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Some operations on complex fuzzy graphs
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Mohamed Ismayil. A |

Abstract

In this paper we discussed about some types of complex fuzzy graphs
which is the extension of fuzzy graph. As the membership value of el-
ements of fuzzy graph is in between 0 and 1. In complex fuzzy graph
it will be extended to unit circle of complex plane. Therefore we have
to consider the amplitude value as well as phase term value. We are
considering complex fuzzy graphs in polar forms. Some operations
on complex fuzzy graphs such as union, intersection, composition,
and Cartesian products are introduced.Some basic theorems with re-
spect to the above mentioned operations are proved with examples.
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1 Introduction

L.A.Zadeh [1965] gave the idea of fuzzy set which is similar to proba-
bility function. The idea of complex fuzzy set (CFS) was first given by Ramot
et al.|[2002]. Accordingly a CFS is an extension of the fuzzy set whose range
is extended from [0,1] to a disc of unit radius in complex plane. Xueling et al.
[2019]] introduced some basic operations on complex fuzzy set. They have devel-
oped a new algorithm in signals and system by using complex fuzzy sets. After
that some results have been given by P.Bhattacharya| [[1987] about fuzzy graphs.
Thirunavukarasu et al.| [2016] extended the fuzzy graph to complex fuzzy graph.
Fuzzy graph were narrated by Mordeson and Peng [[1994]]. Nagoorgani and Latha
[2015]] gave some operations such as cartesian product, conjuction, disjunction in
fuzzy graph. Shannon and Atanassov| [[1994]] defined intuitionistic fuzzy graphs.
After that many authors added their ideas to intuitionistic fuzzy graph. Naveed
et al. [2019]] introduced the complex intuitionistic fuzzy graphs with certain no-
tions of union, join and composition. For Crisp graph we can refer Graph theory
by |[Harary| [1969].

In this paper, we introduced some types of complex fuzzy graphs with exam-
ples. Also some operations on complex fuzzy graphs such as union, intersection,
composition and cartesian product with suitable examples.

2 Premilinaries

Definition 2.1. A complex fuzzy graph G. = (o, ju.) is defined on a graph G =
(V, E) is a pair of complex functions o. : V — r(2)e®®) p. : ECV xV —
R(e)e® such that j.(z1,2) = R(e)e™®, where R(e) < min{r(z1),r(z)}
and ¢(e) < min{0(z1),0(z2)} forall z1,z9 € V and 0 < r(z1),7(22) < 1,0 <
0(z1),0(z9) < 2.

Example 2.1. Consider the complex fuzzy graph G. = (o, li.)
where o, = {21/0.2¢'™, 25/0.5"57 23 /0.7},
e = {(21, 22) /0.1€™57 (21, 23) /0.1, (22, 23) /0.5}

Definition 2.2. A complex fuzzy graph G, = (G, Ti;) is said to be a complement
of CFG G. if

i) 0.(2) = 0.(2) and

ii) po(z1,2) = R(€)e©), where R(e) = min{r(z),7(z2)} — R(e) and

o(e) =min{0(z1),0(22)} — ¢(e),Vz1,20 € V.
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21(0.2€i7r)
61(0.1€i0'5ﬂ) A 62(01)
25(0.5¢0-57) 23(0.7)
Figure 1: Complex fuzzy graph

Example 2.2. Consider the example 2.1, The complement of a CFG given in the
figure 1 is given by
Te = {21/0.2€", 25 /0.5€"57 23 /0.7} , Tie = {(21,22)/0.1, (21, 23)/0.1}

Definition 2.3. The order p and size q of a CFG G, = (o, i) defined on G =
(V, E) are defined by

i3 0(2) i3 (o)
p= e w7 ig= X Rlene e

2€V e=(z;,2;)€E
where R(e) < min{r(z;),r(z;)} and ¢(e) < min{6(z),0(z;)} for all z;, z; €
V.

