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1. INTRODUCTION With the introduction of fuzzy sets by Prof. Zadeh [8] and
intuitionistic fuzzy sets by Atanassov [5], the graph structure was discussed by
Sampathkumar [2]. Dinesh and Ramakrishnan [17] contributed fuzzy graph
structure. The notion of intuitionistic fuzzy graph structure (IFGS) G=
(A,B1,B,,....,By) are defined and introduced by the author in [6] ,[7] and [13]. In this
paper, Max- Min Matrix of intuitionistic fuzzy graph structure is discussed. Then
the coefficients of the characteristic polynomial of M(G) are also defined and
explained.

2. Il PRELIMINARIES

Some definitions and results that are necessary in this paper are reviewed,
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Definition (2.1) [11]: A graph G is a pair of set (V, E), denoted by G = (V, E), where V is
a set of vertices and E is a set of edges. Each edge in E is a pair of vertices in V. Each edge
is associated with a set consisting of either one or two vertices called its endpoints.
Definition (2.2) [11]: An edge whose endpoints are the same is called a loop.

Definition (2.3) [11]: A graph without loops and parallel edges is called a simple graph.

Definition (2.4) [2]: G = (V,R1,Ra,...,R) is a graph structure if V is a non empty set and
R1, Ry,...,Rkare relations on V which are mutually disjoint such that each R;, 1=1,2,3,... )k,
is symmetric and irreflexive.

Definition (2.5) [6]: Let G =(V, Ry, Ry,..., Rk) be a graph structure and let A be an
intuitionistic fuzzy subset (IFS) on V and B1,B;,..., Bk are intuitionistic fuzzy relations
(IFR) on V which are mutually disjoint, symmetric and irreflexive such that

g (U, V) P (U) AL (V) and vy (U,V) Sv(U) viva(v) YuveVandi=12, ..,k

Then G = (A, By, B,,...,By) is an intuitionistic fuzzy graph structure (IFGS) of G.

I, MAX-MIN MATRIX OF AN INTUITIONISTIC FUZZY GRAPH
STRUCTURE
Definition (3.1): Let G = (A,B1,Bo,.....Bk) be an intuitionistic fuzzy graph structure (IFGS)

of G for each vertex i. Define ¢,(j) and ,(j) as follows

a,(J) =max{ s, (1§).Vi }p=12...k

o (J) = max{ ug (Lj), 5 (2]), £45 (31),-cevnv Mg (KJ) 3
a,(J) = max{ ug, (1), £45,(2]), 145,(31)s e Mg, (KJ) 3
a; () = max{ tg, (L)), #5,(21), p45,(31)s e g, (KJ) 3
o, (1) = max{ pg (1)), 15, (2])), 5 (31)s-eve. Mg, (KJ) 3
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and similarly,
Bo(D)=min{ vy (i)),Vi }p=12..,k

B.(J3) = min{ vy 00), ve (21), Ve B])ew vy (KJ) 3,
g 22D =M€ v (D), Ve, @) v, Birnr v, (kD) 3,
" B.(5) = ming vy @), Vo, (20). Ve B)ie vy (KI) 3,
B () =min{ vy (D). ve (20). Ve B)sewria v (KI) 3

where Mg, (i j) represents the strength of relationship between u; and u; and Ve, @ij)
represents the strength of non-relationship between u; and u;.

Remark (3.2): For convenience, here some notations are used.

Mg, (u;, u;) is denoted by Hs, (ij) and Ve, (U, u;) by Ve, @(ij), vp=L12..,k. .
Definition (3.3): Let ¢ = (A,B1,B,,....,Bi) be given IFGS of G. Two vertices u; and u; are
mutually adjacent if there is an edge between u; and uji.e. there is an edge from u; to ujand
there is an edge from u; to u; .

Definition (3.4): Let ¢ = (A,B1,B,,....,Bi) be an IFGS of G. Three vertices u; , uj and up are

said to be cyclic if there is an edge from u; to u;, from u; to up and from u, to u; .

