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PREFACE

In this book authors study neutrosophic super matrices. The
concept of neutrosophy or indeterminacy happens to be one the
powerful tools used in applications like FCMs and NCMs where
the expert seeks for a neutral solution. Thus this concept has lots
of applications in fuzzy neutrosophic models like NRE, NAM
etc. These concepts will also find applications in image
processing where the expert seeks for a neutral solution.

Here we introduce neutrosophic super matrices and show
that the sum or product of two neutrosophic matrices is not in
general a neutrosophic super matrix.

Another interesting feature of this book is that we introduce
a new class of matrices called quasi super matrices; these
matrices are the larger class which contains the class of super
matrices. These class of matrices lead to more partition of n x m
matrices where n > 1 and m > 1, where m and n can also be
equal. Thus this concept cannot be defined on usual row
matrices or column matrices.

These matrices will play a major role when studying a
problem which needs multi fuzzy neutrosophic models.



This book is organized into four chapters. Chapter one is
introductory in nature. Chapter two introduces the notion of
neutrosophic super matrices and describes operations on them.
In chapter three the major product of super row vectors and
column vectors are defined and are extended to bisuper vectors.

The final chapter introduces the new concept of quasi super
matrices and suggests some open problems.

We thank Dr. K.Kandasamy for proof reading and being
extremely supportive.

W.B.VASANTHA KANDASAMY
FLORENTIN SMARANDACHE



Chapter One

INTRODUCTION

In this chapter we just indicate the concepts which we have
used and the place of reference of the same.

Throughout this book I will be denote the indeterminate
suchthat P=1. (ZUD,(QuUI,(RUI,(CUI),(Z, Ul and
(C(Z,) v I) denotes the neutrosophic ring [3-4, 7]. For the
definition and properties of super matrices please refer [2, 5].
The notion of bimatrices is introduced in [6].

Here in this book the notion of neutrosophic super matrices
are introduced and operations on them are performed.

We also can use the entries of these super neutrosophic
matrice from rings; (Z U 1)) (g)={a+bg|a,be(Zul)andg
is the new element such that g = 0}. Z can be replaced by R or
Q or Z, or C and we call them as dual number rings [11].
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(Qu ) (g)={a+bg |a be(QuUl) where g is a new
element such that g’= g;}. We call (Q U I)) (g)) as special

dual like number neutrosophic rings. Here also Q can be
replaced by R or Z or C or Z,.

(RuUl))(g)={a+bgl|abe(RuUI), g the new element
such that g5 = —g} is the special quasi dual number

neutrosophic ring. We can replace R by Q or Z or Z, or C and
still we get special quasi dual number neutrosophic rings.

Finally we can also use ((Z U I)) (g1, g, g3) = {a1 + axg; +
B T ags|a e (Zul); 1<i<4; g, g, g; are new elements
such that g =0, g5 =g and g;=—g; with gig; = (0 or g; or g),
i#j;1<1,j <3} the special mixed neutrosophic dual number
rings [11-13].

Finally in this book the new notion of quasi super matrices
is introduced and their properties are studied. This new concept
of quasi super matrices can be used in the construction of fuzzy-
neutrosophic models.



Chapter Two

NEUTROSOPHIC SUPER MATRICES

In this chapter we for the first time introduce and study the
notion of super neutrosophic matrices and their properties.

A super matrix A in which the element indeterminacy I is
present is called a super neutrosophic matrix. To be more
precise we will define these notions.

DEFINITION 2.1: Let X = {(X; X2 oo Xp | Xpts v X¢ | Xpsg v X))
where x; € (R U1 ); R reals 1<i <n) be a super row matrix
which will be known as a super row neutrosophic matrix.

Thus all super row matrices in general are not super row
neutrosophic matrix.

We illustrate this situation by an example.

Example 2.1: LetX=311-4]|20-5|2101|7214),Xisa
super row neutrosophic matrix.

All super row matrices are not super row neutrosophic
matrices.
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Fortake A=(31011|25-27]01234), Aisonlya
super row matrix and is not a super row neutrosophic matrix.

Example 2.2: Tet A={311|-I51|2103[121]03); Aisa
super row neutrosophic matrix.

Example 2.3: Let
A=(031,0,1]0.7, V2L 01+ /7| —8L, 0.91+2); A is a super
row neutrosophic matrix.

DEFINITION 2.2: Let

Yi
Y2
yr‘, .
Y=|Z | wherey; e R 1) 1 <i<n.

yt+1

Y

Y is a super column matrix known as the super column
neutrosophic matrix.

We illustrate this situation by some examples.

Example 2.4: Let
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be a super column matrix. Y is clearly a neutrosophic super
column matrix (super neutrosophic column matrix).

Example 2.5: Let

NG

| 6+1 |

be a super neutrosophic column vector / matrix.
It is pertinent to mention here that in general all super
column matrices are not super neutrosophic column matrices.

This is proved by an example.

Example 2.6: Let

|- o w

|
W
—

()
-5l S -



12 | Neutrosophic Super Matrices and Quasi Super Matrices
be a super column matrix which is clearly not a super
neutrosophic column matrix.

We now proceed onto define the notion of neutrosophic
super square matrix.

DEFINITION 2.3:  Let

a;; 4p i,

Ay Ay || 4y,
A= (a,‘j) =

an1 e oo ann

be a n x n super square matrix where a; € (R U1). A is called
the neutrosophic super square matrix of order n x n.

We illustrate this by an example.

Example 2.7: Let

2 1. 0|5 7|2
I 1 3/0 1|2
0 1 1|3 1|7
A=

2 50[2 o6
1 353 1|7
BRI R

be a 6x6 super square matrix. Clearly as the entries of A are
from (R U I). A is neutrosophic super square matrix.
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Example 2.8: Let

3 0111 0 1 |-I 5I]
I 1|0 1 510 1
2 31| I 0 03|2 3
A=|1 2|1 1 0|1 21|,
3 4 |21 2 313 4
51 6 | 0 1 3 |51 6l
1 3|5 6 7|8 9l

A is a 7x7 neutrosophic square super matrix.

All super square matrices need not in general be a
neutrosophic square super matrices.

We illustrate this by an example.

Example 2.9: Let

1 2(3 4 5
6 718 9 0
A=|0 9|8 7 6
5 403 2 1
2 4|8 0 7]

A is just a square super matrix and is not a square neutrosophic
super matrix.

Now we proceed onto define a rectangular super matrix.
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DEFINITION 2.4: Let

my; mg, mps my,
my, my, m,y; my,
M=my=| i :
m, ;; My, M, ;s m, ;,
| m,  m, m, m,, |

be a p x n (p # n) rectangular super matrix  where
m; € (R U 1) Clearly M is a rectangular neutrosophic p x n

super matrix.

We illustrate this by an example.

Example 2.10: Let

3 0[1 6 5|41 3 21 1
5 20 1 2|31 4 516
AT Ils 0 1]2 31 4 s
T olt 1ol 1 1 2

A is a 4x9 rectangular neutrosophic super matrix.

Example 2.11: Let

(3 1 112 0
I 4 1|5 -3
1 2 3|1 4

A4l s 60 -2
7 81 913 7
0 1 20]8 —9I

be a 6x5 rectangular super neutrosophic matrix.
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All super rectangular matrices in general need not be a
neutrosophic super rectangular matrices.

We illustrate this by an example.

Example 2.12: Let

9‘8

wn W o
(o)W \O ) BNl \S
O = | 3 W
[N I S

ik

be a 4 x 8 super rectangular matrix. Clearly A is not a super
neutrosophic rectangular matrix.

Thus we can say as in case of supermatrices if we take any
neutrosophic matrix and partition it, we would get the super
neutrosophic matrix.

We can as in case of supermatrices define a neutrosophic
super matrix is one in which one or more of its elements are
themselves simple neutrosophic matrices. The order of the
neutrosophic super matrix is defined in the same way as that of
a neutrosophic matrix.

We have to define addition and subtraction of neutrosophic
super matrices.

We cannot add in general two neutrosophic matrices A and
B of same natural order say m x n.

We shall first illustrate this by an example.
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Example 2.13: Let

3 5|16 7 8|1 5 3 112 0 6
0 1|12 I 3|4 01 0| 1 2
I 0(1 0 O]I I 0 1|2 0 I
A=|1 2(3 4 1|{0]landB=|0 I 6[0 I 0
0O I|1 2 34 I 2 3|4 0 5
0 1|1 3 0]1 01 2|3 10
0O 1|1 0 I{0 6 I 7(2 0 1

be two super neutrosophic matrices of natural order 7x6.
Clearly we cannot add A with B though as simple matrices A
and B can be added.

Thus for two super matrices to have a compatible addition it
is not sufficient they should be of same natural order they
should necessarily be of same natural order but satisfy further
conditions. This condition we shall define as matrix order of a
super matrix.

DEFINITION 2.5: Let

be a neutrosophic super matrix where each a; is a simple
neutrosophic matrix. 1 <i <mand I <j <n.

The natural order of A is t x s; clearly t >m and s > n that
is A has t rows and s columns.

The matrix order of the neutrosophic super matrix A is
m x n. ie., it has m number of matrix rows and n number of
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matrix columns. The number rows in each simple neutrosophic
matrix a;, i fixed is the same, p may vary; 1 <p <n. Likewise
for ay; j fixed, 1 <k <m; the number columns is the same.

We now give examples of these.

Example 2.14: Let

30 1(2 11 0[2 -1
02000121 0
10 1|1 1 1 3|1 2

Ay 1 1l3 1 2 1|3 4
41 20001 1[5 6l
I 1 0|1 01 0|1 31

a, |a, | a

3 1 1 2110 2 -1
where a;; = , Ap = ,a13 = s
0 20 0 01 2 1 0

1 0 I 1 113 1 2
ay = 2 1 1 , A= 31T 2 1 L 3 4 5
4 1 2 0 0 I 1 5 6l

a3 =[I10], a35=[1010] and a3; = [I 3 I] are the neutrosophic
submatrices of A also known as are the component matrices of
A.

The natural order of A is 6 x 9 and the matrix order of A is
3 x 3.
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Example 2.15: Let

3110 1 2
0 0] 1 a4 | A
A=|1 1|1 2 3|=]a, |a,
1 0(4 5 6| |a, |a,
1 1/0 1 3

be super neutrosophic matrix. The natural order of A is 5x5
and the matrix order of A is 3x2.

Now having seen example of matrix order of a neutrosophic
super matrix we now proceed on to define addition of two super
neutrosophic matrices.

DEFINITION 2.6: Let A and B be two neutrosophic super
matrices of same natural order say m x n. Let A and B be a
neutrosophic super matrices of matrix order t x s where t <m
and s <n.

We can say A+B the sum of the super neutrosophic matrices
A and B be defined if and only if each simple matrix a; in A is of
same order for each b;jin B. 1 <i <t; 1 <j<s;

aIS b[] bIZ
ie,ifA=1]: | andB =

where a;; and by are simple matrices. Here order of a; = order
of by, ISi <sand 1 <j <t.

We illustrate this by some examples.
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Example 2.16: Let
a a a a 3 11 1
A= 1 | 12| 13| 14 Wherea11=|: :| a12:|:}’
ay ‘ an ‘ a3 ‘ Ay 1 01 2

1 0 1 1 1 1
a;3 = ,d14= , a1 =[011] ,an=[3],

01 0 01I1O0
ayy — [1 I] and a4 :[5 110 ]

The natural order of A i1s 3x10.

31 0|11 01 1 1 1
A=|1 1 0 1/0 01 0f.
011|3|11|5110

The matrix order of A is 2x4.

Take a neutrosophic super matrix B of natural order 3x10
and matrix order 2x4 given by

01 1]0]1 0
B=101‘1‘21‘
101|2|11|

_ |:b1| | by, | b | b14}

| by [ by | by | by

1 01 1
01 10
1 05 2

Since natural order of matrix a; = natural order of b;;, for
eachiand j,1<i<2and 1 <j<4andas A and B have same
natural order as well as matrix order. We can add A and B.
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A+B=1[2 0 2
I 15 1+1|5|2 2I|6 15 +1 2

3 I+1 1‘1‘2

We see A+B is also a neutrosophic super matrix of natural
order 3x10 and matrix order 2x4.

It is important to mention that even if A and B are two
neutrosophic super matrices of same natural order and same
matrix order yet the sum of A and B may not be defined.

This is established by an example.

Example 2.17: Let

1T 0|1 2 3|1 O]

1 1l0 3 2[1 1 2 lala
A=0112340=[a“ a“ an}and
501 1 0|1 1 L

2 34 0 1|1 1]

(5 1T 33 1|1 1]

01 4(2 0|1 0
bllbl2bl3

B=|1 3 2|1 2]1 1I|=

b21b22b23

1 2 33 4[1 0

0 1 1[5 1|1 1]

be two super neutrosophic matrices of natural order 5x7 and
matrix order 2x3. Clearly A+B, i.e., the sum of A with B is not
defined as ap # b11, ap #* blz, Ay #* b21 and Ay # bzz. Hence the
claim.

Thus we can restate the definition of the sum of two
neutrosophic super matrices as follows.
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DEFINITION 2.7: Let A and B be two super neutrosophic
matrices of same natural order say mxn and matrix order sxt.
The addition of A with B (B with A) is defined if and only if the
natural order of each a; equal to natural order of b;; for every
1 <i<sand I<j <t

a]] e a]
ie, A= : ‘ land B =

where a; and b; are simple matrices or the component
submatrices of A and B respectively;, 1 <i <sand 1 <j <t.

On similar lines the subtraction or difference between two
neutrosophic super matrices can be defined.

Another important fact about the addition of neutrosophic
super matrices is that sum of two neutrosophic super matrices
need not in general give way to a neutrosophic super matrix it
can be only a super matrix.

We illustrate this by an example.

Example 2.18: Let

105 1 6 0]-1 1
1 2 3 0 1 02 -I
A=l 1 T2 1|1 0
6 7 8 0 1 2[1 2

be two super neutrosophic matrices of same natural and matrix
order.

Since each of the corresponding component matrices are
equal their sum is defined.
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2 6 0 3

1 3 6 0
Now A+B = 0 2 3|

6 8 1010 2

We see A+B is only a super matrix and is not a
neutrosophic super matrix.

Now we can have the following type of super neutrosophic
matrices.

DEFINITION 2.8: Let

be a type A super vector where each Vs are column
subvectors;, 1 <i <n. If some of the V;’s are neutrosophic
column vectors then we call V to be a type A neutrosophic super
vector or neutrosophic super vector of type A.

We illustrate this by some examples.

Example 2.19: Let

[
< <<
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V is a neutrosophic super vector of type A.

Example 2.20: Let

< 2.2 <

V is a again a neutrosophic super vector of type A. All super
vectors of type A need not be neutrosophic super vector of type
A.

We illustrate this by an example.

Example 2.21: Let

Il
< < <
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be a super vector of type A. Clearly V is not a neutrosophic
super vector of type A.

Example 2.22: Let

<
I
Il
< < <

be a super vector of type A and is not a neutrosophic

supervector.
Vl
Let V=V, | be a super vector of type A.
V3

The transpose of V is again a super vector which is a row
supervector given by

Vi=[3014[12]978] =]V, V; Vi

We now define neutrosophic super vector of type B.

DEFINITION 2.9: Let T = [a;; | a;2 | ... | a1,/ be a neutrosophic
super vector where a; is a mxm; matrix 1 <i <n. T is a
neutrosophic super vector of type B. We call the transpose of
this neutrosophic super vector of type B to be also a
neutrosophic super vector of type B.
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We illustrate this by the following examples.

Example 2.23: Let

—_ W O
—_— e NI
[\ e R

>
Il
oo
N
Il
[
—_ O
W =

—_—= = O
N = O -
wn W O

A is a neutrosophic super vector of type B.

Example 2.24: Let

21356
10123
4156 17
00101
10023
01 45 0| [A

A=|7 0 3 1 1|=]|A,
301 1 1| |A,
1 6100
02510
1101 1
236 1 2
31 0 1 3]

A is a neutrosophic super vector of type B.



26 | Neutrosophic Super Matrices and Quasi Super Matrices
We wish to say super vector of type B are in general not
neutrosophic.
We illustrate this situation by an example.

Example 2.25: Let

315
021
31 1
4 0 2] [A
A=|1 1 6|=|A,]|,
7 8 9| |A,
123
45 6
7 8 9]

A is only a supervector of type B which is not a
neutrosophic super vector of type B.

We define the transpose of a neutrosophic supervector of
type B.

DEFINITION 2.10: Let

be a neutrosophic super vector of type B.

The transpose of A denoted by
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here each A; is a neutrosophic matrix which has same number
of columns. A is also a neutrosophic super vector of type B.

