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1. Introduction:

A. Zadeh [1] proposed fuzzy set theory in 1965 as a more effective decision-making tech-

nique for dealing with ambiguity in real-life scenarios. In 2002, D. Ramot [4] introduced

the complex fuzzy set. The fuzzy graph to the theory of complex fuzzy graph was ex-

tended by Tamir et al. [9] in 2015. X. Xue [14] developed the notion of cohesive fuzzy

sets in 2023. After that many researchers have given their ideas to developed the different

types of complex fuzzy graphs. The cohesive fuzzy graph utilized in this communication
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is the greatest choice available under many favorable situations, and it may have a range

in the extended unit circle of the complex plane. When there are numerous possibilities

for positive conditions, a cohesive fuzzy graph helps us ignore unpleasant scenarios and

helps us choose the optimal option in challenging situations. Without a doubt, this model

will save us our time and effort. This paper is a continuation of cohesive fuzzy graph and

its properties [16] and this paper contains the different types of product on cohesive fuzzy

graph with some theorems.

2. Definitions of Terminologies Used in the Study:

The following is a list of some of the definitions used in the current study

Definition 2.1: [1] Let a non-empty set be S and a is the element in S. Then the fuzzy

set P on S is the set of ordered pairs,

P = {< a, λP(a) >: a ∈ S}

where λP(a) : S → [0, 1] is a membership function.

Definition 2.2: [15] Let a fuzzy set be C that is defined on S, where S is a fixed

universal discourse; According to the function h, a cohesive fuzzy set on C, when applied

on S that yields the result in a unit circle subset. That is,

S1 = {< a, hC(a) >: a ∈ S}.

here hC is a complex valued set which is contained in the complex plane of circle with unit,

meaning the membership degrees of elements a ∈ S to C ⊂ S. And, hC is represented

as γC(a) exp
iΩC(a) , where i =

√
−1, γC(a) and ΩC(a) both are take real worth values and

γC(a) ∈ [0, 1].

Example 2.3: [15] The basic representation of cohesive fuzzy set, let P = {y1, y2, y3}
be the reference set. Suppose

hC1(y1) = {0.5 expπ, 0.8 exp π
2
, 0.7 exp π

2
},

hC2(y2) = {0.6 expπ, 0.9 expπ, 0.7 exp π
4
},

and hC3(y3) = {0.5 expπ, 0.7 exp π
2
, 0.7 expπ},

are the membership set of yk(1 ≤ k ≤ 3) to C. Then, it’s cohesive fuzzy set can be written

as

C = {< y1, {0.5 expπ, 0.8 exp π
2
, 0.7 exp π

2
} >, < y2, {0.6 expπ, 0.9 expπ, 0.7 exp π

4
} >,

< y3, {0.5 expπ, 0.7 exp π
2
, 0.7 expπ} >}.
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Definition 2.4: [16] Let an underlying set be U . A Cohesive fuzzy graph with U is an

ordered pair G = (P,Q) where,

P = (a, λPe
iαP , γPe

iβP , δPe
iϑP) is a cohesive fuzzy set on a vertex set V .

Q = (ab, λQe
iαQ , γQe

iβQ , δQe
iϑQ) is a cohesive fuzzy set on a edge set E

with P : V → Du{χ ∈ C : |χ| ≤ 1} and Q : E → Du{χ ∈ C : |χ| ≤ 1}, Where Du{χ ∈
C : |χ| ≤ 1} is the set of all the unit disc’s finite subsets, s.t

λQ(ab)e
iαQ(ab) ≤ min{λP(a), λP(b)}eimin{αP(a),αP(b)}

γQ(ab)e
iβQ(ab) ≤ min{γP(a), γP(b)}eimin{βP(a),βP(b)}

δQ(ab)e
iωQ(ab) ≤ min{δP(a), δP(b)}eimin{ωP(a),ωP(b)}

for all a, b ∈ P.

3. Some products on cohesive fuzzy graph:

This section, contains four different types of products on cohesive fuzzy graphs that is

cartesian product, direct product, strong product and semi-strong product.

