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ABSTRACT
We will find in this paper a generating matrix of the subspace representing the Specht module
S ((1,1,1),(2)) for each field K of characteristic 0, and for each field K = F,,= GF(p), where p = 3, 5. We

will also find the representation matrices of two kinds of transpositions and give the way to find the
representation of any permutation w belongs to the Weyl group W, of type B,,. The main aim of this paper is

finding the linear codes of the subspaces which represent the Specht modules.

We mention that some of the ideas of this work in this paper has been influenced by that of Adalbert
Kerber and Axel Kohnert [11], 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 (A, u) of a positive integer

n, Specht polynomial, Specht module, (A4, x)-tableau, row standard (A, u) -tableau, standard

(1, ) -tableau, vector space , subspace, generating matrix, linear code.

Remarks : Throughout this paper, let:

i-  F, be the Galois field (finite field) of order p
([6], p-429), that is F,, = GF(p) ([7],p-2).

ii- K be a field which is infinite (of characteristic
0) or finite of order a prime number p > 3, and

X ,X
1’72

over K.

,...,X be independent indeterminates
n

iii- W, be the Weyl group of type B,, which is the
group of all permutations w of {xi, x2, ..., Xn,
—X1, =X2, ..., —Xn}, such that w(—x;) = -w(x;),
foreachi=1,2,...,n.

iv- KW, be the group ring of W, with coefficients
in K.
1. PRELIMINARIES

Definition 1.1. Let (4, 1) = (( /11 , /12 yeens /Iq ),

(,u1 M seees 1 )) be a pair of partitions of a

(A,1)

positive integer n, and let Z be any (A4, u)-

tableau, then:

s 4 .
)=z 0"

i=1j=1

o (Z (A, 1)

e 2i-2
: l_[ HZ( ’ﬂ)(iajaz) . .
i=lj=1

(A, 1)

g(Z ) is called the row position monomial of

7" ([1),p.14, [2], p.7 and [4], p.13).

Example 1.2. Let 7 (G.2.2.2)

((3,2),(2,2)) -tableau:

be the following

X3 X, X5 Xg
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Then the row position monomial g (Z ((3’2)’(2’2)))

301 1 0 1 2 2 0

X; X, (=x3) x, (=x5) (=x¢) x, x4
3 3 2 2 3

(=Xg) = =X, X, X3 XX, X5 X,

Theorem 1.3. Let (A4,u)=(( ﬂl,/lz,...,ﬂs ),
(yl,uz,...,yt )) be a pair of partitions of a

) be any (4, u) -

M (p) =

B(A,u) =

positive integer n, and let Z
tableau. Then the KW,-module

g(Z M’ﬂ)) has

(A,4)

KW \ a K-basis

(4,4)

)| Z is a row standard (A, u)-

dimK M (A p) =

{eg(z
tableau}, and

n!
YN RERY T BTN R

| ([2], p.7 and [4], p.14).

Definition 1.4. Let {y1 seees Y, } < {ix1 s TX, },

such that y . = ty, for each i, j=1,...,r and

i #j ,then we define

M l-yHIy,.if r>1

Al(yl,...,yr)z I<i<j<r =1
Vi if r=l
2 2 .
I1 (yj _yj) if r>1
Az(yla"'ayr): I<i<j<r
1 if r=1

([2], p.8 and [4], p.15).

2 2,2 2
Example 1.5. Az(x3 2 Xg Xy ) = (xy =X )X, — Xg)

2 2, 42 4 2 2 4 2 4
()69—)c3)—)62x9 =X, Xy F X, Xy =X, Xy +

2 4 4 2

Xy Xy — Xy Xy, and Al(x3,x9,x2) = X, X3 Xy

5 3 5 3
. (Az(x3,x9,x2))=x2 Xy Xg = Xy Xy Xy +

3 5 3 5 3 5 5 3
x2x3 xg—x2x3 )C9+ x2x3 x9 —x2x3 )Cg.

Definition 1.6. Let (A4, u) =(( /11,/12,...,/1 ),

(,ul,,uz,...,,ut )) be a pair of partitions of a

(A, )

positive integer n, and let Z be any (A, u)-
tableau, then:
o | NED if |ul=0
)N .
SEZ0 =0 a2ty if 14]=0
fl(Zﬂ)J[z(Zﬂ) otherwise

such that:

A
A 1 . r .
[Z7) =TT AZ 51, 1,2 59 (2,5 1))
j=1

where /1/’. is the number of the indeterminates in

the j® column of the first tableau Z /I, and

|
[,2") = LAy (Z (1,20, Z 59 (1), ,2))

Jj=1

where ,u} is the number of the indeterminates in

the j* column of the second tableau z",
f(Z(/Mt)
(4, 1) -tableau Z ) ([21, p.9 and [4], p.15).

(A ) = (A2 sees 2,

(,ul,,uz,...,,ut )) be a pair of partitions of a

) is called the Specht polynomial of

Theorem 1.7. Let

positive integer n, and let 7% pe any (A, u) -
tableau, then the Specht polynomial of the (4, ) -

(4,4)

)=

), where C(Z M’m)

tableau Z“*) can be expressed as f (Z
A,
> sgn(r)~rg(Z( “
(/1.#>)

is the set of all positive column permutations of

7% (121, p.10 and [4], p.16).

e C(Z

(A, 1)

Corollary 1.8. | C(Zz" ") [ = 1 .. &/

a

1
Pl

u' !, where (Z,y)'=(Z',y’)=((/11’,/1;,...,/1; ),
1

1
( yl’, y; - ,u;l )) is the conjugate pair of partitions
of the pair of partitions (A, 1) = (( /11,/12,...,/19 ),
(ps pysees 1)) ([41, p-12).

(A, 1)

Corollary 1.9. f(Z ) consists of exactly

R —————
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(A, 1)

= & g |
ez A @1 AR
monomials where (4,u) = (A,u4) =

(A By B 0 (ot ! )i the

conjugate pair of partitions of the pair of partitions

(Aot = (A Ao At b 1)

Example 1.10. Let Z“™"" be the following
((2,1),(1,1)) -tableau

X3 X : 4
Xs X,
2,1),(1,1 2 3
Then g(Z(( M ))) = x,x,x;x;, and
((2,1),(L,1)) .
Q(Z ) = {l 5 (x3 XS),(X4 —XZ),

((2,1),(1.1))

-x,)},and |C(Z )| =

(xy xs5)(xy

ANt = 20120 = 4

2
((2,1),(1,1)) ! 2,1),(1,1 .

