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Abstract

In this journal three operations alpha product, feta product and yamma product on IFGs are
defined. And ,we discussed the theorems related to 3 operations. Every Fuzzy Graph
transformed to Fuzzy Matrix. Likewise every Intuitionistic Fuzzy Graph transformed to an
Intuitionistic Fuzzy Matrix. Here we determined the algebraic results of alpha, Beta, yamma ,
Product Intuitionistic Fuzzy Matrices like singular, invertible and diagonalizable .

Keywords: alpha Product ; Beta Product; yamma Product; IFG; IFM.
1. Introduction

IFM used in networking, cluster analysis, medical diagnosis. alpha, feta and yamma PFGs
were introduced by Fathima Kani.B , Nagoor Gani.A(2014). Further they defined its matrix
representation of 3 FG operationsFathima Kani.B , Nagoor Gani.A(2019) . Here we define
the matrix formation of alpha, feta and yamma PIFG operation .This journal is organised as
follows. In sec. 2,definitions of alpha,feta and yamma PIFGs are discussed and properties
related to SIFGs is discussed. In Sec. 3 IFMs of alpha, feta and yamma product are defined
& the theorems related to singular, invertible and diagonalizable are discussed with suitable
examples. Here FG-Fuzzy Graph, FM-Fuzzy Matrix, IFG-Intuitionistic Fuzzy Graph, IFM-
Intuitionistic Fuzzy Matrix, SIFG-Strong Intuitionistic Fuzzy Graph, PIFG-Product
Intuitionistic Fuzzy Graph.

2.alpha,peta and yYamma PIFGs

Definition 2.1

The o —PIFG of G'=(X,Y,8,e)and G = (X",Y",8",¢).X nX" = @ is IFG,
G'xXG =(XY,86x8,exe), X=XxX",

( u; = vy, u,v, € Y'(0r))

’ ) U, = Vy,uVq € Y’(Or) ! .
Y=Y XY = ! ((ulfuz)’ (Vl’vz)) uq vy (= Y’ leVz%Y”(Or) :

uvq & Y’, U, Vs € Y"
(6, x 8 )(w,v) = & (W) A8, (v)

(8, % 8, )W, v) =8 (W) V&, (v)
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81 (uAe; "(upvy), ifu; = vy, upv, €Y
81 (up)Ae; (ugvy), ifu, =vy,uvy; €Y'
81 (u)AS; (vo)Ae; (ugvy), ifujvy €Y, uvye?”
k 31 (uAd; (vi)re; "(upvy), ifupvigY’,upv, €Y

(g1 X & ”)((up uz), (vi, VZ)) =

I{ 8, () V &y (uzvy), ifu; = vy, uvy €Y7 \I
, " 8, (u,) Ve, (uyvy), ifu, =v,,uyv; €Y’
(82 X € )((ul,uz), (Vl,Vz)) — 4 ., 2 ( 2) ” 82( 1 1,) 2 2,41 ,1 ”¥
82 (uZ) \ 82 (Vz) Ve, (ulvl), lfulvl eEY, U, Vvp gY
L 8, (W) V3, (V) Ve (Wpvy), ifuvieY, upv, €Y J
Definition 2.2
The p-PIFGof G=(X,Y,8,e)and G" = (X",Y",6,¢).X ' nX" = @isthe IFG
G'XG =(X,Y,86x8,exe), X=X xX"and

Uy # vq,u,v, € Y'(0r)
Y = Y’ XYY"= ((ul,uz), (Vl,Vz)) Uy # Vy, Uy € Y' (Or) y -
uvq € Y’, Uy vy € Y”

(61 %81 )wv) = 8 (W) A6y (v)

(8, % 8, )W, v) =8 (W) V&, (v)

81 (u)AS; (vi)Ae; " (upva), ifuy # vy, upv, €Y
(81' X g1 ”)((u]_y uz); (Vl; VZ)) = 61 "(UZ)/\SI ”(VZ)/\SI ,(ulvl), if U, # vy, u1vy € Y,
81’(U1V1)/\81”(u2V2); ifulvl € Y’, u,vy € Y”