3.1 Cartesian product of two cohesive fuzzy graph:

A pair G′ ×G′′
= (P1×P2,Q1×Q2) is the cartesian product of two cohesive fuzzy graphs,

such that:

(i). µP1×P2(a1, a2)e
iαP1×P2 (a1,a2) = min{µP1(a1), µP2(a2)}eimin{αP1 (a1),αP2 (a2)}

γP1×P2(a1, a2)e
iβP1×P2 (a1,a2) = min{γP1(a1), γP2(a2)}eimin{βP1 (a1),βP2 (a2)}

δP1×P2(a1, a2)e
iωP1×P2 (a1,a2) = min{δP1(a1), δP2(a2)}eimin{ωP1 (a1),ωP2 (a2)}

for all (a1, a2) ∈ (P1 × P2)

(ii). µQ1×Q2((c, a2)(c, b2))e
iαQ1×Q2

((c,a2)(c,b2)) = min{µP1(c), µQ2(a2b2)}eimin{αP1 (c),αQ2
(a2b2)}

γQ1×Q2((c, a2)(c, b2))e
iβQ1×Q2

((c,a2)(c,b2)) = min{γP1(c), γQ2(a2b2)}eimin{βP1 (c),βQ2
(a2b2)}

δQ1×Q2((c, a2)(c, b2))e
iωQ1×Q2

((c,a2)(c,b2)) = min{δP1(c), δQ2(a2b2)}eimin{ωP1 (c),ωQ2
(a2b2)}

for all c ∈ P1, a2b2 ∈ Q2

(iii). µQ1×Q2((a1, d)(b1, d))e
iαQ1×Q2

((a1,d)(b1,d)) = min{µQ1(a1b1), µP2(d)}eimin{αQ1
(a1b1),αP2 (d)}

γQ1×Q2((a1, d)(b1, d))e
iβQ1×Q2

((a1,d)(b1,d)) = min{γQ1(a1b1), γP2(d)}eimin{βQ1
(a1b1),βP2 (d)}

δQ1×Q2((a1, d)(b1, d))e
iωQ1×Q2

((a1,d)(b1,d)) = min{δQ1(a1b1), δP2(d)}eimin{ωQ1
(a1b1),ωP2 (d)}

for all d ∈ P2, a1b1 ∈ Q1

Example 3.1.1:

Advances in Nonlinear Variational Inequalities 
ISSN: 1092-910X 
Vol 28 No. 1s (2025)

https://internationalpubls.com 12



Figure 1: G′
and G′′

Figure 2: G = G′ ×G′′
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Proposition 3.1.2:

Let G′
= (P1,Q1) and G′′

= (P2,Q2) be two cohesive fuzzy graphs, where P is a vertex set

and Q is a edge set respectively. Then there is a cartesian product between them G′ ×G′′

of G′
= (P1,Q1) and G′′

= (P2,Q2) is a cohesive fuzzy graph.

Proof:

Suppose that G′
= (P1,Q1) and G′′

= (P2,Q2) are two cohesive fuzzy graphs, where

P is a vertex set and Q is a edge set respectively. Then cartesian product G′ × G′′
of

G′
= (P1,Q1) and G′′

= (P2,Q2) can be proved. Let (a1, a2)(b1, b2) ∈ Q1 × Q2. For

proving this we have three cases.

case 1: It is trivial.

case 2: If a1 = b1 = c and Let c ∈ P1 and a2b2 ∈ Q2

µQ1×Q2((c, a2)(c, b2))e
iαQ1×Q2

((c,a2)(c,b2))

= min{µP1(c), µQ2(a2b2)}eimin{αP1 (c),αQ2
(a2b2)}

≤ min{µP1(c),min{µP2(a2), µP2(b2)}}eimin{αP1 (c),min{αP2 (a2),αP2 (b2)}}

= min {min{µP1(c), µP2(a2)},min{µP1(c), µP2(b2)}}eimin{min{αP1 (c),αP2 (a2)},min{αP1 (c),αP2 (b2)}}

= min {µP1×P2(c, a2), µP1×P2(c, b2)}eimin{αP1×P2 (c,a2),αP1×P2 (c,b2)}

γQ1×Q2((c, a2)(c, b2))e
iβQ1×Q2

((c,a2)(c,b2))

= min{γP1(c), µQ2(a2b2)}eimin{βP1 (c),βQ2
(a2b2)}

≤ min{γP1(c),min{γP2(a2), γP2(b2)}}eimin{βP1 (c),min{βP2 (a2),βP2 (b2)}}

= min {min{γP1(c), γP2(a2)},min{γP1(c), γP2(b2)}}eimin{min{βP1 (c),βP2 (a2)},min{βP1 (c),βP2 (b2)}}