J=l

fZ

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

Hy
z (A5, 7,0) I A, (2 @DED 7.2y,

j!
Jj=1

(4,,7.2)
(2,1),(1,1)

2,1),(1,1
,Z(( ), (1,1)

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

LLY, Z 2,L1))-

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

= A (Z

Az a2,1)- 8 (2 (1,1,2),

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

z 21,2) = A, x)-A )

2 2 2 2

A — = — . . —_
2(x4, xz) (xs Y3 ) Y3 s (x2 x4)

_ 2 3 2 3 2 3 3 2

= X)X X3 Xg = X XX X=X Xy Xy Xg b X XX X

. (2,1),(1,1))

_lg(Z )_(x3 XS)g(Z

((2,0,(1,1)
(x4 - xz) g(z

@D,

)+

(@..(L)
(x; x5) (x, —x,) g(Z )

S

@..(1L1)
)

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

sgn(r)-rg(Z ).

e C(Z
Definition 1.11. Let (A4, u) = (( /11,/12,...,/1Y ),

(,ul,,uz,...,,ut )) be a pair of partitions of a

(A, )

positive integer n, and let Z be any (A4, u)-

tableau. Then the cyclic KW,-module S, (4, )

generated over KW, by f (ZM’#))

(A, )

(i.e.,

Sy A, )=KW, f(Z )) is called the Specht

module over K corresponding to the pair of
partitions (A1, i) of n ([2], p.10 and [4], p.16).

Theorem 1.12. Let (/1,#):((/11,/12,...,/1 ),

(,ul,,uz,...,,ut )) be a pair of partitions of a

o n!
positive integer n. Then there are exactly

Ao

distinct (A4, u) -standard tableaux where H/TL =
v

s A

i

H .H ,suchthat H = Il []h,;, where h
A u A 1 i

. J
i=1 j=1

®

t 1
=21 +A —-i—-j+1 ,and H = I e
i J H io ] :

~.
Il

where eij = K +,u; —-i—j+1 (2], p20 &
p-21 and [4], p.13).

Theorem 1.13. Let (A4,u)=(( /11,/12,...,/7& ),
(,ul,,uz,...,,ut )) be a pair of partitions of a

positive integer n.

S (4, p)
AT

tableau}, and dimK Sy (A, u) =

Then the Specht module
K-basis B(A,p) =

(ﬂ'a ﬂ) -

(12}, p.21,

has a

(4,4)

)| Z is a standard

!

Au
[3], p.305 and [4], p.17).

2. A GENERATOR MATRIX OF THE
SUBSPACE REPRESENTING THE

SPECHT MODULE S, ((1,1,1),(2)) WHEN
K IS A FIELD OF CHARACTERISTIC 0

5!
dim, S, ((1,LD),2)= ——— =
KK 3.2:1-2-1
10, and thus we have ten standard ((1,1,1),(2))-
tableaux, which are:

((1,L,1),(2)) 1 4 75
1 2 b 2
3

X, X

X
Z =X
X

R —————
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X  x 5.3 3 5 305
(@,1),(2)) 1 37 TN TX XX T XY
zZ, =X, ; R
X ((LLD,2Y | _ ¢y 2 2y 2 2
: 7z Sl —x ] ] -x))
2 2
X X, x _
S @@y _ T T T (xy —xy)x xyx,
3 2 ’ 5.3 35 s 3
X5 =X XX, FX XX, X XX,
5.3 S 305
— X X, X, —X,X,X X X, X
7 @LD2) X Xy Xs 1*3Xy 1%3%4 1*3Xy4
=x
4 3 > >
@I ) = (v 2 C e 2 (2 =y 2
% 72! = (] —x Dl —x))
2 2
x X x (xg —x3)x, x5 x4
Z((l’l’l)’(z)) T 274
> B ’ X XX A XXX A XXX
X 173745 173745 173%5
5.3 35 305
. oy —X X X =X XX F X XJXg,
Z @y T T2 s
6 T4 ’ (LD,@) ) _ (2 2y 2 2
! 7z =) —x D)l )
2 2
Xo—X, )X, X, X
X, X, X (x5 4)X XX
7 @@y T2 S s S s s s
7 T3 e > ==X X, X +X X, X.+X XX
X, 1Y 4%s 1% 4% 1Y 4% s
53 3 5 305
SX XX =X XX+ XX X,
X X, X
Z((l,l,l),(2)) _ x2 . 174 (LAY ) ) ) )
8 - 3 k] > s1s1)s — _ _
¥ f 0@ 2 2 el -xd)
2 2
. (xy —x3)x,x;x,
X X
7 @@y _ 2 3 5.3 3.5 5.3
9 = §4 5 > = XXX, XXX, F XXX,
5 3 5 305
= X,X X = X,X X, 4+ XXX,
X X, X
(11L1.(2)) CHE B ((LL1).(2)) L N
Zy =Xy o5 : S\Zg 7 ) =y —xy) (x5 —x,)
X
5 2 2
. . (x5 —x3)x, xyxg
The corresponding Specht polynomials are: S s T s S ,
2 = XXX F XXX+ XXX,

1L1,1),(2 2 2 2
7 (Zl(( X )))=(x2 —xhel-xh)
2

5.3 3 5 3.5
2 SX X X — XXX o XXX,
(x; —x,)x, x,x,

1
2 2., 2 2
5.3 35 5 3 (LL1,(2) | _ _ _
= XXX, F X X,X, FX XX, f(Z9 (ry —x;) (x5 —xy)
2 2
5.3 3 5 35 (X2 =x2)X, X, X
S XXX X XX X XX, 5 424 x5
N N N N
= XX X FX X X+ X XX
£ z@rn.@ =(x2—x2)(x2—x2) 2% 45 2M 4t s 2% 4% 5
2 2 1 4 1 3 3 5 35
) 2 =X X X — XX X o+ XX X,
(x, —x,)x,x,x,
2 2., 2 2
53 35 5 3 f(Z((l,l,l),(Z))):(x —x)(xi-x2)
=— 10
[X X, F XXX, X XL, ; 32 5 3
5.3 35 3.5 (X2 —x )X X, X
=X XX, =X XX+ X XX, 5 43X, X
U NE N 3
=X XX F XXX+ XXX
f 7 (LLD,(2)) = (x _xz)(XZ x2) 3V 4t 38415 3X 4% 5
3 B 1735 = 33 5L 3
2 S XX X XX X XX XS
(xg —x,)x, x, x4 . . .
5 3 3 s s 3 The above polynomials give the following
=X XX H X XX X XX generator matrix ([8], p.2 and [9], p.49) for the