We illustrate this by the following example.

Example 2.26: Let

30 1
123
9 8 7
7 6 0
§ 9 4| | M
Al 4 o] | ™
27 1| LA
390
52 1
1 2 3

be a neutrosophic supervector of type B.

t

Al
A'=1A, | =[A] A, AY]
A3
31 9|7 81 23 5]1
=10 2 8(6 9 47 9 2|2
1 37(04010 1|3

is again a neutrosophic super vector of type B.
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As in case of neutrosophic super matrices we can define the
sum of two neutrosophic super vectors of type A and type B.

DEFINITION 2.11: Let

a;
A]
A=<
A
an71 m

be a neutrosophic supervector of type A.

Let the natural order of A be n x 1.

Suppose B=| : |=

B is also a neutrosophic super vector of type A of same natural
order say n x 1.

The sum of A and B denoted by A+B is defined if and only if
the natural order of A; is equal to the natural order of B; for

every i, i =1,2,..., m i.e., both the matrices A and B have same
matrix order.

We illustrate this by the following example.
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Example 2.27: Let

W W

w

>
Il
Il
> > >

I
0
1
andB=| 1 |=
1
0
2

0 I I
1 0 0
I 1 I+1
A+B= 0 + 1 = 1
2 1 3
3 0 3
I ] | 2 | | 2+1 ]

Clearly A+B is also a neutrosophic super vector of type A same
natural order and matrix order that of A and B.

We can define also the subtraction of neutrosophic super
vector of type A. Now A-B is calculated.
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o ] [ 1 ] [ -1 ]
1 0 1
I 1 1-1
A-B=| 0 | -| 1 |=] -1
2 1 1
3 0 3
2 | | 12 ]

We see A—B is also a neutrosophic super vector of type A of
same natural order and matrix order as that of A and B.

However we wish to state that sum of difference of two
neutrosophic supervector of type A need not always give way to
neutrosophic super vector of type A it can also be only a
supervector of type A.

We illustrate this situation by an example.

Example 2.28: Let

I -1
1 1
0 0
2 1
A=| 1 |andB=| 4
I -1
0 2
2 1
L 3 _ L 0 _

be two neutrosophic super vector of type A.
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I -1 0
1 1 2
0 0 0
2 1 3
|+ 4 |=| 5
I -1 0
0 2 2
2 1 3
3] Lo | [ 3

is only a super vector of type A and not a neutrosophic super

vector of type A.

We just indicate by an example how the minor product of
type A neutrosophic super vectors is carried out.

Example 2.29: Let

A=[310|1214|01][A A, As]and

S NI N — Ol = O

I
w W W

w
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The minor product of AB=[310]1214]01]

S NI N = Ol=H = O

0
~ 0 1 2
=[310] 1 w214, +[01][0}
0

= {3x0 + Ix1 + OxI} + {1x0 + 2x1 + 1x2 + 4x0}

+ {0x2 + Ix0}
={0+1+0}+{0+2+2+0} +[0+0]
=1+4+0=1+4.

Now in general minor product of A and B, two neutrosophic
super vectors of type A may not be defined. If A is the
neutrosophic super row vector of type A with A = [A; ... A(]
with natural order 1 x n and matrix order 1 x t then if B is a
neutrosophic column super vector of type B then the minor
product of A with B =[B,... B,]' is defined if and only if natural
order of B is n x 1 and the matrix order of B is t x 1 with natural
order of each B; in B is the same as the transpose of the natural
order of each A; in A for i =1, 2, ..., t or equivalently the
natural order of A; in A is equal to the order of the transpose of
the natural order of B; in B foreachi=1, 2, ..., t.
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Thus we see the minor product of a neutrosophic super row
vector A with the transpose of the A is well defined for all the
conditions required for the compatibility of the minor product of
neutrosophic super vectors of type A are satisfied.

We will illustrate this situation by some examples before we
proceed onto define more types of products on these
neutrosophic super vectors of different types.

Example 2.30: Let
A=[1012001]23101]

be a neutrosophic super vector of type A of natural order 1 x 12
and matrix order 1 x 3.

Clearly A'=

is also a neutrosophic super vector of type A for which AA', the
matrix minor product is well defined.
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1
0
I
2
0
AA'=[1012[001]23101] (1)
2
3
I
0
_1_
o
1 0 5
=[1012] (1) +[001]]0|+[231017]1
5 1 0
_1_

= {Ix1 + 0x0 + IxI+ 2x2} + {0x0+ 0x0 + 1x1} +
{2x2 +3x3 + IxI + 0x0 + 1x1}

= {1+0+[+4} + {0+0+1} + {4+9+[+0+1}
=BG A+ {4+
=20 + 2L

Thus we have the following theorems the proof of which is
left as an exercise for the reader.
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THEOREM 2.1: Let A = [A; A ... A] be a neutrosophic super

row vector of natural order 1 xn and matrix order 1xt. Then
AA" the minor product of AA" exists (well defined).

THEOREM 2.2: Let A be a neutrosophic super row vector of
type A. If B denotes the matrix A without partition then
AA' = BB'.

Now for the same type A neutrosophic super vector A we
define the major product.

DEFINITION 2.12: Let

A= |andB=[B; ... BJ
A

t

be two neutrosophic super vectors of type A.

The major product of A with B is defined by

4,
AB=|: | [B,..BJ]
A[
AB  AB, - AB
AB, AB, - AB
AtBs AtBs AtBs

Here each A; and B; are matrices for 1 <i <tand I <j <s.

We illustrate this situation by the following example.
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Example 2.31: Let

andB=[260|11]

>
Il

be two neutrosophic super vectors of type A.

3
2
I
AB=| 2 [[260]11]
0
I
L 4 .
. - -
2([2 6 O]||2|[1 1]
_I_ _I_
o o
= 2.6 0 11
ol Hiofth U
o= ==
2.6 0 11
4l H a0 1
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6 18 0|3 3I]
12 0|2 2I
21 61 O|1 1
= 12 02 2I|.
0 0 00 O
21 61 O|1 1
|8 24 0[4 41
Example 2.32: Let
"o
1
I
2
A= 3 and
4
1
1
2
L 3 _

B=[01|120|340]1I0]be any two neutrosophic super
vectors of type A.

We obtain the major product of the super column vector A
with the super row vector B of the two neutrosophic matrices.
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1

AB

[1 2 0]

1{[3 4 0]

[01[120[340]|10]

[0 1]

[1 2 0]

[340]

W N == B~ W N - = O

[1 2 0]
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0 0/0 0 0 0 0/0 0]
0 1 2 0|3 4 0|1 0
0 I|T 21 O[3 4L 0|1 ©
0 2|21 4 0 8§ 0|21 0
o 3|31 0 12 0|31 0
1o 4|41 8 0|12 16 0|41 o
0 1|1 2 03 4 0|1 0
0 I|1 21 O[3 4L 0|1 0©
0 2|21 4 0ol6 8 of21 0
0 331 6 0/0 0 0|0 0

Major product of two neutrosophic super vectors of type A
is illustrated below by the following example.

Example 2.33: Let

>
Il
-o‘om~‘.~ww

andB=[301]011]

be any two neutrosophic super vectors of type A.
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[3 0 1] [3 0 1] [3 0 1]

[0 T 1] [0 T 1] [0 T 1]

B 3x24+0x3+1xI 3x14+40x2+1x0 3x0+0x1+1x1
Ox2+Ix3+1xI Ox1+Ix2+1x0 OxO0+Ix1+1x1

0+3I+1 0+2I+0 0+I+1

_|6+1 3 1
41 21 1+1]
Now we proceed onto define the minor product of
neutrosophic super vectors of type B.

[6+0+I 3+0+40 0+0+1

We only illustrate this by numerical examples for the reader
to understand the minor product without any confusion as it will
involve lot of notations and symbols repelling non
mathematicians away from using these matrices.

Example 2.34:
0 1]
I 2
2 1]3]0 1 1 T o
LetA=|0 0|01 0 O|andB= 1 be any two
I 0|1]0 O 1
1 0
_2 1_

neutrosophic super vectors of type B.
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The minor product of AB is defined as follows:

0 1
I 2
2 1|3(0 1 1| |—
10
I 0[]0 0 1
10
_21_
3 01 I3 1
0
= L }+0[10]+10010
I 0 I 00 121
I 4] [3 0] [1+21 1
=0 0[+/0 0|+ 3 1
0 I] [I 0 2 1
4+31 4+1
= 3 1
2+1 1+1

We from the numerical illustration observe the following
facts.

1. The minor products of neutrosophic super vectors
of type B is always a simple matrix. It may be a
simple neutrosophic matrix or may not be a simple
neutrosophic matrix.

Bl
2. IfA=[A, ... Aland B=| : | are neutrosophic
B

supervectors of type B, the minor product AB is
defined if and only if

t
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(a) the number of submatrices in A and B are equal.

(b) The product A;B; is compatible, i.e., defined for
eachi, 1 <1<t

(c) The resultant simple matrix is of order mxn
where m is the number of rows of A; and n is
the number of columns of B; which is the same
for each A; and each B; i.e., number of rows of
A is the same as that of A; and the number of
columns of B is the same as that of each B;.

We give yet another numerical illustration to make one
understand the working.

Example 2.35:
00T 1|1 0|2 10
LetA=|1 0 1 1|1 0[O0 1 2]|and

I 1.0 00 1|2 0 1

2 0 1 1 3]

1 1.0 00

001 10

1 2 01 1

B=|10 1 2 3 1

1 20 01

1 01 10

2 01 01

131 0 1 1]

be two neutrosophic super vectors of type B.

We now find the minor product of A with B.
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201 1 3
1 1000
001 10
0 0TI 1|1 0]2 1 0]/1 2011
AB=|1 0 1 1|I 0 1 21101 2 3 1
I 10 0/0 2 0 1|1 2 0 0 1
1 01 10
201 0 1
310 1 1]
201 1 3
0 0 I 1 1 0
1 1.0 00 01 2 31
=1 0 1 + T 0
001 10 1 20 0 1
I 100 0 1
1 201 1
2 1 0]t o1 10
+#0 1 212 01 0 1
20 131 0 1 1

1 2 1 141 17101 2 3 1
= 3 2 141 142 4|+|/0 T 21 3I 1
21+1 1 1 I 31| |1 2 0 0 1

4 0 21 +1 21
+8 2 1 2 3
51 21 3 1

5 3 3[+3 216 I1+2
= 11 4+1 31+2 4I+4 1+7
21+7 4 31 I+3 31+2
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Thus we see if A is a neutrosophic super vector of type B.
the transpose of A is denoted by A' then AA' is just
neutrosophic simple matrix or a simple matrix.

We will illustrate this by an example.

Example 2.36: Let

51 2[4 1|1 23 4
01 01 1[1 123
A=|10 3|2 0/0 T 00
20 0[1 0[1 010
11 5|0 10 1 0 1]

be a neutrosophic super vector of type B. We now find the

minor product of AA".
(5 0 1 2 I
1 100 1
5 1 2|4 1|1 2 3 4]/2 0 3 0 5
01 O|1 1|I 1 2 3[|412T1°0
AA'=|1 0 32 0|0 I 0 Ol 1 0 O 1
2 0 0[I 0[1 01 O0[|1 I 01 0
I 1 5/0 1|01 0 1/|2 11 01
32010
14 30 0 1)
(5 1 2] (4 1]
01 0[5 01 2 1] |1 1
=11 0 31 10 0 1|+/2 0 [4 b2 O}
11001
2.0 0|2 03 05| |I 0
T 1 5] 10 1)




—_ O = = N
O — O N W
- o © Ww KA
A WO~
W N =
o © -~ O

11 10 S5I

10

—_— O O = =

I+15 2I

|51+11

30
I[+20
21
4
6

4
[+2
0
2
0

20+1 21
14+1 1
I I
I+2 0
4 I

77
[+26 17+1 2+1
19+21 2+1 1441
14+41 2I+2 2+21

| ST+18 6 21+15

We see AA' is a symmetric
is always a square simple matr
neutrosophic or may not be
symmetric.

I+15

[+26 |

26+1 19+21 14+41 SI+18]
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S = O =
- o = O

+11] [17

1

21 41

614+1|
4

I
0
2

21+2
2421
6+1
21

6
21+15.
21
[+29 |

simple neutrosophic matrix. It
ix. This simple matrix may be
neutrosophic but it is always

We give yet another numerical illustration.
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Example 2.37:

Let A be a neutrosophic supervector of type B given by

Zl

0 1
I 0j6 0 O

1 05 21
2 0]0 1

1

1{0]2 1 3 1

1
/3 0
0

4
2

{
N

0

A=

5 3
1

10 0 1

0 3 0001 00

1

I

1
1
1

1 3 I|1 0 5 2 0
01 20(010TTUO0O|6 00
I3 01 2|1 O I
1 03 0/0 I 0O 00

02
1
0

1
I

4 25

0 3

1

2 0 3

0 20

I

0

I

0 6

1

2 00

1
0

4
2

5 3
1 I



Neutrosophic Super Matrices | 47

}[o 11 0]

j

1
0 3 1

1

4 25

— O on O

cn O — AN

S —~ AN O

AN — N =~

— O A O

N AN — o

—_—— O O

AN O N —

N - O O
v o — O
S — O -
—_ o - O

S oo o O

S = -O

S — = O

S O o O

- - - =,
+
—
[e—

— o =
+ N 4+
<r v

I~
o <t
2m3+

Vo)
o + 2

31
..HooZA._._.
I

11
6
6
10

8 9+2I
2
14
6

17
7
11

9+21 2

21

31

21 1+1 O

6l 1+1 O
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67+1 15+21 40+21 18+1
15+21 11+1 12+71 8+1

40+21 12471 52+2I 12+31|
18+1  8+1 12431 13+21

AA' is clearly a neutrosophic square symmetric matrix of
order 4.

Now we proceed on to illustrate major product of
neutrosophic super vectors of type B by an example.

Example 2.38: Let

(3 1 0]
1 2 1
I 0 1

1 ol1]3 0 1 2 1
01 2
A= andB=[2 1/0|1 1 0 0 2
6 0 I

0 I/1]/0 0 1 0 I
1 0 2
310
[T 0 0]

be two neutrosophic super vectors of type B. To find

310
1201
10 1
1 o130 1 21
01 2
AB = 2 1|0|1 100 2
6 0 1
0 I{1]0 0 1 0 1
10 2
310
1 0 0
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10 11 301 21
310 310 310
i M {}[}
o 1 11 0010
(10 1 301 21
[T o 12 1||[[T o 1of[[ro11 1002
- (U 1 00101
0 1 2] 0 1 2] 0 1 2]
6 0 I[1 0]||6 0 1[[1][|6 0 I|[3 0 1 2 1
1 0 2{2 1{[{1 0 2||0f[|1 0 21 1 0 0 2
31 00 I[[|3 1 OfL[[|3 1 0[[0 01 0TI
10 0 10 0 10 0
5 1 3110 1 3 6 5 ]
5 241 2 5 2 2 4+1
I I |I+1(3 0 I+l 21 2I
2 #2012 |11 0 2+2I
16 T |6+41]18 0 641 12 6+1]
1 21 3 13 0 2 1+21
5 10 1 6 5
10 I |31 0 1 21 I |

AB is clearly a neutrosophic super matrix. It may be a super
matrix not necessarily neutrosophic.

Now we illustrate the major product of neutrosophic super
vector of type B by an example.
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Example 2.39:

Consider the two neutrosophic super vectors.

(2 1 0 1]
0110
1 T00

1 0 0|]1 0lO0 1 0 I
I 010

01 0|0 O|T 0 0O

A=(0 0 1 I|andB=

00 1/0 0[O0 O 1 0
1 T0O0

00 0|l0 I/0 O 0 1
00 0 I
1 000
10 0 0 1

The major product of the neutrosophic super vector A with the
neutrosophic super vector B is described in the following:

21 01

0110

1 T 00
1 0 0|1 0|j]0 1 O I

I 010
01 0|0 O] 0 0 O

AB=|0 0 1 1
0 0 1/0 0[O0 0 1 O

1 T 00O
00 0|0 I|]0 0 0 1

0 0 01

1 0 00

0 0 0 1
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B 10 0]|. T1 0] To10T]
210 2101 210

010 00 1000
0110 110 0110

001 00 0010
0100 0100 0100
- 40 0 0f| " q0 1" 10 0 0 1]

1 0 0] 1 0] (01 0 1]
[t orojorolfto1ojoof[[T0o10]I000
__0011_001 001 Ij00[[[001TIJ00T10

100 0] 0 1] 000 1]
1T 1T00f[1o0oO0]|[t TOO]1L Ol|[1 TO0OJO1O0T]|
000TI[0OTIO[[[l00O0TI|OO[[[OOOTI|IOO0O
1000[0O0T1[[|{100O0[0O[|[[T0OO0O0|0O0TO
000 1J0 0 0[[[000 1]0 I]{|0001]00O0 1]

(2 1T 0]2 1|1 2 0 21+1]

0 I 1/0 0[T 01 0

0 I 0|0 O[T 0 O O

I 0 1|1 O0l0 I 1 I

=10 0 1/0 I/0 0 1 I

1 T 0|1 0o|lT 1 O I

00 0|0 1|0 0 0 I

1 0 0[1 0/0 1 0 I

100 0/0 1|0 0 O 1 |

We see AB is also a neutrosophic super matrix.

