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Abstract

The main objective of this paper is to compute the tenser product of representation for the group C,. Also
algorithms designed and implemented in the construction of the main program designated for the determination
of the tenser product of representation for the group C, including a flow-diagram of the main program. Some
algorithms are followed by simple examples for illustration.
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Introduction
The group of invertible nxn matrices over a field F denoted by GL(n,F). The matrix representation of a

group G is a homomorphism T:G —> GL(n,F), the degree of this matrix is the degree of that representation
[1], the trace for this matrix representation is the character of this representation, [2].

In this paper we consider the group C, = <x:x" = 1>. In section one the definition of tenser product
introduced and apply that the f or representation of this groups by example, the main proposition introduce for
the tenser product which we needed it in section two which include the algorithms designed and implemented in
the construction of the main program designated for the determination of the tenser product of representation for
the group C,.

8.1 Preliminaries
In this section, we recall definition proposition and remark which we needed in the next section.

Definition 1.1 : [3]
Let A € Mp(Q), B € M,(C), we defined a matrix A®B e M,(C), put

;B a,B oy,B Oq1  Ogp v Oy Bu B - Bim
o, B a,,B o,,B O, O o By P B
21 2 2n 21 U 2n 21 P2 2m
A ® B = . . . ] A - . . ] B = . . .
0LnlB OLnZB 0LnnB nmxnm Oy O O nxn Bml Bm2 Bmm mxm
Thus
611 612 “ee Slk
3, O . O
A®B=| * % 2
6kl 6k2 8kk nmxnm
Py P ot 1B1m OaBr AgpPrn 01nBim
Where 5 — oy1fy  ayaBy, 0g1Bom 5. = OnBo OB AnBom
11— . . . 50 O — . . . 5.
B AiPme 0y 1Bmm mxm OB OnBmy g Brm mxm
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0LnnBll OLnnBlz 0LnnBlm
_ OLnnBZl OLnnBZZ annBZm and kK=nm.
8kk - : : :
oLnanl OLnanZ OLnanm mxm
Example 1.2:
1 -2 -1
1 -3
A= , B=|3 1 2
2 0
2x2 6 4 5 o
1 -2 -1 -3 6 3 ]
3 1 2 -9 -3 -6
6 4 5 -18 -12 -15
ARX®B=|:-+ ot v onn e e e

Proposition 1.3 : [4]

Let A, A’, B, B’ € M,(K), then
1 A+A)®B=(A®B)+(A'®B)
(2) (A®B) (A’®B’) = AA' ® BB’

Remark 1.4 :

Let S and T be two representations of degree n and m of the group C,, for each x € C, define
U(x) = S(X) ® T(x). Then U is representation of degree nm, we writt U=S ® T.
Now, let s, x1 be two character of S and T respectively then yy = xsxr-

8.2 The Algorithms

This section contains a collection of the computer ready Fortran algorithms for many standard methods of

number theory installed in our main program.

Algorithm (1): The Number of Degree of Representation for the Group C,

Input: n (the degree of the group C,)
Step 1: To evaluate m where T:C,—— M(K),

a;
_|8a @x
M m (K) - . :

a a

ml m2
Step2:Dol=1tom

DoJ=1tom

Print 1A(1,J)

End J-loop

End I-loop

Output: The number of degree of representation for groups C, is m.
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Example 2.1 :
The representation T:C,—— M3(R), the degree of this representation for the group C, is 3.

Cs=<xx*=1>= {1 xx°x}

100 100 1.0 0 1 00
T@W=|0 1 0| , T®=|0 0 -1 , Tx*)={0 -1 0| , Tx®}=(0 0 1
001 01 0 0 0 -1 0 -1 0

Algorithm (2):The Tenser Product of Two Representations for the Group C,
Input: n (the degree of the group C,)
Step 1: Do C is the matrix of dimension mnxmn
C(0,00=0
Dol=1ton
DoJ=1ton
T(x) = A(l,J)
End J-loop
End I-loop
Step2:Dol=1tom
DoJ=1tom
Set T(x) = B(l,J)
End J-loop
End I-loop
Step 3: call algorithm 1
Step 4: To evaluate C where C(1,J) = A(1,J)*B
Step 5: Set C(1,1) = A(1,1)*B
C(1,2) = A(1,2)*B

é(l,n) = A(l,n)*B

Bll BlZ Blm
B B .. B
where B=| # 2 2m
Bml Bmz Bmm mxm
Cll C12 Clnm
C C .. C
Step6:Set C=| * Z zm
Cnml Cnm2 e Cnmmn nmxnm

Output: The tenser product of two representations of C,, is C(mn,mn)
Example 2.2 :

The representation T:C; —— M3(R), the degree of this representation for the group Cs is 3.
Cs=<xix®= 1> = {1,xx*}

T)=

o O -
o+ O
o+ O
o O -
o~ O

0 01 0
0 , Tx)=1 0 0 , Tx®)=|0
13><3 1 03x3 1

3x3
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Step 3: To evaluate R where R(l,J) = C(1,J) * D

Step 4: Set

R(1,1) = C(1,1) * D
R(1,2)=C(1,2) * D

where s = nmxk

Dll D12 le
where D — D21 D22 D2k
Dkl Dk2 Dkk kxk
Step 5: Set
Ry Rp o Ry
R — RZl R22 RZS
Rsl RsZ SS _lsxs

Step6:Dol=1tos
DoJ=1tos
Print R(1,J)
End J-loop
End I-loop

Output: The tenser product of three representations of C,, is R(s,s)

Example 2.3 :

The representation T:C,—— M,(R), the degree of this representation for the group C, is 2.

