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1. Introduction: We begin with the following definition:
1.1. WEIGHING MATRICES:

A weighing matrixW of order n and weight W is an N n matrix with entries (0,£1) such thatWW T = wl o
where W T is the transpose of W and | is the identity matrix of order n.A weighing matrix of order n and
weight W is denoted by W (n, w).

(i)A W(n,n) is a hadamard matrix.

(i) A W(n,n—1) , neven with zeros on the diagonal such thatWW " = (n — 1)1 is conference matrix.

(iii ) 1f n = 2(mod 4) such thatW =W is symmetric conference matrix..
(Vide:[1]and[5])

Example:
0 1 1 1 1 1
1 0 1 -1 -1 1
11 0 1 -1 -1
W (6,5) =
1 -1 1 0 1 -1
1 -1 -1 1 0 1
11 -1 -1 1 0]
(Vide: [5])

1.2. PROPERTIES OF WEIGHING MATRICES:
If Wisa W (n, w)then:

(i).The rows of W are pairwise orthogonal. Similarly , the columns are pairwise orthogonal.
(ii). each row and each column of W has exactly W non —zero elements.

(iii). WTW =wl since the definition means thatW ™ = w W " whereW " is the inverse of W .
(iv).If there is aW (N, p) then there is a symmetric W (n?, p®) .

n
(v)For a weighing matrix W (n,n —1) WW ' = (n—1)1, then detW =W (n) = (n —1)2.( Vide : [1])
1.3. CONFERENCE MATRICES:
A conference matrix of order N is an Nxn matrix M with diagonal entries 0 and other entries +£1 which

satisfies MM T = (n—1)I .

T.
Where : M " is transpose of M ang | is the identity matrix.
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o1 1 1 1 1
1 0 1 -1 -1 1
11 0 1 -1 -1
Examples: M =
1 -1 1 0 1 -1
1 -1 -1 1 0 1
11 -1 -1 1 0]
(vide : [3])

1. ASYMMETRIC CONFERENCE MATRICES:
A conference matrix M with entries 0,+1,and,—1 is called symmetric conference matrix if

MM =MMT =nl,

. . T
Where: n is order of matrix, | js identity matrix and M ' is the transpose of M .

(vide :[3])

Examples:
0 1 1 1 1 1] 0 1 1 1 1 1]
1 0 -1 1 1 -1 10 1 -1-11
1 -10 -1 1 1 11 0 1 -1 -1

M = and M =

11 -1 0 -1 1 1-11 0 1 -1
11 1 -1 0 1 1 -1-11 0 1
1 -1 1 1 -1 0] 1 1 -1 -1 1 0]

(vide:[31])

1.5. PROPERTIES OF SYMMETRIC CONFERENCE MATRICES AND CONFERENCE MATRICES:
Some important properties of Symmetric Conference matrices and conference matrices are given below:
1. The order of conference matrix is of the form 4t+2,
2. n—1 where n is the order of a conference matrix , must be the sum of two squares;
3. If there is a conference matrix of order n then there is a symmetric conference matrix of order N with zero
diagonal .The two forms are equivalent as one can be transformed into the other by
(i) Interchanging rows (columns) or
(i) multiplying rows (columns) by -1;
4. A conference matrix is said to be normalized if it has first rows and columns all plus ones.
5. M*t=nMT
(vide :[3])
1.6. SKEW-CONFERENCE MATRIX:
A conference matrix M with entries O, and , %1 is called skew symmetric matrix conference matrix if

MT =-M
Where: T denotes the matrix transpose.
(vide : [11])
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0 1 1 -1 1 -1 -1]

-1 0 1 1 -1 1 -1

-1 -1 0 1 1 -1 1

Example M =1 -1 -1 0 1 1 -1
-1 1 -1 -1 0 1 1

1 -1 1 -1 -1 0 1

1 1 -1 1 -1 -1 0.