Example 2.3. Consider the example 2.1, the order of G, is p = 1.4¢-5™,
the size of G is ¢ = 0.7¢i0-5m

Definition 2.4. The degree of a vertex z; in a CFG G, = (o, ji.) defined on
i X ¢
G = (V,E) is defined by d(z;) = ST Rle). e e such that
e=(2;,2j)Ephe

pe(zi, 25) = R(e) . €, forall z; € o,.

Example 2.4. Consider the example 2.1, d(z1) = 0.2¢"5™; d(z5) = 0.6,
d(z5) = 0.6

Definition 2.5. A CFG is said to be complete for every pair of vertices ji.(z1, z2) =

R(e)e® where R(e) = min{r(z;),7(22)} and ¢(e) = min{0(z),0(22)} for
all z1,20 €V

Example 2.5. Let G. = (o, i) be a CFG,where
0. = {21/0.5e07 2,/0.8¢'", 23/0.6¢"" }
e = {(21, 22) /0.5 (21, 23) /0.5€10T™ (29, 23) /0.6 }

Definition 2.6. A CFG is regular if d(z;) = d(z;) for all z;, z; € o..

Definition 2.7. In a CFG G. = (0., pi.) for all z;, z; € o, the neighbourhood of
z; is defined by N (z;) = {z; € 0./(z,2j) € pe}
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Definition 2.8. A path P in a CFG G. = (0., i) is a sequence of distinct
vertices zy, 21,29, * -+ z2n € V (except possibly zoandz,) such that ji.(z;_1, z;)=
R(e;)e ) R(e;) > 0,¢(e;) > 0,4 = 1,2,...,n. Here n is called the length of
the path. The consecutive pairs are called edges of the path. The strength of the
path in a CFG is defined by ji.(z;_1, 2;) = min { R(e;)} e?™me(ei),
i=1,2,3,...,n. It is denoted by S(p).

Definition 2.9. The strength of connectedness between two vertices z; abd z;
which is defined as the maximum amplitude and maximum phase term values of
the strength of all paths between z; and z;. In symbol we denote it as u°(z;, z;) =
CON Ng. (2, 2;), p(2i,2;) = T(€)e™® 0 < T(e) < 1,0 < th(e) < 2, where
T (e) is maximum amplitude value of all paths between z; and z; and 1(e) is max-
imum phase term value of all paths between z; and z;.

For any arc (z;, z), if R(e) > T'(e) and ¢(e) > 1)(e) then the arc (z;, z;) is said
to be strong.

Definition 2.10. The strong degree of a vertex z in a CFG is defined by sum of
membership values of strongarcs incident at z ,and it is denoted by d(z).

Definition 2.11. The strong neighbourhood of z; in a CFG is defined by
Ny(zi)={z; € V/(z;, zj)is a strong arc}.

Definition 2.12. A CFG G. = (o, pt.) is said to be bipartite if the vertex o. can
be partitioned into two non-empty sets .1 and o.o such that p.(z;,z;) = 0 if
Riy Zj € 0.1 and Ziy Zj € Oc2.

Definition 2.13. A CFG G, = (o, jt.) is said to be complete bipartite if the vertex
0. can be partitioned into two non-empty sets 0.1 and 0.y such that ji.(2;, z;) =
R(e).e®), where R(e) = min {r(z;),7(2;)}, ¢(e) = min {0(z),0(z;)} for z; €

Oc1 and Zj € Oc2.

Definition 2.14. A vertex z; of a complex fuzzy graph G. = (0., i1 ) is said to be

an isolated vertex if pi.(z;, zj) = 0,Vz; € V —{z}, (i.e)N(%) =

3 Operations on complex fuzzy graph

In this section the operations union, intersection, composition and cartesian
product of CFGs are defined with examples. Some propositions based on the
above operations are stated and proved.