Cs=<xix* = 1> = {1 x 2%}

1
HD=T@6=L .

0},T®=Uﬁﬁ{

0

10

Now present some tenser product for these representations of the group C,

TURTX)®T(1) =

[00:10 | 00:00]
00:01 | 00:00
............ | e
10:00 | 00:00
01:00 | 00:00
00:00 | 00:10
00:00 | 00:01
............ [
00:00 | 10:00
00:00 | 01:00

, TO®T(XH)®T(L) =

[00:00 | 10:

00:00 | 01:00
............ | e
00:00 | 00:10
00:00 | 00:01
10:00 | 00:00
01:00 | 00:00
............ | e
00:10 | 00:00
00:01 | 00:00

8x8
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[00:00 |

THR)OTK)®T(X) =| ————————

TXHOTA)®T(X?) =| ———————

01:00)] 00:01 |
10:00 00:10 |
00:01 01:00 |
00:10 10:00 |
————— , TR TR)RT(KY) = | ————————
00:00 00:00 |
00:00 00:00 |
00:00 00:00 |
00:00 00:00 |
8x8 L
10:00] 00:00
01:00 00:00
00:10 00:00
00:01 00:00
—————— , TOO®TEC)®T(X?) = | ——————
00:00 00:10
00:00 00:01
00:00 10:00
00:00] 01:00

Algorithm (4): The Character of Representations for the Group C,

Input: n (the degree of the group C,)
Step 1: x(0) =0
Step2:Dol=1tom
Xl
End I-loop
Step3:DoJ=1ton
X3
End J-loop
Step4:Dol=1tom
DoJ=1ton
A = K * A
End J-loop
End I-loop
Print yx

X1
X2
Step 5: Set Y, =1 X3 |, S = (nm)/2

Xs |

-18x8
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Step 6: Call algorithm 3
Step 7: Call algorithm 4
Output: The character of representation for C, is y(k), k=1 tos.

Example 2.4 :

2mi
Consider the character table of C5, where @ =¢ 3

S |

Class 1 X X
Order |1 1 1
Y1 1 1 1
X2 1 ® o
X3 1 o |o

In1

1w®x=L)A)=1, u®x=0)0)=1, LO®x=1)1)=1
In x

u®n=M@=0 , u®=1)(@)=¢" , L= ()(e)=1

In X

u® L= =" , 1®p=L)(O=0 , L®)=()(0)=1

In1

X ®n2®x3=(1)(1)(1) =1
In X

11 ® %2 ® 3= (1) (0)(0) =1
In X

11 ® %2 ® 13 = (1)(0’)(0) = 1

S B B R

~

R Rk, P Rrg 8 b8

The Algorithm of the Main Program:

The Tenser Product of Representations for Group C,
Input: n (the degree of the group C,)

Step 1: Call algorithm 1

Step 2: Call algorithm 2

Step 3: Call algorithm 3

Step 4: Call algorithm

Output: (T(I), I =1 to m) To evaluate the tenser product of representation for the group C,

End
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Flow Diagram of the Main Program

Erint 3wk
¥
i Input n / Call the character of

representation for the group Ca

Open write file “tense product of | Call p wherep partition |
representation for the group C.°

h
1 Ty =)
L

Call nmmber of reprasentation for
the group C,

-« |

Call two representations for the

group Cq DcJ=1‘.:m =
L

Call three representations for the
group Cx

| [Tu=auB
< Dol=1n >

L 4
et T: Cp— Myl
M i3 the degree of matmix Mik)

TI: In-
T, Ts L.
| R
S?- Inl TrG T‘n
ay o [ . -
I:J-:I u.'.' u.'m
._ﬂrn‘. B o oy A—

References

[1] C.Curtis and l.Reiner, Representation Theory of Finite Groups and Associative Algebras, John Wiley and
Sone, New York, 1962.

[2] 1.M.Jsaacs, Characters Theory of Finite Groups, Academic Press, New York, 1976.

[3] M.J.Collins, Representations and Characters of Finite Groups, New York, Published by the Press
Syndicate of the University of Cambridge, 1990.

[4] T.H.Majeed, On the Tenser Product of Representations for the Symmetric Groups S,, Journal of College
of Education, Al-Mustansiriya University,Vol. 1, pp. 12-26 , 2002.

WWW.ijera.com 8|Page