1.7. COHERENT CONFIGURATION (CC):
Let X be a finite set .A coherent configuration on X is a set C ={C,,C,,C,,...,C_} of binary relation

on X (subsets of X x X ) satisfying the following four conditions:

0] 'C' is apartition of X x X that is

m

UG =X xX

i=1 :
(ii) There exist a sub set C, of C which is a partition of the diagonal D = ((X, X) : X € X)
(iii) For every relation C, € C , its converse Ci' = {(ﬂ, a): (a,,B)e Ci} is in C say

C.=C.eC,
1

(iv) There exist integer Pijk for 1<1i, j,k <m such that for any (&, ) € C, the number of points

y € X such that (a,y)e€C;,and,(y, ) €C; is equal to F’ijk (and in particular, is

independent of the choice of (&, f) € C, .
That is we have

RS =[ic. (@ Nc; ()| for(a. p) C,

Where Cla)={f X :(a,p)eC}.
C.C. is also defined by adjacency matrices of classes of C. If A, A, .., A, are adjacency matrices of C,,C, ,...,
C

m respectively then the axioms takes the following from

(i) A+A+..+A =1

(i) There exist a sub set of {A A,,..., A, }with sum I=identity matrix ;

(i) Each elements of the set{Ai,..., An} is closed under transposition ;
m

(iii) A A :Z F’ijk A, where F’ijk are non — negative integers.

i=1
(Vide: Singh and Manjhi [8]).

2. MAIN WORK:
In this paper we construct two conference matrices each of orders 6 by suitable linear combination of

coherent configurations.

2.1. CONSTRUCTION OF SYMMETRIC CONFERENCE MATRIX OF ORDER 6:
Consider X =4{1,2,3,4,5,6} and a partition C ={C,,C,, C,,C,,C,,C.;} of X x X whrere
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¢, ={(i,i):i=1,

C,={®1):1=2,3,4,5,6},

C,={(i1):1=2345,6},

C,={(,1):1=2,345,6},

C.={(2,1):1=3,6}U{(Bi):1=24F0{(4,1):1=35}U{(5,0):1 =4,63U{(6,i):1 =25},

Cs ={(2,1):1=450{B,1):1=56}u{(4,1):1=2,63{(5,1):1=23}{(6,i):1=3,4}.
Then adjacency matrices M,, M,, M;,M,,M; and My of C,,C,,C;,C,,C, and C; respectively
are given bellow:

1000 0 O] 001 1 1 1 1] [0 0 0 0 0 O]
0 00O0O0TO 0 00O0O0TO 100 000
0 00O0O0DO 0 00O0O0TO 1 00 0O0O
M, = M, = M, =
0 00O0O0ODO 0 00O0O0DO 1 00 0O0O0
0 00O0O0ODO 0 00O0O0O 1 00 0O0O
0 000 0 0] 10 00 0 0 0] 11 0 0 0 0 0]
0 0 0 0 0 O] 0 0 0 0 0 O 0 0 0 0 0 O
01 00O00O0 0 01 001 0 00110
0 01000 01 0100 0 00011
M, = M, = M, =
0 00100 001010 010001
0 00010 0 001001 011000
0 00 O0O01 01 0010 001100
Weseet_hat ] ) _ ) _
. M+M,+M;+M,+M, +M, =],
2. M, +M, =1,
3. M,=M;,M2=M,,M,; =M,,M, =M, M, =M, M, =M,
4. We see the following calculations:
(i) Mf:Ml,Mle:MZ,M1M3:O,M1M4:0,M1M5:0,M1M6:0
(i) M22:O,M2M3:5M1,M2M4:MZ,M2M5:2M2,M2M6:2M2
(i) MZ?=0,M,M, =0,M,M, =0,M M, =0
(iv) Mj:M4,M4M5:M5,M4M6:M6
(v) M52:2M4+M6,M5M6:M5+M6
(vi) MZ =2M, + M,
Hence product of any two adjacency matrices is some linear combinations of adjacency
matrices.