= min {γP1×P2(c, a2), µP1×P2(c, b2)}eimin{βP1×P2 (c,a2),βP1×P2 (c,b2)}

δQ1×Q2((c, a2)(c, b2))e
iωQ1×Q2

((c,a2)(c,b2))

= min{δP1(c), δQ2(a2b2)}eimin{ωP1 (c),ωQ2
(a2b2)}

≤ min{δP1(c),min{δP2(a2), δP2(b2)}}eimin{ωP1 (c),min{ωP2 (a2),ωP2 (b2)}}

= min {min{δP1(c), δP2(a2)},min{δP1(c), δP2(b2)}}eimin{min{ωP1 (c),ωP2 (a2)},min{ωP1 (c),ωP2 (b2)}}

= min {δP1×P2(c, a2), δP1×P2(c, b2)}eimin{ωP1×P2 (c,a2),ωP1×P2 (c,b2)}

case 3: If a2 = b2 = d and Let d ∈ P2 and a1b1 ∈ Q1

µQ1×Q2((a1, d)(b1, d))e
iαQ1×Q2

((a1,d)(b1,d))

= min{µQ1(a1b1), µP2(d)}eimin{αQ1
(a1b1),αP2 (d)}

≤ min{min{µP1(a1), µP1(b1)}, µP2(d)}eimin{min{αP1 (a1),αP1 (b1)},αP2 (d)}

= min {min{µP1(a1), µP2(d)},min {µP1(b1), µP2(d)}}eimin {min{αP1 (a1),αP2 (d)},min {αP2 (b1),αP2 (d)}}

= min {µP1×P2(a1, d), µP1×P2(b1, d)}eimin{αP1×P2 (a1,d),αP1×P2 (b1,d)}

γQ1×Q2((a1, d)(b1, d))e
iβQ1×Q2

((a1,d)(b1,d))

= min{γQ1(a1b1), γP2(d)}eimin{βQ1
(a1b1),βP2 (d)}
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≤ min{min{γP1(a1), γP1(b1)}, γP2(d)}eimin{min{βP1 (a1),βP1 (b1)},βP2 (d)}

= min {min{γP1(a1), γP2(d)},min {γP1(b1), γP2(d)}}eimin {min{βP1 (a1),βP2 (d)},min {βP2 (b1),βP2 (d)}}

= min {γP1×P2(a1, d), γP1×P2(b1, d)}eimin{βP1×P2 (a1,d),βP1×P2 (b1,d)}

δQ1×Q2((a1, d)(b1, d))e
iωQ1×Q2

((a1,d)(b1,d))

= min{δQ1(a1b1), δP2(d)}eimin{ωQ1
(a1b1),ωP2 (d)}

≤ min{min{δP1(a1), δP1(b1)}, δP2(d)}eimin{min{ωP1 (a1),ωP1 (b1)},ωP2 (d)}

= min {min{δP1(a1), δP2(d)},min {δP1(b1), δP2(d)}}eimin {min{ωP1 (a1),ωP2 (d)},min {ωP2 (b1),ωP2 (d)}}

= min {δP1×P2(a1, d), δP1×P2(b1, d)}eimin{ωP1×P2 (a1,d),ωP1×P2 (b1,d)}

Hence the cartesian product G′×G′′
of two cohesive fuzzy graph is a cohesive fuzzy graph.

3.2. Direct product of two cohesive fuzzy graph:

The Direct product of two cohesive fuzzy graphs G′
and G′′

is defined as a pair G′ •G′′
=

(P1 • P2,Q1 •Q2) , such that:

(i). µP1•P2(a1, a2)e
iαP1•P2 (a1,a2) = min{µP1(a1), µP2(a2)}eimin{αP1 (a1),αP2 (a2)}