Now we illustrate by examples the major product of a
neutrosophic super vector of type B with its transpose.
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Example 2.40: Let

— O W
S = O
S o =

(=R e
— O

o -

S =H O = O
—_ o = O O
S = O O =

be a neutrosophic super vector of type B.

Now the transpose of A denoted by

Al=

—_ o W
S — o
o o =
S o —=
=)
==
S o -
o~ o
—_— O
S — o

— O W
S = O
S O =

o -
o O
— O

AA'=

—_ o W
S = O
S O
S O
— O O
- o O
S O =
S = O

S —=_ O = O
—_ 0 = O O
S = O O =

—_— O

S = O
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__ 1T 1 I 1 !
S = O[O =~ O S = O

—_ O = O - —_— O

oSO —~ O o —~ O S —~ O

—_ 0 O |l—= O O — O O

S o —~lo o — S o —
o ol o =" |'m o o ~ o
o~ o| oo |oo —~ o —~
n o~ —o |~ o —~ o
o o —'lo o ~' s o =
_.I. o 0__1 (e 0_ — (e 0_
o ol o ="' |'m o o ~ &
o~ o| oo |oo ~ o ~
n o~ —o |~ o —~ o
_1 o O__l o 0_ _1 o 0_

o ~ o|lo ~ o o ~ o

_3 < 1__3 < 1_ _3 © 1_

— o o o ' | o c ~ &
o~ o| oo |oo —~ o —~
on O - — O S — O = O

3 0 31+1 O

1

0
I

1

0
0

I
1

0
I+1
0

1

I 0

1

010 0 O

1

I

I

I

0 3|3 1

10

I 0j0 00 O

0

0 0(0

I
1

0 010 1

I 0j0 00 O

0
3141 0 I

I 0j]0 0|0 O I

0

We see in the first place AA" is also a neutrosophic super
matrix. Further AA' happens to be a symmetric neutrosophic

super matrix.

Thus as in case of usual matrices we get in case of
neutrosophic row super vector A of type B, AA" happens to be a

symmetric neutrosophic super matrix.
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We illustrate this yet by an example as we are more
interested in the reader to apply and use it, that is why we are
avoiding the notational difficult way of expressing it as a
definition.

Example 2.41: Let

— o O O
S O o =
S O = O
S = O =
S = = O
-0 = O
— e OO =
oS O = O

be a neutrosophic super vector of type B.

Al=

S = ol = O = O
— O == O = O O
S = Ol = O O O
S = RO O O O =
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Now we find

T

0 010
0 0I 01

0 00

0

1

10 I O
1

1

0

I 00 0O

0 0 01

1

0 00

0

1

0

1+1 O

0

2+1 0

1

00T1T@O
0 00

1

I 0000

1
0010
0 00

11 00 0O

1

(0 0 0 I].
1

0 0O

0 I 00O

—

—

1

2

0 1+I I

1

I

We see clearly the neutrosophic super matrix is symmetric.
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We get yet another example.

Example 2.42:

1

0 00

1

1

0 00

0 I 000
2 0 0 01

0

00

LetB

be a neutrosophic super vector of type B.

1

0

1

1

1

0(2 00

of1 010 O

1

0

3

0 0 0|IfO O

0 0({0]0

1
I

1

0(0j0 OfO

1

B'=

Consider

1

0

1

1

1

0(2 00

of1 00 O

1
0 0 0|IfO O

0

0 0(0]0

1
I

0(0|0 OfO

1

0 0 01
0 0 0

01 00O

2 00 01

1

0

0 0

BB'=



Neutrosophic Super Matrices | 57

T 1
— O O o _OIOOO_
I 1 — I 1
O - - () =)
—_—— O ) o O
— o O (e S -
oS o O — o O
on O o~ = N O
— | I

I 1
oS o O o —_ o O O —
S O — o S O O —~ =~
O e - —_— _30110_
I 1 — T 1
O o —_— O
— — O (a) S O
—_ o O () S -
[N e -] — S O
on O o~ S o O
I — | e | I




58 | Neutrosophic Super Matrices and Quasi Super Matrices

1]

1
—_ o O - O

1

o o ~ o - o o -
_0110 —_ _0110 __01100_
[ 1 — —— 1
O = o —_— O S O
—— O o o O S —
— O O (e} S o~ — O
oS O O — oS O — O
N O — (= [o\ ] S —
- — [ 1
T T 1|1 1
oS O —~ O — S O — O S O —~ O O
_2000 o _2000 __20001_
T 1 — [ — [
S =~ (e} —_— O oS O
— - O (e} oS O S —
— O O (e} S — — O
oS o O — oS O — O
on O — S [o\ Il S —
= — [ 1

0(2+1 010

1+1

2

24100 4+41 0|0 2|

I
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It is easily verified BB is again a neutrosophic super matrix
which is symmetric.

Example 2.43:
o
0 I
0 0 0 1|1 0 1 0 1
Let A= and B=
1 0 0 0/0 O O 0 O
11

be a neutrosophic super vectors of type B.

20
0 1
NOWAB:W [0 1‘1 0 1 1}
1 0/|0 0|0 0 0 0 O
11
_01_
(T2 o]fo 17[[2 o][1 o 1 1]
0 10 of{[0 TJlo 0 0 0 0]
([0 0] [0 0]
1 ooffo 171 off1 o 1 1]
1 1{0 o]|/1 10 0 0 0 0]
0 1] 0 1]
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|
S O O oo o
S = = OO N
S = = OO N
S O O oo ©
S = = OO N
S O O oo ©
S = = OO N

We see AB is a super matrix. Clearly AB is not a neutrosophic
super matrix.

Thus it is pertinent to mention here that the major product
of two neutrosophic super vectors of type B need not in general
be a neutrosophic super matrix; it can only be a super matrix.

This is seen from example.

Now we proceed onto show by a numerical example how
the minor product of two super neutrosophic matrices which has
a compatible multiplication is carried out.

Example 2.44:

Let A and B be any two super neutrosophic matrices, where

(110 1]0 1 0] _ }
>11 oll o 1 1 00 1|0 0|0 I O
11T olo 0 1 01 00/0 1|0 10
A201110013:100110100
olo 110 1 o 1 00 0[O0 1|1 00
olo olo 1 o 01 0 1/0 0/0 10
3To 111 0 1 00 1 0|1 01 0 1
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0

0 1

0
0

0

1

0 0/0 I O]

I ojI 0 O

0 0]0 1

1

0 0

1

0 0]0 1

0
1
1

0 0 I

0 0 0]0 1

1

0
001 01l 0|1 0 1]

0
I

1
0

1

[1001]00]010]+

0 I]0
0

0(0 O

1

0

0
0
3

1
2

0({0 00 I O

AB =

y

01
I 00

1
I 0

0

1 00
0 0 I

0

—

|

_1001101

_0111000
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1

0 0|0

0

1

1

0

y

[0 1
100

|10

0 1
I

—~ —_ —
= () o
— — p—
= = =

—~
— oS O o

S—"
— —_ —
=] =) o
= = =

—~
— N S O on

S~—"
— — —
=] S ]
=] S ]
— — —

—~
— (=R ] on

S~—"

I

[0
1

[0 1]
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|

1 00
010
1 01

-

01
00
10

-

S — O
S O —
S — O
—_ O O

[1 0 1]{

1+1 0 1

0

I

0

1

1

0 I 0]I

1

0 0 0]0

1

01 0 TI|0 O

S oI o o oo
S — = — O OO
—_— OO N - O -
S — = — O O |O
— OO - o O |
—_— O[O N e~ O |-
S oo o o oo
S — = — O OO
_I SIS — — O
+
'c oo © © oo
— Q= o o ol:
S o100 O O OO
S oo o o oo
S o o o oo
— AN = O O O N
S oo o o oo
S oo o O oo
— A= O O O ln
Il

+
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I+I 1 0 2+I| I O I I+I 0
31 1 2 I 2]1+1 2141 1
I 11 1 1 1] 1 1+ 1
2 1 0 1 I 2)1+1 1 0].
1 1 0 I+ I Of I 1 0
0 I 0 I 0 0| O I 0
5 0 1 3411+ 112+ 31 1

Thus the minor product is again a super neutrosophic

matrix.

We give yet another illustration.

Example 2.45:

Let A and B be two neutrosophic super matrices where

— O = O O =

—_— O - D = - O

N[— O = N[O =

SO —m O =[O =

—_ O - = O =N

—— O O = O

—lo O = OoOl—= O

S = O == OO
S = = Oo|lo ~|~-

S O O =IO ==

S O O == O

S = = OO | O

- O O oo OO
—_ O = O = -

and
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0

I 0 01

1

0 010
0 0
1

0 0TI 0]I

I

0

0 0

1

1

I 0]0 1

1

1

1

0 0/0 0 O

2 0 0ffo

1

0

1

0

0

1

I 0 0fjo0

1

0 0T O

1

I

00

0

1

0

210

0

010 I10

0

AB =

)

1 0
00

0
1

1
0

1
0

:

— O N = O — |

O et = O - O |~

[0 1|1 T 0 ofI]+

l

0

00
001 O0fI

1

0 0j0 0 O

1

1

=l =

S O — O

AN — | -

—_— O = O

0 010

T
L

— O - O —~ O~
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Here the usual product of each submatrices are performed
and we see in this minor product of neutrosophic super matrices
each cell is compatible with usual product of submatrices.

1 1 1
1 11 1
_0_[0 ] _0_[ 0 0] _0_[]
1] (1] 1]
0 0 0
—1[01]1[1100]1[1]+
0] K 0]
(1o 1] | [t T 0 o] | [1
To 170 17(To 171 o 1 ol|[o 17[1]]
T 0J[T O][[I 0]f0 1 0 Off[I 0]/0]
1 2] 1 2] 1 2]
01'01'01'010"01"+
I o|lL off|[I o0fo 0 0][|I 00]
10 1] 0 1] 10 1)
[0 1 1 0 1 0 1
1 2]_ 0} [1 2]_0 Lo 0} [1 2]_0}




1+1

0f1+1

I

1

I 1+41({0 0 1+1

o~
\O
v
o T
P.lv _1011__1011__|_
w L 1L _1011_
= ' ~' ' = o o = o e © — © |—
—
g e < - o o = o olo o o oo
=] o — S - - O —
wn O o= O - O |
.2 — 2, — O = O =
= — ol - o — |
o I 1T 1
— - - 1
m © oo —~|oo o~ 5 s = o =l o - ol
=
n_u.v 011001100110 O - O - O |
Z — oo o|mo oo .50 o o= - _
_IOOO__IOOO_IOOO_ L
== ' - o o = _ +
N S - = O — o o|lo o © oo
<2, e = < A= o oo o o oo
r 1| T 1 —_— O |- O - O
— 1
S — — oo —~ = o3 I o o
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(141 3 |1+ 241 2 O] 1+1 ]
0 1+1 I 0 1+I I]| 2I
2421 I+2 | 21+1 143 1+1 0|2+21I
= I 1 0 I 1 1 1
1 1+21 (1421 I+1 21 O] 2I+1
21 I 0 1 I 0 I
31 3+1 2 241 241 1]2+21

We see AB is again a neutrosophic super matrix under the
minor product of neutrosophic matrices.

Now we show the minor product of a neutrosophic super
matrix with its special transpose can be defined.

Let us first illustrate by a few examples the special
transpose of a super neutrosophic matrix.

Example 2.46:
2 1]3 1 2 1 0]
1 I/]0 1 0 1 1
0O 1|/I 11 0 2
Let A=
3 I({1 01 0 1
0 1/]01 01 O
I 11 0 1T 0 0]

be a neutrosophic super matrix.
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Now the special transpose of A denoted by A'is given by a
neutrosophic matrix.

2 1 03[0 I
I T 1|11 1
30 110 1
A'={1 1 1]0|1 0
2 0 11|10 1
I 1. 0(0j1 0O
1001 2(1[0 0
Example 2.47:
2 1.0 0 0|3 0|3 2 1 0]
01 5 2 1I1(I 1]0 1 2 1
78 9 0 7|1 2|1 0 1 2
0 T 01 0| 6{0 1 2 0
LetA=|1 0 I 0 1|2 1|1 2 3 O
001 0O0|1l T|I 1 27
1 001 1{0 2|1 0 2 3
O I 1.0 If1 1j]0 I 1 2
1 01 0 23 1|1 1 0 1]

be a super neutrosophic matrix.

To find the transpose of the neutrosophic super matrix A we
take the transpose of each of the submatrices in A.
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20 7 01 01 0 1
1 18 1|0 0[{0 I 0
059 0[I 1[0 11
020 1{0 0[1 0 O
01 7 0[1 o1 I 2
A=|3 1 1 1|2 1(0 1 3|;
01 2 6|1 1|2 11
301 01 I|1 01
21 0 1]2 1]/0 I 1
1 21 232|210
01 2 0f0 7|3 2 1

clearly A' is also a neutrosophic super matrix.
A" will be known as the special transpose of A.

Clearly if A is a neutrosophic row super vector of type B
then the special transpose of A, A'is a neutrosophic column
super vector of type B.

Similarly if A is a neutrosophic column super vector of type
B the A' the special transpose of A is a neutrosophic row super
vector of type B.

We illustrate this by a few examples.

Example 2.48:

Let A=[210|11110]0 310]be a neutrosophic super
row vector then
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2
1
0
1
1
A= i , A'is a neutrosophic super column vector.
0
0
3
I
_0_
Example 2.49:
Let A= a neutrosophic super column vector.

Then the special transpose of A; A'=[361120|1110|21].
Clearly A'is a neutrosophic super row vector.
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Example 2.50:
3110 1 113 1 2 1
1 2(1 0 4]0 1 2 3I
LetA=
I oI 2 3|41 2 0 1
0 14 31 01 1 0 1

be a neutrosophic super row vector of type B.

Then A' the special transpose of A.

That is if A = [A; Ay As] we see A'= [A] A, Al] and the

row vectors are arranged as column vectors so that the number
of columns of A is equal to the number of rows of A",

31 1 0]
1 2 0 1
01 I 4
1 0 2 3I
A=|1 4 3 0
3 0 41 1
11 2 1
22 0 0
131 1 1]

is neutrosophic super column vector of type B.
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Example 2.51: Let

0 I 120
1 001 0
1 010 1
2 345 0
0 101 2

AL 001 s

710 2 1 -3
0 101 1
I B B
I 111 3
2 041 0
5 123 1]

be a neutrosophic super column vector of type B. The special
transpose of A is

0|1 12 0 -1]-71 0 1 T -2 5]
I/0 0[3 1 0|0 1 11 0 1
A=|1]0 1|4 0 0|2 011 4 2
211 0[5 1 1 111 1 3
0j0 1|0 2 51|-3 1 13 0 I

We see A'is a neutrosophic super row vector of type B.

We now illustrate the minor product of the neutrosophic
super matrices A with its transpose.
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Example 2.52:
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Let A

be a neutrosophic super matrix.

