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Some months ago, following [1], we introduced in (2] the con-
cept "an Intuitionistic Fuzzy Graph" (IFGs), which is based on the
theory of the Intuitionistic Fuzzy Sets (IFSs) [3]. In [4] it was
shown that the IFGs can be described by means of the Index Matrizx
{INs; [5]}). BHere we shall make the next step on the research of
the 1FGs.

Let the oriented graph G = (V, A} be given {see, e.g. [6}).
where V is a set of vertices and A is a set of arcs. Every graph
arc connects two graph vertices. Therefore, A c V x V and hence A
can be described as a (1,0)-matriz. Such an interpretation of
graphs 1is well Known - it is used, for example, in [61. There,
the rows and the columns of the matrices used are indexed by the
identifiers of the vertices, or of the vertices and of the arcs.
The graph G has the following matrix:

v v ce v

| e n
Y4 %, %,2 0 ®.n
.- fa 42,0 22,2  © ®an
n an.i an,a T an,n
where ai‘J € {0, 1)1 (2 ¢ i, j) s n), V = (vj, va,..., vn), in brief

we can write: G = [V, V, !aj Jl]-
]

Following [7), we shall maKe the next step, replacing this mat-
rix with an IHM. Practically, the semantic form of the matrix may
be the same, but now we can use the IM-apparatus described above.
On the other hand, we can modify the above matrix form to the
o i+ Vo and V are
respectively the sets of the graph input, ouitput and internal
vertices. From each vertex of the first type there starts at le-
ast omne arc, but none enters; in each vertex of the second type
at least one arc enters, but none starts; every vertex of the
third type has at least one arc ending in it and at least one arc
going out {from it. In this case for the vertives vp € V] and vq €
\' if there exists an arc, a = 4 and if there is no arc a
o P.q P q

= 0, but always a = Q.
q, P

Obviocusly, first, the graph matrix {in the sense of IM) now
will be of a smaller dimension than the ordinary graph matrix, and
second, it can be nonsquare, unlike the ordinary graph matrices.

As in the ordinary case, if ap p z {1 for the vertex vp € Vv,

following G = [V, U V, Vyuv ta, 3’]' where V
t

then this vertex has a loop.
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Following [8], we shall define five cases of Cartesian products

of two IFSs. Let Ej and E2 be two universes and let

A = f«x, pA(x). 1A(x)>/ x € Ejl.
B - t«y, HB(Y). TB(Y)>/ Y € Eel-
be two 1IFSs over them. We shall define:

A o, B - t<¢<<x, ¥y, pA(x).pB(y), 1A(x).1B(y)>/x€E1 & yGEal.

A 02 B - f««x, Y>.PA(X)*NB(Y)—DA(X)'NB(Y).TA(X)-VB(Y)>/X€E18Y€EEI.
A og B = f«<«x, y).pA(x).pB(y).1A(x)+1B(y)—1A(x).1B(y))/x€Ej&y€Eal,
A 04 B = ftc<x, y>, min(pA(x).pB(y)), max(TA(x).TB(Y))>/x€E1&Y€E2].
A 05 B - t<<x, y>, max(pA(x),pB(y)), min(1A(x).1B(y))>/x€Ei&y€E21.

Following {[4] we shall describe the IM-representation of a gi-
ven IFG.

Let E1 and E2 be two sets, let everywhere below x € Ej and y €

E_ and let operation o € to

2 .,051. Therefore <x, y> € E, o E_.

g 1 2
The set G' = f<<x, ¥y, Hg!X ¥). T (X, ¥)>/¢x, ¥> € B o E,l is

called an o0-1FG (shortly, 1FG), if the functions p : E, o© E2 ->

G b |
[0, 1] and 'G: Ej x Ee -> [G, 1] define the degree of membership
and the degree of non-membership of the element <x, y> € E1 0 E2

to the set (G, which is a subset of E, ¢© EE' respectively, and for

1

every <x, y> € Ei o EZ:

0 < po(x ¥} ¢+ v (x, ¥) s 1

{see [2]). For simplicity below, we shall write G instead of G*.
¥We must note immediately, that the p- and v-values of every
element <x, y> € Ej L] E2 are given (abstractly defined or measured

by some means) directly. In the particular case, the p- and 7v-com-
ponents of a given IFG can be obtained by some ways using the abo-
ve Cartesian product definitions.