γP1•P2(a1, a2)e
iβP1•P2 (a1,a2) = min{γP1(a1), γP2(a2)}eimin{βP1 (a1),βP2 (a2)}

δP1•P2(a1, a2)e
iωP1•P2 (a1,a2) = min{δP1(a1), δP2(a2)}eimin{ωP1 (a1),ωP2 (a2)}

for all (a1, a2) ∈ P1 × P2

(ii). µQ1•Q2((a1, a2)(b1, b2))e
iαQ1•Q2

((a1,a2)(b1,b2)) = min{µQ1(a1b1), µQ2(a2b2)}eimin{αQ1
(a1b1),αQ2

(a2b2)}

γQ1•Q2((a1, a2)(b1, b2))e
iβQ1•Q2

((a1,a2)(b1,b2)) = min{γQ1(a1b1), γQ2(a2b2)}eimin{βQ1
(a1b1),βQ2

(a2b2)},

δQ1•Q2((a1, a2)(b1, b2))e
iωQ1•Q2

((a1,a2)(b1,b2)) = min{δQ1(a1b1), δQ2(a2b2)}eimin{ωQ1
(a1b1),ωQ2

(a2b2)}

for all (a1b1) ∈ Q1 and for all (a2b2) ∈ Q2

Example 3.2.1:

Figure 3: G′
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Figure 4: G′′

Figure 5: G = G′ ×G′′

Proposition 3.2.2:

Let G′
= (P1,Q1) and G′′

= (P2,Q2) be two cohesive fuzzy graphs, where P is a vertex

set and Q is a edge set respectively. Then there is the direct product between them is a

cohesive fuzzy graph.

Proof:

Suppose that G′
= (P1,Q1) and G′′

= (P2,Q2) are two cohesive fuzzy graphs, where P
is a vertex set and Q is a edge set respectively. Then, the direct product G′ • G′′

of

G′
= (P1,Q1) and G′′

= (P2,Q2) can be proved. Let (a1, a2)(b1, b2) ∈ Q1 × Q2. For

proving this we have three cases.

case 1: It is trivial.

case 2: If a1b1 ∈ Q1 and a2b2 ∈ Q2

µQ1•Q2((a1, b1)(a2, b2))e
iαQ1•Q2

((a1,b1)(a2,b2))

= min{µQ1(a1b1), µQ2(a2b2)}eimin{αQ1
((a1b1),αQ2

(a2b2)}

≤ min{min{µP1(a1), µP2(a2)}, µP1(b1), µP2(b2)}eimin{min{αP1 (a1),αP2 (a2)},αP1 (b1),αP2 (b2)}

= min {µP1•P2(a1, a2), µP1•P2(b1, b2)}eimin{αP1•P2 (a1,a2),αP1•P2 (b1,b2)}
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γQ1•Q2((a1b1)(a2b2))e
iβQ1•Q2

((a1,b1)(a2,b2))

= min{γQ1(a1b1), γQ2(a2b2)}eimin{βQ1
((a1b1),βQ2

(a2b2)}

≤ min{min{γP1(a1), γP2(a2)}, γP1(b1), γP2(b2)}eimin{min{βP1 (a1),βP2 (a2)},βP1 (b1),βP2 (b2)}

= min {γP1•P2(a1, a2), γP1•P2(b1, b2)}eimin{βP1•P2 (a1,a2),βP1•P2 (b1,b2)}

δQ1•Q2((a1b1)(a2b2))e
iωQ1•Q2

((a1,b1)(a2,b2))

= min{δQ1(a1b1), δQ2(a2b2)}eimin{ωQ1
((a1b1),ωQ2

(a2b2)}

≤ min{min{δP1(a1), δP2(a2)}, δP1(b1), δP2(b2)}eimin{min{ωP1 (a1),ωP2 (a2)},ωP1 (b1),ωP2 (b2)}

= min {δP1•P2(a1, a2), δP1•P2(b1, b2)}eimin{ωP1•P2 (a1,a2),ωP1•P2 (b1,b2)}

Definition 3.3:

The strong product G′ ⊗ G′′
of two cohesive fuzzy graph is defined as a pair G′ ⊗ G′′

=

(P1 ⊗ P2,Q1 ⊗Q2), such that

(i). µP1⊗P2(a1, a2)e
iαP1⊗P2 (a1,a2) = min{µP1(a1), µP2(a2)}eimin{αP1 (a1),αP2 (a2)}

γP1⊗P2(a1, a2)e
iβP1⊗P2 (a1,a2) = min{γP1(a1), γP2(a2)}eimin{βP1 (a1),βP2 (a2)}

δP1⊗P2(a1, a2)e
iωP1⊗P2 (a1,a2) = min{δP1(a1), δP2(a2)}eimin{ωP1(a1),ωP2 (a2)}

for all (a1, a2) ∈ (P1 × P2)