Thus the set C ={C,,C,,C;,C,,C,,Cs}isaC.C.
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Consider the matrix M =0M, +1.M, +1.M; +0.M, +1. M + (-1).M,

0 1 1 1 1 1]
1 0 1 -1 -1 1

M:1101—1—1
1 -1 1 0 1 -1
1 -1 -1 1 0 1
1 1 -1 -1 1 0
0o 1 1 1 1 170 1 1 1 1 1] [5 00 0 0 O]
1 0 1 -1 -1 1({1 0 1 -1 -1 1 050000
.-|v||v|T=1101_1_11101_1_1=005000
1 -11 0 1 -1/|1 -1 1 0 1 -1 |0 00 500
1 -1 -11 0 1]|1 -1 -1 1 o0 1 000050
11 -1-11 O0J[1 1 -1 -1 1 0] |00 0O O 5]
=51, =(6-1)I,
=MMT =(6-1I,
01 1 1 1 1701 1 1 1 1 5 0 0 0 0 O]
1 0 1 -1 -1 1 1 0 1 -1 -1 1 050000
IWM:1101—1—1 11 0 1 -1-1 005000
1 -1 1 0 1 -1/ |1 -1 1 0 1 -1 000500
1 -1 -11 0 1 1 -1 -1 1 0 1 000050
11 -1-11 0|11 -1-11 0] |[00O0O0 O 5]

=51, =(6-1)l,

=M'M =(6-1l,

Thus MMT =M™M =(6-1I,
Which show that M is a symmetric conference matrix of order 6 .

2.2. Consider X ={1,2,3,4,5,6}and a partition C ={C,,C,,C;,C;,C,,C;,Cg } of X x X where
C,={(@,1):i=1},

C, ={@@1):1=2,345,6},

C,={(@,):1=234,5,6},

C,={(,i):1=2,345,6}

C. ={(2,1):1=45}U{EB1):1=56}u{(4,i):1=2,63{(51):1=230{(6,i):1=2,5}
C, ={(2.0):i=36}U{(3,i)1i = 2,4} U{(4,i) :i =35} U{(5,i):i = 4,6} U{(6,i):i =25}

Then adjacency matrices M,,M,,M,;,M,M;,and,M, of C,C,,C,C,,C, and C; respectively are

given bellow:
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1 00 0 0O 011111 0 00O0O0ODO
0 00O0OO0TO 0 00O0OO0O 1 00000
0 00O0O0ODO 0 00O0O0TO 1 00 00O

M, = M, = M, =
0 00O0O0ODO 0 00O0O0DO 1 00 0O0O0
0 00O0O0ODO 0 00O0O0O 1 00 0O0O
00000 O] 0 0000 O] 1 0 00 0 O]
[0 0 0 0 0 O] [0 0 0 0 0 O] [0 0 0 0 0 O]
01 0000 000110 0 010001
0 01000 0 00011 01 0100

M4: M5: M6:
0 00100 0100001 001010
0 00010 011000 0 00101
00000 1] 00110 0] 0100 1 0]

We see that

IM, +M,+M; + M, + M, + My =J;

2.M, +M, =1,

3.M1':M1,M'2:MS,Mé:MZ,M;:MMMé:MS,M;;:MG

We see the following calculations

Q) Mszl.,Mle=M2,M1M3=O,M1M4=0,M1M5=O,M1M6=0
(i) Mzz=O,M2M3=5M1,M2M4=M2,M2M5=2M2,M2M6=2M2
(iii) MZ=0,M,M, =0,M,M, =0,M,M, =0
(iv) M7=M,,MM;=Mg;MM;=M,
() M52=2M4+M6,M5M6=M5+M6
(vi) MZ=2M, +M,
Hence, product of any two adjacency matrices is some linear combinations of adjacency matrices .
Alsoo M, =M, M, =M;,M; =M, M, =M, M, =M., M, =M,
Thus the set C ={C,,C,,C,,C,C;,C.}isaC.C.
Consider the matrix M =0M, +1.M, +1.M; +0.M, +1.M; + (-1).M,
M =0M,+1M, +1.M,; +0.M, +1.M; +(-1).M,

