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Abstract

A fuzzy matrix is a matrix which has its elemerftem [0,1], called the
fuzzy unit interval. In this paper we introduce thbasic concept of fuzzy rhotrix
theory, we also presents some types of fuzzy rbesriand some operations carried on
them.
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1.0 Introduction

The idea of rhotrix as an object that has its elgmarranged in a rhomboidal nature wasfirst inioedl by Ajibade [1] as an
extension of the initiative on matrix-tertions amatrix-noitretsof Atanassov and Shannon [2]. Mafiare either square or
rectangular depending on the number of rows andnma$while rhotrices always have the same numbeowt and
columnsThe binary operations of addition (+) and multiption @) over rhotrices are defined by Ajibade in [1]. Anet
multiplication method for rhotrices called row-coio multiplication was introduced by Sani [3] in eiffort to answer some
questions raised by Ajibade, the row-column muttgtion method is in a similar way as that ofmditigtion of matrices.A
generalization of the row-column multiplication metl forn-dimensional rhotrices was given by Sani [4]. Tisagivenn-

dimensional rhotricedR, = <aﬂ ,C|k> andQ, = <h] ,dlk> the multiplication of R, and Q, is as follows:

Rnan=<aml>°<hzjz,d.¥z>=<, (ai-p.i-),i<%9.&)>,t=<n+1>/2-

i2j1=L k=1
The method of converting a rhotrix to a specialriratalled ‘coupled matrix’ was suggested by S&jiThis idea was used
to solve systems ofiXN and (N —1)x (N —1) matrix problems simultaneously. The systm = bfor whichR,, is ann-

dimensional rhotrixy the unknowm-dimensional rhotrix vector andthe right-hand-side rhotrix vector was introdudsd
Aminu in [6], in this article, Aminu discuss the agssary and sufficient condition for the solvapilitf systems of the
formR,x = b, if a system is solvable it was shown how a soluttan be found.Vector spaces, linear mappings gudrs
root of a rhotrix were discussed by Aminu in [®]8Determinant method for solving system of equagiwas presented by
Aminu in [10], this method uses cramer’s rule tdvearhotrix system of equations. Cayley-Hamilt@enoine of the well-
known theorems that is formulated and proved iedmalgebra on matrices. Aminu in [11] extends thmorem to the
concept of rhotrix and also present some propettigisare attached to it. Minimal polynomial oftetrix was presented by
Aminu [12].Aminu and Michael [13] introduced therm®pt of paraletrix which is a structure that igemeralization of
rhotrix.

In this article we will introduce the basic contep fuzzy rhotrix theory and presents some typefupzy rhotrices and
operations carried on them.Rhotrix has applicatameral applications in coding theory, cryptogsamiombinatorial design
graph theory, see Kumar and Sharma [14, 15].
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2.0  Basic Definitions and Operations
Definition 1: If X is a collection of objects denoted genericddlyx, then a fuzzy sdin X is a set of ordered pairs:
A = {(x, pa(x)|xeX)}
uz(x)is called the membership function (generalized attaristic function) which maps X to the membersppace M. Its
range is the subset of nonnegative real numbersevbopremum is finite. For sug(x)= 1. normalized fuzzy set.
In Definition 1, the membership function of the Zyzet is a crisp (real-valued) function.
To be more non technical, a fuzzy set can be définathematically by assigning to each possibleviddal in theuniverse
of discourse a value representing its grade ofmeshijein the fuzzy set.

Definition 2: A finite fuzzy set4, is a set with cardinalityd| defined as

Al =) waGo)

and

||A|| = % is called the relative cardinality df

A fuzzy set which is not finite is called an infiaifuzzy set.
Definition 3: A fuzzy setd is convex if
pa(Ax; + (1 = Dxz) = minfuz (), na(xz)}
X4, X,€X,ande[0,1].
The interval [0,1] denote the unit interval andliso called the fuzzy interval.
Operations on Fuzzy Sets
Zadeh[16] define the following operations for fuzats.
Intersection (logical and):the membership function of the intersection of fuzzy setsA andB is defined as:
ins(X) = min(uz(X), up (X)) Vxex
Union (exclusive or):the membership function of the union is defined as:
waus(X) = max(uz(X), us (X)) vxeX
Complement (negation):the membership function of the complement is defias:
paX) =1 — pz(X)VxeX

3.0 Fuzzy Rhotrix Theory
Here we define a fuzzy rhotrix to be a kind of rhotvhich has its elements from [0,1] (the fuzzyeirval). Now consider a
rhotrix R,, = {(a;;, ¢y} Whereay;, ¢ € [0,1], thenR,, is a fuzzy rhotrix.
For example
0.2
1 01 04
01 08 1 0.7 02
09 03 05
0.2

is a fuzzy rhotrix since all the entrieskg come from the fuzzy intervg0,1].
Thus we have that all fuzzy rhotrices are rhotrimasnot every rhotrix in general is a fuzzy rhwaifihe rhotrix

0.1
1 03 04
04 7 1 2 2
3 8 01
6

is not a fuzzy rhotrix, because some of its entdess not come from the fuzzy interval [0,1]. Feample2,3,6,7,8 are
entries iP5, but2,3,6,7,8 € [0,1], hence rhotriXPs is not a fuzzy rhotrix. A rhotrix in general istrefuzzy rhotrix, and since
the unit interval [0,1] is contained in the setedls, we see that all fuzzy rhotrices are rhogrice

Two fuzzy rhotrices are said to be equal if andydfithe two rhotrices are of the same dimensiod teir entries in the
corresponding positions are equal.