(ii). µQ1⊗Q2((c, a2)(c, b2))e
iαQ1⊗Q2

((c,a2)(c,b2)) = min{µP1(c), µQ2(a2b2)}eimin{αP1 (c),αQ2
(a2b2)}

γQ1⊗Q2((c, a2)(c, b2))e
iβQ1⊗Q2

((c,a2)(c,b2)) = min{γP1(c), γQ2(a2b2)}eimin{βP1 (c),βQ2
(a2b2)}

δQ1⊗Q2((c, a2)(c, b2))e
iωQ1⊗Q2

((c,a2)(c,b2)) = min{δP1(c), δQ2(a2b2)}eimin{ωP1 (c),ωQ2
(a2b2)}

for all c ∈ P1, a2b2 ∈ Q2

(iii). µQ1⊗Q2((a1, d)(b1, d))e
iαQ1⊗Q2

((a1,d)(b1,d)) = min{µQ1(a1b1), µP2(d)}eimin{αQ1
(a1b1),αP2 (d)}

γQ1⊗Q2((a1, d)(b1, d))e
iβQ1⊗Q2

((a1,d)(b1,d)) = min{γQ1(a1b1), γP2(d)}eimin{βQ1
(a1b1),βP2 (d)}

δQ1⊗Q2((a1, d)(b1, d))e
iωQ1⊗Q2

((a1,d)(b1,d)) = min{δQ1(a1b1), δP2(d)}eimin{ωQ1
(a1b1),ωP2 (d)}

for all d ∈ P2, a1b1 ∈ Q1

(iv). µQ1⊗Q2((a1, a2)(b1, b2))e
iαQ1⊗Q2

((a1,a2)(b1,b2)) = min{µQ1(a1b1), µQ2(a2b2)}eimin{αQ1
(a1b1),αQ2

(a2b2)}

γQ1⊗Q2((a1, a2)(b1, b2))e
iβQ1⊗Q2

((a1,a2)(b1,b2)) = min{γQ1(a1b1), γQ2(a2b2)}eimin{βQ1
(a1b1),βQ2

(a2b2)},

δQ1⊗Q2((a1, a2)(b1, b2))e
iωQ1⊗Q2

((a1,a2)(b1,b2)) = min{δQ1(a1b1), δQ2(a2b2)}eimin{ωQ1
(a1b1),ωQ2

(a2b2)}

for all a1b1 ∈ Q1 and for all a2b2 ∈ Q2

Example 3.3.1:

Advances in Nonlinear Variational Inequalities 
ISSN: 1092-910X 
Vol 28 No. 1s (2025)

https://internationalpubls.com 17



Figure 6: G′

Figure 7: G′′

Figure 8: G = G′ ⊗G′′
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Proposition 3.3.2:

Let G′
= (P1,Q1) and G′′

= (P2,Q2) be two cohesive fuzzy graphs, where P is a vertex set

and Q is a edge set respectively. Then there is a strong product between them G′ ⊗ G′′

of G′
= (P1,Q1) and G′′

= (P2,Q2) is a cohesive fuzzy graph.

Proof:

Suppose that G′
= (P1,Q1) and G′′

= (P2,Q2) are two cohesive fuzzy graphs, where P
is a vertex set and Q is a edge set respectively. Then, the strong product G′ ⊗ G′′

of

G′
= (P1,Q1) and G′′

= (P2,Q2) can be proved. Let (a1, a2)(b1, b2) ∈ Q1 × Q2. For

proving this we have three cases.

case 1: It is trivial.

case 2: If a1 = b1 = c and Let a ∈ P1 and a2b2 ∈ Q2

µQ1⊗Q2((c, a2)(c, b2))e
iαQ1⊗Q2

((c,a2)(c,b2))

= min{µP1(c), µQ2(a2b2)}eimin{αP1 (c),αQ2
(a2b2)}

≤ min{µP1(c),min{µP2(a2), µP2(b2)}}eimin{αP1 (c),min{αP2 (a2),αP2 (b2)}},

= min {min{µP1(c), µP2(a2)},min{µP1(c), µP2(b2)}}eimin{min{αP1 (c),αP2 (a2)},min{αP1 (c),αP2 (b2)}}

= min {µP1⊗P2(c, a2), µP1⊗P2(c, b2)}eimin{αP1⊗P2 (c,a2),αP1⊗P2 (c,b2)}

γQ1⊗Q2((c, a2)(c, b2))e
iβQ1⊗Q2

((c,a2)(c,b2))