R —————
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@.LD.2), .. ((1L1,1,(2) 5.3 3.3
subspace |4 (which represents the Fiay\Za =2x,x 3x X XX, +
5 53
Specht module S, ((1,1,1),(2)) ) of the vector x1x3x +2x X,
60 5 35
space K (which represents the module 2x 1x 3Xy TX XX,
M, ((1,1,1),(2)) whose dimension is ((1,1,1),(2)) 5.3 3.5
: Ty \%s =2xx 3x5+x1 3¥s T
) 5! 5 ST
dlmKMK((l,l,l),(2)):7=60), x1x3x5+ X Xaxe +
11121 5 3.5
) o 2X (X X +X XX,
where K is a field of characteristic 0:
((1,1,1,(2)) 5.3 3.3
LL1),(2 =
,U(( 1) _ f(3)(Z6 2x XX +x X x +
r 5 53
~111-1-11000 000000000000 000000 000 x1x4x5+2x1x4x5+
000000-1100001-10000-110000000000 5 3 s
000000000 000000000000 000-110000 2x X x5 +x XX,
00000000-10100010-1000-1010000 000
00000000000000000000000000-1010 (LLy,2) | _ 5.3 3.5
000000000 000000000000 000000000 f(})(Z7 = 2X,X 30, TX,X X,
000000000-10100010-1000-101000000 5 3 5 3
000000000 000000000000 000000-101 x2x3x4+2x2x3 4
000000000 000000000000 000000000 3 5 3 5
000000000 000000000 000000000000 2X,X X 4, +XX5X,,
00000000000 000000000000000 0000 ((1,1,1),(2) 5.3 3.5
00000000000 0000000000000000000 f(})(Zs = 2X,X3X 5 F XXX+
0000001-1000 000000 0-110000000000 5 3 5 3
00000000000 0000000000000000000 x2x3x5+2x2x3x5+
0000000010-1000000000-1010000000 3 5 3 5
10010000000 0100-100000000-100100 2X,X X XXX,
00000000000 0000000000000000000
00 000000010-1000000000-101000000 Z (LLD.(2) ) _ 5 5.3 3 5
X X, +x +
0-100100000000100-100000000-10010 f(3)( 9 2% 4Xs 2% 4%s
00-100100000000100-100000000-1001| ) 53
XX, Xg +2x,x x5 +
) 3 5 35
X X, +x X
(,1,,2)) 60 2¥a¥s TN 4Yso
3. THE SUBSPACE V OF F; ASA 5 3 3 5
y (Z«l,m) (2») 953 .
LINEAR CODE 3) 3%4%s 3% a%s
5 3 ) 53
£ (z@n.2 2000 mod 3 X Xs T oX X, Xt
1 > 10 3005 305
will be: 2x x X +xx X,

@) ) _ 553 3.3
f(3)(Z1 )—2x1x2x3+x1x2x3+

. LLIL2 .
S ; s s generator matrix for the subspace V' ((3() 2 (which
XXX+ 2% X0, +
3 5 3 s represents the Specht module S, ((1,1,1),(2))) of
2 XX, FX XX, . ’ o
the vector space F, =(GF(3)) (which
((1,1,1),(2)) 3 3.5 3
Fy |22 2x 2x4+x1 S Xt
S . represents the module MF3 ((1,1,1),(2))):
X X X +2x X, X, +
e I (L) _
2x (XX XXX, (3)
(LLD.2) | _ 5, 5.3 300
f(s)(Z3 )—2x1 2x5+x1 X5t
5 oy 3yl
xlxzx5 +2x x,x  +
3 5 35
2x1x2x5 XXX,

The above polynomials give the following
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211221000000000000000000000000 ((L,1,1),(2)) 3 3.5
000000210000120000210000000000 f(S)(Z3 4x | XpXs TX XX
000000000000000000000000210000 5 3 5 3
000000002010001020002010000000 X XX +4x1x2x5+
000000000000000000000000002010 4> 5 35
000000000000000000000000000000 X XX TX X)X,
000000000201000102000201000000 LD s 3 3 s
000000000000000000000000000201 f(s)(zi(,,),( )))=4x1x3x4+x1x3x4+
000000000000000000000000000000O0 5 3 5 3
[000000000000000000000000000000 X\ xx, +4x X x )+
000000000000000000000000000000] 3 3 3.3
4x1x3x4+x1x3x4,
000000000000000000000000000000
000000120000000000210000000000 (LL1D,(2) 5 3 35
000000000000000000000000000000 f(s)(ZS :4xxx TX XX+
000000001020000000002010000000 5 5 3
200100000000100200000000200100 X XX +4xx3 s T
000000000000000000000000000000 3 5 35
000000000102000000000201000000 4x1x3x5 +X, XX,
020010000000010020000000020010 3 3 s
002001000000001002000000002001 | f(s)(Zé(l’l’l)’(z») 4x (X gXs FX, X, X+
: ((LLD,(2)) 5 3 53
The rows of the above matrix u 3 x1x4x5 +4x x,x g +
5 35
. (LL1),(2))
form a basis for the subspace V(3) of the 4x 1X4%s XXX,
3 305
60 . ) (LLD.2) | _
vector space F, . We can consider this ten- fs) (Z7 4x XXy FX XX
5 3 53
. . ((LLD),(2)) .
dimensional subspace V) as a linear XXX, FAX XX, o+
35
(60,10,6,3)-code ([5], p-16), where 60 means that Ax X X, +X,x5X,,
each vector of this subspace has 60 coordinates, 10 (LD 3 35
means that the dimension of this subspace is 10, 6 Fsy\Zs = 4x, X 3x s TX, X X, +
means that any nonzero vector of this subspace 5 5 3
(LL1.2) , XXy 4 XX+
V(3) has at least 6 nonzero coordinates 3 5 3 s
) o ) ) Ax X X +X,X,X,
(which means that the minimum distance of this
code is 6 ([10], p.195)), and 3 means that this P (Z«l,u),(z») axlele vxleix
9
((LLD,2) . (5) 475 2% 4%s
subspace V3 is over a field of order 3. 5 3 53
x2x4x5+4x2x4 s+
4> 5 35
LD “ X,X X T XX ,X
4. THE SUBSPACEV OF F; ASA «111)(2» 3 3 05
f(5) Z, 4x JX X X XX+
LINEAR CODE S 5 S s
X x,x. +4x . x ,x_ +
f(Zl(“J’“’(”)), ,f(Zl((()l’l’l)’(z))) mod 5 SEERAE S
will be: 4x3x4x5 XXX
3 3 5 The above polynomials give the following
f5 (21((1,1,1),(2))) 4x X, Xy XX + ((LL1),(2)
enerator matrix for the subspace
) 1%2%3 g t t for th bsp Vs
5 53
x1x2x3 +4x XX, + (which  represents  the  Specht  module
3 5 305
4x X ,x5 Fx X x5, SF5 (1,1,1),(2))) of the vector space
((1,1,1),(2)) 5 3 35 0 60 .
Fisy\ 22 =4x x,x, +x X, , + =(GF(5))  (which represents the module
5 3 53 i
X x,x, +4x x,x, + MFS((LLI)a(z)))-
4 3 3 5
x1x2x4+x1x2x4,
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L1L1),(2
:UE(S) »(2) _
411441000000000000000000000000
000000410000140000410000000000
000000000000000000000000410000
000000004010001040004010000000
000000000000000000000000004010
000000000000000000000000000000
000000000401000104000401000000
000000000000000000000000000401
000000000000000000000000000000
000000000000000000000000000000

000000000000000000000000000000
000000000000000000000000000000
000000140000000000410000000000
000000000000000000000000000000
000000001040000000004010000000
400100000000100400000000400100
000000000000000000000000000000
000000000104000000000401000000
040010000000010040000000040010
004001000000001004000000004001

((L),2)
H (s)

((LL1,(2)
(%)

The rows of the above matrix

form a basis for the subspace V of the

We can consider this ten-

((LL1,(2)
(%)

" F60
vector Sspace 5

dimensional subspace V as a linear

(60,10,6,5)-code.