Definition 3.1. Let the two complex fuzzy graphs G., = (0¢,, lic,), and G, =
(Ceys fhey) defined on two graphs Gy = (Vi, E1) and Gy = (Va, Es) respectively.
Let G, be a pair of complex functions 0., : Vi — r(2)e"®) p, : B C
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Vi x Vi — Ri(e).€1®) such that p.(z1,2) = Ri(e)e®® where Ri(e) <
min {ry(z1), 7"1(22)} ,01(e) < min{0;(z), 91(,22)}. Also G, is a pair of com-
plex functions o, : Vo — 19(2)e2) .+ By C Vo x Vo — Ry(e).e'?2®)
such that (21, ) = Ry(e)e'®?®) where Ry(e) < min {ry(21),72(22)}, dae) <
min {0(21), 02(22)}. Then the union of two complex fuzzy graphs G, = (0. =
Oey U Opyy fhe = fey U piey) on G = (V =V U Vo, E = Ey U Ey) is defined as
follows

r1(2)e?) Yz € Viand z ¢ V;
(i) 0.(2) = (06,U0.,)(2) = < ro(2)e23) V2 € Voand 2 ¢ V3
max {ry(z), r2(2)} e EEG 2 e VN,

(ii) pe(21,22) = (Hey U phey ) (21, 22) =
Ry(e)e’?(9) Y (21, 25) € Ey and(z1, 25) & E»
Ro(€)e'®2() ¥ (21, 20) € By and (21, %) ¢ By
max { R, (e), Ry(e)} ermaxien(e)o2(e} (» 20) € By N Ey

Proposition 3.1. Prove that the union of two complex fuzzy graph is also a com-
plex fuzzy graph.

Proof. Let G., and G, be two CFGs, then the union G. = G, UG,, is discussed
in three different case. For vertices,

i) Suppose that z € V; and z ¢ V; then
(0e, U0e,)(2) = max {r(2),ry(z)} et max{f(2).02(2)}
= max {ry(z), 0} .e?max{f1(=).0}
=71(2).e1®) Vz € Viand z ¢ V3.

ii) Similarly we can prove, for z ¢ V} and z € 1}

iii) Suppose that z € V; N V5, then
(0, Uoe,)(2) = max {o,, qCQ} .
= max {r(2)e" ) .ry(2)e2(*)}
= max {r(2), ry(2)} .e? 012020} 2 € VN V.

For edges,

i) Suppose that (z1, 29) € F1, (21, 22) ¢ Eo
(IU“CI U ,UCQ)(Z1, 22) = max {:ucl(zlv 22) Heg (Zb ZQ)}
< max {min {ry(21), 71(22), min {ra(z1), r2(22) } }} .
i max{min{01 (21),01 (z2) },min{02(21),02 (22)}}
= max { Ry (e), Ro(e)} .eimax{61(e):62()}
= max { R (e), 0} .e?max{e1(e).0}
= 31(6)-€i¢1(6)av(zla ) € By, (21, %) ¢ B,

(&
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ii) Similarly, we can prove that, (21, 20) ¢ E1, (21, 22) € Es

iii) Suppose that (21, 29) € E1 N Ey
(Hey U pey ) (21, 22) = max {pie, (21, 22), phe (21, 22) }

< max {min {ry(z1),r1(29)} ,min{ra(z1), r2(22) } } .
et max{min{61(z1),01(22)},min{02(z1),02(z2)}}

= max {R;(e), Ro(e)} .etma{91(e)oe(2)} for (21, 20) € By N By
There fore the union of two CFGs is also a CFG. [

Example 3.1. Consider the two complex fuzzy graphs G., = (0¢,, ic,) and G, =
(Ocys 1hey) given below o, = {21/0.4€"37, 2, /0.7€"*™ | 23/0.5¢-27} |

ey = {(21,22)/0.4€057 (29, 23)/0.4¢" } and 0., = {21/0.5¢'™, 23/0.5e"1-47
24/0.8€™ p., = {(21,24)/0.4€™% (23, 24)/0.5¢"4™} Then the union G, =
(Ocy UOey = O¢y ey U ey, = pie) on G = (V3 U Vo, By U Ey) can be written
as