0 1 1 1 1 1]
1 0 -1 1 1 -1
1 -1 0 -1 1 1
11 -1 0 -1 1
1 1 1 -1 0 -1
1 -1 1 1 -1 0]
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o 1 1 1 1 17/0 1 1 1 1 1] [5 00 0 0 O]
1 0 -1 1 1 -1/|]1 0 -1 1 1 -1/ [0 50000
-_MMT:1—10—1111—10—111:005000
11 -1 0 -1 1([1 1 -1 0 -1 1 000500
11 1 -1 0 -1{/J1 1 1 -1 0 -1 |0 0 0O 0O 50
1 -1 1 1 -1 0]/l -1 1 1 -1 0] |00O0O0 O 5]
=51, =(6-1)I,
=MMT =(6-1I,
0 1 1 1 1 1[0 1 1 1 1 1] [5 00 0 0 O]
1 0 -1 1 1 -1/{1 0 -1 1 1 -1 |0 5 0 0 0 O
MTM:1—10—1111—10—111:oosooo
11 -1 0 -1 1(/[1 1 -1 0 -1 1 000500
1 1 1 -1 0 -1{|]1 1 1 -1 0 -1/ |0 O O O 5 0
1 -1 1 1 -1 0]J/1 -1 1 1 -1 0] |[00O0O0O0 5

=51, =(6-1)I,
—=M™M =(6-1)I,
Thus MM" =M™M = (6-1)I,

Which show that M is another symmetric conference matrix of order 6.

References
[1].Anna Karapiperi, Marilena Mitrouli,Michael G. Neubauer:An eigenvalue approach evaluating minors for weighing matrices

W (N, N —1) ,Linear Algebra and its Applications 436(2012) 2054-2066.

[2].Bailey,R.A.Association schemes designed experiments,algebra and combinatorics,Cambridge University Press,(2004).

[3]. Balon,N.A.& Seberry,j.(2014).A review and new symmetric conference matrices. Informatsionno-upravliaiushchie systemy,71(4,2-7.
[4]. Bose, R.C. and Shimamoto , T., Classification of analysis of partially balanced incomplete block designs with two associate classes,
Journal of the American statistical association,47(1952),151-184.

[5].H.C.CHAN,C.A.RODGER AND JENNIFER SEBERRY:On Inequivalent weighing matrices, ARSCOMBINATORIA,21-A(1986),pp-
299-333.

[6].J.Horton,C.Koukouvinos,Jennifer ~ seberry,A  search  for  Hadamard matrices  constructed  from Williamson
matrices.Bull.Inst.Combin.Appl.35,(2002),75-88.

[7].Jennifer Seberry and A.L.Whiteman,New Hadamard matrices and conference matrices obtained vai Mathons construction,Graphs
Combin.4,(1988),355-377

[8].M.K. SINGFH AND P.K. MANJHI: Generalized Directed a Association Scheme and its Multiplicative form, International journal of
mathematical Sciences and Engineering Applications ,ISSN 0973-9424, Vol. No. iii ( May , 2012) ,pp.99-113.

[9]. N.A.Balonin and Jennifer Seberry,Conference Matrices with Two Borders and Four circulants

[9].P.J.Cameron, P.Delsarte and J.-M.Goethals,Hemisystems orthogonal configurations,and dissipative conference matrices,Philips
J.Res.34(1979),147-162.

[10].Peter J.Cameron,Conference Matrices,CSG,Oct 2011.

. . 2
[11].R.Mathon, Symmetric conference matrices of order PQ"~ + 1 canad.J. math,30(1978)321-331.
[12].V.Belevich,conference networks and Hadamard matrices,Ann.Soc.Sci,Bruxelles82,ser.1.(1968)

ISSN: 2231-5373 http://www.ijmttjournal.org Page 287