5. THE REPRESENTATION MATRICES OF
THE POSITIVE TRANSPOSITION

(xy x3)
We find the representation matrix for the

positive transposition (x, x,) € Ws by letting

(x, x;) act on the Specht polynomials of the ten

standard  ((1,1,1),(2))-tableaux, f(Zl((l,1,1)~(2)))’
r (Zéa,l,w,(z») ’

1,1,1),(2 3
(x, x3)f(Z(( )())) xpelx

, f (Zl(él’l’”’(z))) as follows:

w

3
+ XX 3+

wown

3
xlxzx

5
X x2x3 +X1X

s (Z<(1 RIYE)

— X, X, X

37

W
wTow

X

wwmu.w

3

—

(L,LD,(2) | _
(v, vy (28000 =

A, @iney) _
(x;x3)f (23( M ))—

3.5 5 3
—x2x3x4 +x2x3x4 +

((1,1,1),(2))
_f(Z7< ><))’

305 5
x2x3x5+x x5+

503 s 03
XoX3Xs = 57

305
XX 35X

x2x3x

3
+x2x3x

_ 1,1,1),(2))
s (Zg @ ) ’

((1,1,1),(2))
(x, x5 f (Z )

3.5 5 3
x]x3x + X x3x +

— ((LL1),(2))
_f (Z4 ) s

((LLD,(2) )
(xl x3)f (ZS )_

((1,L,1),(2))
(x, x3)f (Z )

35 53
—x1x3x5 +x1x3x5 +

5 3 5
x1x3x5—x1x3x5

35 5
x1x3x5+x x3x5
f(Z«III)(z»)

5 3
x3x4x5+x3x4x5+
5 3 53
F3Xyls =30y Xs =
3 5 3.5

x3x4x5+x x4x5

- (Zl(((,""”’(z”)

(x, x3)f(Z((111)(2)))

(x, x;)f (2«111)(2)))

3.5 5 3
xlxzx +Xx sz +

3 5
x1x2 4 T XXy T
o33 30005
XXy +X X%,

1,1,1),(2
s (Zé( 1 ))) ,

5 5 3
xxzx +Xx 1%2% 5 +

503 53
XX pXs =X XX s~
33 30005
.xl.xzx +x1 2x5

_ 1,1,1),(2))
s (23« @ ) ’
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(x, x)f (Z«lll)(z))) x5x3x +x3x5x + 4000000000
3 P 0000004000
XX 4 X5 =X ,X X5~ 000 O0O0OO0OO0OTM4TU0TO0
3 5 35 0004000000
XX 4 X g T XXX 77((1,1,1>,<2»(x X)) = 0000400000
L1 ® s 0000000001
:f(Zg((”)’())), 0400000000
00 4000 O0O0O0TO0
L1,1),(2 5 3 3 000O0OOOO0OTUO0ODTI1O0
(x1x3)f(Zl((() )())):—x]x4x5+xlx X+ (0000001000 0]
xsx X x x5x3
- . . 1,1,1),(2
13 3 ! § 55 acting on the generator matrix ,u((5 ) of the
X X X5 XXX (5)
((1,1,1),(2)) 60
:f(zé(l,l,l),(Z))) subspace V(S) of the vector space F .
2

which give the following representation matrix for
6. THE REPRESENTATION MATRICES OF

(x, x3):
X
_ - 3
100 0000 000 THE NEGATIVE TRANSPOSITION(_xs)
0000 00-1000 . .
00 00 0O0O0S-100 We compute the representation matrix for the
0O 0 0 -1 000 0 O0OO0 ¥
((1’1”1)’(2»@ X)) = 0000 -10O0O0O0O negative transposition 3l e W,, by letting
n 1%)%10 0 0 0 000 001 —X,
0O -1 0 0 000 0O0O0
X .
g g _01 8 g g 8 g (1) g ( 3) act on the Specht polynomials of the ten
—x
3
_0000010000_
standard  ((1,1,1),(2))-tableaux, f (zl“l’““z”) ,
. . L1,1),(2
acting on the generator matrix ,u(( ) of the LD D2
(L) o f (Zé( LD ))), s f (Zl((()”)’( ))),as follows:
subspace ¥V~ 777 of the vector space K, and
the representation matrix mod 3 for (x, x,) will ( x3)f (Zl((l,l,l),(z))):xfx;x3 fx;x3
-X
. 3
e r - xox xl4x x5 J 4
2000000000 13235 gg
00 0O0OOOZ2U0®O00 X XX =X (XX 5
00 0O0OOOOZ2®00 .
0002000000 (Z“ )(”)
((1,1,1)-(2))(x X)) = 000O0200UO0O00O0
) 1 %3710 000000001 X, ‘s s
0200000000 f(z“l’l’l)(z”) —X XX, XXX, +
0020000000 X3
5 3 53
00 0O0O0OOOO0OTITOo XXX, —X X X, -
000O0OOT1UO0OO0OTO0ODO0 3 K 3 s
- - XXX, XXX,
. h . ((1,1,1),(2)) £ th
acting on the generator matrix K, of the _f (Zé(l’l’l)’(z)))
1LL1.(2 60
subspaceV« »2) of the vector space F, ,and
@ ’ x @10, 5.3 35
NWlzy 7 ==X XX FX XX+
the representation matrix mod 5 for (x, x,) will X3
=3 5 3 53
be: X XpXs =X XpXs —
3 5 35
X XX X XX,
- (Z«l,l,l)a»)
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hich give the following representation matrix for
X, , L) _ 53 5 which give the following representation matrix fo
_ 4 T XNy T XXy X,
3
5003 5.3 —X,
x13x3x§+x xg §+ ~ ~
1000 000 00 O
RIRE AT IS L R 0100 000 00 0
Z((””(z)) 0010 000 000
-f 0 00-1000 00 0
’]((1,1,1>,(2>)( x3)_ 0000 -100 00 0
X LL10(2 5 3 3 s —x 0000 010 000
3 f(ZS((”)’( )))=x1x3x5—xlx3x - } 0000 00-10200
X3 X s 0000 000 -100
5 5
Xy XXs FA T 2 000 000 00
3 5 35 L T
YiXgXs =X XsXs
. . ((1,1,1),(2)
_f ( z 0 1)(2))) acting on the generator matrix u of the
((LLD,(2)) 60
subspace V' of the vector space K , and
Y3 )p(z@n@) 2 53 35 o
y 5 =X XX +x x4x5 _ ‘ X '
3 S 5 5 5 the representation matrix mod 3 for 31 will be:
- - 3
XX X5 =X XX ) .
x13455+xxi55 200000000 0
0100000000
f(Z«l,ll)(z))) 001000000 0
6 ’ 0002000000
p @00 X5 10000200000
X 53 35 3) - “lo 000010000
3 (LLD,(2) | _ X3
_xf(Z7 T XXXy T XXXy T 000000200 0
3 s 3 s 3 0000000200
XXX, + XXX, + 000000001 0
375 35 (0000 000000 2]
XXXy =X X 3Xy
(1,1,1D),(2))
—f ( 7 ((111)(2))) acting on the generator matrix u 3 of the
(LL1),(2)) 60
X LLD.(2 5 3 3 5 subspace V' of the vector space F, , and
3|f Z LLD@D ) 20 00 3) 3
—x, 8 27345 23t
X
53 5.3 i i 3 wi
XX Xe X Xaxs + the representation matrix mod 5 for | will be
3
XXX =X xx)
LRSI 4000000000
_ (1,1,1),(2)) 0100000000
f(ZS )’ 001 000O0O0TO00O0
0004000000
X 53 3.5 LLD,2)[ X 00 0 0 40 0000
3 (LLD,2) | _ _ ((1L,1,1),(2)) 3 )2
x f(Z9 T XXX XXX ) —x,)]7lo 000010000
s 3 s 3 0000004000
XX X =X, X X — 0000000400
3005 35 000000O0O0T1 0
XX gXs T XX, %5 (000000000 4]
s (29«1,1,1),(2))) , ' iy
acting on the generator matrix u 5) of the
X (1,1,1),(2)) ((111)(2)) 60
—x3 / (Z( @) 3N X5 — XX X5 — subspace Vis of the vector space F
3
x35x4x53 +x3x2x2 + In the same way as above, we can find the
305 35 representation matrix for each positive transposition
Y3Xy¥s =Xy X5 and each negative transposition, and hence we can

find the representation matrix for each permutation
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w e W, since any permutation w € W can be

written as a product of positive transpositions
followed by a product of negative transpositions
([4], p.3), and the representation of the permutation

w=w, -w, --w,_ will be the product of the

representation matrix of w by the representation
matrix of w, multiplied by --- multiplied by the