R5:

P5=
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3.1 Some Types of Fuzzy Rhotrices
(i) Fuzzy Row Rhoatrix:

Let
a,
0 0 a,
0 0 0 0 a,
where,{, a;5,a43 ... a;¢ € [0,1]
R, :<a1'j 'C|k> = 0
0O 0 0O 0 O
0O 0 O

Since only the first row of the rhotrix containsnapero entries, theR,, is called an n-dimension fuzzy row rhotrix.
An example of a fuzzy row rhotrix is:

1
R3: O 0 0.1
0
(ii) Fuzzy Column Rhotrix:
Let
a,
a 0 O
a, 0 0 0 O
wherea,, a,q, as; ..., a4 € [0,1]
P=(a.c)= a
0O 0 O OO
0O 0 O

The first column of the rhotrig, is the only column with entries other than zerende we call the rhotriR, as a fuzzy
column rhotrix.
Example of a fuzzy column rhotrix is:

0.3
p,=(05 0 0
0

(iif) Fuzzy Zero Rhotrix:

Since0 € [0,1], we call the zero rhotrix a fuzzy zero rhotrix.eféfore a fuzzy zero rhotrix is a rhotrix with @ entries
been zero.

Example of a fuzzy zero rhotrix is:

o

R,={0 0 O

o

(iv) Fuzzy Unit Rhotrix:
A rhotrix whose entries are all 1's is called atwhotrix, in case of fuzzy rhotrices we calledsthipe of rhotrix as a fuzzy
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unit rhotrix.
Example of fuzzy unit rhotrix is:

(v) Fuzzy Diagonal Rhotrix:
A rhotrix R, = (a;j,cy) is called a fuzzy diagonal rhotrix if;; = 0 wheni # j and alsocy, = 0 whenl # k, where

a;j, e € [0,1].
Example of a fuzzy diagonal rhotrix is:

0.1
0 05 0
R=(0 0 1 0O
0 02 0
0.6

(vi) Fuzzy scalar rhotrix:
A fuzzy diagonal rhotrix is called a fuzzy scalhotrix if all its diagonal entries are equal.
Thus a fuzzy rhotriR, = (a;;, c;x)is said to be a fuzzy scalar rhotrix if:
a;j = 0 wheni # jandcy = 0 whenl # k
{ a;; = awheni = jandcy, = awhenl = k
Wherea € [0,1].
Example of fuzzy scalar rhotrix is

0.5
R,=(0 05 O
0.5

3.2 Operations on Fuzzy Rhotrices
Addition of two fuzzy rhotrices with respect to theual addition of rhotrices is not necessarilyzz§ rhotrix.
For example

0.5 0.2
R;,=(01 02 1) and ,=(0.7 0.1 05
0.6 0.3
are all fuzzy rhotrices, but
0.7
R;,+pP,=(08 03 15
0.9

is not a fuzzy rhotrix sinc&.5 is an entry ilR; + P; and1.5 ¢ [0,1].

So in the case of fuzzy rhotrices we will define tinax or min operations. Under the max or min dp@rahe resultant
rhotrix is again a fuzzy rhotrix which is in someayanalogous to the usual addition of rhotriceseHee will define the
following three operations on fuzzy rhotrices:

(i) maximum of a rhotrix (max)

(i) minimum of a rhotrix (min)

(iif) max min of a rhotrix (max min)

(i) Maximum of a Rhotrix (max)

As we see above, the addition of two fuzzy rhosiedth respect to the usual addition of rhotriceadt necessarily a fuzzy
rhotrix, so here we define a new operation on fuimgrices called the max operation which is in somay analogous to our
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usual addition of rhotrices.
Let R, = (a;;, cix) andh, = (b;;, dy) be two fuzzy rhotrices.
Then the max oR,, and?,, denoted bynax{R,, B}, is a rhotrixQ,, = {e;;, gix)

e;j = max(ay;, byj)fori, j =1,2,..t
where
Gue = max(cy, dy) fork, =1,2...1 = 1

For example:
Let
0.3 0.4
0.2 05 01 0.1 08 0.1
Rs={07 09 1 03 04) 24 P=[0g 03 05 07 03
04 0.2 0.8 0.2 05 0.9
0.6 0.6
Then
max(0.3,0.4)
max(0.2,0.1) max(0.5,0.8) max(0.1,0.1)
max{Rs, Ps} =

max(0.7,0.8) max(0.9,0.3) max(,0.5) mag0.7) max(0.4,0.3)
max(0.4,0.2) max(0.2,0.5) max(0.8,0.9)
max(0.6,0.6)
0.4
0.2 08 0.1
08 09 1 07 04
04 05 09

