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Abstract

Objectives: The Identity Matrix is an important notion in linear algebra
with various applications across computational and mathematical domains.
The objective of the paper is to introduce a novel method for transposing
matrices by utilizing the properties of Identity Matrix as agent. Method: In the
proposed method, the input matrix performs Sum of Product (SOP) operations
with the Identity Matrix gives the transpose. This involves describing specific
mathematical operations that exploit the properties of the Identity Matrix to
achieve matrix transpose. Findings: The results show that the Identity Matrix
can be used to transpose binary, non- binary and complex matrices. The
paper explores results obtained through empirical studies. The result shows
that the algorithm runs in polynomial time. Novelty: The case study explores
the application of the Identity Matrix for transposing the binary, non- binary
and complex matrices with the support of examples and implementation. The
uniqueness of the method is its competence to transpose matrix by operating
the Sum of Product (SOP) structure. The method of matrix transpose by briefing
Identity Matrix as the agent can be applied to develop a way of research to
address artificial intelligence problems.

Keywords: Agent Based Simulation; Binary Matrix; Complex Matrix; Identity
Matrix; Matrix Transpose; Sum of Product

1 Introduction

The notion of an agent is normally used in agent-based simulation or modeling contexts
and it does not apply to matrix operations like transpose. Agent-based model supports
to simulate complex systems by modeling individual agents with their own rules, which
can generate targeted results ">, Even though agent-based simulation is a capable tool
for studying complex systems, researchers in the field continue to work on developing
methods to improve the strength and reliability of agent-based simulations. Linear
algebra plays a significant role in the development of agent-based models to represent,
simulate, and explore complex systems and the relations of agents within them . The
precise mathematical tools and techniques used in agent-based models depend on the
nature of the problem and the goals of the modeling study. The paper investigates some
possibilities for finding matrix transpose by exploiting the characteristics of the agent-
based simulation.
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In linear algebra, the Identity Matrix is a fundamental concept and finds applications in mathematical and scientific
disciplines. The Identity Matrix functions as the unit element for describing matrix inverse, eigenvalue and eigenvector
computations. The acquiescence of the Identity Matrix underlines its comprehensive role for simplifying operations,
transformations, and computations across various applications®. For instance, it is endeavouring in the initialization of
matrices and plays a significant role in numerical methods, such as the Gaussian elimination method for solving linear systems.
Whether serving as a preliminary element in mathematical computations, the Identity Matrix stands as an impermeable to the
efficacy of mathematical concepts in solving complex problems across miscellaneous technical scenarios. This paper explores
the application of the Identity Matrix as agent, proving its significance for matrix transpose.

Matrix transpose is accomplished by changing the rows and columns of the given matrix. Review of the article Shanker
KPS et al., 2010 explores the notion of binary matrix transpose by fitting together the features of logical AND with logical OR
operations on pair of bits>®. In the precinct of electronic circuits and binary systems, Sum of Product (SOP) expressions are
structured by combining logical AND operations whose outputs are then connected through logical OR operations’=). The
notion behind the model of non-binary matrix transpose using Identity Matrix is the sum of product of real numbers; generally,
refers to the mathematical operation of adding together the products of individual real numbers!?). Transfer functions and
system responses of control systems are conveyed using complex numbers and the Sum of Products of complex numbers can be
involved in the design of control systems. The Sum of Product operation of complex numbers, coupled with the identity matrix,
plays a pivotal role for transposing complex matrix.

2 Methodology

Let M be matrix with order p x q. The input vector performs Sum of Product (SOP) operations with the Identity Matrix of order
p x p gives the transpose of M.

2.1 Procedure:

o Step 1. Initialize Identity Matrix, I
« Step 2. Input matrix, M , ,, .
o Step 3. Compute the transpose by performing column wise sum of product operations.

bpxp

Algorithm

Input: Matrix M of order p x q
Output: Cell values of transpose of M with order q x p
Data structure: Array

1. begin

2. Initialize Identity Matrix, I of order p x p
3.forj from0toqg-1 do

4, for i from 0 to p-1 do

5 Set CellValue := 0

6. for k from 0 to p-1 do

7, Compute CellValue := CellValue + M[i][j] * I[k][i]
8. end for

9. Print CellValue

10. end for

11. end for

12. end

Fig 1. Algorithm for computing cell values

https://www.indjst.org/ 2600


https://www.indjst.org/

Nambiar et al. / Indian Journal of Science and Technology 2024;17(25):2599-2609

The Figure 1 explores the generation of cell values of the matrix transpose in polynomial time. For the transformation of one
cell value, there exists p multiplications and p-1 additions result the computational time O(p?). Here, for transformation of q
number columns, the time complexity is O(qp?).