. . . LL1),(2
representation matrix of w =~ (i.e., 77(( H2) (w)

(LLD,(2)) (LL1),(2))
=n (Wl) - n (Wz)
L1,D),(2 .
77((”)’( ) (w, ), and the same way will be

applied for the representation matrix of w mod p for
each prime p = 3,5.

Example 6.1. Let w =(x; —x; —-x, x;).

X .
Thenw = (—x 3 ) (x, x,),and the representation
3

matrix of w is:

((LL1),(2))
n (x; —x3 —x; x3)=
D) x3)'7fUJJ%O»(x1 )
—X
1000 000 000
0100 000 00 0
0010 000 00 0
0001000 020 0
o000 -100 000
10000 010 000
0000 00-1020 0
0000 000 10 0
0000 000 01 0
0000000 00-1]
100 0 000 000
00 00 00-1000
0000 000 -100
00 0-1000 000
00 0 0-100 000
0000000 001
0 -1 00 000 000
0010000000
0000000 0710
0000010000

10000 O0 0 0 O OT
00000 O -10 00
000000 0 -100
000100 0 0 00
“loooo0o1 0 0 0 00
“looo0oo00 O O 0 01
010000 0 0 00
001000 0 0 00
00000 O O 010
00000-10 00 oj

L1,1),(2
((L,1,1),(2)) of the

LL1),(2 60
subspace V(( 2 of the vector space K

(where K is a field of characteristic 0), while the
representation matrix of w mod 3 will be:

((1,1,1),(2))
T3 (x, —x; —-Xx,

_(LLD,2) X5 ((LL1),(2))
_77(3) _x3 "7(3) (xl x3)

acting on the generator matrix u

x5)

o
1

[=Neloelole e e ==
S OO~ OO OO oo
SO~ OO OO O oo
[=NeeBoNeNe R =A==
S OO OO, OO OO
N O OO OO OO oo
[=NeeBoNeNeReX =2 i)
S OO OO OO NNO O
S —m OO OO OO oo
SO O~ O O oo

[w]
| —

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

acting on the generator matrix u ) of the

0

LL1),(2 6
subspace V(( ) of the vector space F; , and

(3)
the representation matrix of w mod 5 will be:

((1,1,,(2)
sy (xp —x3 —x; xy)

_@nen [ oxy ) @y
=s) —x, s) (r; x3)

S OO oo oo oo~
S OO OO oo oo
SO OO O oo oo
S OO o OO —~ O OO
S OO oo — O O OO
OO OC OO OO OO
SO o oo oo O O
S OO OO OO OO
= oo NeoReoho ol ==
S OO O OO O oo
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acting on the generator matrix u

subspace V'

the

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

5) of the

((LL1.(2)

60
5 of the vector space F; .

THE p-MODULAR REPRESENTATIONS
FOR THE SPECHT MODULES OVER KW3s
CORRESPONDING TO ALL PAIRS OF
PARTITIONS (4, w) OF 5 AS LINEAR
CODES WHEN THE FIELD K=F,,p IS
PRIME NUMBER AND p >3

In this section, we will find the linear codes of
representations of the Specht modules

corresponding to all pairs of partitions (4,z) of 5,
when p > 3 as follows:

1))

2)

For the pair of partitions ((5),( )), we have

5!

m(M) = dim, M ().()= =1
’ ! 5!

that

by theorem 1.3, and we have that kp =

51
dim, S . ((5), = —— =
b SE ) =
theorem 1.13, and the minimum distance
(which is equal the number of monomials that
each  Specht polynomial consists) is

d =11-1!-11-11-1! =1
p

1 by

by corollary 1.9,

since the conjugate of the pair of partitions

((5),() is the pair of partitions
((1,1,1,1,1),( )). Therefore, the subspace
(5 ) .

14 (which represents the Specht module

(p)
S F, ((5),( ))) can be considered as a linear
(1,1, 1, p)-code, V p > 3.
For the pair of partitions ((4,1),( )), we have

5!

that m(M) = dim, M, ((4,1),()) =
P P 4

5!
=5, kp:dm%;S%«4JL(D:
=4, and the
d,=21-11-11-11 =2, since (4,0,0)) =
((2,L,1L,1),()- the

(CAA@)) .
V(p) (which

. 5-3:-2-1-1
minimum  distance  1s

Therefore, subspace

represents the Specht

3)

4)

5)

4988

module S, ((4,1),( ))) can be considered as a
linear (5, 4, 2, p)-code, V p > 3.
For the pair of partitions ((3,2),( )), we have

51

h M)=dim, M, ((3,2),( )= =
that m (M) = dimp, M ((3.2.0)=_

5!

10, k =dim, S, (3.2, ()=—
’ v 4.3.1-2-1
minimum  distance is

((3,2), ()=
the

=5, the
d =21-21-11 = 4,
P

((2,2,1,()).

((3,2).( ) .
V(p) (which

module S, ((3,2),( ))) can be considered as a
linear (10, g, 4, p)-code, V p > 3.
For the pair of partitions ((3,1,1), ( )), we have

m(M) = g, M (GLD,0) =

r

and

since

Therefore, subspace

represents the Specht

that dim

5!

= 20, kp = dlm[;;] SF]) ((39171)’( )) =

3101

5!
—— =6, and the minimum distance
5-2-1-2-1
is dp =3!1.11-1!1=6, since ((3,1,1),()) =
((39 13 1)3( )) the

3,1,1), .
V(g) » (which represents the Specht

module S, ((3,1,1),( ))) can be considered as
a linear (20, 6, 6, p)-code, V p > 3.

For the pair of partitions ((2,2,1),()), we
have that m(M ) = dime MFp (2,2,D),()) =

Therefore, subspace

5!
7=30,k :dlmF SF ((2,2’1)7( ))
212111 g v

5!