To find the minor product of A with A",
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1 0 1 0 1 0
o 1|1t o 1 2][l0 1|[3]]l0 1|1 0 1
I of{o 1 0 1|1 offol||T O]l2 1 O
2 1 2 1] 2 1]
1 01 2 3 (1 0 1
+ [3 0] [3 0] [3 0] +
01 0 1 0 2 10
2 1 2] 2]
1 01 2 3 1 01
0 1 0 1 0
01 0 1 0 21 0
0 1 0] 0

Jo101 Jo J1 0 1]
01201 01201 01201
1010 0 010
10010 10010 10010
2010 I 200
01101 01101 01101
0101 0 011
10012 10012 10012
101 2] 1] 100
(010 1] [0] 1 0 1]
1010 0 010
00T O012010[[[00T0TII[[[00IO0TI200
0101 0 011
101 2] 1] 10 0]
(01 0 I [0] (1 0 1]
10201101 o0[[[tO0O20T1]0 0201010
01010[(2010[[/010T1O0|I|[|[/OIO0O1O0[200
10010f[010T1|[[I0O0TIO0JO[IO0OO0TIOf0TITI
1101 2] 1] 10 0]
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(10 0 4 12]0|1 31 3 1 0 2131 01
O I O I|I|T 0 2I 01 0 1]0(2 10
4 0 2 4)0(1 I 1 I 0 I 2[(31|T O I
12 1 4 17|11 41 6 21 21 5{6(4 1 2
- 0O I 0o 1|1|]1 0 2 " 303 6(9(3 0 3
1 T 1 11|12 0 2 1 2 1 4135 21
31 0 I 41|0|0 I I 01 0 1]0(2 10
13 211 6{2f2 1 5] [1 01 2|3|10°1
6 341 2 |2I+1| 5 1 O]
0 0 1+1 0 1 1 21
I+3 0 2+1 2 1+1 3 I O
2 I+1 2 I+5 2 I+2 1 21
" 21+1 I+1 2 1+1 |2I+1 O O
5 3 I+2|2[+1 6 0 I
1 I 1 0 0 2 1
0 21 0 21| O I 1 21
17 0 7421 16 |4+21] 7 3I+1 4
0 3+1 0 2+21 I 3+1 2 41
7+21 0 4421 6421 | 41+1 | 4+1 21 1+1
| 16 2421 6421 I+27 9 I1+7 4I+2 8+2I
421 1 41+l 9 [ 11415420 0 5
7 3+1 4+1 1I+7 |5+2I| 13 2 3+1
31+1 2 21 41+2 0 2 3+1 21
| 4 41 1+1  8+2I 5 3+1 21 6+2I]
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It is clear that AA' is a neutrosophic super symmetric
matrix.

Thus minor product of a matrix A with its special transpose
A' gives a super symmetric matrix.

It is pertinent to observe A is not a symmetric neutrosophic
matrix.

Hence A' is also not a neutrosophic symmetric super matrix
how ever the product is a symmetric super neutrosophic super

matrix.

We give yet another example.

Example 2.53:

(30 T|0 4 0 0|0 1 O 1]

01 0/0 01 O0j01 01

6 0 0/]0 0 0 1(0 0 0 1

7 1 0|1 1 0 0({0 O 1 1

1 001 01 0(1 1 0O

Let A = 0 01|1 00 1{0 110

1 01101 00 0 OO

01 1|j]0 0 I 0j0 I 0O

4 0 0/0 1 0 I|]0 0 01

1 00/ 00 1|1 00O

02 1|1 0TI 0{0O1 0O
|11 0 0|0 I O 1|0 0 O 1]

be a super matrix.

To find the minor product of A with
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3013 06][[301]71010]|[301]410 1]
010(010[[[010[1000T[[/O10]/0020
6 0 0]1 0 0[[|600J0011I][|600]00 |
(7 1 0] (7 1 0] (7 1 0]
1003061 00[71010][[[100[410 1]
=00 1[0 1 0[[|l0 0 1)1 000O0T1[[/lO01]002 0|+
101)100J[|{T0O1j001 1 I][|101]00 1 0
0 1 1] 01 I 0 1 1]
(4 0 0] T4 0 0] |4 0 o] i}

306 71010 410
100 100 100

010 10001 0020
021 021 021

100 001 1T 0010
10 0] “[[1 00 “[|1 00 -
B 10 0 0] T11100]. 0110
0400 0400 040 0]

400 10010 1001
0010 0010 010

010 01001 0010
0001 0001 0 1|
- 10 0 1" 100 100" 110 1]
1 100L If1 100 A1 100 _

000 11100 0110
1010 1010 1010

400 10010 1001
1001 1001 1001 +

010 0100TI 0010
0100 0100 0100

001 00100 1101
1001 0f “llo0 T o0 “[100 T 0f -
01 o01Jooolf[oroI]t1100][010TI]OTI 1O
I001{400/[[TOO1{100TO|[TOO0OT1]10O0TI
rtor1olot1olfftorolo100TI|[[{10OTO0]0O0OTO
0101J/001]//0101]00100[|[0TO0T1]I101]
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_ 10 0 0] - Jo1or1o0]l. 10 1 0 0]
0101 0101 0101
110 01101 0010
0101 0101 0101
000 10100 0000
0001 0001 0001
- 111 1" 11000 0|~ 11 0 0 0]
001 1L oo 1 1L oo 1 1L -
000 01010 0100
1100 1100 1100
110 01101 0010
0110 0110 0110
000 10100 0000
1000 1000 1000
111 10000 1000
0100 “1]0 10 0f 1|0 10 0f -
oo t1fooollfflooo1fJo1oT1o0ll[o0o01]0100]
1000[110[[/]1OO0O0[0O1L1O0T|[{TOOO|OOTO
0100/0o0o0[[l0100]J]LO100|[/0100/0000
00001 T 1[[[0000]10000O0||0000O0|1O0OO]
10 0 18|21 3 1 4 1 |12 3 1 3]
01 0o[1 00O 1 ]0 0 2 0
18 0 3642 6 0 6 0 |24 6 0 6
2101 42150 7 0 7 1 |28 7 2 7
30 6/7 1 01 014 1 0 1
1 0 00 011 T 0 0 1 0+
4 0 67 11 2 1 |4 1 1 1
I 1 01 0 11 T 14110 0 241 0
12 0 24|28 4 0 4 0 |16 4 0 4
3 0 6 1 01 0|4 1 0 1
1 2 0 01 1 24110 0 5 0
'3 0 6 101 014 1 0 1]
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28 I+1 19 |26 4 2 4+dl 2A | 17 3 2 3+4]
I+4I 2421 I (141 2 1 0 2+1| 1 0 3+4I 0
v 1 B8 6 1 6 0 (254 7 0 7
26 1+ 48|54 8 2 7+ 1 |30 741 3 T+I
4 2 6 |8 5 2 141 2| 4 241 241 1
2 1 1 {2 2 5 1 2|1 1+ 3 1
4441 O 6 |7+1 1+41 1 2421 1 |4+1 141 13 141
2L 2I+41 O |1 2 2 I 143 0 0 243 O
17 1 2541130 4 1 4+1 0O [18+I 4+1 0 4+2
3 0 7 |7+1 241 141 141 0 | 4+1 3+1 1 2
2 341 0 |3 241 3 13 243 0 I 6+2A O
|3+4 0 707+ 1 1 1+ 0 [4+20 2 0 1+20]

We see the minor product of a neutrosophic super matrix A
with its transpose A' is a symmetric neutrosophic super matrix.

The entries in these super matrices can be replaced from the
dual number neutrosophic rings, special dual like number
neutrosophic rings, special quasi dual number neutrosophic
rings and special mixed dual number neutrosophic rings.



Chapter Three

SUPER BIMATRICES AND THEIR
GENERALIZATION

In this chapter we introduce the notion of super bimatrices or
equivalently will be known as bisuper matrices. The study of
bimatrices has been carried out in [6]. Here we define super
bimatrices and generalize them.

This chapter has two sections. Section one defines super
bimatrices and enumerates a few of their properties. In section
two the generalization of super bimatrices (bisupermatrices) to
super n-matrices (n-super matrices) is carried out (n > 2) when
n = 2 this structure will be known as bisupermatrices or
superbimatrices. When n = 3 we call it as trisupermatrix or
supertrimatrix. This can be made into a neutrosophic
superbimatrix by taking the entries from (Z U I) or (Q U I) or
Rul)or{(Cul)yor{(Z,ul.

3.1 Super bimatrices and their properties
In this section we introduce the new notion of super

bimatrices (bisuper matrices) and enumerate a few of its
algebraic properties and operations on them.



88 | Neutrosophic Super Matrices and Quasi Super Matrices

DEFINITION 3.1.1: Let A = A; U A, where A; and A; are super
row vectors of type A, A; = (a;, ay, ..., &, | Qpepoe. | oo | Qi o @)
and A, = (b, ..., by | bysy... | ... | by ... b). Then we call
A =A; UA; to be a super birow vectors (bisuper row vectors
or super row bivectors) of type A if and only if A; and A, are
distinct in atleast one of the partitions.

We illustrate this situation by some examples.

Example 3.1.1: Let A=A VA, =301]1104]|-5|7831
2)U(10]312]1104610). A isa super row bivector
(bisuper row vector) of type A.

Example 3.1.2: Let A=A, UA, =(00/000]...]000) v
(00000]00000]00), A is a super row bivector of type A
also known as the super row zero bivector of type A.

Example 3.1.3: Let A=A UA, =(1111]111111]11)
U@1]1111]1111111); A isa super row bivector of
type A. Infact A is also know as the super row unit bivector of
type A or bisuper row unit vector of type A.

Example 3.1.4 : Let A=A UA, =(310 |45]|11125 v
(301]45]|11125); Aisnota super row bivector for A; and
A, are not distinct. [fA=A; UA,=@|1045|11125 v
(3011451 |11125)then A is a super row bivector of type
A.

Now we proceed on to define the new notion of bilength of
the super row bivector of type A.

DEFINITION 3.1.2: Let A = A; VA, = (a; ... | ... | ...] @y ... ay)
by | i | ot] b ... by) be a super row bivector of type A
where both A; and A, are of length n but they are distinct in the
partitions. We say A is of bilength n and denote the bilength by
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IfA=4, VA, =(a; ... | ... | .| aroay) (b oo | o ] ]
by ... b,) be a super row bivector of type A (m #=n) then we say A
is of bilength (m, n).

We illustrate this by some examples.

Example 3.1.5: Let A=A, UA,=(1023|56789|21) v
(0120]10927]5 3)be a super birow vector of type A. We
say A is of bilength (11, 11), i.e., this super birow vector has
same bilength.

Example 3.1.6: Let
A=AUA=(010]253]110)u@B120]|21]5)

be a super birow vector of type A. A is of bilength (9,7). We
see this super row bivector has different bilength for its
component super row vectors A; and A,.

We can define the notion of super row bivector equivalently
in this form.

DEFINITION 3.1.3: Let A = A; U A, if A; and A, are two
distinct super row vectors of type A, then we call A to be a super
row bivector of type A.

Now we proceed onto define the notion of super column
bivector of type A (super bicolumn vector or bisuper column
vector of type A).

DEFINITION 3.1.4: Let A = A; U A, where A; and A; are super
column vectors of type A which are distinct. Then we say A is a
super column bivector of type A or bisuper column vector of
type A or super bicolumn vector of type A.

We illustrate this situation by the following examples.
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Example 3.1.7: Let

A:A1UA2:

N Ol= = =IO = W

C
No— w|lo s~ alu

be a super bicolumn vector of type A. Clearly A, and A, are
distinct.

Example 3.1.8: Let

A:A1UA2:

S OO ©O O O ol o o O
C
S O O Ol O O o olo o o

be a super column bivector of type A. We say A is the zero
super column bivector of type A or super column zero vector of
type A.
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Example 3.1.9: Let

= A1 UAz.

Il
e e e e e e e e e e e
Pt ok Ll Bl ek Pt it Ll it

A is a super column bivector of type A known as the super
column unit bivector of type A.

DEFINITION 3.1.5: Let

A=A, U4, =| —|U|—

<
S e -

be a super column bivector of type A. If (m #n) then we say A
is of super bilength (m, n).

Ifin A =A; UA, where A; and A, are distinct super column
vectors, if the length of A; is the same as that of A, then we say
A is a super column bivector of length n and denote the bilength

by (n, n).
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Example 3.1.10: Let

A:A1UA2:

A O = =m0 W =L N O W
C
© A =IO © 9 L o= N

be a super column bivector of type A. A is of bilength (11,11),
i.e., both A; and A, are of length 11. Clearly A; and A, are
distinct super column vectors.

Example 3.1.11: Let

1

S|l— © ® v Qv o &
|

A:A1UA2:

C
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be a super column bivector of type A. We say A is of bilength
(11,10). Clearly A, and A, are of different lengths.

These new type of super birow vectors and super bicolumn
vectors will be useful in computer networking, in coding /
cryptography and in fuzzy models.

Now we proceed on to define the transpose of a super row

bivector and super column bivector of type A.

DEFINITION 3.1.6: Let A = A; U A, be a super row bivector of
type A. We define the transpose of A as the transpose of each of
the super row vectors A; and A,, i.e.,

A= (4, UA4) = A VA, Clearly the transpose of a
super row bivector is a super column bivector of type A.

Likewise if A = A; U A, is a super column bivector of type

A then the transpose of A is a super row bivector of type 4, i.e.,
A" is the union of the transpose of the column vectors A; and A,

respectively. We denote A' = (4, UAy)' = A U 4.

We shall illustrate this by the following example.

Example 3.1.12: Let A=A, U A,
=(0123]431|703568)u(30]2541]00725)

be a super row bivector of type A.
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The transpose of A denoted by A'= = AjUA].

© NN WO A= WAL N~ O
C
O N N =1 T RV Y IR o)

It is clear that A' is a super column bivector or super
bicolumn vector of type A.

Example 3.1.13: Let A =

1 T
ol |3
1l |o
21 |5
51 16
6| |7
AUA=|1|U| 8
ol |9
AE)
70 -1
4| |2
51 15
_9_ _4_
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be a super column bivector of type A. The transpose of A
denoted by A'= A} UA} =[301256]103|7459]uU[13
0]56789|3-1254].

It is easily verified that A" is a super row bivector.

Now having seen the transpose when is the addition and
multiplication of these super bivectors of type A is possible.

DEFINITION 3.1.7: Let A =A; VA, and B = B; U B, be two
super row (column) bivectors of type A. We say A and B are
similar or “identical in structure” (identical in structure does
not mean they are identical) if the following conditions are
satisfied.

1. The bilength of A and the bilength of B are the same
i.e., if bilength of A = A, U A, is (m,n) then the
bilength of B =B, UB; is also (m,n).

2. The partition of the row (column) vector A; is
identical with that of the row (column) vector B,
true for i=1,2.

We illustrate this by the following examples.
Example 3.1.14: Let A=A, U A,
=[3156]023|15-2315]u[80]123]7|5678]
be a super row bivector.

B=[0401|6-12(301107]U[35/010[8|3015]

be another super row bivector. We can say A and B are
identical in structure.

We see bilength of A is (13,10) and that of B is (13,10),
they are equal.
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Example 3.1.15: Let A =

- o 18 - - 10
3 1

1 2
0 - 1 -

3 1
1 1
- 4 — 2
> 5 0 3

A1UA2— 7 U7 and B=|1 U4 :B1UB2.

8 2

1 5
1 - 3 —
— 2 - 9
8 4

0 8
0 5
- |3 - |7

Clearly the super column bivectors A and B are identical in
structure and we see the bilength of A is (9,10) and that of B is
(9,10) i.e., the bilength of A and B are the same.

Thus we see if two super bivectors of type A are identical in
structure they also enjoy the property that they have same
bilength. Only to make things clear we mention it as a separate
property though the concept identical in structure covers the
equal bilength.

However it is pertinent to mention here that equal bilength
will not in general imply they are identical in structure. But
identical in structure will always imply they have same bilength.

Now we proceed onto define the notion of addition of super
bivectors of type A. When we say super bivectors of type A it
implies the super bivector can be a sub birow vector of type A
or super bicolumn vector of type A; i.e., the term super bivector
of type A includes both row bivector as well as column
bivector.
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DEFINITION 3.1.8: Let A = A; VA, and B = B; U B, be any
two super row bivectors which are identical in structure. Then
addition or subtraction of A with B denoted by

A+ B= (4, £A4,) U (B; £B,) is well defined and A; + B; is
carried out component wise and A * B is again a super birow
vector which are identical in structure with A and B.

On similar lines we can define the addition or subtraction of
A with B in case of super column bivectors A and B which are
1dentical in structure.

We illustrate this by the following examples.

Example 3.1.16: Let

31 - 4 _
2] 0
0 — 1 —
-1 1
1 -1
0 2
2 3 2 3
A=|5|u 4 :A1UA2 andB=| 3 |uU 1 :B1UB2
7 — 0 —
7 0
3 1
- 2 — 2
4 4
0 -5
51 - -1 = -

be two super column bivectors which are identical in structure.
We find A+B the sum of A with B to be (A; + By) U (A, + B»)
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Tl - -
2
1 -
0
0
2
4
- 6
=({8|uU = A+B.
3
7 -
7
4
— 4
8
-5
4 L .

Clearly A+B is again a super column bivector which are
identical in structure with A and B.

NOWA*B:A1*B1UA2*B2

_1 _ _
2
_1 -
-2
2
-2
0
— 0
=| 2 |uU .
5
7 -
7
2
— 0
0
5
6 L -

We see A — B is again super row bivector of type A
identical in structure with A and B. Thus we see the property of
identical in structure is preserved under both addition and
subtraction.