3 Results and Discussion

The study conducted with binary matrix, non-binary matrix and complex matrices.

3.1 Case- 1 Binary matrix as input

Let M be a binary matrix of order p x q. The transpose of the binary matrix M can be done by performing column wise
sum of product operations of the matrix M , ., , with the Identity Matrix I

Example: Consider a binary matrix M with the order (4 x 5).

pxgq
pxp’

I 11 11

00 0 0 0

1 11 10

00 000
Fig 2.

M operates logical AND with the Identity Matrix I of order (4 x 4) as follows:

M la
111 1]1]1 T|jofo|n
gfo|yojofa o{1|of0
111111 1]0 ojoj1f(0
glo|ojoflo Oja|of
Fig 3.

Let x;, X5 X3 and x, be the values of first row of the matrix transpose. Then x;, X5, X3 and x, can be calculated as
Zf Wi wherej=1,2,.....p.The binary vector performs the operation logical AND, with the Identity Matrix as in Table 1.

Table 1. Multiplication of binary vector with Identity Matrix

First Column of Input A I, asagent

Matrix (M, )

1(i=1) . 1 (i=1,j=1) 0 (i=1,j=2) 0 (i=1,j=3) 0 (i=1,j=4)
0 (i=2) . 0 (i=2,j=1) 1 (i=2,j=2) 0 (i=2,j=3) 0 (i=2,j=4)
1 (i=3) . 0 (i=3,j=1) 0 (i=3,j=2) 1 (i=3,j=3) 0 (i=3,j=4)
0 (i=4) . 0 (i=4,j=1) 0 (i=4,j=2) 0 (i=4,j=3) 1 (i=4,j=4)

(i) The value of x; can be computed as:

4
Zﬂ Wijma= Wi+ Wo  + W3 1 +W, 1 =14+0+0+0=1

where,

Wl,le(i:1)'I. _11:1

i=1, j=1

https://www.indjst.org/ 2601
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W2’1 - M(i:2)' I’L':2, j=1 = 00:0

Wa,= Mi_g.1 =1.0=0

i=3, j=1
Wiy = Miog)- I, =0.0=0
(ii) The value of x5:
Z; W, o= Wy o4 Wy g+ Wa o+ W, 5 =0+04+0+0=0
(iii) The value of x5:
ijlwi,j:;g = Wy g+ Wo 3+ W53+ Wy 53=0+0+1+0=1

(iv) The value of x4:

4
> Wijea= Wi+ Wy s+ Wy 4+ W, 4, =040+0+0=0

i=1

The first row of the transpose matrix will be as follows.

X1 | X2 | X3 | X4

1jofl1]0]

Fig 4.

Apply this procedure for computing the values of the remaining rows. The transpose of the binary matrix MT of order (5 x
4) is:

—_ e
o0 O OO
() et e
o0 O OO

Fig 5.

3.2 Case- 2 Non- binary matrix as input

LetM , . , beanon- binary matrix. The transpose of the non- binary matrix M ,, ., , can be done by performing column wise
sum of product operations of the matrix M , ,. , with the Identity Matrix.
Example: Let M be a non- binary matrix with order (3 x 4) (Figure 6).

M Performs column wise multiplication with the Identity Matrix I (Figure 7).
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2 35 6
01 9 8
7 4 3 4
Fig 6.
M * I
2|3/5]|6 1 0
0o(1|/9]|8 0 | 1
714al3]a 0 1
Fig 7.

Table 2. Multiplication of non- binary vector with Identity Matrix

First Column of Input I3 as agent

Matrix (M, )

2 (i=1) * 1 (i=1,j=1) 0 (i=1,j=2) 0 (i=1,j=3)
0 (i=2) * 0 (i=2,j=1) 1 (i=2,j=2) 0 (i=2,j=3)
7 (i=3) * 0 (i=3,j=1) 0 (i=3,j=2) 1 (i=3,j=3)

Let x; X5 and x5 be the values of first row of the matrix transpose. Then x;, X5 and x3 can be calculated as

f: L Wi j, where j=1,2,.....p. The input vector operates multiplication with the Identity Matrix worked out in Table 2.
(i) The value of x; can be computed as:

3
> ow Wy +Wy +Ws,=2+0+0=2

=1 ©I=t T
where,

=2%x1=2
i=1, j=1

Wi =Mg_qx I
W2 1= M(i:2)* Ii=2, j=1 = 0x0=0

W3 1= My_3 *Iizg i 7x0=0

(ii) The value of x5:

3
24 1Wz’,j=2 = Wi o+Wy5+W;35=04+04+0=0
e

https://www.indjst.org/ 2603
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(iii) The value of x5:

3
Z Wi,j:BZ W1,3+W2,3+W3,3=0+0+7:7

=1

The first row of the transpose matrix will be as follows.

X1 | X2 | X3
210 |7
Fig 8.

The same procedure can be applied to calculate the values of the remaining rows. Then the transpose of the matrix will be
as follows.

Then M7 is:
2 0 7
3 1 4
5 9 3
6 8 4
Fig9.

Here, MT of order (4 x 3) is the transpose of M.

3.3 Case- 3 Complex matrix as input

Let C be the complex matrix of order p x q. This input complex matrix C performs column wise sum of product operations with
the Identity Matrix I of order p x p which gives transpose of C.

Example: Let C be a complex matrix with order (3 x 4).

Here, C is:

241 3+21 5431 6+21

0+61 1+41 9+1 8+31
7+31 4+61 3481 4+2i

Fig 10.

C Performs column wise multiplication with the Identity Matrix I (Figure 11).
Let x4, X5 and x3 be the values of first row of the matrix transpose. Then x; X, and x3 can be calculated

ast _, Wi ;, where j=1,2,.....p. The complex vector operates multiplication with the Identity Matrix carried out in Table 3.

https://www.indjst.org/ 2604
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2+ | 3421 | 5431 | 6+21 1 0
0+61 | 1+41 | 9+1 | 8+31 0 1
T+31 | 4+61 | 3+81 | 4+21 0,0

Fig 11.

Table 3. Multiplication of complex vector with the Identity Matrix

First Column of Input Matrix (C;; )  * I3 as agent

2+i 1 0 0

(i=1) ' (i=Lj=1) (i=1,j=2) (i=1,j=3)
0+61 0 1 0

(i=2) ' (i=2,j=1) (i=2,j=2) (i=2,=3)
7+3i 0 0 1

(i=3) ' (i=3,j=1) (i=3,j=2) (i=3,j=3)

(i) The value of x; can be computed as:

3
._1Wi,j:1 = Wy +Wy 1+ W31 =(2+9)+0+0=2+1

(ii) The value of x5:
3
Z,_IWLFQ = Wy o+ Wy o+ W5 5 =0+(0+6i)+0=0+6i
(iii) The value of x5:

3
Z;lwivjzg =Wy 3+ Wy g+ Wy 3=0+0+(7+3i) =7+3i

The first row of the transpose matrix will be as follows.

X1 X2 X3

2+1 | 0+61 | 7431

Fig 12.

The same procedure can be applied to calculate the values of the remaining rows. Then the transpose of the complex matrix
is as follows.

https://www.indjst.org/ 2605
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2+ 0+61 | 7+31
3+21 | 1+41 | 4+61
5431 | 9+ | 3+8i
6+21 | 8+31 | 4+2i1

Fig 13.

That is the transpose of complex matrix C is CT of order (4 x 3). The examples and simulated results show that the Identity
Matrix can be used to transpose binary, non- binary and complex matrices. The Figures 14 and 15 explore the simulations

of non-binary matrix as input. The Figures 16 and 17 travel around the code and simulation result of matrix transpose when
complex matrix as input.

// Program name: Matrix_trans.java
Hnput: Matrix M of order p x g
HOutput: Matrix of order g x p
import java.util.*;

class Matrix_trans

public static void main(String args[])
f
1
intijk,p.q; #variable declaration
System.out.printin("Enter the order");
Scanner s = new Scanner(System.in);
/ reading the order of the matrix as p x q
p=s.nextint();
g=s.nextint();
Hdynamic memory allocation to matrix M
int[J{] M = new int[p][q):
System.out. printin("Enter the matrix"),
/ reading matrix elements to the 2D array
for(i=0:i<p;i++)
i

for(j=0;j<q;j+)