= ————— =15, and the minimum distance

4.2.3-1-1
is d, = 31-2! =12, since ((2,2,1),( ) =
((3,2),()). Therefore, the  subspace

2,2,0),
14 (2200 (which represents the Specht

(p)
module S , ((2,2,1),())) can be considered
as a linear (30, 5, 12, p)-code, V p > 3.
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6) For the pair of partitions ((2,1,1,1),( )), we that m(M) = dim, M, (3,1),(1) =
have that m (M) = dim, M, ((2,1,1,1),( ) 7
P P 5!
5) — =20, k= dim, S, (3.).(1)=
- =60k, =dim, S, (2,L,L,1)() 3111411 ro
20111011 g v
5!
5! o ) ————=15, and the minimum distance
= ———— = 4,and the minimum distance 4.2.1-1-1
5.-1:3:2-1 , R . .
isd, = 4 1= 24, since (2LLD, ()= 84, =201 =2, sinee (G, (D)=
((4,1),()).  Therefore, the  subspace ((2,L1),(1)).  Therefore, the subspace
2,L,L1), ) (G,1),(1) )
V(fu() s (which represents the Specht V(p) ) (which represents the Specht
module S .. ((2,1,1,1),( ))) can be considered module S, ((3,1),(1))) can be considered as a
P

as a linear (60, 4,24, p)-code, V p > 3.
7) For the pair of partitions ((1,1,1,1,1),()), we 10)
have that m (a ) = dim, M. (LLLL1.() =

P

linear (20, 15, 2, p)-code, V p > 3.

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

that m(M) = dim, M, ((2,2),(1)) =
P

£,
5!
—— =120, £ =dim,. S, (1,11, 5! )
IBIRINTAT ? Bt =30, k,=dim_ S, ((2,2),(1)=
212111 P
5!

L,1),( )) = ——  =1,and the minimum 5!

5.4.3.2.1 —— =10, and the minimum distance
distance is dp = 5! =120, since 3:2:2-1-1

is d =21-21-11=4, since ((2,2),(1))'=
LLLLD, () =(5), . Therefore, th P
(« ) (((1)1)1 ' IE(( ))) ) cretore ¢ ((2,2),(1)). Therefore, the  subspace

b V hich ts th 2,2),(1 .
Subspace ¥, (which represents the V(S) ) (which represents the Specht

Specht module S, ((1,1,1,1,1), b .
pecht module 5. (( )-())) can be module S, ((2,2),(1))) can be considered as

considered as a linpear (120, 1, 120, p)-code,

Vp >3 a linear (30, 10, 4, p)-code, ¥ p > 3.
8) For the pair of partitions ((4),(1)), we have 11) For the pair of partitions ((2,1,1),(1)) , we have
51 that m(M) = dim, M, ((2,1,1),(1)) =
that m (M) =dim, M, (4),(1)=—— = o
’ ? 411! 5!
=60,k =dim, S, ((2,1,1),(1) =
N T 00k, =dimg S, (2D.(1)
5, k =dim, S, (4,1)=—=
p P » . . . .
4.3.2-1-1 51
5, and the minimum distance is ———— =15, and the minimum distance
. ' 4-1-2-1-1
d =11-11-11-11-1! = 1, since ((4),(1))" = ] )
’;111 . Theref h(()i))) 1sdp=3!~1!-1!:6, since
. t
((LLLD,(). - Therefore, - the - subspace 3 1 1), (1)y=  (3,1),(1)). Therefore, the
(4),(1) .
Vv 2,1,1),(1 .

») (which represents the Specht module subspace V(S) ),(1)) (which represents the
SFp ((4),(1))) can be considered as a linear Specht module S, ((2.1,1),(1))) can be
(5,5,1,p)-code, V p > 3. considered as a linear (60, 15, 6, p)-code,

Vpz=3.

9) For the pair of partitions ((3,1),(1)), we have
12) For the pair of partitions ((1,1,1,1), (1)), we
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have that m (M) =dim, M, ((1,1,1,1),(1))

51
- = 120 k, =
(IR RIS IR

5!
dim, §,. (LLLD,(1)= ————— =
P 13 o 43211 .
5, and the minimum istance s
d = 4!-1! =24,
P

(1, LL1),(1)) =
(4),(1)). Therefore, the
((1LLL,1),(1))

(p)
module S, ((1,1,1,1),(1))) can be considered

as a linear ([120, 5,24, p)-code, V p > 3.
13) For the pair of partitions ((3),(2)), we have

that m(M)=dim, M, ((3),(2) =

P

since

subspace

(which represents the Specht

5!

=10, k =dim, S, ((3).(2) =
31.2! ? po T

5!
—— =10, and the minimum distance
3.2-1-2-1
is d, =111 10 = 1, since ((3),(2)) =

((1,1,1),(1,1)).  Therefore, the subspace
3),(2 i
V(g)) @) (which represents the Specht module

S, ((3),(2))) can be considered as a linear
P
(10, 10, 1, p)-code, V p > 3.
14) For the pair of partitions ((2,1),(2)) , we have
that m (M) = dim, M, ((2,1),(2)) =
51

=30, k_=dim, S, ((2,1),(2)) =
21-11-21 P v

5!
—— =20, and the minimum distance
3-1-1-2-1
is d, = 21-11-11-11 = 2, since (2,1,2)
=((2,1),(1,1)). Therefore, the

((2,1),(2))
V}p)

module S, ((2,1),(2))) can be considered as
a linear (30? 20, 2, p)-code, V p > 3.

15) For the pair of partitions ((1,1,1),(2)) , we have
that m (M) = dimFP MFp ((1,1,1),(2)) =

subspace

(which represents the Specht

51
=60,k =dim_ S_ ((1,1,1),(2))
1111121 b b

5!

=10, and the minimum

3-2-1-2-1
distance s dp =311l = 6,
(LLD,(2)'=  ((3),(1,1)). Therefore, the

((1,1,1),(2)) .
subspace V(p) (which represents the

since

Specht module S, ((1,1,1),(2))) can be

considered as a linepar (60, 10, 6, p)-code,
YV p=>3.

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

that m (M) = dim, M, ((3),(L]) =
P P

5! )
— =20, kp =dim, S, ((3),(L1))
3t-10-1! oo

5!

=—=10, and the minimum

3-2-1-2-1
distance 1is dp = 1!-1!-1!-2! = 2, since
((3),(L1) = ((1,1,1),(2)) . Therefore, the

3),(1,1 .

subspace V(S))( ) (which represents the
Specht module S, ((3),(1,1))) can be

considered as a lineapr (20, 10, 2, p)-code,
YV p=>3.

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

that m (M) = dim, M, ((2,1),(1,1) =
p r
5!
=60,k =dim,. S, (2,1),(1,1))
20104111 i v
5!
=———=20,and the minimum
3-1-1-2-1
distance is dp = 2!.11.2! = 4, since
(2,1, (L)' = ((2,1),(2)). Therefore, the

((2.1),(L,1)
subspace V(p)

Specht module S, ((2,1),(1,1))) can be

considered as a linéar (60, 20, 4, p)-code,
Vpz3.

18) For the pair of partitions((1,1,1),(1,1)), we
have that m(M)=dim, M. ((1,L1),(11)
P P

(which represents the

4990
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19)

20)

21)

5!
= =120,k =dim, S, ((1,1,)
INISININT ’ v
51
,(1,L1))=—— =10, and the minimum
3.2:1-2-1

distance is dp = 3!.2! = 12, since ((1,1,1),

(1,1)) = ((3),(2)). Therefore, the subspace

((1,1,1),(1,1))
(»)

module S, ((1,1,1),(1,1)) ) can be considered
P

as a linear (120, 10, 12, p)-code, V p > 3.