In view of this we have the following interesting result.
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THEOREM 3.1.1: Let S = {4 = A; U A, / the collection of all
super row bivectors of type A which are identical in structures
with A having its entries from Q or R or C or Z, or C(Z,) or

Z(2), Z(g1) or Z(g:) (&’ = 0 is a new element g; =g is a new
element and g’ = —g, a new element n is such that, 2 <n < oo}.
Then S is a group under the operation of addition.

The proof is left as an exercise for the reader.

THEOREM 3.1.2: Let B = {B = B, U B, / the collection of all
super column bivectors of type A which are identical in
structure of type A with B having its entries from Q or R or C or
Z, or C(Z,) or Z(g) or Z(g)) or Z(g;) (& = 0 is a new element

2 . 2 .
g; = g is a new element and g, =—g, a new element; n is such

that, 2 <n < oo). Then B is a group under the operation of
addition of the super column bivectors.

This proof is also simple left as an exercise for the reader.

Now we define the product of a super row bivector of type
A with a super column bivector of type A where the
multiplication is compatible.

We first show how the minor product of two super vectors
are defined whenever the multiplication happens to be
compatible.

This is illustrated by some examples.

Example 3.1.17:

Letx=[301|2345]andy=[100]2316]"

The minor product of the super vectors x with y is given by
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-
0
0
xy=[301(2345]|2
3
1
_6_
2

1
—[301]|0| +[2345] 3
0 1
6

=3+ {4+9+4+30}
= 3+47 = 50.

Example 3.1.18: Let

x=[0123]45/7890123|8]andy=
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be two super vectors

xy=1[0123]45]7890123|8]

6

=[0123] _21 +[45] {_54}[7890123] 6 |+[8][-8]

= £0-1 + 449} + {—16+25) + {49 — 64 + 81+0-1+4-9} + {64}

=12+9+60—-64=17.
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DEFINITION 3.1.9: Let

m

W,

x=[ViV,..V,Jandy=| .

W,

be two super vectors of type A.

m
W,
xy=[V1 Vz Vn] .
w

=ViW, VoW, + ..+ V, W,

Note:

The compatability of each V; with W; is well defined for
i=1,2,...,n, this is illustrated by the following examples.
Example 3.1.19: Let

x=[12015(320|70-12348(8014]

be a super row vector.



Super Bimatrices and their Generalization | 103

1
2
0
1
5
3
2
0
7
x'=[0
-1
2
3
4
8
8
0
1
_4_
1
2 3
xx'=[12015] |0|+[320]|2]|+
1 0
_5_
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-1

[70-12348]

8
0
v[8014|
4

2
3
4
_8_
= {1+4+0+1+25}+{9+4+0} +
{49+0+1+4+9+16+64} +{64+0+1+16}
= {31+13+143+81}

= 268.

Thus we can define the product in case of super row vector
x with x* which is as follows:

t
Vl
t

V.
Ifx=[V;V,...Vy]thenx'=| 2

Vt
Now xx'= [V, V1 ... V,]

=V,V/ +V,V, +..+ V. V.
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We illustrate this by an example.

Example 3.1.20: Let

x=[01]3401]-3216789|32145]then

O L Y R N R B R N =

where x' is a transpose of x and x is a super row vector.
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xx' =[01]3401|-3216789]32|145]

+[-3216789]

3
=[01] {O}+[3401] 4
1 0

1

O 0 9 N = DN
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+[32145]

WD A~ =N W

= {0+ 1}+{9+16+0+1}+{9+4+1+36+49
+64+81) +{9+4+1+16+25)

= 1+26+244+55

= 326.

Now we proceed onto define the notion of major product of
two super vectors.

We shall only illustrate this by simple examples.

Example 3.1.21: Let

andy=[12]0345(89210]

>
Il
A =00 9 0 AN — O

be two super vectors of type A.

The major product of x with y denoted by
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0
1
2
4
xy=|5[[12]0345|89210]
7
8
1
_4_
70 (0] 0]
L[t 2](|t][0 3 4 5]||1[[8 9 2
2] 12 12
(4] [4] (4]
5 5 5
—7[12]7[0345]7[892
18 8] 8]
1 1 1
_4_[1 2] _4_[0 3 4 5] _4_[8 9 2
[0 0 0 0 0 0 i
2 3 8 2
4 g8 10|16 18 4
8 12 16 20(32 36 8

15 20 25|40 45 10
21 28 35|56 63 14
24 32 40|72 81 18

Il

A =00 9 0 AN~ O
ek
[e)

S OO O O oo o o

W
N
(93]
o0
O
oo N

12 16 20|32 36

A =[O 9 0 MDD — O
S Ol O O olo o O
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Example 3.1.22: Let

and y=[340[21013|1214]1]

— ol= v v o 9 Wwe —~

S N B~ W

be two super vector.

The major product of x with y denoted xy =
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1
|

[340/21013]1214]1]

— o= N o N WA —

w oL

We see for major product to be defined we need not have

(1) The natural order of the super column vector to be equal
to the transpose of the super row vector.

(2) The number of partitions of x need not be equal to the
number of partitions of'y.
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~
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Clearly the major product of two super vectors is a super
matrix.

Now we show by examples the structure of a major product
of a super column vector with its transpose.

Example 3.1.23: Let

— o ul—m o 9w Ljlu~—~ow

be a super column vector. To find the major product of A
with A",

Here A' = [3015|-1237021|501]
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3
0
1
5
-1
2
Now AA'= i [3015(-1237021]501]
0
2
1
5
0
_1_
3 3 3 1
(1)[3015] (1)[—1237021] (1)[501]
5 5 5
-1 1] 1]
2 2 2
3 3 3
73015]||7([-1237021][|7]501]
0 0 0
2 2 2
1] 1| 1]
5 5 5
0([3015][|0][-1237021]||0]|[501]
1 1 1
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9 0 3 15]/-3 6 9 21 0 6 3]15 0 3
00 0 0 0 0 0 0 0 0
30 1 12 3 0 2 1 0 1
150 5 25(=5 10 15 35 0 10 5|25 0 5
30 1 5|1 2 3 70 2 1|50 -1
6 0 2 102 4 6 140 4 2[10 0 2
9 0 3 15/=3 6 9 210 6 3|15 0 3

1210 7 3507 14 21 49 0 14 735 0 0
000 0/0 0 000 0/0 0 0
6 0 2 10/ 4 6 140 4 2|10 0 2
301 5[(-1 2 3 702 1|50 1
5 0 5 25/-5 10 15 35 0 10 525 0 5
00 0 0 0 0 00 0[0 0 0

30 1 5 |- 3702 1]5 0 1]

We see the major product of A with its transpose is a
symmetric super matrix.

The symmetry in them occurs in a very special way the
main diagonal component is a symmetric matrix where as the
other components are transpose of each other; this can be
observed from the above super matrix.
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Example 3.1.24: Let

>
I
AN N A WD O =R = O =W

be the super column vector.
To find the major product of A with its transpose.
A'=[3]12]014|1023456].
We see the major product of A and A' results in a special

symmetric super matrix whose natural order as well as the
matrix order is a square matrix.
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We find AA",

AA'=

A L A WD O IR~ O =W

[3]12]014]1023456].

3102345 6)

(1023450%6)

(1023450%6)

AN LN AW DN O
W

(0 1 4)

(1023450%6)
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913 6|03 12|30 6 9 12 15 18]
311 2101 4|1 0 2 3 5 6
612 4|02 8|20 4 6 10 12
0|0 0j]0 0 000 O O 0
311 2101 4(1 0 2 3 4 5 6
12|14 8|0 4 16|14 0 8 12 16 20 24
=131 2/101 410 2 3 5 6
0|0 0/{0 0 0|0 O O 0
2 4|02 81|20 4 10 12
3 6/0312(30 6 9 12 15 18
12|14 8|0 4 16|14 0 8 12 16 20 24
1515 10{0 5 20(5 0 10 15 20 25 30
18|16 12]0 6 24|6 0 12 18 24 30 36|

It is easily observed that AA" is a super symmetric matrix.

This type of minor and major products in case of super
vectors are extended to super bivectors which will be exhibited
by one or two examples.

Example 3.1.25: Let

A=[0121|34]021]U100011[012]41]and
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s}
I
— O == Olh W =
C
—_ oW N =IO O = = = O

be two super bivectors. The minor product of A = A; U A, with
B =B, U B, is given by

AB = (A1 U A2) (B1 ) Bz)

=A,BUA,B,
o
(1] 1
2 1
3 1
4 0
=[0121[34[021]|0|U[100011|012]41]|0
1 1
1 2
0 3
1] 0
_1_
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1
=40 12 1] i +[3 4]M+[0 2 1]j0|p v
1

1

+[0 1 2]|2|+[4 1]m

3

[100011]

O O = = = O

={12+4+1}U{0+8+1}

= {17} U {9}.

We give yet another example.

Example 3.1.26: Let

A=[01234]|56]7|8901234]u [012]01]|3015]

and
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v}
Il
o v o~ o =lv]o =l — o — o
C
NS — NIO Lo o —

be two super bivectors.

To find the minor product of A with B.

(In case of minor product we see each of the component
submatrix of the row super matrix is multiplied by the
corresponding component submatrix of the column super matrix
we get the resultant to be a singleton bimatrix, which is clearly
not a super matrix).
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1
I

AB=[01234|56|7|8901234]

o llvw o~ o =v|o ~lu~—~0o ~o
C

[012]01]3015]

N O = NI Lo © =~
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1
0 0
B 1 1
~3[0 12 3 4]j0+[5 6]M+7x2+[8 901234]o
1 2
5 -1
_0_
2
: 1
U <0 1 2]0[+[0 1][3}[3 01 5] 0
0
2

= 24+5+14+9V U {0+0+16) = {52} U {16}.

Now we proceed onto illustrate the major product of two
super bivectors in an analogous way as we have done for super
vector by some examples.

Example 3.1.27: Let A=

—_ O N U B W — O
C

S = O = Ol = Ol WD =IO -
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andB=[10|2431]0123010]w[3120]11200]30]
25101 1] be two super bivectors. To find the major product
of these two super bivectors.
AB = (A1 |\ Az) (B1 |\ Bz)
= A] Bl o A2 Bz

[10]2431]0123010]u

Il
— O N QN VN Rl= WIND = O

1
|

[3120(11200(30|251011]

S = O = Ol = Olh W o —=lo -

T
L
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I |
0] 0] 0]
Lo 1]||1][2 4 3 1]|{1|]0 1 2 3 0 1 0]
12 12 2
=?[01]?[2431]i[0123010]u
[4] [4] 4]
5 5 5
3[01]3[2431]3[0123010]
0 0 0
1 1 1 |
1] 1 1] 1]

12 112 251011
_0_[3 0] _0}[ 0 0] _o_[3 0] _0_[ 51011
1] 1 1] 1]

2 2 2 2
3[3120] 3[11200] 3[30] 3[251011]
4] 4 4] 4]
0] 0 0] 0]
131201t 1200130125101 1
5] 5 5] 5]
0] 0 0] 0]
1[3120] 1[11200] 1[30]1[251011]
0 0 0 0
1] |1 1] 1]
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0 0 0O

6 0 2 0

9 0 3 0

12 0 4 0]y

0 7 0

14 21

0 00O

0 0|0 0 O

0

0

8 6 20 2 4
12 9 3]0 3 6

4

12 4(0 4 8

16

8

10 20 15 5|0 5 10 15 0 5 O

14 28 21 7|0 7

0

0 0|0 0 O

0

0

2
0 3|6

0 4
05

0 6|12 24 18 6|0 6 12 18 0 6 O

0 7

0

— O N N SO —~ O — O —~
— Ol N N | —~ n|[O —~ O —
© ol o ool ool o oo
— O |- N N IFIOS — n | — O —
n ofln @V Qlon Qlowvw own
N ol © o Ao Ao .
S o|lo oo ol o ol o o o
n oln 0 o o n C]on o
© ol o ool o ol oo o
© olo o ool o ol oo o
N ol © (o a2l oA
— Ol N N TS — n O — O —
— Ol N N | —~ n|[o —~ O —
© ol o ool ool o oo
N ol I © (o A 2| o
— Ol N N | —~ n|[o — O —
n o|ln 0 o J|on C]|on ©

Thus the major product of two super bivectors is a super

bimatrix.

Now we give one more numerical illustration of the major

product of two superbivectors
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Example 3.1.28: Let

1
I

Nl — NDIW D Ol= O = O W o -

il S R e e ) S e =l S e I =R R OS]

T
L

=AjUAyand B=B,UB,=[3100]120567[210]u[l
01]23405|1100021 0 3]be two super bivectors to find
the major product of A with B.

In case of the major product of a column superbimatrix with

a row row super bimatrix we get the resultant to be a super
bimatrix rectangular square.

AB:(AI UAz) (Bl UBz) =A; B UAz B,
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[3100[120567|210] U/ 1[[101]23405]110002103]

N — DD W NN O~ O = O W

3 3 3

1[31 0 0][|1|t 2 05 6 7]||1|[2 10
Ll |1 |12 1o
1 1 1

1 1 1

LB oo [t 2056 7] [[21 0]
2 2 2

0 0 0

0 0 0

0 0 0

6[[3 1 0 0]|[6f[1 2 0 5 6 7][|6][2 1 0]
1 1 1

0 0 0

0 0 10
2] [2] 2]
_1_[3 10 0] _1_[1 2056 7] _1_[2 1 o]_
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10142 3 40 5|1 1000210 3
2024 6 8 010)2 2000 4 20 6
3036 9 12 0 15{3 3 000 6 30 9
000/0 O OO O|O0OO0OO0OOOTO0OUOOTO
1012 3 4 0 5{11000 210 3
000/0 O OO O|O0OO0OO0OOOO0OUOOTO
1012 3 40 5|1 1000210 3
000/0 O O O O|O0OO0OO0OOOO0OUOOTO
2024 6 8 010]220006 20 6
3036 9 12 015{3 3 000 6 3 0 9
2024 6 8 01022000 4 206
10142 3 40 5|1 1000210 3
50 5|10 15 20 0 25|5 5 0 0 0 10 5 O 15

We see AB the minor product of the two super bivectors is a
super bimatrix.

Now we proceed on to illustrate the major product of a
super column vector with its transpose, by some numerical
examples.

We see the major product of a column super vector with its
transpose which is a row super vector get the resultant to be a
square symmetric super matrix.
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Example 3.1.29: Let

>
Il
[m N WO = O W Wm O =N

be a super column vector. To find the major product of A with
its transpose A'=[2101|35010(321]7].

AA'= [2101|35010(321]7]

N = D WO RO B W= O~ N




Super Bimatrices and their Generalization | 131

2] 2] 2] 27 ]
o gt s oot o2 gl
0 0 0 0
1] 1 1] 1]
3] (3] 3] 3]
5 5 5 5
=[{0f[2 1 0 1][[0|[3 5 0 1 0]||0|[3 2 1]||0]|7
1 1 1 1
0] 10] 0] 0]
3] 3] 3] 3]
2([2 10 1]{|2|3 5 0 1 0][|2(3 2 1]||27
1] 1] 1] 1]
71210 1] | 73 501 0] |73 21 [[7N7]
(4 2 0 2|16 10 0 2 0|6 4 2|14]
2 1 0 13 01 0|3 2 1|7
0 00 0[O 00 0[/0 0 0[O0
2 1 0 113 01 0|3 2 17
6 3 03[9 150 3 0|9 6 3|21
10 5 0 5(15 25 0 5 0[15 10 5|35
=0 00 0|0 0 0O0O0|O 0 0[O0
2 1013 5 01 0|3 2 1|7
0 00 0[O O O0O0O|O0O O 0[O
6 3 03[9 150 3 0|9 6 3|21
4 2 0 2/6 10 02 0|6 4 2|14
2 10 1[3 5 0103 2 1[0
14 7 0 7(21 35 0 7 0|21 14 749

It is easily verified the major product of a super column
vector with its transpose is a super matrix.
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Having just seen the major product of a super column vector
with its transpose now we proceed on to illustrate the major
product of a super column bivector with its transpose by a
numerical example in an analogous way.

Example 3.1.30: Let

A:Alquz

— O N~ N Uo —~ W— O~ N
C
W A= N O = O W —

be a super column bivector.

A= A'UA, =[2101]310]571201]U[12[3014
105173].

The major biproduct of AA" = (A; U A,) (A} UA}) which
will result in a symmetric square super bimatrix.