0. = {21/0.5e™, 25/0.7¢"*" 23/0.5e4™ 2, /0.8¢"*" }

e = {(21, 22) /0.4€™87 (21, 24) /0.4 (23, 24) /0.5e147 (29, 24)/0.4€"™ }

‘ 25(0.7¢%™) .
2 (0‘4620.87r) e e (0‘5611.27r)

0.4e%0-87 0.4e™™
Figure 2: G,

, 24(0.8¢7) ,
21(0.5¢™) o—————— o0 23(0.5¢17)
0.4¢0-67 (.5t Am

Figure 3: G,

21(0.5¢'™)
0467057 L i
29(0.7€%™) 24(0.8¢%™)
0.4e'™ 0.5et-47

Z3(0'5€i1.4ﬂ')
Figure 4: G, U G,

Remark 3.1. Union of two strong CFG need not be a strong CFG.
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Example 3.2. Consider the Strong CFGs G., = (0¢,, jie,) and G., = (0cy, fic,)
where 0., = {21/0.4e™™, 25/0.6¢™ }, pe, = {(21, 22)/0.4€"™ } and

0, = {21/0.86"27, 25/0.2¢"™}, 11e, = {(21, 22)/0.2"2"} then the union is given
by o, = {21/0.8¢™ 2,/0.6€"™}, pe = {(21, 22)/0.4€>7},

However this is not a strong CFG.

Definition 3.2. Let the two complex fuzzy graphs G., = (0c,, e, ), and G., =
(Ceys lhey ) defined on two graphs Gy = (Vi El) and Gy = (Va, E3) respectively.
Let G, be a pair of complex functions ., : Vi — r1(2)e"®) pu, + B C
Vi x Vi — Ri(e).€*®) such that MC(Zl,ZQ) Ry(€)e’1©) where Ri(e) <
min {ry(z1),71(22)}, ¢1(e) < min {6;(z), Ql(zQ)}. Also G, is a pair of com-
plex functions o, : Vo — 19(2)€®3) o+ By C Vy x Vy — Ry(e).e2(©)
such that ji.(z1, ) = Ry(e)e’®*®) where Ry(e) < min {ry(21),72(22)}, da(e)
min {03(z1),02(z2)}. Then the intersection of two complex fuzzy graphs G,
(0 = 0y M Ty, fhe = ey N phey) is defined as follows

[ IA

(i) 0u(2) = (0o, N0y, (2) = min {ri(2),ry(2)} et G102} 2 c VNV,

(ii) :uc(zhz?) = (/Lcl N u62)<217 22) =
min {Rl(e), RQ(G)} eimin{m(e),qﬁz(e)}’ (2’1, 2’2) S E1 N Eg

0, otherwise

Proposition 3.2. Prove that the intersection of two complex fuzzy graphs is also
a complex fuzzy graph.

Proof. Let G, and G, be two complex fuzzy graphs, then

i) (0c, N0e,)(2) = min {ry(2), ra(2)} .e?min{01(2).02()}
ITtistrivial.

ii) For (21, 22) € F1 N Ey

(:uq N Ncg)(zlv Z2> = min {Mm (Zh Z2)7 Hey (Zlv 22>} € min{¢1().62(2)}
< min {min {ry(z1),r1(22)} , min {ra(z1), r2(22) } } .

el min{min{0i (z1),01(22)},min{62(z1),02(22)}}
= min {min {7y (z1),r2(21) } , min {7y (z2), 72(22) } } .

et min{min{61 (21),01(22)},min{02(21),02(22)} }
= min {Ry(z), R2(2)} .€! min{¢1(2),¢2(2)}

where Ry (2z) < min{ri(z1),72(21)}, Ra(z) < min{ry(z2),72(22)},

¢(z1) < min{01(z1),02(21)},

¢(22) < min {0(z1), 02(22)}

Hence the G., N G, is a CFG. ]
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Example 3.3. Consider the two complex fuzzy graphs G., = (0¢,, ;)

where 0., = {21/0.5¢7™ 2,/0.8, 23/0.7¢157} : pe, = {(21, 22)/0.5, (22, 23) /0.7}
and