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

V (which represents the Specht

5!
that m(M) = dim, M, ((2),(3) = =
P Tr 21-31
5!
10, k , = dim, S ((2),3) = ————
4 r 2.1-3-2-1

=10, and dpzl!-l!-l!-l!-1!=l, since
((2,3)' = ((1,1),(1,1,1)). Therefore, the

((2),(3)

subspace V(p) (which represents the

Specht module S, ((2),(3))) can be

considered as a linear (10, 10, 1, p)-code,
Vp23.

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

that m(M)=dim, M, (1,1),3)=
V4 P
5!
:20,k = dlmF SF ((131)5(3)) =
1111 3! g v
51
—————=10,and d, =21-11-11-11 =2
2:1-3:-2-1

,since ((1,1),(3))’ = ((2),(1,1,1)) . Therefore,

L1).(3)

the subspace V(S) (which represents the

Specht module S, ((1,1),(3))) can be

considered as a linear (20, 10, 2, p)-code,
VY p=>3.

For the pair of partitions ((2),(2,1)) , we have
m (M) =dim, M, ((2),(2,1)) =

P

that

51
———— =30, k =dim, S, ((2).(2,1)
212111 s T

5!
=———=20, and dp =11-1!1-21- 1=
2-1-3-1-1
2, since ((2),(2,1))' = ((1,1),(2,1)) . Therefore,

2),(2.1
the subspace V' (S))( )

Specht module S, ((2),(2,1))) can be
»

(which represents the

considered as a linear (30, 20, 2, p)-code,
Vp =3

22) For the pair of partitions ((1,1), (2,1)) , we have
m(M)=dim, M, (L1),(21)=
P

P

that

51
=60, k =dim,. S, (1,1),(2,
11-11.21-11 i bl

5!
1) =

:4’

=20,and d, =2!-2!-1!

(L1, (2,1) = ((2).(2,1)).

1L1),(2.1
Therefore, the subspace V(g) D)

2-1-3-1-1
since

(which

represents the Specht module S r ((1,1),(2,1)

) can be considered as a linear (60, 20, 4, p)-
code, V p > 3.

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

that — m(M)=dim, M, ((2),(1,1,1)=
51

=60, k =dim, S, ((2),(,

20111111 P 7 Fp(()(

51

LD))=—————=10,and d, =11-1!-3!
2.1-3-2-1

=6, since  ((2)(LLD)'=((1,1),(3)).

((2),(LL1)

Therefore, the subspace V(p) (which

represents the Specht module S, ((2), (1,1,1))

P
) can be considered as a linear (60, 10, 6, p)-
code, V p > 3.

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

24) we

51
_ - 120, Kk =
TSR RN IRt ?

51
dim,. S, (LD, (LL1)= ——— =
F, TF, 2.1-3.2.1
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10,and d , =21-3!=12,since ((1,1),(L,1,1))

=((2),(3)). Therefore, the subspace
((1,1),(1,1,1)) .
») (which represents the Specht

module S, ((1,1),(1,1,1)) ) can be considered
as a linear ([120, 10, 12, p)-code, V p > 3.
25) For the pair of partitions ((1),(4)), we have

51

that m(M ) =dim, M, ((1),(4))= =5,
v 11 41

51
k, =dim, S (,(4)=——=5,
P 1-4-3.2-1

and d, =11-11-11-11-11 =1, since ((1),(4))

=((1),(1,1,1,1)). Therefore, the subspace
1),(4 .
V(S))( ) (which represents the Specht module

S ((1),(4))) can be considered as a linear
P
(5,5, 1, p)-code, V p > 3.
26) For the pair of partitions ((1),(3,1)), we have

that —m (M) = dim, M, (1)(3,]) =

51
— =20,
11-31-11

kp = dime Spp ((1)7(371)) =

5!
—— =15, and dp =11-21-11-1! =2,
1-4.2-1-1
since ((1),(3,1))" =((1),(2,1,1)). Therefore,

((D,(3.1

the subspace V(p) ) (which represents the

Specht module S, ((1),(3,1))) can be
P
considered as a linear (20, 15, 2, p)-code,
v p=>3.
27) For the pair of partitions ((1),(2,2)), we have

that m(M) = dimF] M, (D,(2,2)) =

51
=30, k =dim, S, ((1)(2,2))
11-21.21 b ro

5!
= —10,and d =11-21.21=4,
1-3.2-2-1 ?
since  ((1),(2,2)) = ((1),(2,2)). Therefore,

((1.(2,2)

the subspace V(p) (which represents the

Specht module S, ((1),(2,2))) can be

considered as a linear (30, 10, 4, p)-code,
Vpz=3.

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

that  m (M) =dim, M, ((1).(2,1,1)) =
5!
60k, =dim, S, ((1),(2.1
1211111 g P
5!
1) = =15,and d, =11 -3!-1!
1.4.1.2-1
:6; since ((1)9(27191)),: ((1)9(3’1))

1),(2,1,1
Therefore, the subspace V(S))( )

represents the Specht
Sp ((1),(2,1,1))) can be considered as a
1inéar (60, 15, 6, p)-code, V p > 3.

29) For the pair of partitions ((1),(1,1,1,1)), we
have that m(M )= dime MFp (D), (1,1,1,1))

(which

module

51
- 120,k =dim, S, (1),
IRINININT r b h

51
(L1,,1)) =———— = 5,and
1-4.3.2-1
d, =11-41=24, since

(D, (LLLD)Y = ((1),(4)).

(D,(LL,1,1))
p)

Therefore, the

subspace V( (which represents the

Specht module S, ((1),(1,1,1,1))) can be
r

considered as a linear (120, 5, 24, p)-code,
Vp=3.

30) For the pair of partitions (( ),(5)), we have

51
that m (M) =dim, M, (),(5)= — =1,
P p 5!

51
k, =dim, S, (),(3)=——=1,
v 5.4.3.2-1
and d, = 10-10- 101010 =1,
(), () = ((),(1,1,1,1,1)) . Therefore, the

(@)
subspace V(p)

since

(which represents the

R —————
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31)

32)

33)

Specht module S, ((),(5))) can be

considered as a linear (1, 1, 1, p)-code,

VY p=>3.
For the pair of partitions (( ), (4,1)), we have

5!

that m(M)=dim, M, ((),(41)=
ro 4111

=5, k, = dim, S, ((),(41) =

P

5!
=4, and dp =201 111! =2,
5-3:2-1
since (( ),(4,1))' = ((),(2,1,1,1)). Therefore,

(€):(4,1

the subspace V(p) ) (which represents the

Specht module S, ((),(4,1))) can be
P

considered as a linear (5, 4, 2, p)-code,
Y p >3,

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

that ~ m(M) = dim, M, ((),(3,2) =

5!

=10, k  =dim, S, ((),(3,2) =
31. 21 r p

51
=5, and d, =21-21-1! = 4,

4.3.1-2-1
since (( ),(3,2)) = ((),(2,2,1)). Therefore,

((.2)

the subspace V(p) (which represents the

Specht module S, ((),(3,2))) can be

considered as a linear (10, 5, 4, p)-code,
vV pz3.