Definition (3.5): Let G = (A,B1,B,,....,Bi) be an IFGS of G . The B,-Max-Min Matrix Of
IFGS G is defined as Mp(G)=[( tsij, Mpij)] , where t5i= 0, my;=0 Vi =] and fori #j,

o max (@, (i) &, (J) if s (1))#0,¥p i min (8,(), £,(1)) if v (1))#0,¥p
LN if g (i1)=0Yp e My = if v (1)=0¥p

Definition (3.6): Let G = (A,B1,B>,.....Bi) be an IFGS of G . The Max-Min Matrix Of &
is defined as M(G)=[(max(tyi), min(mpi))] =[( tj, m)].

Definition (3.7): Max-Min Matrix Of G consists of two different matrices one containing
the entries as membership values and the other containing the entries as non-membership
values as M(G)=[(max( tyij), min(mij))] =[( ti;, mij)] where the matrix containing the entries
as membership values are termed as Max degree matrix of intuitionistic fuzzy graph
structure and is denoted by T= [ t; ] and the matrix containing the entries as non-
membership values are termed as Min degree matrix of intuitionistic fuzzy graph

structure and is denoted by N= [ mj].
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Example (3.8): Take example of link structure of a website and represent it by directed
IFGS. The links are considered as vertices and the path between the links are considered as
edges. The strength of each edge is taken as the membership value and the non- strength as
non-membership value. Suppose an IFGS G = (A, B, By) as displayed in the following

diagram.

(&)

s01) (0567

-y
.01 ¥0.3.0.6 oy (0.4.00) (0.7.0.2)

4|O§D-H

(0.5.0.4) Z A2}
M(&)=[( ti, m] ,

0.0)  (tymy) (temy) (t,my)
(tamy)  (0,0)  (tymy) (t,my)
(tymy) (tyomy,) (0,00 (ty,,my,)
(tymy) (tomy,) (temg)  (0,0)

. M(G) = where

0 t12 t13 t14 0 le m13 m14
T= t21 0 t23 t24 and N = le 0 m23 m24
t31 t32 O t34 m31 m32 O m34
t41 t42 t43 0 m41 m42 m43 0

(0,00 (0.7,0) (050.1) (0.50.4)
(07,00 (0,00 (07,0 (0.7,0.0)
(05,02) (07,02) (0,00 (0.4,0.2)
(05,04) (0.7,01) (04,02 (0,0)
(0,00 (0.80.1) (080.1) (0.0.1)
(08,01 (0,00 (080.1) (0.8,0.1)

Here in this example, M,(G) =

and M, (G) =
(0.8,01) (0.8,0.1) (0,00 (0.3,0.5
(0.8,0.1) (0.8,0.1) (0.305) (0,0
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(0,00 (0801 (0.80.1) (080.0)
. |80 (0 (0801 (080

M(G) = where
(0.8,01) (0.8,0.1) (0,00 (04,02
(0.8,0.1) (0.8,0.1) (0.4,02) (0,0)
0 08 08 08 0 01 01 01
_ 08 0 08 08 and _ 01 0 01 01
08 08 0 04 01 01 0 02
08 08 04 0 01 01 02 0

Result (3.9): Let M(G)=[(t;j, mi)] , where T=[ t;j], N=[mjj]. The characteristic polynomial

of T and N is an equation of order n if G has n vertices.

Note (3.10): In this paper, only the polynomial of order 4 will be used.