G, = (Ocy, fley) Where 0., = {21/0.4€™7, 25 /0.6 2, /0.7 } ;

ey, = {(21,24)/0.4"™ (21, 29)/0.4€70-87}

Then the intersection of G., and G, on a pair G = (Vi NVa, E1 N Ey) is given by

V = {2/0.4¢" 2,/0.6} , E = {(21,22)/0.4} where V = ViNVy; E = E;NFEs.

Remark 3.2. Intersection of two strong CFGs is also a strong CFG.

Definition 3.3. Let the two complex fuzzy graphs G., = (0¢,, e, ), and G, =
(Ceys fhey) defined on two graphs Gy = (Vi El) and Gy = (Va, Ey) respectively.
Let G., be a pair of complex functions o., : Vi — ri(a)e®™@ pu, : B C
Vi x Vi — Ry(e).e®*®) such that uc(al,az) Ry(e)e(®) where Ry(e) <
min {ry(a1),m1(a2)}, $1(e) < min{0(ay1),0i(az)}. Also G, is a pair of com-
plex functions o, : Vo — ro(a)e’® @ ., + By C Vo x Vo — Ry(e).e'®2(®)
such that ji.(ay, az) = Ry(e)e’®?®) where Ry(e) < min {ry(ay), r2(as)}, ¢a(e) <
min {6s(ay),02(az)}. Then the composition of two complex fuzzy graphs is de-
fined as follows

(i) (0¢ 00c,)(a1,as) = min {ry(ay), ro(ag)} e™inor(a)02(a2)} g, g, € V =
VioVs

(a,52)) = min {r (), Ra(a)} i mn(0r(@)62(@)

(i) (fey © fie)((a; az),
a min {ry(ay), r2(b2)}; P2(a) < min{by(az),02(bs)},Va €

where Ry(a) <
Vi, (az,by) € Ey

08 Gt ) (1,0, (.0 = min (.l 10
whereRi(a) < min{ri(a1),r1(b1)};¢1(a) < min{bi(ar),0:(b1)},Va €
Vo, (a1,b1) € E4

(W) (MC1. 5 MCQ)((al? CL?)a (b17 b2)) = min {7"2(@2), TQ(b2)> Rl(a)} .
i min{f2(a2),02(b2). 1@} /g, by € Vo, ay # by, (a1,b1) € Eq, whereR;(a) <
min {ry(a1),71(b1)} ; ¢2(a) < min{01(as),0:1(b1)},

Proposition 3.3. Prove that the composition of two complex fuzzy graphs is also
a complex fuzzy graph.

Proof. Let G, and GG, be two CFGs then we prove that Gy o G is a CFG.

(i) (0¢ 0 0c) = (a1,a3) = min {Tl(al),rg(ag)}eimin{el(“l)ﬁ?(”)},Val,ag €
V. It is trivial.
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(i) (fte; © o) ((a, a2)(a, by)) = min {ry(a), Ry(a)} e ™n{fr(@)02(a)}
< min {r{(a), min {ro(as), r2(b2)} } €’ min{61(a),min{f2(az),62(b2)}}
= min {min {ry(a),r2(az)},min {ri(a), rs(b2)}} .
6i min{min{61(a),02(a2)},min{61(a),02(b2)}}
= min {r(ay), r(by)} e ™n{0@)000} "where r(a;) = min {r (a), r2(az)},
r(by) = min{ry(a),r2(by)},0(a;) = min {0 (a),bx(as)},
Q(bl) = min {91(@), 92(b2)} for all a € Vland(ag, bg) c EQ.