For the pair of partitions (( ),(3,1,1)), we
have that m (M) =dim, M, ((),(3,1,1)=

5!

—— =20, k =dim, S ,(3,1,1
U » F, Fp(()( )
5!
= =6add, = 311111 =6,
5:-2-1-2-1
since (( ),(3,1,1)) = (( ),(3,1,1)). Therefore,

(QAEARY))

the subspace V(p) (which represents the

Specht module S, ((),(3,1,1))) can be

considered as a linear (20, 6, 6, p)-code,
vV pz3.

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

35)

36)

have that m(M ) =dim, M . (( ),(2,2,1))=

5!
- = 30a k = dlmF SF (( )9 (25251))
20211 b ror

5!
= ————=5, and dp=3!'2!:12,
4.2:3.1-1
since (( ),(2,2,1))'= ((),(3,2)). Therefore,

((2,2,1))

the subspace V(p) (which represents the

Specht module S, ((),(2,2,1))) can be

considered as a linear (30, 5, 12, p)-code,
Vpz2=3.

For the pair of partitions (( ),(2,1,1,1)), we
have that m(M ) =dim, M, ((),(2,1,L1))

5!
=———— =60, £ =dim_ S, ((),
20101111 rohTh
5!
(23 13191)) = = 4, and
5-1-3-2-1
d, =411 =24, since (()(2L1L1) =
((),(4,1). Therefore, the  subspace
,(2,1,1,1 .
V(fu())( ) (which represents the Specht

module S, ((),(2,1,1,1))) can be considered

as a linear (p60, 4,24, p)-code, V p > 3.

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

have that m(M ) = dime MFp ((),1,1,1,1,1))
5!

- ~120, k =dim, S, ().
IBINIBIRT p Bt

5!

ALLLL1) = =l,and d, =5!

5.4.3.2-1
(( )9 (191919191)), = (( )’ (5))

,(L,1,1,1,1
Therefore, the subspace V(g))( )

represents the Specht
S, ((),(1,1,1,1,1))) can be considered as a
P

linear (120, 1, 120, p)-code, V p > 3.

=120, since

(which

module

4993



Journal of Theoretical and Applied Information Technology

15" October 2019. Vol.97. No 19

© 2005 — ongoing JATIT & LLS

B

YN

ISSN: 1992-8645

wWww.jatit.org

E-ISSN: 1817-3195

Finally, we summarize the above linear
codes in the following Table 1:

Table 1
No. | (A,u) of n=5 G,u)=0GuYof n=5 | m(M) dp,p23
1 (©XQ)] ((4,LL,1,1,0)) 1 1 1
2 ((4,1,() (2,1, L,1,()) 5 4 2
3 ((3,2),0)) (2,2,D,()) 10 5 4
4 (B, L1),() (3, L1),() 20 6 6
5 (2,2,1),() ((3,2),() 30 5 12
6 (2,1,1,1),()) (4,1),()) 60 4 24
7 ((1,1,1,1,1),()) (5),() 120 1 120
8 (4),M) (1, 1,1,1),(1)) 5 5 1
9 ((3,1),(1)) (2,1,1),(1)) 20 15 2
10 (2,2),(1)) (2,2),(1)) 30 10 4
11 ((2,L,1),(1)) (3,1, 60 15 6
12 ((1,1,1,1),(1)) (4),(1) 120 5 24
13 ((3),(2)) ((1,1,1),(1,1)) 10 10 1
14 (2,1),(2)) (2,1),(1,1)) 30 20 2
15 (1, 1,1),(2)) ((3),(1, 1)) 60 10 6
16 ((3),(1,1)) ((1,1,1),(2)) 20 10 2
17 (2,1),(1,1)) (2,1),(2)) 60 20 4
18 ((1,1,1),(1,1)) ((3):(2) 120 10 12
19 (2),(3)) ((1,1),(1,1,1)) 10 10 1
20 ((1,1),(3)) (2),(1,1,1)) 20 10 2
21 (2),(2,1)) (1,1),(2,1)) 30 20 2
22 (1,1),(2,1)) (2),(2,1)) 60 20 4
23 (2),(1,1,1)) ((1,1),(3)) 60 6
24 ((1,1),(1,1,1)) (2),(3)) 120 12
25 ((1),(4) (M,(1,1,1,1)) 5 1
26 ((1),(3,1)) ((M,(2,1,1)) 20 2
27 ((1),(2,2)) ((1,(2,2)) 30 4
28 (1),(2,1,1)) ((1),(3,1)) 60 6
29 (D,1,1,1,1)) ((D),(4)) 120 5 24
30 () (5) (),(1,1L,L1,1) 1 1 1
31 ((),(4,1)) ()(2,1,1,1)) 5 4 2
32 ((),(3,2)) ((),(2,2,1)) 10 5 4
33 (),(3,1,1)) (),(3,1,1)) 20 6 6
34 (),(2,2,1)) ((),(3,2)) 30 5 12
35 (), (2,1,1,1)) ((),(4,1)) 60 4 24
36 ((),1,LL1,1) ()50 120 1 120

h A,p) =@ u") is th jugat ir of (A1) .
where (A,u) = (4, u’) is the conjugate pair o MFF(/I"U):FP W, g (Z /1), for each prime

partitions of the pair of partitions (1, u) of n =15,

number p >3, kp is the dimension of the

m(M ) is the dimension of the vector space

m(M)

Fp , which represents the F,Ws-module )

M x,
of Fm( ), where V(;)”)

(h,p
subspace V(p ) y
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represents  the Specht module S, (4,4) =
F W, f (Z(Ml)) and d is the minimum
r 57 (p) ’ b4

distance, which is the least number of the nonzero
coordinates in a nonzero vector of the subspace

(A1)
V(p)

8. CONCLUSIONS
In general, we conclude that for any pair of
partitions (4, 1) = (( ll,ﬂz,...,/ls ),(,ul,,uz,...,
“ )), whose conjugate pair of partitions
(A, ) = (A p') = ((/11,/12,...,/111),(#1,#2,
...,,u;l )) of a positive integer n, the subspace
1

A, .
V(;)”) (which represents the Specht module

S F, (A,u)) can be considered as a linear

n!

CoAlee At eyt
/11. /12. /1S. ploptep!

n!

s A M ’
I1TT (A +4) =i —j+1) - T1 T (g +4; =i —j +1)

i=1j=1 i=lj=l1

I P L L N PO | -
/11. /12. /1/11. ple ! ,uﬂl.,p code,

Vpz=3.

As example, for the pair of partitions
(A, 1) =((3,2,2),(4,1)) whose conjugate pair of
partitions is (A, u)' = (A, u') =((3,3,1),(2,1,1,1))
of the positive integer n =12,

3,2,2),(4,1 .
V(;() D (which represents the Specht module

S ((3,2,2),(4,1))) can be considered as a linear

the subspace

12! 12!

301.21.21.41.11 5-4.1.3.2.2.1-5-3.2-1-1

,3!-3!-1!'2!-1!-ll'll,p]-code,‘v’p >3,

which is the linear (831600, 66528, 72, p)-code,
Vp=3.
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