Super Bimatrices and their Generalization | 133

=AA'UAA =[0|[2101(310[571201]U

[12(3014]051|73]

W = O Ol = O WIN -
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2] 2] 2]
: [2 1 0 1] : [3 1 0] : [57 12 0 1]
0 0 0
1] 1] 1]
[3] [3] [3]
=[[1][2 1 0 1J[{1|[3 1 O]||1][5 7 1 2 0 1]

0] 0] 0]
El E E

7 7 7

: [2 1 0 1] : [3 1 0] : [57 12 0 1]
2 2 2

0 0 0
1] 1] 1]

1 1 1 1

_2_[1 2] _2_[3 0 1 4] _2_[0 5 1] _2_[7 3]
3] 3] 3] [3]

0 0 0 0

| [1 2] | [3 0 1 4] | [0 5 1] | [7 3]

ul 4] 4] 14 4

0] 0] 0 0]

S| 2][[5][3 0 1 4]||5|[0 5 1]||5][7 3]
1] 1] |1 1]

7 7 7 7

_3_[1 2] _3_[3 0 1 4] _3}[0 5 1] _3_[7 3]
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N — O =N — O > — N O —
©C O 0o ol oo oo o O
T N o Al ol T ax oan
N~ O —|n — o>~ AN O —
T ol o8 2T o
S o wvm?2unoldf® v omwn
©C o o ol ool o o o o o
N~ O —|n — o>~ AN O —
© n o nlenn o 0o © o
N — O —h - OV > — A O —
©C O 0o ol oo oo o O
N — O —ch - OV > = A O —
T N o Al ol T ax o

n ol o n Do 2 n|q o

— o0 v o —
~ TR e - e d g a
— N O = Y| v — |~ o

e} S e v N
w2 o wn gl §{ wl& L
o ol o o cojlo o o|oc o
+ » ¥ o v Qo g TR
— N © = Y |o v — |~ o
©c ol o o ojlo o o|lo o
n ojlan © n Do © n|q o
N T O a xwlco 2 T o
— NN © — IO v — > on

D)

We see the major product of a super column bivector with

its transpose a super bimatrix which is symmetric.
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Example 3.1.31: Let

SR
0| |3
1| |6
0ol o
20 -1
1| |2

A=[3lu] 1
ol |o
1l |o
3| |3
71 |3
51 |1
_1_ _1_

= A, U A, be a super column bivector. A'= A UA, =[1010

1213]013751]U[7360-121[003]|31 1]; we find
AA'= (A UAY) (A'UALY) = A A UALA!
o

[1010]213]013751]u

Il
— 3 W = OlW = NI = O
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7

3

6

0

-1

2

1[7360-121]003]311]

0

0

3

3

1

_1_
(1] (1] (1]
(1)[1010](1)[213](1)[013751]
10| 10] 10|
2] (2] [2]
1t 0 1 off{t|[2 1 3]||1|f0 1 3 7 5 1]
3] 13 ] 3]
0] [0] (0]
1 1 1
3 3 3
7[1010]7[213]7[013751]
5 5 5
1] 1] 1]
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03 1 1]

03 1 1]

13 1 1]

010 0 3]

offo o 3]

10 0 3]

0

0

0

0

0

0
2

0
10

0
14

0

3
0

15

0

0

0

3

15

0 7 21 49 35 7

15 35 25 5

~

[7 36 0 -1 2 1]

7
3
6
0

1

2

1

3

3

3

3

1510 5

3

017 36 0 -1 2 1]

17 36 0 -1 2 1]

0] 2

0

000O0O0 O OJOO0 O

0] 2

0

00000 O OJOO0 O

202 0(4 2 6|0 2 6

0] 2

0

303 016 3 9|03 9 21

00 0O0[0 O O)JO O0 O

0] 2

0

303 016 3 9|03 9 21

7 0 7 014 7 21

505 0|10 5

0|2

0

U
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(49 21 42 0 -7 14 70 0 21]21 7 7]
20 9 18 0 3 6 3|00 9|9 3 3
42 18 24 0 -6 12 6 [0 0 18[18 6 6
0 0 00 0 0 0(00 0[]0 0 0
7 3 60 1 -2 -1[0 0 -3[-3 -1 -1
14 6 120 2 4 2[00 6|6 2 2
U7 3 6 0 -1 2 1]00 3[3 1 1
0O 0 00 0 0 0[00 0[O0 0 0
0O 0 00 0 0 000 0[]0 0 0
20 9 18 0 -3 6 3|00 9|9 3 3
20 9 18 0 3 6 3[00 9[9 3 3
3 0 -1 2 1]00 3[3 1 1
7 3 0 -1 2 100 3[3 1 1|

It is easily seen AA'is a symmetric super bimatrix.

3.2 Operations on Super bivectors

In this section we define the notion of super row bivector of
type B and super column bivector of type B. We define the
basic operations of addition, subtraction, minor and major
product whenever such operations are compatible. This concept
is made easy to understand by numerous examples.

Now we proceed onto define the new notion of super row
bivector of type B and super column bivector of type B.

DEFINITION 3.2.1: Let A = A; U A, where A; and A, are
distinct super row vectors of type B then we call A to be a super

row bivector of type B (super birow vector of type B).

We first illustrate this by an example.
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Example 3.2.1: Let

>

Il
hn — W
N - o
o o ~
N o W
(e —_
w o =
e )
NG
I SN
w o W

S = O =
S D =N
- o = W
S = O W
N = O =
S BN
—_— O N =
S = W =

0
1
5
0

—_ 0 O =

A1 U A,. A is asuper row bivector of type B.

Example 3.2.2: Let

_[120‘01031‘1234}

3155010201 23
1 0j0 1 0 0 O
2 112 01 11
30/0 0 0 01

= A; U A,; we see A is a super row bivector of type B.

Example 3.2.3: Let A=A, U A, =

S O O O
S O O O
S O O O
S O O O
S O O O
S O o O
S O o O
S O o O

oS o O
o o O
oS O O
oS O O
oS O O
oS O O
oS O O
S O O
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A is a super row bivector of type B. We see A is a zero super
row bivector of type B.

Example 3.2.4: Let A=A, U A, =

PO 1111
ittt
Lrfr 1ot 111 1fu
Lrfr 1|t
ottt 1o
(OO U I N A
(OO U U N B O
L1111 11

be a super row bivector of type B.

We call this as a super unit row bivector of type B or super
row unit bivector or bisuper unit vector of type B.

We now proceed onto define the notion of super column
bivector of type B.

DEFINITION 3.2.2: Let A = A; U A, where A; and A, are
distinct super column vectors of type B. We call A to be a super

column bivector of type B.

We illustrate this by the following examples.



142 | Neutrosophic Super Matrices and Quasi Super Matrices

Example 3.2.5: Let

A:A1UA2:

W A == O W =N W
~N O DO = B DN= O
N L W= © W W o —
S = OO = N A~ W b

S N == O = W3 W
C
S N k=IO N = XN W
— 00 W N~ O = B~ N O
N O O WO N O —~| 3 0 —

A is a super column bivector of type B.
We give yet another example before we proceed to give
examples of the notion of super zero column bivector and super

column unit bivector of type B.

Example 3.2.6: Let

301
(1 2 3 0] |21
111 0] |12
000 1] |1 3

A=A UA=[2 3 4 5|Ul3 0];
6 78 9| |10
31 0 2| |11
2 01 1] [0 1

_51_

A is a super column bivector of type B.
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Example 3.2.7: Let

0 o]
00

(0 0 0] [0 O

000/ 0O

0 0 0| (00O

0 0 0] [00O

A=A TUVUA=]0 0 0|U|O0 O0];
0 0 0] [00

0 0 0] (00O

0 0 0] [0 0O

10 0 0] [0 0

00

_00_

A is defined to be a super zero column bivector of type B.

Example 3.2.8: Let

A=AUA=

S O O O ol o oo o
S O O O oo o oo ©
S O O O olo o olo o
S O O O ol O oo o
S O O O oo o oo o
S O O O ol o oo o

A is not a super zero column bivector of type B as A; = A,.
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Example 3.2.9: Let A=A, U A=

C
S O O OO0 oo o O
S O O oo oo o o
S O O oo oo o o
S O O oo oo o o
S O O OO0 oo o o
S O O ol olo o o

S O O OO O oo o o
S O O OO O ool o O
S O O OO O oo o O
S O O Ol o O olIolo O

A is a super zero column bivector of type B.

Example 3.2.10:

1111

11 1] |11 11
11 1) (1111

11 1) (1111
LetA:111u1111;
11 1) (1111

11 1] (1111
111 1111
111 1111
111 1]

A is a super unit column bivector of type B.

Now as in case of super row bivectors of type B we can
define the transpose of a super row bivector of type B. It is easy
to see that the transpose of a super row bivector of type B is a
super column bivector of type B and vice versa.



Super Bimatrices and their Generalization | 145

We shall illustrate this situation by some simple examples.

Example 3.2.11: LetA=A,U A, =

31 2 0(3|{01 01 3
1 01 1(4|1 01 0 O0|v
01 2 0|5|1 2 3 45
3 1(1]0 3 45
1 1|11 2 3 4
0 1]0(0 5 6 7
1 1|2(6 0 1 1
be a super row bivector of type B.
Now transpose of A denotes
3 1 0]
1 0 1| - -
31 01
2 1 2
I 1 1 1
010
1 1.0 2
t t t t 3 4 5
by A'=(A 1 UA) =A UA, = 01 1u0 1 0 6
3250
1 0 2
4 3 6 1
0 1 3
5 4 71
1 0 4 - -
13 0 5]

It is easily seen that A' is a super column bivector of type B.



146 | Neutrosophic Super Matrices and Quasi Super Matrices

Example 3.2.12: Let

1
—_ O
—_ =
Y ®)

]

S N W N
—_ ] W =

=N ~ O
S D N
—_ O\
Whn W ==
(o) L\

C

—_— = = OO W
—_— O = = 0 O
—_— = O = N =

S = 0 N B~ NN O
W DO 9 W=

be a super column bivector of type B.

The transpose of A denoted by A' =

0 1{0 4 713 0 0 1 11
AjUAS=|1 1|2 5 0|0 8 1 1 0 1|u
3111 6 1|1 41 0 11

236 0|1 3 5|02 46 810
1 57 1|2 4 6|1 3 5 79 2 3|

Clearly A'is a super row bivector of type B.

Now as in case of type A super row (column) bivectors we
can define identical in structure super row (column) bivectors of
type B.
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DEFINITION 3.2.3: Let A = A; U A> where A; and A, are distinct
i.e, A =A; UA;is a super row bivector of type B. Let B = B; U
B; be a super row bivector of type B.

We say A and B similar or “identical in structure” if the
length of A; and B; are the same and the number of rows in both

A; and B; are equal and the partitions in A; and B; are identical
fori=1I,2.

By the term partitions are identical we mean if in A; the first
partition is say between the r and (r+1)™ column then in B; also
the first partition will be only between the r and (r+1)" column
and the number of partition carried out in A; will be the same as
that carried out in B;, i=1,2.

We will illustrate this by some simple examples.

Example 3.1.13: Let

3012137120 1|3 2
A=A UA=1 1 0 1|0 1 2 3 4 0|1 5
00051100017 8
213 213 1 2 5 4
311 0j]0 2 3 1 O
UISOOOOOOmld
ofr 711 1 2 37
11001 200 3 4|21
B={01 0 0[O0 0 5 6 0 0|0 1|uv
00017 00 O0O0 8|10
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10 1|1 1 0 O 1
2(1 00 1 1 1 O
311 11 0 1 1 0
5/0 0j]0 1 1 1 1

be two super row vectors of type B. We see A and B are
“identical in structure”. For the bilength of A and B is (12, 8).

Also the partitions are identical in B; and A;, i=1,2. The
number of rows in A; equal to the number of rows in B;, i=1,2.

Example 3.2.14:  Let

20‘0113‘378}
|\

A=AUA=
1 116 2 1 5|1 2 3

~N &N O
B~ 00 O
N — W
~N Lhn =

5 7 8|3 8 8
91 2|14 1 1
0 3 713 00

13‘5678‘438}
)

B=B,UB;=
2 49 01 2|12 59

AN W =
=N O
o W N
N © 2
N = O
S D ®
S O ©
N W W
Y
— 3 W
O 3 W

be two super row bivectors of type B. We see A and B
“identical in structure”.
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Example 3.2.15: Let

31 213781 7 -1|1
57 9|1 01 5 8 2|2
A:(AIUAz): |\
01 2|71 56 9 3
1 1 01 2 3 40 4
3 4 0 1|17 0 8
070 0 1|1
1 0 08 6 2|3 7 8
1 01 3 2 1|3
and B=B,UB,= |2 0 08261 27|V
0 1 1.0 01 3|6
3

\]

2 1 7 1 0 4|3 8
4 8 6 2 3 6|7 5
be two super row bivectors of type B. We see A and B does not

have identical structure.

We define now addition of two super row bivectors of type
B of identical structure.

DEFINITION 3.2.4: Let A=A, UA,

1 1 1 1 1 1
L I e I I P
_ . . . . : U
] coe ] ] coe ] oo ] coe ]
an[ anr anr+1 ans ant anm
1 1 1 1 1
bl o b | b | bl | B
1 1 1 1 1
bl, o bl | B[ bL | b

pu pr ps w
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andifB=B; UBQZ

2 o 2 2 o 2 coe 2 oo 2
a11 a]r a17'+1 a]s a]t a]m
2 2 2 2 2 2
anl T anr anr+1 T ans e ant o anm

2 2 2 2 2
B, o B |- B | B | B
2 2 2 2 2
b, e B b B B

are two super row bivectors of type B. We see A and B are
identical in structure. The sum of A and B denoted by A+B =
(A] L/Az) + (B] UBZ) :AI + B; L/Ag + B,

I, 2 12 2 1, 2 I o2
a,ta; @+, |, Gt a ta, e, ta,

1 2 1 2| 1 2 1 2 1 2 1 2
anl +an1 e anr +am' a’l}'+1 +am'+1 o aﬂs +ans o ant +ant o ant +ant
)
i 2 1 2 ] 2 i 2 i 2
b11 +b11 b]u +b1u t b1r+1 +b1r+1 b1s +b15 b]w +b1w
1 2 ] 2 1 2 ] 2 ] 2
b, +b,, - b, +b, |-+ b, +b,., by +by |-+ b, +b,

is defined to be the sum of the two super row bivectors A and B
of type B. Clearly A+B is again a super row bivector of type B
with identical structure with A and B.

Now in view of this we have the following interesting
theorem.

THEOREM 3.2.1: Let X = {A = A; U A; be the collection of all
super row bivector of type B which are identical in structure
with A with entries from the field Q or R or C or Z, (p a prime)
or from the rings Z or Z,, n not a prime or C(Z,) or Z(g;) or
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Z(g2) or Z(g3) (g1, g2 and g; are new elements such that g; = 0,

g;=g,and g;=—g; and Z can be replaced by Q or R or C or
C(zZ,) or Z,}. Then X is a group under addition.

Example 3.2.16: Let X =X, U X, =

32110 -1 0 0 1|3 4 0 1
1 52|16 0 1 2 3|1 0 0 -1|uv
0 6 3]0 6 1 0 0(0 -1 0 0
3 -1 4 114 -1 3|/002 10 1 1]
and
{6 3 2 -1 ‘ 2 0 1 ‘ 1 1.0 2 0 -1 1]
-3 1 0|0 1 0 1 0 -4 0 —1]
Y=|0 -1 2 1 02 01 0 O 1|y
0O 1 3 010 0 1 1|

21 -11(0 2 01 01 1 1 01

=Y, U Y, be two identical structure with the super row
bivector of type B. To find the sum

{—3010301‘012—1011}

X+Y = (X1 U Xz) + (Y1 U Yz) = (Xl + Yl) ) (Xz + Yz)

N B~ W
AN B~ =
— O\ O
N — O
N = O
S b~ o~
—_— W N
S D W
o o O
— o O
— o O
C

0 -1 5 1|7 -1 4/01 4 00 2 2
8 4 1 02 2 1211 21 -1 2

We see X+Y is again a super row bivector with identical
structure as that of X and Y. The subtraction of X with Y
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X-Y=Xi-Y)U(Xy-Y2)

6 1 1{0 2 0 -1 03 & 0 2
=16 06 -1 1 0 3]0 0 0 2|u
05 0|-1 6 0 0 -1/0 =2 -1 -1

6 -1 3 1|1 =1 2/0 =1 0 =2 0 0 0
4 2 3 =212 =2 1|0 1 -1 2 -1 -1 o}

X-Y is again a super row bivector of type B.

Now in a similar way we can define the notion when are
two super column bivectors of type B are “identical in
structure”. Let A = A; U A; and B = B; U B, be two super
column bivectors of type B. We say A and B are super column
bivectors of type B are identical in structure if the number of
natural rows in A; is equal to B;, i=1,2 and the number of
columns in A; equal to B; and the partition of A; and B; are
identical. We can as in case of identical structure super row
bivectors of type B, we can in case of identical structure of
super column bivectors of type B, we can define addition and
subtraction of super column bivectors of type B.