(82' X & ”)((ulr u2)' (Vl' VZ))

52’(111) \% 62’(V1) V ey (upvy), ifu; # vy, uyvy, €Y
8y (U2) V3, (Vo) Vg5 (ugvy), ifu; # vy, uyvy €Y'
Szl(ulvl) \ 5% ”(UZVZ)' if u{vy € Y,, U, Vo € Y”

Definition 2.3

They-PIFGof G=(X,Y,8,e)and G" = (X", Y, 6", X' nX" =@ is the IFG
G'xG =(XY,86x6,e&xe"), X=X xX"and

U = Vq,UypVvy € Y”(Or)

U, = vy, uyvq €Y (Or)

Y = YI XYY"= ((ul,uz), (Vl,Vz)) uq * Vi, UVo € Y”(Or) , -

| Uy * Vo, U1Vq € Y' (Or) I
k wvy EY,uv, €Y

(81 % 8 )(w,v) = 8 (W) A8 (v)

(8, x 8, )wv) =8, (W) V&, (v)

1266



Intuitionistic Fuzzy GraphMatrices Using Intuitionistic Fuzzy Graph Operations

(81 (u)her (upvy), ifu; = v, upvy €Y )
8y (up)re; (ugvy), ifu, = vo, vy €Y
(g1 % &1 ) ((uy,uz), (vi,v2)) =1 8, (U8, (v Ae; "(uyvy), ifu; # vy, uv, €Y7 ¢
31 "(up)A8; (v)Ae; (ugvy), ifu, # vy, uyvy €Y
U g (uyvAg (uyvy), ifuyzvi €Y uyv, €Y J
(&2 X & ”)((up uz), (V1»V2))
( 8, (Uy) V&, (uyvy), ifu; =vy,uv, €Y )
8, (uy) V gy (ugvy), ifu, =vy,uvy €Y’
=18, (u) V&, (v) Ve, (uyvy), ifu;, #v,uv, €Y
8, () V&, (V) Ve, (upvy), ifu, # vy,u;v; €Y'
U & (v Ve (uyvy),  ifuyvy €Y,u,v, €Y )

Theorem 2.4

If G=(X,Y,8,e)andG" = (X", Y", 6", ¢")are SIFGs ,then G’ x G is also SIFG.
Solution: Take G and G as two SIFGs, then

&1'(s,6) = 6 () A 6y (1)

£2(5,0) = 8, (5) V6, (1)

&'(s,0) = 8, () A6, (©)

&' (s,t) =8, (s) V&, (t),V (uv)e Y and (uv)e Y".
Toshow, (g1 X &1 ) ((s1,52), (t1,t5)) = (61 x 81 )(s1,52) A (81 X & )(ty, t5)
Consider o - PIFG

Ifs; =t st €Y7, (&1 X&) ((51,52), (b1, 1)) = 81 (s1) Aep'(satp)

=61 (51) A8y (52) A&y (L)

=8, (s) A8y (t1) A8y (52) A
81 (t2)

=8, (s1) A 8 (s3) A8y (tr) A
81 (t2)

:(51’ X 51”)(51,52) A (51, X 51”)(751, t2)
Ifs, =t 51t €Y, (g1 X 81”)((51,52), (t1,t2)) = 51”(52)/\81’(51'51)
=81 (52)18; (51) A Sy (t1)

=81 (52) A8y (tp) Ay (s1) A8y (8)
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:51'(51) A dq "(52) A&y '(t1)/\ 01 N(tz)

:(61, X 61”)(51,52) A (61, X
& )(ty, t2)