On the basis of the above definitions, we can show the form of
the IH-representation of a given IFG. It is G := [V, V, A}, where

VvV = !vi. va,.... vn} and

v v ’ e . v

1 2 n
V’ <p(v1.v1). 1(v1,v1)> <P(V5.V2). ?(Vi.V2)> e e <N(V‘.Vn). 1(V1.Vn)>
- vg <u(v2.vi). T(vé'vi)> <N(V2.Va). 1(va.va)> e <D(V2.Yn}. 1(V2.Vn)>
Vn <U(Vn.vi). T(Vn.vj)> <N(Vn.va). ?(Vn.V2)> . . <u‘vh'vn)‘ T(Vh.vn)>

where <p(vi. vJ). 1(vi. vJ)> € [0, 1} = [C, 1], i.e., the arc bet-
ween vertices vj and v, is indexed by <p(v1,v3), 1(vi,vJ)>.

Obviously, this 1FG representation can be transformed +to the
form @ = [V, U vV, Vu Vo A}, too.

Following [9}, we shall define for the given a, B8 € [C, 1] and
for the given IFG G = [V, V, A}l:
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- the 1IFG HG(G) = v, V", A’] {for which the arc between the ver-

tices vi and vJ is indexed by <ai'3, hi.j>' where:
'] ¢ ., otherwise

hj o {7(v1| vJ-)n if p‘vit vJ) 2 a '
o J 1 ., otherwise !

- the IFG HB(G) = [V, V", A’} for which the arc between the ver-

tices vi and vJ is indexed by <a. b .>, where:

1:3' i, J
a, - {'p(vi, vj). if 1(vi. vJ) < B
o (4] , otherwise
5 ) {1 . otherwise )
: - i
i, 1(Vj. VJ). if V(Vi. VJ) L -

- the IFG 80 B(G) = [V, V’, A’} for which the arc between the

t

vertices vj and vJ is indexed by <aj‘J, hj,J" where:
a, - { BV, vJ). if p(vy, '3) 2 a and 7(v,, vJ) < B
. o] ., otherwise
hi . v(vj, VJ), if 1(vj. vJ) < B and 1(v1. vj) £ B
1 1 , otherwise
and vi € vV, vj € vV, iff vi, vi € V and if in the {first and in
the third case ai § >0 and if in the second and in the third ca-
1
se bj'J s B.
- 4 ” -
For the 1IHs A = X, L, l<aK 1 ay 1 >1}, B = P, G
i J i J

t<b* b" >1}, where

1
P9 P9y
KNLNP:-KNLNG=-XAPNG=LAPNG = 4,
some operations and relations can be defined (see [5]). Two of

these operations and an relation {in the intuityionistic fuzzy
form} are the following:

- F] .}
AcBiff (KcF) & (LcCG) & (Vk, € I)(VIJ € L)(aki']J < aki'lj &

b’ 2 b }

kj‘lj ki']j

- 4 ]
ANB:= [KNP, L NG Hct v ct v >1}, where

u w u w
<c’ , c" > = <min(a’ . b }, max{a" ., b" }
tu‘vw tu'vw ki']j Pri 9, ki']J Pr 9y

for tu = l(i = pre KNP and v'= lJ= qse LNnG and
AUB:= [KEUP LuUAQG It , c* >1}, where

tu.v t ,v
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ca’ " i = =
ak_'] . ak..].>' if tu ki € X and v' ]J
1 ) E BN
€L - Qort -XK, €K - P andv. -1 ¢€¢L
u 1 w R
<b? . b* >, it t_ = p € P and v. = g
pr'qs pr'qs r w s
] " - - = - =
<ct v ! ct v > = € Q L or tu pr € P X and v' qs € G
u w un w
<max{a’ , b }, min{a* , b* 1>
K. ,1 pr'qs kx‘]j Pr.qs
if t_ = ki z: p €KX NP and v_= 13= q, ¢ L NG

<0, 1>, otherwise
In {2) are introduced the following two IFS-operators:
DA - (<X, vA(x). i-uA(1)>/erl.
QA - f<x, i—vA(x). 1A(x)>/x€E).
and here we shall introduce two other IFS-operators (see [3]):
ClA} = {<x, max p (x}, min 7 (x}> / x € E},
XE€EE A

XEE A
I{(A}) - t<x, min p (X}, max r (x}> / X € E},
X€E XEE A

which can be transformed for the 1IFG-case directly.
The following theorems hold.
THEOREM 1: For every two IFGs A and B and for every two a, B ¢
o, 1}:

_ B
ta) na.B(A) z NG(A) N N (A},
(D) B o(ANB) = B, (A} NB_(B),
(c) B, (A UB) = B, _(A) UB_ (B

THEOREM 2: For every IFG G and for every two a, B € {0, 1]}:

/] G N G
(a) D a.B( } o u.B(D Y
b} N G N G},
{b) u,B‘o } € O 0.B( )
(e} C(H, o(6)) c B, ,(C(G)}),
d) 1(N G N 1¢(G)).
(a) ¢ u.B‘ }J}) O o,B( {G})
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