Example 3.2.17:
(3 1.0 0] [3 2 8]
0 01 1 060
4 0 2 -1 110
320 0 1 01
1 0 -1 2 6 41
1 2 3 4 001
Let A= <7 0 2 u7 0 2 and
0 2 3 1 080
-10 1 1 103
4 2 5 6 4 6 2
01 2 0 6 75
101 8 3| [320]
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[0 1 0 o] [0 1 2]
0 0 I 0 0 2 0
1 0 -1 0 1 1 0
0 1 0 —-1| [0 1 0
1 1 0 2 0 1 1

B 0 0 3 6 Ul 1 0
1 1 2 4 1 0 2
0 0 1 3 0 6 3

-1 0 0 0 1 0 1
2 0 1 1 2 1 5
8 0 0 1 0 -1 0

101 1 4] [0 2 5]

be two super column bivector of type B.
The sum of A+B = (A1 + Bl) o (A2 + Bz)

S =N O

S 0 AN N O NN = = W O W
N — N O N XN = W oo N
W AN NN O 0| = =N O W
LN N 9 b W R~ D= O O

NeR S e S Sl o)

is again a super bicolumn bivector of type B.

In view of this we have the following interesting theorem.
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THEOREM 3.2.2: Let V = {X = X; U X5/ collection of all super
column bivector of type B with entries from a field or ring which
are identical in structure!. Then V is a group under addition.

However to define multiplication we have to define either
minor product or major product.

We proceed onto give the minor product of two super
bivectors of type B by numerical illustrations.

Example 3.2.18:  Let

1 5 3[2|5 7 01
X=X;uX)=1]0 6 2|1|1 0 1 1|u
2 7 1/0]0 1 01
1 20 1/0 1]1 2 3 4 0
01 1 0/21]01 0 01
01 0 1/0 5/00 11 2
1 01 03 0[1 1001
(1 2 0 1]
_ S 101 1 5
310
001 0
1 00
210 0
0 0 1
1 0 0 1
0 0 2
andY=101u0110=Y1uY2
1 0 0 1
2 2 1
01 0 1
4 5 3
1 010
01 2
- 400 2 01
0 1 2 0]
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be two super bivectors.

The minor product of X with Y is given by

XiuX) (Yi1UYs)

XY =
X1 Y TuX, Y.

D)
_00121132_
—_ O OO AN n —
_31001240_

— = '
S — O
o~ O -
v o — O
N — O
N AN —
Vo TNCREN o
— O A

20

0 0

1

020

1 23 40

0

1
1

0
02
110 5|0 O

20

{

0 0

1

2

1

0 0

1 013 01 1

0

1
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1 0 1 1 20 11 2 0 1
57 01
2 2 1 01 1 0/l01 15
1 01 1 U +
4 5 3 01 0 1/l0 01 0
01 01
01 2 1 01 0|21 06
(1 0 0 1]
0 1 1 23 40
01 0 1
2 11 0 0 1110 1 0 0 1
+ 1 010
05[0110}00112
020 1
30 1 1.0 0 1
01 2 0
8 1 3] [0 0 4] [19 15 14
=16 0 2|+|0 0 2|+|5 6 6|uU
132 1] (0 0 0 2 3 3
011 0|35 21|74 1037
2 1 1 21101 2510 2 21
+ +
0550|2215 |1 4 51
300 3|11 211 1 2 22
27 16 21 716 68
2 4 5 8
=11 6 10|u )
55 4 31111 6
54 35

It is pertinent to mention that the entries of these super
matrices can be replaced by neutrosophic rings, special dual like
number neutrosophic rings, special quasi dual number
neutrosophic rings and mixed special dual number neutrosophic
rings.



Chapter Four

QUASI SUPER MATRICES

A square or a rectangular matrix is called as a quasi super
matrix. It cannot be obtained by partition of a matrix. All super
matrices are quasi super matrix but quasi matrix in general is
not a super matrix. Thus the elements of a quasi matrix are
submatrices following some order.

DEFINITION 4.1: Take a m x n matrix A with entries from real
or complex numbers.

4, A, 1r,
S = 4, A4y 27,
ASt 1 AS/ 2 ASY’;U
where A; are submatrices of A with 1 <j <r;, rs, ..., ',y and

1 <i<s;, s, .., s,
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Clearly we do not demand the size of A;; to be same but the only
condition to be satisfied is that if A is a m X n matrix then the
number of the rows in each column of the matrix adds up to m
and the number of the columns in each of rows added up to n.
We define A to be a quasi super matrix.

Further we do not demand r; = r, and r; = r; in general
also. Also s; #s; in general.

We give examples of one or two quasi super matrix before
the proceed on to define some of their basic properties.

Example 4.1: Let A be a 6 x 4 quasi super matrix given by

— |:All A12:|
A21 A22

where

and A22 =

S B~

Ay =

— W K~ 0
“hn W = W

9
1
2
3

We see the sum of the rows of Aj; and A, adds up to 4 and sum
of the rows of A, and Ay, adds up to 6 where as some of
columns adds up to 4 i.e., the sum of the columns of A;; and A,
is 4 and that of A,; and A, is also 4.

|
—_
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Next we give some more examples.

Example 4.2: Let A be 9 x 8 quasi super matrix given by

i ]
2 0 3 1 1 2 30
0 5 21 2 1 1 1
31 2 0] . -1
310
1 2 1 1 0
A= 3
33 00 2
2 0 2
51 1 1) " s
. 3 0 3] __
01 2|2
1 0
1 01 4
N Slroal m
All A12 A13
=1Ay Ay Ay
A A A A

Clearly the number of columns added up in A;; Aj; and Aj;
to4+2+2=28.

The sum of the columns added up in Ay; Ay and Ay; to 4 +
3 + 1 = 8. The sum of the columns of Az; Az, Az and Asz to 3 +
1+3+1=8.

We see basically A is a 8 x 8 matrix but by the division it is
made into a quasi super matrix of the given form having 10
number of submatrices. A11, A12, A13, A21, A22, A23, A31, A32,
A33 and A34.

Now any 8 x 8 matrix can form a division in the following
form given in the example 4.3.
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Example 4.3: Let A be any 8 x 8 matrix.

5210 2
0 3 110 21
152 00110
0 0 5200 1
11220
Aol L i
19312
01010 2 0
1010 1 315
22025 1
3102 0] |

_ |:A11 A12j|
A21 A22
Here the sum of the rows of the sub matrices A;; and A,; is

3 + 5 = 8 and sum of the columns of the sub matrices A,; and
A22 is5+3=8.

We make the following observation we see all the four sub
matrices are square matrices based on these observations we
make the following definition.

DEFINITION 4.2: Let A be the m x m square matrix. If all the
sub matrices of A are also square matrices then we call A to a
quasi super square matrix.

The matrix given in example 4.3 is a square quasi super
matrix. We give yet another example before we define some
more results.

Example 4.4: Let A be a 8x8 matrix with the following
representation.



— O N O = O

W N

S = O O hnh W

—_ O W =N =

21

S = = O = W

Sum of the rows A;; and A, = 8,
Sum of the rows A;; and Ay; = 8,
Sum of the rows A; and Ay, = 8,

Sum of the rows Aj,, Asy, Axz, Arsis §,
Sum of the columns of A;; and A, is 8,
Sum of the columns of A;; and Ay, is 8,
Sum of the columns of A;; and Ay; is &,

O =

W = = =

1
S W

0 2

_O 1_
o]
_0 1_
o

_2 0_

31 15
0
A
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25

Sum of the columns of Ay, Az, Ay and Ays is 8.

Example 4.5: Let A be a 5 x 6 matrix which is given in the

following.

S NN = W
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— |:A11 A12:|
A21 A22 A23
where A1, A1z, Az, Ay and A,z are submatrices.

Clearly sum of rows of A;; and A, is 5, sum of rows of A,
and A,, is five and that of A, and A»; 1s five.

Sum of the columns A;; and A, is six. Sum of the columns
of Ay Ay and Ass 1S SiX.

Example 4.6: Let A be a 6 x 6 quasi super matrix with

A11 A12
A=| A" A",
A21 A22

where A;; is a 4 x 4 square matrix and A, is a 2 x 2 square
matrix. Ay is a 2 x 2 square matrix and Ay, is a 4 x 4 square

matrix.
Now
0 3 1 2
1 1 0 5
A= 5
51 2 -1
01 0 1
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6 0 1 2
A22:1002‘
1 100
01 0 1
0 3 1 2]0 1]
1 1 0 5|21
5 1 2 -1{0 0
A:010100'
0 0|6 0 1 2
0 0|1 0 0 2
1 -1{1 1 0 0
0 210 1 0 1]

We see all the six sub matrices are square matrices.

Example 4.7: A be a 4 X 5 matrix which is a quasi super matrix
given by

Similarly we proceed on to define the notion of quasi super
matrix which is rectangular.

DEFINITION 4.3: Let A be a quasi super matrix.
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A]] A]Z 1r
4, A A,
A= .21 .22 {rz
ASI 1 As_, 2 As,rm

Ay’s are rectangular matrices, with 1 < i < 7, 1y ..., I'n
and 1 < j <'s; $y.., S, we define A to be a quasi super
rectangular matrix.

We give an example of a matrix of this type.

Example 4.8: Let A be a 6 x § matrix quasi super matrix.

(2 01 2 1100
1105 101 1

N = = =
S - o ~
_—_ = o
N = = W
N O = O
S O O =
N O = =
N = O

— |:All A12:|
A21 A22
A is a rectangular quasi super matrix.

Example 4.9: Let A be a 6 x 4 matrix.

2 1 0] [17]

1 1 2] 10

1 2 0] |1
A:

(1 0 2 5

310

111
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— |:A11 A12:|
A21
which is a quasi super matrix. Sum of the columns of A;; and
A, 1s four.

Number of columns in Aj,; is four. Sum of rows of A;; and
Ay 1s six. Sum of rows of Aj; and A, is six. The quasi super
matrix described in example 4.9 is not a rectangular quasi super
matrix for it contains a 3 X 3 square matrix in it.

We proceed on to define these type of matrices,.

DEFINITION 4.4: Let A be a m x n rectangular matrix. A be a
quasi super matrix.

AI 1 A] 2 A] 7]
4 = A21 A22 Iry
AS,I AS2 2 ST,

If some of the A;’s are square submatrices and some of
them are rectangular submatrices, then we call A to be mixed
quasi super matrix.

Thus we have seen 3 types of quasi super matrices.

We have to give some more examples for we can have a
square m X m matrix A: yet A can be a mixed quasi super
matrix or a rectangular quasi matrix. Likewise a square m X m

matrix can be a mixed quasi super matrix.

Example 4.10: Consider a 6 X 6 quasi super matrix where

A= |:All A12:|
A21 A22
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where

2 01 4 2 1
A= =Ap
5 2 0 6 1 2

31 2 1 0 1
A21=101andA22=010
010 1 11
210 02 2
(2 01 4|2 1]
520 6(1 2
i.e.,A=3121.01.
1 0 1|0 1 0
01 01 1 1
2 1 0[0 2 2]

A is a 6 x 6 matrix but A is not a rectangular quasi super
matrix or a square quasi super matrix it is only a mixed quasi
super matrix.

Thus this example clearly shows a quasi super matrix which
is a 6 x 6 square matrix can be a quasi super mixed square

matrix.

Next we proceed on to give an example of a square matrix
which is only a rectangular quasi super matrix.

Example 4.11: Let A be a5 x 5 quasi super square matrix.
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o A W
—_ o

—_
[\

Sl Wi —
— O AW N

[\
W

where

>
Il
1
[e)
—
W N
| I
)
I
S B~ W
= N

2 3 4
Ay = 3 4 0 ,A»=[12]and

A;1=[40123].
A is a quasi super rectangular matrix.

Example 4.12: Let A be a 6 x 4 quasi super rectangular matrix.

— |:AI1 A12:|
A21

— O
[
—_

O O© 3 = O N
N 00— Ol W

W L = N
— N N O
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Clearly A is a square quasi super matrix which is not a square
matrix. We see all the three submatrices of A are square
matrices.

Now having seen three types of quasi super matrices, we
now proceed on to define some sort of operation on then. First
given any n X m matrix which we are not in a position to give a
partition as in case of super matrices.

So we define in case of n X m matrices a new type of
relation called quasi division.

A quasi division on the rectangular array of numbers is a
cell formation such that the cells are either square, rectangular
or row or column or singletons. Clearly or is not used in the
mutually exclusive sense.

We just illustrate this by a very simple example.

Example 4.13: Let A be a7 X 6 quasi super matrix.

0 71]8 9 41
1 o1 0 1]o0
S -1 1 01

A=[8]0 1 2|1 0
ot 1 101
2|1 -1 400 0
1o o 1l 1]

We see the matrix or this 7 X 6 array of numbers which
have been divided in 10 cells. Each cell is of a varying size. For
we see first cell is a 2 x 2 square matrix.

0 7
:ICGHZA]]
1 0
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The second cell is a rectangular 2 X 3 matrix.

8 9 4.
is the II cell-A |,
1 01

1
{0} is the Il cell - Aj31s a 2 x 1 column vector or matrix.

-1
The fourth cell is again a column vector given by | 8 | = Ay,
0

The fifth cell is [1], a singleton Ay,. The sixth cell is [-1 1 0 1]
1S a row vector Ajs.

2
The seventh cell is a column vector L} = A;,. The eighth cell is

a 4 x 3 rectangular matrix.

01 2
S
EEVE
0 0 1

The ninth cell is a 3 x 2 rectangular matrix.

(=

0
1|= A33.
0

The 10™ cell find its place as A4y a row vector [11]. The
arrangement of writing or notational order is written in this form
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All A12 Al3
A= A21 A22 A23
A3l A32 A33

A

We see the sum of the columns of A, A, and A3 is 6. Sum of
the columns of A,;, Ay and Ajs is six.

Sum of the columns of A3, Az and As; is six. (1+3+2=6). Also
sum of the columns of Ajz;, A3, and Ay 1S SIX.

Now having seen as example we define the notion of cell
partition.

DEFINITION 4.5: A4 cell partition of m x n rectangular array of
numbers A is a division of the m % n array of numbers using
cells. The cells can only be singletons or row vectors or column
vectors or square matrix and (or) rectangular matrix. i.e., each
cell can be called as a sub matrix of A.

For instance this process is like finding subsets of a set. In
that case we have lots of choices and we know given N number
of elements in the set; the number of subsets is 2~. But dividing
the n x m array of numbers of the n X m matrix is not identical
for the cell division is not arbitrary each cell should have a form
and the division can be many for instance we will first illustrate
in how many ways a 2 X 2 matrix can be divided using the
method of cell division,

0 1
Example 4.14: Let A = {2 3}

We enumerate the number of cell division leading the quasi

super matrix.
011 A
A1: = A12 .
213 A,
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2 3

and A, - {w}

There are only 4 quasi super matrices constructed using a
2 x 2 matrix.

However we have several partitions leading to a super
matrix.

B 0 1 . ..
=17 3 1S a partition,

B is a super matrix.

0]1
C= 513 is a super matrix different from B.
i O 1 1 . . .
D= 33| isasuper matrix different from both B and C.

Thus using 2 x 2 matrices we have only 3 super matrices.
But using cell division leading to quasi super matrix we have 4
quasi super matrices. Thus we have altogether 7 quasi super
matrices if we make the rule all super matrices are quasi super
matrices. That is the class of super matrices is contained in the
class of quasi super matrices.
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Example 4.15: Let

>
Il
—_——= O
—_— O =
—_— = N

be a 3 x 3 matrix.

The number of quasi supermatrices from A are

0|1 2
A = -0 :|:A11 ilz:|
111 2
0|1 2 A AL
A2= 1‘0 11 = 11 Alz
RERER Y 2
o1 2] [ A, ]
As= 0 1{=1A, A,
o1 | A,
o .
e Ay
A=|1[0]1]=|A, A,
1 1 A23
0 .
A13
As=|1[0]1]|=|A, A,
| T Ay
0 li All AI2 A13
Ag=[1]0]1]|= A,
1111 A



»—AOl»—i

p— Ol»—t

—_—

| »—Al»—[\)

— =

»—»—All\)
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0 27 - )
A14: 1 0 1 — All A12 A13
ERRRRY Az Ax
01 z_ _All A12 A13_
As=[1[0]1]|= A, A,
RERRREEN] A, |
fo|112] [A, A, A,]
A16: 1 2 1= A22 A23
i) | A, |
o1 2] [A, A, A,
Ap=1110]1]= A, A,
i) | A, |
o1 2] [A, A, A,
Alg— 0 = IA22 A23
1 1 | A, |
_0 2’— _All A12 A13_
A19: 1{0|1]|= A21 A22 A23
|1 | A, A,

and so on.