Ifsity €Y, sptpeY ", (81 X &) ((s1,52), (t1,12)) = &; “(s)A8; (to)Neq (s1ty)
=31 (52)781 (t2)81 (51) A 6y (81)
=61 (51) A8 (52) A 61 (¢ 8y (t2)
:(51’ X 51”)(51,52) A (51, X 51”)(t1»t2)
ifsityeY, sty €Y, (g1 x g )((s1,82), (11, t2)) = 8y (51)18y (t1) ey "(syt5)
=3, (s1)A81 (t1)A81 ()18 (t2)
=61 (s1) A8y (52) A 81 (t)N 8y (t2)
:(51' X 6 ”)(51,52) N (51, X 51”)(t1’t2)
It is valid for non members also .That is
(&2 X & ”)((51; S2), (tl;tz)) = (52' X &, ”)(51;52) \% (52, X 8, H)(tp ts),
( S; = ty,S,t; € Y'(Or))
T O ]
sit;eY st €Y J
Consider B- PIFG
Ifs; # 1,5t €Y', (81 X &1 )((s1,52), (b1, t2)) = 31 (s1)78; (tr)Ae; " (s2t2)
=3, (5)A8; (8) A8y (52) Ay (&)

=51 (51) A 81 (5)A8; (t1) A
81 (t2)

=(61' X 51”)(51,52) A (51' X
8 )ty t)

Ifs, #ty,51t €Y, (g1 X g1 )((51,52), (t1,12)) = 8 (52)A81 (52)Me1 (s1t7)
=8, (52)M81 (£2)A8, (s1)A8; (1)
:51,(51) A6y ,,(52)A51’(t1) A

81 ”(tz)
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:(61' X 61”)(51,52) AN (61' X

81 ) (t1,t2)
Ifsit; €Y,spt, €Y7, (1 X 81”)((51,52), (t1,t2)) =g (s1t1)Aer (st3)
= 51'(51) A 51'(t1) A &y ”(52) A

81 '(t2)

=681 (s)) A 8y (52) A8y (t) A
81 '(t2)

:(51' X 61 ,,)(51'52) A (51’ X & ”)(tp t2)

This is valid for non-member of B -PIFG.
(ie) (&2 X & )((s1,52), (11, t)) = (52’ X 67 ”)(51,52) v (52’ X &, ”)(t1. t2)V

S1 * tl,Sth € Y”(Or)
Y =14 ((s1,52), (t1,t))]s, # ty,5:t; € Y (Or)
sit € Y,, Syt € Y”
Combination of a-P and 3 -P of IFG is a y-P. Thus a -P ,3-P and y -P of two SIFGs is again
a SIFG.

3.Matrix Representation of a , and y PIFGs

Definition 3.1
_ 81 X 81,8, x8,),i=]j
a-PIFM is A=[uvil,i=1,2,...n,j=12,...m , [uVj]= (01 X 01,8, X8 ).i=J| \yhere nm
(61 X & , & X&)l #]
are |X'|&|X"'| which belongs to G =(X, Y, 8 ,e)and G" = (X", Y", 8" ¢") .
Definition 3.2
. . . 5, X8, 8, Ni=j
B - PIFM is B=[uyv],i=1,2,...n,j=1,2,...m , [uiv,-]:[( AR 02 X 02 ), t ],l Where n,m
(61 X& , & X&)l #]
are |X'|&|X"|of G=(XY,6e)andG" = (X"Y" 8" ¢").
Definition 3.3
_ 81 X 81,8, x8,),i=]j
y-PIFM is G=[uyvl,i=1,2,....n,j=1,2,....m ,[ujvj]= ©r, 1 02 X 02 )l J | where n,m
(61 X& , & X&)l #]

are [X'|&|X"| of G'=(x'Y'8,eYandG"= (X" Y", 8" ¢").

Theorem 3.4

Every a -P and f - P of IFMs are non- singular.
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Proof: W.K.T ,an nxn matrix is non-singular ,if Ax=0 has only the zero solution. We split
this matrix in-to 2 ,one is membership matrix , another one is non- membership matrix.

Consider a -PIFGs. Here M - membership matrix and NM - non-membership matrix.
>>M=[0.2 0.2 0.2 0;0.2 0.2 0 0.2;0.2 0 0.3 0.3;0 0.2 0.3 0.3];
>> null(M)

ans =Null matrix: 4x0

>>NM=[0.4 0.7 0.60;0.70.700.7;0.600.6 0.7;0 0.7 0.7 0.7];

>> null(NM)

ans = Null matrix: 4x0

Consider B -PIFGs.