= min{γP1(c), γQ2(a2b2)}eimin{βP1 (c),βQ2
(a2b2)}

≤ min{γP1(c),min{γP2(a2), γP2(b2)}}eimin{βP1 (c),min{βP2 (a2),βP2 (b2)}},

= min {min{γP1(c), γP2(a2)},min{γP1(c), γP2(b2)}}eimin{min{βP1 (c),βP2 (a2)},min{βP1 (c),βP2 (b2)}}

= min {γP1⊗P2(c, a2), γP1⊗P2(c, b2)}eimin{βP1⊗P2 (c,a2),βP1⊗P2 (c,b2)}

δQ1⊗Q2((c, a2)(c, b2))e
iωQ1⊗Q2

((c,a2)(c,b2))

= min{δP1(c), δQ2(a2b2)}eimin{ωP1 (c),ωQ2
(a2b2)}

≤ min{δP1(c),min{δP2(a2), δP2(b2)}}eimin{ωP1 (c),min{ωP2 (a2),ωP2 (b2)}},

= min {min{δP1(c), δP2(a2)},min{δP1(c), δP2(b2)}}eimin{min{ωP1 (c),ωP2 (a2)},min{ωP1 (c),ωP2 (b2)}}

= min {δP1⊗P2(c, a2), δP1⊗P2(c, b2)}eimin{ωP1⊗P2 (c,a2),ωP1⊗P2 (c,b2)}

case 3: If a2 = b2 = d and Let d ∈ P2 and a1b1 ∈ Q1

µQ1⊗Q2((a1, d)(b1, d))e
iαQ1⊗Q2

((a1,d)(b1,d))

= min{µQ1(a1b1), µP2(d)}eimin{αQ1
(a1b1),αP2 (d)}

≤ min{min{µP1(a1), µP1(b1)}, µP2(d)}eimin{min{αP1 (a1),αP1 (b1)},αP2 (d)}

= min {min{µP1(a1), µP2(d)},min {µP1(b1), µP2(d)}}eimin {min{αP1 (a1),αP2 (d)},min {αP2 (b1),αP2 (d)}}

= min {µP1⊗P2(a1, d), µP1⊗P2(b1, d)}eimin{αP1⊗P2 (a1,d),αP1⊗P2 (b1,d)}

γQ1⊗Q2((a1, d)(b1, d))e
iβQ1⊗Q2

((a1,d)(b1,d))

= min{γQ1(a1b1), γP2(d)}eimin{βQ1
(a1b1),βP2 (d)}
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≤ min{min{γP1(a1), γP1(b1)}, γP2(d)}eimin{min{βP1 (a1),βP1 (b1)},βP2 (d)}

= min {min{γP1(a1), γP2(d)},min {γP1(b1), γP2(d)}}eimin {min{βP1 (a1),βP2 (d)},min {βP2 (b1),βP2 (d)}}

= min {γP1⊗P2(a1, d), γP1⊗P2(b1, d)}eimin{βP1⊗P2 (a1,d),βP1⊗P2 (b1,d)}

δQ1⊗Q2((a1, d)(b1, d))e
iωQ1⊗Q2

((a1,d)(b1,d))

= min{δQ1(a1b1), δP2(d)}eimin{ωQ1
(a1b1),ωP2 (d)}

≤ min{min{δP1(a1), δP1(b1)}, δP2(d)}eimin{min{ωP1 (a1),ωP1 (b1)},ωP2 (d)}

= min {min{δP1(a1), δP2(d)},min {δP1(b1), δP2(d)}}eimin {min{ωP1 (a1),ωP2 (d)},min {ωP1 (b1),ωP2 (d)}}

= min {δP1⊗P2(a1, d), δP1⊗P2(b1, d)}eimin{ωP1⊗P2 (a1,d),ωP1⊗P2 (b1,d)}

case 4: If a1 ̸= b1 and a2 ̸= b2, Let a1b1 ∈ Q1 and a2b2 ∈ Q2

µQ1⊗Q2((a1, a2)(b1, b2))e
iαQ1⊗Q2

((a1,a2)(b1,b2))

= min{µQ1(a1b1), µQ2(a2b2)e
imin{αQ1

(a1b1),αQ2
(a2b2)}

≤ min{min{µP1(a1), µP1(b1)}, {µP2(a2), µP2(b2)}}eimin{min{αP1 (a1),αP1 (b1)},{αP2 (a2),αP2 (b2)}}

= min {min{µP1(a1), µP2(a2)},min {µP1(b1), µP2(b2)}}eimin {min{αP1 (a1),αP2 (a2)},min {αP1 (b1),αP2 (b2)}}

= min {µP1⊗P2(a1, a2), µP1⊗P2(b1, b2)}eimin{αP1⊗P2 (a1,a2),αP1⊗P2 (b1,b2)}

Similar way we can prove for γ and δ.

