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ABSTRACT

In this paper we define Cartesian Product of Interval — valued binary fuzzy graphs and composition of Interval —
valued binary fuzzy graphs. We investigate some of their properties.
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1. INTRODUCTION

The notion of fuzzy sets was introduced by L.A. Zadeh in 1965. It involves the concept of membership function
defined on a universal set. The value of the membership function lies in [0,1].This concept has found applications in
computer science, artificial intelligence, decision analysis, information science, pattern recognition, operation research
and robotics. The fuzzy relations between fuzzy sets were also considered by Rosenfeld (1975) who developed the
structure of fuzzy graphs. Later on Bhattacharya gave some remarks on fuzzy graphs. The operations of union, join,
Cartesian Product and composition on two fuzzy graphs were defined by Moderson J.N. and Peng. C.S.In this paper we
study about the binary fuzzy graphs we define the operations of Cartesian product, composition on Interval — valued
binary fuzzy graphs. Also we obtained some results related on Cartesian product on IVBFG, Composition of IVBFG.

Definition 1.1

A fuzzy subset pon a set X isa map u: X — [0,1]. A map B: X X X — [0,1] is fuzzy relation on X if
B(a,B) < u(x) Au(y) forall a, 8 € B is a symmetric fuzzy relation if B(a,8) = B(B,«) forall a, 8 € X.

Definition 1.2

Let X be a non-empty regular set. A binary fuzzy set B in X is an objective having the practice B =
{(a,,up(“),,u"(a)) Ja € X}Whereup : X - [0,1] andu™ : X — [0,1] are mappings.

Definition 1.3

A binary fuzzy graph of BG* = (V,E)is a pair BG = (A, B) where A = (u4, 1) is a binary fuzzy set in V and
B = (ub,ul) is a binary fuzzy set in V x V such that (up(ap) < ph(a) Aps(B) for all @, €V XV, (up(apB) <
,uA(a) /\,uA(,B)for alla,B €V XV, anduB(aﬁ) = Uy P(ap) =0foralla,B €V XV —E.

Definition 1.4

By an interval — valued binary fuzzy graph of BG* = (V,E) is a pair BG = (A,B) where A=

[(:uAIB' ”AIB) ('uAIB' ”AIB)] is an interval — valued fuzzy seton V and [(HBIB’ 'uBIB) (:“AIB'#BIB)] is an
interval — valued fuzzy relation on E such that
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xy) < x) A\
{ﬂm( ) MA,B( ) MA,B(y) forallzy €V XV

nN nN nN
xXy) = UyygX)Vu
{#BIB( ¥) AIB( ) AIB(y) forallx,y eV xV

and

il (ey) = (1Bl () = 0

forallx,y EVXV-—-E
uire Cey) = (s (ey)) = 0

Throughout this paper BG™ is a crisp graph and BG is an interval — valued binary fuzzy graph.

2. CARTESIAN PRODUCT ON INTERVAL - VALUED BINARY FUZZY GRAPHS

Definition 2.1

The Cartesian product Gy, X G,;5 of two interval — valued binary fuzzy graphs G,z = (A4, B;) and G,;5 =
(A,, B,) of the graphs G{;5 = (V4, E;) and G,z = (V,, E;) is defined as a pair (A; X A,, B; X B,) such that

((,“,4113 X /’tfqﬂz\]m)(xlixz) = (/'454)11\[13(351) A /'454)12\[13(352))
o (:“AUB X MAZIB)(xl'XZ) = (:“AUB (x1) A :“A21B(x2))
(:“AUB X MAZIB)(xl'XZ) (:“AUB (x1) A :“A21B(x2))

(:“AUB X MAZIB)(xl'XZ) :“A1IB (x) A :“A21B(x2)

forall (x4,x,) EV

(.“3113 X “BZIB)(x x) (X, y2) = ( 113(x) A#Bzzs(xz»)’z))
(“3113 X .“3213)(9‘ x2) (X, ¥2) = ( AllB(x) VHBIB(xZIyZ )
(Mbr1p X Hozi) (X, X2) (%, ¥2) (HAuB(x) T (xz’)’z))
(”3113 X .“3213)(75' x)(x,y2) = ('uAllB(x) VHBIB(xz'yZ )

(MBllB X ,uglzvm)(xl'z)(xl'z) = (HBIB(xZ' y2) A MAZIB(Z)>

(ﬂBUB X ﬂglz\llB)(xl'Z)(xl'Z) = “A113(x1’3’1) \4 MBIB(Z))