>>M=[0.2 0 0 0.2;0 0.2 0.2 0;0 0.2 0.3 0;0.2 0 0 0.3];

>> null(M)

ans = Null matrix: 4x0

>>NM=[0.4 00 0.7;0 0.7 0.7 0;0 0.7 0.6 0;0.7 0 0 0.7];

>> null(NM)

ans = Null matrix: 4x0

Theorem 3.5

Every a and B PIFMs are invertible.

Proof: As W.K.T, if a Matrix having determinant other than zero is invertible.
Consider a- PIFM,

>>M=[0.2 0.2 0.2 0;0.20.200.2;0.200.30.3;00.20.30.3];

>> DM=det(M)

DM = -0.0080

>>NM=[0.40.70.6 0;0.70.700.7;0.6 00.6 0.7;0 0.7 0.7 0.7];

>> DNM=det(NM)

DNM = -0.5145.Hence the determinant is(-0.0080-0.5145)

Consider B - PIFM,
>>M=[0.2000.2;00.20.20;00.20.30;0.2000.3];

>> DM=det(M)
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DM = 0.0004

>>NM=[0.4000.7;00.70.70;00.7 0.6 0;0.70 0 0.7];

>> DNM=det(NM)

DNM =0.0147. Determinant for this  -PIFM is (0.0004,0.0147)
Theorem 3.6

Every B and y PIFMs are singular if §; X 8; , & X & are constantand &, X &, , &, X &,
are constant.

Proof: If 8, X &, , & X &  areconstantand &, X 8, , &, X &, are constant, then the IFM
corresponding to  and y- PIFGs are ,

B -PIFM=[(s,t) 0 0 (5,1);0 (s,t) (s,t) 0;0 (s,1) (s,t) 0;5(s,t) 0 0 (s,1)]

Y- PIEM =[(s,1) (s,1) (s.1) (s.1); (s:1) (8,1) (5.1) (S.1); (S.1) (S.1) (s.1) (.0); (8.0) (.1) (s.1) (s.0)]
From these we clear that ,the two matrices rows are identical.

So D(determinant)=0. Thus  and y- PIFM are singular.

Theorem 3.7

Any o, B and y- PIFMs with different Eigen Values are diagonalizable.

Proof: M- any a , B (or)y PIFM with different eigen-values (a,b) ,where ‘a’ and ‘b’ are ,the
member value and non-member value of eigen-values . Let the no. of vertices are 2, let (a1,b1)
, (a2,b,) be the eigen-values and (A1,B;1) , (A2,B2) are the two eigen-vectors. W.k.t, a matrix
have different eigen-values, then their vectors are not LD . Suppose eigen-vectors are LD.
Then C1A;+CoA,=0--------- (1)

And C;B;+C,B,=0--------- (2) with ¢4, ¢ are not both zero.

Consider (1),multiplying both sides by membership eigen-values, we get C1a;A1+C,a,A2=0-
--------- ®3)

Multiplying first equation by ‘a;’we get C1a1A1+Cra;A2=0---------- 4)

Subtracting gives C,(a,-a1)A,=0.W.K.T a; and a, are different eigen-values. This implies that
C,=0. Likewise , c;=0.This gives a contradictory result for linearly dependent.

Likewise, Consider (2). Multiplying both sides by non-membership eigen values, we get
C1b1B1+C5h,B2=0---------- (5)

Multiplying first equation by ‘b;’we get C10,B,+C,b1B,=0---------- (6)

(5)-(6) gives Cy(b2-b1)A,=0.Clearly C,=0 ,likewise C1=0. Which gives the contradiction to
statement of LD.

Hence any alpha, Beta and yamma PIFMS with different eigen-values are diagonalizable.

4.Conclusion
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In this journal, matrix representations of o, and y - PIFG operations from their IFGs are
defined .Algebraic sets and operations are basic for everything .Fuzzy graphs have a
numerous applications whose origin is fuzzy relations. We transform every graph as an
adjacent matrix. Likewise we change every FGs into FMs which has more real life
applications like networking ,cluster analysis,traffic signals etc. Here we gave the relation
between IFGMs to linear algebraic concepts like singular, invertible and diagonalizable.
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