Remark (3.11): The characteristic polynomial of T of order 4 is agh*-a;\*+a,\%-azh+a,4=0,
where a=1, a;= tr(T), a, =%[(tr(T))2 - (tr(T?)], a =%[(tr(T))3 S3(tr(THr(T)+2r(T%) ], as=

det(T).
Remark (3.12): The characteristic polynomial of matix N as bod*- b 15° +b,8% b 38+ b 4= 0

,where bo=1, b= tr(N),b, - %[(tr(N))z ~((N)], b= %[(tr(N))s ~3r(N?)r(N) + 2r(N)], b=
det(N).
Now to see the explicit expressions for the coefficients of a, asz b, and bs,

Lemma (3.13): In the characteristic polynomial of T, a,=-) (tu)2 such that the

1<i<j<n

vertices uj and ujare mutually adjacent.

Proof: Generally a, = %[(tr(T))2 —(tr(TZ)], (from  Remark
(3.11))
If the vertices u; and u; are mutually adjacent, then t; = t; otherwise any one of tj or tj
will be zero.
.-azzz Otij :0 t'12_|_0t13+01:14_}_0 tza 0 [ 0t34

I<i<j<n tij O t21 0 t31 0 t41 0 t32 0 t42 0 t43 0
= - [t tor+ tig tart tag tagt tog tao+ tog taot+ tag tas ] --- (1)

LA, =— Z (tij)z if the vertices u; and ujare mutually adjacent.

1<i<j<n
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Cor (3.14): In the characteristic polynomial of N, b, = (mij)2 such that the vertices uj

1<i<j<n

and ujare mutually adjacent.
Proof: Generally b, = %[(tr(N))2 —(tr(NZ)], (from  Remark

(3.12),)
If the vertices u; and u;j are mutually adjacent, then m;; = m;; otherwise any one of m;; or

m;i will be zero.

. b _ Z O mij — 0 m12 + 0 m13 O ml4 0 m23 0 m24 0 m34
? I<i<j<n mij 0 m21 O mSl O m41 O mSZ O m42 O m43 0
= - [ my myr+ myz M3+ Mg Mg+ Moz Map+ Mog M g2+ M3s Mys | - (1)
Y (mij)2 if the vertices u; and ujare mutually adjacent.
1<i<j<n
Lemma (3.15): In the characteristic polynomial of T , a,-= Yttty where the

I<i<j<n

summation is taken over all i, j and p if the vertices u; , ujand upare cyclicin &

Proof: From Remark (3.11), a, = %[(tr(T))3 = 3(tr(T*)tr(T) +2tr(T°) ],
t; tij tip
b= . Z bbby
<i<j<p<n
tpi th tpp

= - [ too togtar+ too togtar+ tig taatar + ti3 tapltor+ tia tagtar + tia taolor + tog taatant tog tastsn] -
- (2)

If the vertices ui , ujand u,are cyclicin & ,thena,= 3 tt.t, otherwise any one of
Ki<j<p<n

tj or tj, or t, will be zero.

. (2) becomes a, = )t t, where the summation is taken over all i, j and p if the

Ki<j<p<n
vertices u; , uj and upare cyclicin G .

Cor (3.16): In the characteristic polynomial of N, b, = > mym m, where the summation
I<i<j<n

is taken over all i, j and p if the vertices u; , uj and upare cyclicin &

Proof: From Remark (3.12), b, = %[(tr(N))3 —3(tr(N?)tr(N) + 2tr(N3)}
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IKi<j<p<n
o My My

= - [mi2Maamay+ miamaam a1+ miz m3a mag + miz ma2Mor+ Mia MazMay + Mg Ma2Mp1 + Ma3
M34M42+ MosMazMsay] - (2)

If the vertices u; , uj and upare cyclicin G , then b= %' mm m, otherwise any one of
I<i<j<n

mjj or mj, or mpy; will be zero.

- (2) becomes b,= > mm,m, where the summation is taken over all i, j and p if the
I<i<j<n

vertices u; , ujand upare cyclicin G .
IV. CONCLUSION

In the present paper, the max-min matrix of intuitionistic fuzzy graph structure is
introduced. It can be further used in the development of new concepts related to Max- min

matrix of intuitionistic fuzzy graph structure.
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