({ii) (f1e, © picy) (a1, b)(b1, b)) = min {Ry(a), ra(b) } et mn (@200}
< min {min {ry(a1),r1(b1)},ro(b)} et mindmin{01(a1).01(b1)}.02(b)}
= min {min {7 (ay),72(b)} , min {r(b1), r2(b)} }.
ei min{min{01 (a1),02(b) },min{61 (b1),02(b)}}
= min {r(ay), r(by)} e?™n{0(a2)002)} ‘where r(ay) = min {r(a;),r2(b)},
r(by) = min {ry(by),r2(b)},0(az) = min {h;(ay),0:(b)},
0(by) = min {0;(by),0(b)} forall b € V5 and (aq,b;) € Ej.

(IV) For all as, b2 € ‘/2, as 7é bg, (CLl, bl) S El
(Hey © pey)((ar, az), (br,b2)) = min{ra(az), r2(b2), Ri(a)} .
ei min{6f2(az2),02(b2),0(a)}

< min {ry(as), r2(bs), min {ry(ay),r1(by)}} .

Gi min{62(az2),02(b2),min{61(a1),01(b1)}}

= min {ry(as), ra(bs), 71 (ay), r1(by)} .e?min{02(a2).02(b2).01(a1) 01.(b1)}
= min {r(a), r(b)} .e?mn{0(a)6(0)}

where 7(a) = min {r(ay), r2(az)},r(b) = min {ry(by), r2(b2)}
Q(a) = min {01 (al), 02(&2)} y Q(b) = min {Ql(bl), 92(62)}

Hence G o G¢o is a CFG. [

Example 3.4. Consider the CFGs, G., = (0., , lic,)

where 0., = {21/0.4¢"7 25/0.6*"}; ., = {(21, 22)/0.4°"} and G., =
(Ocy, tey) Where 0o, = {23/0.5¢127 24/0.6e7} s 1o, = {(23,24)/0.5e7} .
Then the composition of G, and G, is given by G. = (0., ii.) where o, =
{2123/0.4€0™ 2124/0.4€™7 2525/0.5¢12T | 2924 /0.6 }

e = {(2123, 2124) /0.4€0T™ (2124, 2024) /0.4€705™ (2923, 2024) /0.5

(2123, 2223) /0.4€™°7 (2123, 2924) /0.4€"05™ (2124, 2923)/0.4057 }

Remark 3.3. The Composition of two strong CFG is need not be a strong CFG.
Definition 3.4. Let the two complex fuzzy graphs G., = (0¢,, ic,), and G, =
(Cey, ley) defined on two graphs Gy, = (Vi, Ey) and Gy = (Va, Ey) respectively.

Let G., be a pair of complex functions o., : Vi — r1(a)e®™@ ., : B C
Vi x Vi — Ry(e).e®) such that p.(a1,a;) = Ri(e)e’®(©) where R,(e) <
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min {ry(a1),r1(az2)}, ¢1(e) < min{0(a1),0i(a2)}. Also G, is a pair of com-
plex functions o, : Vo — r9(a)e’® @ ., : By C Vo x Vo — Ry(e).e'®2®)
such that ji.(ay, az) = Ry(e)e’®?® where Ry(e) < min {ry(ay), ma(az)}, da(e) <
min {92(&1), 92(&2)}.

Then the Cartesian product of two complex fuzzy graphs is defined as follows

(i) (0¢ X 0cy)(ar,a9) = min{ry(ay),ra(as)} emin{fr(ar),02(az2)} foray,a, €V

(i) (Hey X fiey)((a, a2), (a, b2)) = min {ri(a), Rz(a)
where Ry(a) < min{ry(as),ma(b2)}; d2(a) < {
Vi and (ag,by) € Ey

(iii) (pey X pey)((a1, @), (b1, @) = min {Ry(a), r2(a)
where Ri(a) < min{ri(ai),r1(b1)};¢2(a) < {
Vo and (ay,b1) € E4

} 6rn1n{91 ),¢2(a)}
Os(az), 02(by)} for all a €

} emin{6(a)02(a)
01(a1),01(by)} forall a €

Proposition 3.4. The cartesian product of two complex fuzzy graphs is also a
complex fuzzy graph.