(i)
(:“3113 X ﬂBzIB)(xl'Z)(xl'Z) ( BIB(xZ'yZ) A MBIB(Z))

(MBllB X ﬂBZIB)(xl'Z)(xl'Z) = (MAUB(xl: y1)V HBIB(Z)>
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Theorem 2.2

The Cartesian product Gq;5 X G,;5 = (A; X A,, By X B,)of two interval — valued binary fuzzy graphs of the
graphs Gy, and G, is an interval — valued binary fuzzy graph of G{;5 X G3;5.

Proof
We verify only conditions for B,;z X B,;5 because conditions for A,;z X A, are obvious.

Let x € V;,x,y, € E, then,
(ubsra X 1e1a) (G x0), (,72)) = min (f 5 (), M35 (22, 72)
< min (5,5 (), min (3, (2), 1631532
= min (mm (uAuB CO N (xz)) min (MAZIB (O, Wi (yz)))
= min (k4115 X Who1a) 6 x2), (Whhsa X Habia) (%,7))
(s X 1) (G 22), (6, v2)) = min (Wt (), 1l ez, v2) )
< min (], (), min (Wl 02), 1131532
= min (min (123, (0), 1Wha) (62) ), min (i, (), 10315 (72)))
= min (ks X Wio1a) e x2), (Wihra X i) (%, 7))
(15 X 1B315) (G x2), G, 72)) = min (5 (), 255 ez, )
< min (4}, (x), min (uﬁ§13(xz), uﬁ§13(yz)))
= min (min (5}, (), 15y (x2) ), min (#ﬁfm CI N (yz)))
min (15 X Kaprs) G %2, (Katy X i) (2, 75))
(iBaie X i) (G %2, (6,72)) = min (515 (o) s (20 72))
< min ()5 (), min (5, (2), 1532
= min (min (35,5 (0), 1Whpy (62) ), min (s (), 10515 (72)))

= min ((”AlIB X ”AZIB)(x X2)» (:uAllB X ”AZIB)(X Y2 )

Similarly for z € V, and x,y; € E; we have
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(ubtis X HB315) (Cr1,2), (01, 2)) = min (K515 Cea, ), 315 (2))
< min (min (525 0e), s (1) ) Koy (2), )
= min (min (15,5 Ce0), 115 (2) ), min (6 00D, 16315 (2) ) )
= min ((uf})5 X 16315) o1, 2), (B35 X 155315) (31, ))
(uitm % 1i15) (Cer,2), (02, 29) = mim (i G, 3D, 15 (2))
< min (min (s0,5 o), 115 (1) ) 15 (2), )
= min (min (1,5 (0, 115 (2) ), min (5 (1), iy (2)))
= min (U5 X 1h315) s, 2), (s X 1315) (31, 2))
(s X 515) (a1, 2), (71, 2)) = min (it Gy, 31, 1y (2))
< min (min (uf},5Ger), 115 (1) ) iy (2), )
= min (min (157,5 Ce1), 15515 (2) ), min (h1,5 (00D, 1h315(2) ) )
= min (K115 X Wf51a) (o0, 2), (Kasip X Higin) 00,2))
(pis X 1) (1, 2), (91, 2)) = min (2h Gy, 32D, iy (2))
< min (min (35,5 (o), 115 1) ) iy (2), )
= min (min (u2f,5Ce). 135152 ) min (1355 0, 1050 @)

= min ((ﬂZI;IB X MZIZJIB)(xl’Z)' (“211313 X /4‘2513)(3’1' Z))

3. COMPOSITION OF INTERVAL - VALUED BINARY FUZZY GRAPHS

Definition 3.1

The composition of Gy,5[G25] = (A1 ¢ 4, B,

o B,) of two interval — valued binary fuzzy graphs G,;5; and
G,,50f the graphs G;,5 and G5, is defined as follows
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[ (s © i) Cer, x2) = (1 () A iy 5 x2))
- (s © 1) ey, x2) = (4 () /\qu,B(xz))
(M1 © Hazip) (1, X2) = (MAUB (1) A iy (x2))
(1 )

(nuAllB nuAZIB)(xl'xZ) = nuAllB (x1) A nuAZIB (x2)

forall (x;,x,) €V

(.“3113 #3213)(351'952)(951'3’2) = (.UAUB(xl) /\.“3213(952:3’2
(i)