0.6
(ii) Minimum of a Rhotrix (min)
LetR, = (a;j, cix) andB, = (b;;, dy) be two fuzzy rhotrices.
Then the min oR, andP,, denoted bynin{R,,, P}, is a rhotrix@,, = (e;;, gi)

e;; = min(a;;, b;;)fori, j =1,2,..1
where
Gue = min (cy, dy)for K, =1,2...1 = 1

For example:
Let
0.2 0.1
1 01 04 1 03 04
Rs={01 08 1 07 02) ad p={04 04 0 03 02
09 03 05 0.3 08 01
0.2 0.6
Then
min(0.2,0.1)

min(1,1) min(0.1,0.3) min(0.4,0.4)
min{Rs, Ps} = ( min(0.1,0.4) min(0.8,0.4) min(,0) min(0F3) min(0.2,0.2)
min(0.9,0.3) min(0.3,0.8) min(0.5,0.1)
min(0.2,0.6)
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0.1
1 01 04
~(01 04 0 03 02
03 03 01

0.2
Also the minimum operator can be use to find tredpct of a fuzzy rhotrix by a scalar.
Let R, = (a;j, c;x) be a fuzzy rhotrix and € [0,1] (fuzzy unit interval). Then the scalar productRyfby A, denoted by
AR, is given by
AR, = [min(/l(aij, ci))|where, a;j, ¢y € [0,1]

For example:
0.5
LetA=0.5andr; = { 0.9 0.7 0.2
0.1
Then
min(0.5,0.5)
AR; = ({ min(0.5,0.9) min(0.5,0.7) min(0.5,0.2
min(0.5,0.1)
0.5
=(05 05 0.2
0.1

(iii) Max Min of a Rhotrix (max min)
Now when we wish to find the product of two fuzhptricesrR,, andB, . Using the usual definition of product of rhots;
we may not have the produkt P, to be a fuzzy rhotrix. For take

1 1
R;=(1 05 08)and P,=(06 03 1
0.3 1
be two fuzzy rhotrices. Under the usual rhotrixguct we have
1.48
R,p; = (118 0.15 1.
1.3

R;P; is not a fuzzy rhotrix. Thus the product of twaZy rhotrices under usual rhotrix multiplicationriet necessarily a
fuzzy rhotrix. So here we define a compatible openaanalogous to product so that the product af ftwzzy rhotrices will
happen to be another fuzzy rhotrix.

Let Rn = (ailjl'cllkl) andPn = (bl
Qn = (eij' glk)

t
qi = max{ ig}i?aljlhzjz )Jl =i !jz = J]

di,k,) be two fuzzy rhotrices. Then their prodRgP,, would be the fuzzy rhotrix

2J2’

wher "
For example:
Let
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0.2 0.1
1 01 04 1 03 04
Rs=( 01 08 1 0.7 0.2 and R=( 04 04 0 03 0.2
09 03 05 03 0.8 0.1
0.2 0.6

Then the product o andP; is

€,
€& O9u €p
RsPs=1{ € Uz ©x» U €13
€ Uxn €3
€3

Wheree,; = max{min(0.2,0.1), min(0.4,1),min(0.2,0.4)}
= max{0.1,0.4,0.2}
=0.4
e1, = max{min(0.2,0.4),min(0.4,0),min(0.2,0.3)}
= max{0.2,0,0.2}
=0.2
e13 = max{min(0.2,0.2), min(0.4,0.1),min(0.2,0.6)}
= max{0.2,0.1,0.2}
=0.2
€,; = max{min(1,0.1), min(1,1), min(0.5,0.4)}
= max{0.1,1,0.4}
=1
€5, = max{min(1,0.4), min(1,0), min(0.5,0.3)}
= max{0.4,0,0.3}
=0.4
e,3 = max{min(1,0.2), min(1,0.1), min(0.5,0.6)}
= max{0.2,0.1,0.5}
=0.5
e3; = max{min(0.1,0.1),min(0.9,1),min(0.2,0.4)}
= max{0.1,0.9,0.2}
=0.9
e3, = max{min(0.1,0.4) , min(0.9,0), min(0.2,0.3)}
= max{0.1,0,0.2}
=02
ez = max{min(0.1,0.2), min(0.9,0.1) , min(0.2,0.6)}
= max0.1,0.1,0.2}
=02
g1 = max{min(0.1,0.3), min(0.7,0.4)}
= max{0.1,0.4}
=04
g1z = max{min(0.1,0.3), min(0.7,0.8)}
= maxX0.1,0.7}
=07
g1 = max{min(0.8,0.3), min(0.3,0.4)}
= max{0.3,0.3}
=03
g2 = max{min(0.8,0.3), min(0.3,0.8)}
= maxX0.3,0.3}
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=03

0.4
1 04 02
RPs=( 09 03 04 0.7 0.2
0.2 03 05
0.2

Conclusion

In this paper, we introduce a special type of iiRotalled fuzzy rhotrix, we define what is meant &yuzzy rhotrix and
presents some types of fuzzy rhotrices togethdr sdatme basic operation on this special rhotrix..
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