{
M[i](j]=s.nextInt();
y

i
# creating identity matrix I of order mxm after dynamic memory ailocation.
int[][] I = new int[p][p]:
for(i=0:i<p:i—+)
f
{

for(j=0;j<pij+=)

if{i==j)
1=
else
1LilLjf=0;

1

1
}

/ displaying the given matrix M
System.out.printin("Given matrix");
for(i=0;i<pii—+)

{
i

for(j=0;j<q;j++)
i

System.out.print(M[i][j] + " "%
i

System.out.printin();
y

H
/ Finding the transpose
System.out.printin(" Transpose Matrix");

for(i=0;i<p;i+=)

s1=0; // resetting the sum to zero
for(k=0:k<p:k++)
[

{

Hmultiplying corresponding elements in the given matrix and reference matrix and adding each term.
s|+=MI](j] * IK][i):
]

j
System.out.print(sl+ " ");
v
H
System.out.printin();

}
i

i

Fig 14. Matrix transpose when non-binary matrix as input
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Enter the order

23

Enter the matrix
2465

6% 5

Given matrix
245

€789

Transpose Matrix
2 €

q 7

B 9

BUILD SUCCESSFUL (total time: 17 seconds)

Fig 15. The output when non-binary matrix as input

/ Program name: transform.java
# Input: Matrix C of orderp x g
HOutput: Matrix of order g x p
import java.util.*;

import java.lang.Object;

class complextrans

'
public static void main(String args[])
‘
{
int i,j.k.p.q: # variable declaration
System.out.println(*Enter the order");
Scanner s = new Scanner(System.in);
/ reading the order of the matrix to p,g
p= s.nextint();
q=s.nextlnt();
int{ ][] re = new intfp]lal:
int[][] im = new int[p]lq]:
System.out.printin{"Enter the matrix”);
# reading matrix elements to the 21 array
for(i=0;i<p;i++)
f

Tor(j=0:j<qij+)

t
System.out.println{“Enter the real part of "+i+""+j);
re[i](j]=s.nextInt();
System.out.println("Enter the imaginary pant of "+i=""+j);
im{i)[j]=s.nextln();

L

y

int{](] 1 = new int{p](p);
+)

for(i=0:i<pi+
i
for(=0g<pii++)
{
!
ifli==j)
T)=15
clse
1[il[1=0:
H
H
A displaying the matrix C
System.out.println("Given matrix");
for(i=0:i<pii=+)

' R0 )
: System.out.print{re(i][j] + "+i™+im[i][j]+"4"):
IS}slx:n\.ullerinllnI):

y

System.out printin(*Transpose Matrix");

ints1=0,52-0;

for(i=0;i<piit+)
i
s1=0;
s2=();
for(k

setting the sum o zero
ki)

s +=refi]li] * IKILL:
s2 ==im[i][j)*Ik][i);
y
String s3=Integer.toString(s1);
String sd=Intcger.toString(s2);
String s5=s3.concal("+i");
Syslem.oul.print(s5.concal(sd)+" "),

J
System,out.printin();

Fig 16. Matrix transpose when complex matrix as input
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the order

the matrix

- .
o o
[N ] [
H N "

the real part of 00

the imaginary part of 00

=]
1
"
M

the real part of 01

WoMoWwMm MMM
- ]
[1)
[]
H

r the imaginary part of 01
nter the real part of 02

nter the imaginary part of 02

nter the real part of 10

er the imaginary part of 10

Mo M & M ME ;MM

)
(1)
"
M

the real part of 11

the imaginary part of 11l

L
)
it
L]
H

3
o
"
H

the real part of 12

)
(1)
n
H

the imaginary part of 12

< M & M

Given matrix

2443 I+i4 S+i€
4+415 5+4i€ 6+4i7
Transpose Matrix
2+1i3 4+iS6

3+1i4 5+i€

S§+i€ €+i7

BUILD SUCCESSEUL (To

al tTime: 38 seconds

Fig 17. The output when complex matrix as input

4 Conclusion

The method for transposing the binary, non- binary and complex matrices by utilizing the characteristics of Identity Matrix as
agent is illustrated in this paper. The results explore that the Identity Matrix can be applied to develop the tool for transposing
the matrix. The algorithm is applicable for matrix transformation in polynomial time by operating p multiplications and p-1
additions. The study confirms the applicability of the proposed method on different types of matrices. The proposed method
can be applied to develop a way of research to address artificial intelligence problems such as reversing data streams, finding
the transpose of character matrix and data encoding.
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