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Abstract

The aim of this paper is to construct the symmetric weighing
matrix W of weight 4 with the help of (0,1,-1) matrix M satisfying M2 = 4M.
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Introduction

2. Notations :

      Jn   : nXn matrix having all entries 1
        On      : nXn matrix having all entries 0
       AXB : Kronecker Product of two matrices
A & B.
               Def : Kronecker Product of two matrices
A and B is defined as

a11 a12 a1n a11B a12B a1nB
a11 a22 a2n a21B a22B a2nB

AXB= -------------- XB= -------------------
------------- ------------------
am1 am2 amn am1B am2BamnB

3. Weighing Matrix :

Let n and w be positive integers. A
weighing matrix W of weight  and order n is
an nXn (0,±1) matrix satisfying WWT =  In.
Such a matrix is denoted by W(n,w)  ( =0 is
generally not permiteed)1-4.

    

Examples
A is W(4,3) ; B is W (6,5)

0 -1 -1 -1 0 1 1   1  1 1
A = 1    0    1   -1 1 0 1  -1 -1 1

1   -1    0    1 B = 1 1 0 1 -1  -1
1    1   -1    0  , 1   -1 1 0  1  -1

1   -1 -1   1   0   1
1    1  -1  -1   1   0

Weighing matrix is a special type of orthogonal
design.

4. Symmetric Weighing matrix :

A Symmetric weighing matrix W is a
(0,1,-1) matrix of order n if it satisfies.

W2 = mIn  where m is called the weight
of symmetric  weighing matrix W.

Example:  0    -1    0
The matrix -1     0    0

 0     0    1

Is a symmetric weighing matrix of
weight 1.
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Theorem:

A Symmetric weighing matrix of weight
4 with diagonal element  -1 exists  if a (0,1,-1)
symmetric matrix M satisfies M2 = 4M.

Proof : We suppose that a (0,1,-1)
Symmetric matrix M satisfies   M2 = 4M    (1)

Then we have to prove that a symmetric
weighing  matrix W of weight 4 with diagonal
element -1 exist5-7.

Let W =  M -2In.

   Which is possible due to (1), Where in is
identity matrix  of order n.

 We Consider W2  = (M-2In)2

   =  M2 – 4MIn + 4In

    =  4M – 4M + 4In  
   by (1)

 W2 = 4In

Which  shows that W is a symmetric
weighing matrix of weight 4.

   Conversely suppose that  W is a symmetric
weighing matrix of weight 4. Then we have to
prove that matrix M satisfies M2 =4 M.----(3)

  Weight of a symmetric weighing matrix  WW
is 4

 W2 = 4In

We take W = M-2In and
Consider W2 = (M-2In)2

 4In = M2 – 4MIn + 4In

M2 – 4M = 0

M2 = 4M.

Example 1  If a (0,1) matrix M of order 4m
(m2) is in the form as

J2   O2 O2----- O2 J2 1 0 0 ---- 0 1
M = O2   J2 O2 ----- J2 O2 0 1 0 ---- 1 0   XJ2

  ----------------------- ---------------

  
J2   O2    O2 ----- O2   J2 1 0 0 ---- 0 1

Satisfying M2  = 4M then there exists an infinite
class of symmetric weighing matrix W=M–2I4m

of weight 4 and of order 4m.
For let m=2 then the matrix M is given as.

1 0 0 1 1 0 0 1
M = 0 1 1 0 X J2 = 0 1 1 0 1 1

0 1 1 0 0 1 1 0   X 1 1
1 0 0 1 1 0 0 1

1 1 0 0 0 0 1 1
1 1 0 0 0 0 1 1
0 0 1 1 1 1 0 0

= 0 0 1 1 1 1 0 0
0 0 1 1 1 1 0 0
0 0 1 1 1 1 0 0
1 1 0 0 0 0 1 1
1 1 0 0 0 0 1 1

M2 = 4M

The matrix W  =  M-2 I8 ie

-1  1 0 0 0 0 1 1
 1 -1 0 0 0 0 1 1
 0  0 -1 1 1 1 0 0

W =  0  0 1 -1 1 1 0 0
 0  0 1 1 -1 1 0 0
 0  0 1 1 1 -1 0 0
 1  1 0 0 0 0 -1 1
 1  1 0 0 0 0 1 -1

    

  

 

 
 

 

  

  



Is a 8 X 8 Symmetric weighing matrix of
weight 4

W2 = 4I8

Example 2 Let a (0,1,-1) matrix

1 -1 -1 -1
M= -1 1 1 +1 1 1

-1 -1 1 -1         X 1 1
1 +1 -1 1

1 1 -1 -1 -1 -1 -1 -1
1 1 -1 -1 -1 -1 -1 -1
-1 -1 1 1 1 1 1 1

 = -1 -1 1 1 1 1 1 1
-1 -1 -1 -1 1 1 -1 -1
-1 -1 -1 -1 1 1 -1 -1
1 1 1 1 -1 -1 1 1
1 1 1 1 -1 -1 1 1

Is a 8 X 8 Symmetric weighing matrix of
weight 4

ie   W2  =  4 I8

M2  =4M
Then W = M – 2I8     ie

-1 1 -1 -1 -1 -1 -1 -1
1 -1 -1 -1 -1 -1 -1 -1
-1 -1 -1 1 1 1 1 1

W= -1 -1 1 -1 1 1 1 1
-1 -1 -1 -1 -1 1 -1 -1
-1 -1 -1 -1 1 -1 -1 -1
1 1 1 1 -1 -1 -1 1
1 1 1 1 -1 -1 1 -1

Is a 8 X 8 Symmetric weighing matrix of
weight 4 ie   W2  =  4I8
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