LLLD) =1, and
since f(p) [ Zl« ),(1,1,1,1))] c

Sp (O, GLLLD) =N ((),(1111).
Therefore for each p >3, the subspace

(C )(LLLI)

Y(p)

(which represents the submodule

N, ((),(1,1,1,1))) of the vector space Fp
P

(which represents the Specht
SFp ((),(1,1,1,1))) is a linear (1,1,1, p)-

code.

module

Finally, we summarize the above linear codes

in the following Table 1:

Table 1
No. | (4,u) of n=4 m(S) k, d, k,,p25 | d, ,p25
1 (4,0 1 0 - 1 1
2 (G, D,()) 3 3 1 3 1
3 ((2,2),0)) 2 1 2 2 1
4 ((2,1,1),0)) 3 3 1 3 1
5 ((1L,L,1,1),0)) 1 1 1 1 1
6 ((3),(1) 4 0 - 4 1
7 ((2,1),(1)) 8 4 2 8 1
8 ((1,1,1),(1)) 4 4 1 4 1
9 ((2),(2)) 6 6 1 6 1
10 ((1,1),(2)) 6 6 1 6 1
11 ((2),(1,1)) 6 6 1 6 1
12 ((1,1),(1, 1)) 6 6 1 6 1
13 (1,3 4 0 - 4 1
14 (M, (2,1) 8 4 2 8 1
15 ((1),(1,1,1)) 4 4 1 4 1
16 (():(4) 1 0 - 1 1
17 ((),3,1) 3 3 1 3 1
18 ((),(2,2)) 2 1 2 2 1
19 ((),(2,1,1)) 3 3 1 3 1
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[20] ©arry [ 1

1 1 1 |

where m (S') is the dimension of the vector space

Fpm(s) which represents the Specht module

(A4,4) .
SFp(l,y) = Fp W4 f(p)(Z ), kp is the

) of F'n(S)

. . A,
dimension of the subspace Y (;)u B s

A, . .
where Y(;)“) represents the irreducible Fp w,-
_ (A,1)
submodule NFp A,n) = Fp w, f(p) |:Z :| of

S (A, u), and dp is the minimum distance,
P

which is the least number of the nonzero
coordinates in any nonzero vector of the subspace

(h,p)
Y(p)

8. CONCLUSIONS

When p is a prime number greater than or
equal to 3 and n = 4, we conclude the following:

1) If (4,u4) and (Z,ﬁ) are two pairs of

partitions of n, such that A = ; and u = A

Ap) . .
and Y(p) is a linear (m(s), kp ,dp , D) -
T .
code, then Y (;) 2 is the same linear

(m(s), k,.d,,p)-code.

2) 1 (Aatt) = (B Areees 20 (b s 1))

be a pair of partitions of n and p divides
(U
- ! - !
(/tl 12). or (,u1 ,uz). then Y(p) is
a linear (m(s), 0, —, p) -code.

A, .
then Y( " is a

3) If )

p =5, linear
(m(s), kp , dp , p)-code, where kp =m(s)
and d = 1.

p
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