~“A1IB (x) v :“3213 (x2,¥2

(:“3113 ° :“3213)(9‘1' x3)(%x1,¥2) = (#Aug(x1) \4 .“BIB (x2,y2 )
k(nuBllB ° /‘ZIZJIB)(xbxz)(xl:)’z) = )

(“3113 “512313)(’51"62)(’51:3’2) = (.“AuB(xl) /\/‘3213(’52:}’2

forall x, € V,and x,,y, € E,

(u5iss = Hhars) (0, 2) (0, 2) = (i (s v2) A WG ()
(i1 © M) X1, 2) (71, 2) = (/1211\[13(351'3’1) V i (Z))
(M11s © Hozp) (X1, 2) (1, 2) = (nuBfB(xZ'yZ) AM;IPB(Z))
t(/’tBllB ° “BZIBXXDZ)(YDZ) (MA1IB(x1'Y1) V g (Z))

(iii)

forall z € V,and x,,y, € E;

N N N N
(.u'gug ° .u'gzug)(xlrz)()ﬁrz) = (Hgm(xb yz) A .UZZIB(Z))

N N N N
(_ ) (.u3113 ° Mgzm)(xpxz)()’p Y2) = (ﬂﬁu}g(xz) A Mﬁzm(}’z) A .ugzug(xl; xz))
(A%
P P P
(”BlIB .u'gzug)(xlrz)(xl:z) = (.Ug”g(xz; }’z) Aﬂgug(z))

P P P
(.u3113 .U'BZIB)(xl:xz)(YL Y2) = (ﬂﬁu}g(xz) A Mﬁzm(}’z) A .ugzug(xl’xz))

fOT' all (x1:x2)(3’1IYZ) € Eo —E.

(#3113 ° .ugjzvm)(xlixz)(ﬁli ,82) = (.UZQVIB (xz) \ HZIZVIB (Yz) \ Hglfm(xl' YZ))

@) P P
(#3113 MBZIB)(xl: xz)(ﬁl' ﬁz) = (,uAuB(xz) \ ﬂZyB(yz) Vﬂglm(xl'xz))

fOT all (x1:x2)(Y1:YZ) € Ec —E.

Theorem 3.2

The composition G;,;5[G,;5] of interval — valued binary fuzzy graphs Gy;5 and G,;5 of Gi;5 and G35 is an
interval — valued binary fuzzy graph of G;;5[G5;5].

Proof

Similarly as in the previous proof we verify the conditions for B,z o B, only.
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In the case x € V;,x,y, € E,, according to (ii) we obtain

(55 © b5 (12 (3, 72)) = min (45 (o), s (2, v2) )
< min (5,5 (), min (3, 02), 131 5(32)))
= min (min(uﬁfm (x), 155 (x2)) min (Mﬁlsz (), 1 (}’2)))
= min (14115 © 1h315) (0 62D, (A2 5 © Hanys) (7))
(iirm © 1iars) (G 2, (6, 75)) = min (5 GO, 1B 1a (2, 7))
< min (/’tzllle (x), min (HZIZVIB (X2), o1 (yz)))
= min (min (23, (0), 1l (62) ), min (5 (), 10315 (72)))
= min (s ° Wiora) O %2), (Kt © Hiors) (. 32))
(Hh1a © HBo1a) (G X2, (6, 92)) = min (W51, GO, 1B 15 (22, 7))
< min (uﬁfzs (x), min (l‘ﬁgm(xz)» uﬁgm(yz)))
= min (min (5}, (), oo (c2) ), min (hh5 (), 1hh, 5 (72)))
min ((uhh5 o Kan1s) (620, (Kanrs © s ) (6, 2))
(ihe1m © 1Bors) (Cer, x2), (6, v2)) = min (5 (), il (20 72) )
< min (ufﬁm (x), min (MZ';,B (x2), K1 (yz)))
= min (min (Mfifm (O, Wi (xz)), min (b5 (), 155 (yz)))

; P P P P
= min ((:“2113 ° ”74213)(’51' X2), (”2113 ° /12213)(3‘, }’2))
In the casez € V,, x,y, € E; the proof is similar.

CONCLUSION

In this study we introduced the Cartesian product, Composition on Interval — valued Binary fuzzy graphs and
some theorems are discussed.
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