Thus we see even in case of a 3 x 3 matrix the number of
quasi super matrix is very large. If we make the inclusion of
super matrix into it. It will still be larger.

Thus at this juncture we propose the following problem.

Problem: Suppose P is any m x m square matrix. i.e., a square
array of m X m numbers.
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1. Find the number of super matrix constructed using P.
2. Find the number of quasi super matrix constructed
using P.

Now we just try to work with a 2 x 4 matrix.

01 2 3
Example 4.16: Let M =
1 01 0

} be a 2 x 4 matrix.

We just indicate some of the quasi super matrix constructed

using M.
o1 2 3 A,
M] = = All
10 1 0 A,

(e
o
w
>
>
>

0[1]21]3] [A, A, A,
M4: =

1jo|1]0 A, A,

0 1 2 3 All AIZ A13 A14
M; = = =

1/o]1]0 A,

0 112 3] [A, A,
M6: — =
1 0/1 0 A,
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oo [0 TI213] A A Ay
1 01 0 A,

0 112 3] [A, A,
Mgz =
1 0/1]0 A, A,

0|12 3] [A, A, A,
M9: - =
11o|1 0] |A,

and so on. Thus we see even in case of the simple 2 x 4 matrix,
we can have several quasi super matrices. We have shown only
nine of them.

Now we propose the following problem.

Problem

1. Find the number of quasi super matrices that can be
constructed using m X n matrix.

2. Find the number of super matrices that can be
constructed using just a m x n rectangular matrix.

Now having defined the notion of cells partition of a
matrix which has lead to the definition of quasi super
matrices we proceed on the study the further properties
of quasi super matrices like matrix addition and
multiplication and see how best those concepts can be
defined on them.

Example 4.17: Let A be a 9 X 4 rectangular matrix.



- o = O

—_— = O

\]

r N = O = = | OO = = =
)

> >

—_— O N
—_— = W

S O =
S — O

w| o
—_

H
A WD

Ay
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We see A has 8 cells. We can have for the same A we can just

have only 4 cells.

- o = O

_— N = = O

O = = =

N = O = =

— O N

W W o O O

— N

B~ 0 = O = O

_{A A
A21 A22

11 12

|

Suppose we have two quasi super matrices how to add? We first
proceed on to define addition of a super quasi matrix A with

itself.
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Example 4.18: Let A be a 5 x 7 quasi matrix with a well
defined cell partition defined on it.

[0 1 2|3 4|5 6]
1 1 01 1]0 1
A=|0 1 1(0 1|1 0
5 71812 -1 4 =3
-8 11710 2 5 8
AIIAI2A13
= A,
A31A32A33

A+A=2A=|0 2 2|0 2
10 14164 2 8 -6
16 211410 4 10 16

2'All 2AI2 2AI3:
= 2A,,
2A, 2A,, 2A,

2A.

It is left as an exercise for the reader to verify that for the quasi
super matrix A we have A — A = [0]. In this case

00 0/0 0[]0 0
00 0/0 000
A-A=[0 0 0|0 00 0
0 0f0fo 0 0 0
0 0lojo 0o 0 0
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Just a quasi super matrix A under the same cell division can
be added any number of times and this will not change the
nature of a quasi super matrix cell division.

Thus we can say if A is a quasi super matrix then A + ... +
A: n times is the same as nA.

If A has Ay, Ap, ..., Ax to be the collection of all its
submatrices then nA will have nA;;, nA,, ..., nA, to be the
collection of all its submatrices.

Note: We can always take any m X n zero matrix and make the
cell partition or division in a desired form so that A + (0) = (0) +
A = A. For this we first define a simple notion called cell
division function.

Suppose we have two m x n matrices A and B. We know
the cell division of A how to get the same cell division of B so
that the cell divisions of both A and B are the same and both of
them are quasi super matrices of same type or similar.

DEFINITION 4.6: Let A be a m % n quasi super matrix. B any m
x n matrix. To make B also a quasi super matrix similar to A;
define a cell function F, from A to B as follows.

F.(4;;) = B, formed from B by taking the same number of
rows and columns from B. So that A;; and B;; have the same
number of rows and columns, not only that the placing of B,; in
B is identical with that of A;; in A.

The same procedure is carried out for every A; in A.

Thus the cell function F. converts a usual m X n matrix B
into a desired quasi matrix A.

Before we proceed on to define the properties of F. we
show this by some illustrations.
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Example 4.19: Let A be a given 3 x 5 quasi super matrix. B be
any matrix. To find a similar cell division on B identical with A.

Given

0 315 2 0

A=|1 441 ‘ 2
2 5 31014
— |:All A12 :|
AZl A22 A23 A24

is a quasi super matrix with Ay, Az, Az, A, Ay and Ay, as
submatrices.
Given

Define the cell function F, from A to B as follows.

0 03
F.(An) = | 4 =By,

FC(AIZ) = [4 01 2] = B127
FC(A21) = [3 5 1] = B21,

F(Az) =[0] = By,

2
Fo(Az3) = L} = Bos
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0
and F; (Ay) = [J = Bos.

We enumerate some of the properties of F.. Let F. be a cell
division function from A to B where A is a quasi super matrix.

F(A)=A
i.e., A is equivalent to A under F; i.e., F. is reflexive.
IfF(A)=B,i..,

A is equivalent to B under F. then B is equivalent to A
under F..

i.e., if F(A) = B then F. (B) = A.
(F. (Fo(A)) = A for all A).

If A is any quasi super matrix and B and C any two m X n
matrices. If F, is the cell division function such that F.(A) — B
so that B becomes a quasi super matrix. Suppose F.(B) — C so
that C becomes a quasi super matrix, then we see A, B and C
and quasi super matrices with

A~B and B~C implies A~C.

Thus F. is an equivalence relation on the class of all m x n
matrices under a special or a specified cell division function.
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If we take the collection of all cells partitions of a m x n
matrix and denote it by C; then C, is divided into disjoint

classes by this relation i.e., C, = {F. | F; A —> B; A and B

m X n matrices, A is a quasi super matrix and B any m x n
matrix }

We illustrate this by an example.

Example 4.20: Let

-t

To find the partition of T under the cell division function.

a,b,c,d e Z,=1{0,1}}.

First we find the number of elements inC,. .

= a b
¢ | d]
- [a|b]
c lcl|d
= [a|b]
¢ e |d]
\ [a b]
ke c d
. [a b]
Fe c | d
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B _ a | b
¢ c d
B = [a|b]
© lc|d]
F = |20
¢ e |d]
Wesee C; = {F, E, E, E,F', E, F’,and F/,

ie.|C,|=8.

Now we have to find the number of matrices in T.

Thus each and every class in C; will have all the 16

elements of T with no over lap.

If C; is the class then every class contains exactly the same

number of elements in the set of matrices on which the quasi
super matrices notion is to be defined.

Now as partition yields to a super matrix we see cell
division leads to the concept of quasi super matrix.

Now two m x n quasi super matrix can be added if and only
if they have the same cell division defined an them, otherwise
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we say addition is not compatible for the cell division is not
compatible.

Example 4.21: Let

301 (12 5
7 1 01 1
6 0/]0 110
A=
3 0|1 0]0
1 2|5 —-1f1
|1 1]6 2|1
Ay Ap
=|Ay Ay Apl;
A

31

where A1, A1a, Az, Ay, Az and As; are submatrices of A.

(1 110 0 2]
5 0[1 1 0
6 21 0 2 B By
B=l 1o 1 1|7 |B B2
B31
2 01 0 1
13 0|2 2 0]

Clearly the addition of A and B is not compatiable for we
see the submatrices B, Bi», By, B2y, and Bj; are different from
Ay, A, Ay, Ay, Az and As.

Thus we see addition of A with B is impossible though both
A and B are of same order viz., 6 x 5.

Thus is a quasi super matrix addition is compatiable if and
only if (1) A and B are quasi super matrix of same order and
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(2) cell division on A and B are the same that is we have a cell
division function F.: A — B such that F.(A) = B true.

Now we illustrate this situation by a simple example.

Example 4.22: Let
011 2 3 4]
516 7 8 9
06 2(8 4
A:
51 713 9
1 1 01 2
0 2 1]0 1]

11

A
=1A, Ay Ay,
A

31

where All: Alz, A22, A23 and A31 are sub matrix of A.

110 1 0 1
0/]1 01 0
11 1|1 1
B=

1 1 0[0 1
1 0 0|1 1
01 0[0 1)
B11B12

= B,, By
B

We see the total number of columns in B; and By, is 5; in
B,, and By; is 5 in B3, and B 1s 5.
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Now the addition of A and B is compatible.

0|1 2 3 4 110 1 0 1
516 7 8 9 0{1 01 0
A+B=O 6 2|8 4 1|1 11 1
51 713 9 1 1 0]0 1
1 1 01 2 1 0 0|1 1
0 2 1(0 1] |0 I 00 1
[0+1 140 241 3+0 4+1]
540 6+1 740 8+1 9+0
| 0+1 (641 2411 8+1 4+1
S5+ 141 740|340 9+1
I+1 1+0 0+0| 1+1 2+1
10+0 2+1 140]10+0 1+1 |
11 3 3 5]
507 7 9 9
1147 39 5
16 2 7 [3 10|
21 012 3
10 3 1|0 2]

It is important and interesting to note that in case of quasi
super matrices even addition is not always compatible even if
the matrices are of same order.

Now we proceed on to define multiplication in case of quasi

super matrices.

What ever be the situation we need to have compatability of

order while multiplying.
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Example 4.23: Let
A=
and
(1 0 1]1]
01 0f2
B=|1 0 1_0
21 01
100 1)1},

be any two quasi super matrices.

o1 202170 0N
05113100102
AB=11 o 1 lo o0 L]0

s 101 1|20

0 0 1]1]

If the partitions or cell divisions are removed imaginarily
and the multiplication takes place we get a 4 X 4 matrix.

4

3
7
2
6

NS B~ W
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The quasi super matrix product assumes an approximate cell
division which is not unique for it may not be possible to get a
cell division exactly as the very order of it is changed.

We call it as the resultant quasi super matrix. What is more
important in this situation is that we can find one or more type
of cell division on the product. This is not a problem for the
very concept of quasi super matrix was found to apply in fuzzy
models.

So to over come all these hurdles we make a mention of the
following. As in case of super matrices we first apply the
product of a quasi super matrix and its transpose we may recall
in case of super matrix we had the product of a super matrix
with its transpose gave a nice symmetric super matrix.

We observe that in the case of quasi super matrix A, the
transpose A’ of A is such that in general the product is not
defined. Thus we can define the product only when it is defined.

This is not the case in case of super matrix, for in super
matrix we can always define such products but in case of quasi
super matrix the product may be defined or not. Only if defined
it can be calculated.

This quasi super matrix when its entries are from the fuzzy
interval [0,1] we define it to be a fuzzy quasi super matrix or
quasi fuzzy super matrix.

All these matrices find their applications when the problem
under investigation uses several i.e., one or more fuzzy models
simultaneously.

We just illustrate by examples some fuzzy quasi super
matrices.

Example 4.24: Let F; denote the fuzzy quasi super matrix given
as
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0 0.1 04 05 03 0.7]
01 1 0 08 05
07 02 05 06 1 02
=108 05 06 05 07 1|,
01 08 061 0 038
0.8 05 01({09 1 02
103 07 05(03 05 1

where A, is a 4 X 6 fuzzy rectangular matrix and A, and A; are
3 x 3 fuzzy square super matrices.

Example 4.25: Let P, denote a quasi fuzzy super matrix given

by
(01 1 02 01]09 07 02 0]
09 01 1 0 |08 06 04 06
0.7 05 06 0807 0.1 05 0.1
0 1 0 051(04 07 04 03
p |03 1 06 01 05 0 [0 0]
107 0 02 04 06 070 ’
08 1 1 o0 1 0|1 -1
09 0 07 08 09 06 (03 02
05 02 06 04 05 0.1 /03 0.1
106 03 04 03 02 07101 0|
where
Al A2
P=| A, l;



190 | Neutrosophic Super Matrices and Quasi Super Matrices

where A; and A, is a 4 x 4 fuzzy matrix. As is a 6 X 6 square
fuzzy matrix and A4 and As are 3 x 2 rectangular fuzzy

matrices.

Thus we can have any number of quasi fuzzy super
matrices. In case of even quasi fuzzy super matrices we cannot
always define the notion of addition or multiplication. Only
when special type of compatibility exists we can proceed onto

define sum or product or both.

Example 4.26: Let F; and P be two quasi fuzzy super matrices

given by
[0.3 0.1 0207 02 0 0.1]
1 02 05/0 0 05 1
p .0 03 1 ]01 01 02 03
10 03 0804 1 01 07
1 07 03] 1 0.1‘0.7 1
105 08 09| 0 03102 05
A, A,
:l:A3 A, AJ
and
0 07 1|0 06 1 0.7]
03 0 08| 1 05 03 1
p |01 09 00 1 02 0
109 0 07|05 01 01 1
02 03 0503 0.5‘ 1 07
04 01 06/ 1 010 05
Bl BZ
:{B3 B, BJ
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We see both min {P;, F}; Py + F; = min {P;, F;} where min
function is well defined.

For if

where A= (a;);t=1,2,3,4,5.

and

(05) (&)
(65) (b3) (%))

where B, = (b} ); p=1,2,3,4,5.

P, =

ij?

min{afj ,bfj} min{ag , bg} max {afj ,bisj}

min {F,+ P} = |:min~{a.1 b} min{aj,b;} }

0 01 02[0 02 0 0.1]
03 0 05/0 0 03

0 03 0[0 01 02 0
0 0 07[04 01 01 07
02 03 03[03 0.1]07 07
04 01 06/ 0 01 0 05

Thus only when compatibility exists we may be in a
position to define min function.

Now we proceed onto define max function on F and P,.
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1 1 2 2
max{a.,b.} max{a;,b;
max {Fs+ P} = I: { Y ”} { b ”} }

max{aj,b;} max{a;,b;} max{a;,b;}
(03 07 1]07 06 1 0.7]
1 02 08| 1 05 05 1
01 09 1 (01 1 02 03
09 03 0805 1 01 1|
1 07 0511 0571 1
05 08 091 03102 0.5

Now we proceed onto define max min of F, Ps.
i.e., max min {F, P}

_ | maxmin{A,B,} maxmin{A,,B,}
max min{A,,B;} maxmin{A,,B,} maxmin{A,,B,}

(0.1 03 0302 06 0.7 0.7]
02 07 1 (05 05 02 1
03 09 0303 02 02 03
04 03 06| 1 05 04 1
09 03 0.7/03 05|07 0.7
05 03 0603 0102 05

max min {F, P} =

At times we may have only ‘addition’ to be compatible. For
instance consider the example.

Example 4.27: Let F; and P be any two quasi fuzzy super
matrices given by
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(03 08 1 |04 1 0 09]
0 04 05(08 0 08 04
08 1 006 07 1 03
04 03 08|01 05 0.6 0.1
05 08 061 0 0.8 0.1
05 1 005 06 1 0
1 0 081 04 0 02
04 05 1]03 1 04 07]

and

[0.7 03 05[03 05 01 0
1 08 04(08 0 04 09
07 0.6 03[0.1 0.8 0.1 03
03 0.8 05|07 09 0.7 02
0.1 05 0.1/03 04 0.5 03]
03 02 0407 05 01 08
0.1 08 03]03 07 02 0.1
08 0.7 01/0.1 0.6 03 05

Let us denote

A A=)
A=(e) A=(a)
and
L [B=(s) (o)
B, =(5) B.=(v])

max min {F,, P} is not defined as max min {A;, B} is not
defined min or max is defined by
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1 1 2 2
max(a.,b.) max(a;,b;
max {F;+ P} = ( 2 13]) ( | 3)
max(a;;,b;) max(a;,b;)

ij? ij?

(0.7 0.8 1 |04 1 0.1 09]
1 08 05(08 0 08 09
08 1 03(06 08 1 03
04 08 0807 09 07 02
05 08 061 04 08 03|
05 1 0407 06 1 038
1 08 081 07 02 02
08 07 1 (03 1 04 0.7]

Thus we see at times max and min may be defined but max min
may not be defined.

Here also entries of all these quasi super matrices can be
replaced by the entries from neutrosophic ring, dual number
ring, dual neutrosophic number rings and so on.

These new structures find applications in constructing the
fuzzy neutrosophic quasi super models.
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