Proof. Let G, and G, be two complex fuzzy graphs, then we prove that G.; x
G,y 1s a CFG.

() 0o, X 0o,(a1,as) = min {ri(ay), ro(ag)} .e?mntoilan02(e2))} g, qy € 1} x
V5. Tt is trivial, we have to verify the conditions only for £ x Ej

(i) (pte, X piey)((a, az), (a, b)) = min{ri(a), Ry(a)} .e'mnifr@).o2(@)}
< min {ry(a), min {rs(az), r2(by) } } et min{f1(a),min{2(az),02(b2)}}

= min {min {7 (a), r2(az2)}, min {ry(a), r2(b2)}} .

i min{min{61(a),02(a2)},min{1(a),62(b2) }}

= min {r(a,), (b))} .e?min{0(a1).0(b1)}

where (a;) = min {ry(a), r2(az)},r(b1) = min {ry(a), r2(b2)},
0(a1) = min {#;(a),05(az)},0(b1) = min{b;(a),O2(b2)}

forall a € V1, (as,be) € Ey

(iil) (fte, X fey)((ar, @), (b1, a)) = min {Ry(a), ry(a)} .e'mm{or(@) 620}
< min {min {r;(a;),r1(b1)},72(a)} .€ min{min{6: (a1),01(b1)},02(a)}
ar)

= min {min {7y (ay),r2(a)},min {ry(b1),r2)}} .
ei min{min{61 (a1),02(a)},min{6; (b1),02(a)}}

= min {r(ay), r(by)} .e?™in{0(a2).0(b2)}

where 7(ag) = min {ry(a1),r2(a)},7(bs) = min {r1(b1),r2(a)},
0(az) = min {0(ay),02(a)},0(by) = min{6,(by),02(a)}

forall a € V5, (ay,b) € Ey

Hence G.; x G,y is a CFG. [l
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Example 3.5. Let G, and G, be two complex fuzzy graphs.

0o, = {21/0.4™™ 2, /0.5 2} e = {(21, 22) /0.4

0e, = {23/0.5e07 2,/0.8¢"™, 25/0.4eTT,

fey = {(23,24)/0.4€""™ (24, 25) /0.4€"™ }. Then the cartesian product is given by
Oy X Oy = {2123/0.4¢07 2124/0.4€™, 2125 /0.4

2923/0.5€0 T 2524 /0.5 2025 /0.462" } 1o X pre, = {(2123, 2124)/0.4€707T
(2124, 2125)/0_4@1'”7 (2123, 2223)/0.46i0-77r7 (2223, 2224)/0'5€i0,77r7

(2224, 2225)/0.4€"™2™ (2124, 2224) /0.4€"™, (2125, 2025) /0.4€"2T }

‘ feilm ‘
21(0.4¢2m) o VAT 25(0.5¢12m)

Figure 5: G4

10.7m i
Z3(O.56i0'7ﬂ> .LL Z5(0.4€i1'7ﬂ)

24(0.8¢"™)
Figure 6: G,

(21, 23)(0 4610.77r) (21, 24).(.0'46”) (21, Z5)<0_4ei1.77r)
B 0.4 0.4e™
0.4e"7 0.4 0. 4eil27
i0.7r i
(29, 23)(0.5¢%0-Tm) 0.4e . | 0.4e |
(2’2, Z4)(O,5e”) (227 25)(0'46z1.27r)

Figure 7: G¢1 X Geo

Remark 3.4. Cartesian product of two strong CFG is also a strong CFG.

4 Conclusions

In this paper, we discussed about some operations on complex fuzzy graphs
such as union, intersection, composition and Cartesian product with examples.
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Complex fuzzy graph is an extension of a fuzzy graph. We are working to extend
the algorithms applied to complex fuzzy graphs are 1) Domination on complex
fuzzy graphs i1) Connectivity of complex fuzzy graphs and more operations on
Complex fuzzy graphs
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