Hence the strong product G′ ⊗G′′
of two cohesive fuzzy graphs is a cohesive fuzzy graph.

Definition 3.4:

The semi-strong product G′⊙G′′
of two cohesive fuzzy graph is defined as a pair G′⊙G′′

=

(P1 ⊙ P2,Q1 ⊙Q2), such that

(i). µP1⊙P2(a1, a2)e
iαP1⊙P2 (a1,a2) = min{µP1(a1), µP2(a2)}eimin{αP1 (a1),αP2 (a2)}

γP1⊙P2(a1, a2)e
iβP1⊙P2 (a1,a2) = min{γP1(a1), γP2(a2)}eimin{βP1 (a1),βP2 (a2)}

δP1⊙P2(a1, a2)e
iωP1⊙P2 (a1,a2) = min{δP1(a1), δP2(a2)}eimin{ωP1 (a1),ωP2 (a2)}

for all (a1, a2) ∈ (P1 × P2)

(ii). µQ1⊙Q2((c, a2)(c, b2))e
iβQ1⊙Q2

((c,a2)(c,b2)) = min{µP1(c), µQ2(a2b2)}eimin{αP1 (c),αQ2
(a2b2)}

γQ1⊙Q2((c, a2)(c, b2))e
iβQ1⊙Q2

((c,a2)(c,b2)) = min{γP1(c), γQ2(a2b2)}eimin{βP1 (c),βQ2
(a2b2)}

δQ1⊙Q2((c, a2)(c, b2))e
iωQ1⊙Q2

((c,a2)(c,b2)) = min{δP1(c), δQ2(a2b2)}eimin{ωP1 (c),ωQ2
(a2b2)}

for all c ∈ P1, a2b2 ∈ Q2

(iii). µQ1⊙Q2((a1, a2)(b1, b2))e
iαQ1⊙Q2

((a1,a2)(b1,b2)) = min{µQ1(a1b1), µQ2(a2b2)}eimin{αQ1
(a1b1),αQ2

(a2b2)}

γQ1⊙Q2((a1, a2)(b1, b2))e
iβQ1⊙Q2

((a1,a2)(b1,b2)) = min{γQ1(a1b1), γQ2(a2b2)}eimin{βQ1
(a1b1),βQ2

(a2b2)}

δQ1⊙Q2((a1, a2)(b1, b2))e
iωQ1⊙Q2

((a1,a2)(b1,b2)) = min{δQ1(a1b1), δQ2(a2b2)}eimin{ωQ1
(a1b1),ωQ2

(a2b2)}

Example 3.4.1:
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Figure 9: G′

Figure 10: G′′

Figure 11: G = G′ ⊙G′′
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Proposition 3.4.2:

Let G′
= (P1,Q1) and G′′

= (P2,Q2) be two cohesive fuzzy graphs, where P is a vertex

set and Q is a edge set respectively. Then there is a semi-strong product between them

G′ ⊙G′′
of G′

= (P1,Q1) and G′′
= (P2,Q2) is a cohesive fuzzy graph.

Proof:

Suppose that G′
= (P1,Q1) and G′′

= (P2,Q2) are two Cohesive fuzzy graphs, where

P is a vertex set and Q is a edge set respectively. Then semi-strong product G′ ⊙ G′′

of G
′
= (P1,Q1) and G′′

= (P2,Q2) can be proved. Let (a1, a2)(b1, b2) ∈ Q1 × Q2. For

proving this we have three cases.

case 1: It is trivial.

case 2: If a1 = b1 = c and Let a ∈ P1 and a2b2 ∈ Q2

µQ1⊙Q2((c, a2)(c, b2))e
iαQ1⊙Q2

((c,a2)(c,b2))

= min{µP1(c), µQ2(a2b2)}eimin{αP1 (c),αQ2
(a2b2)},

≤ min{µP1(c),min{µP2(a2), µP2(b2)}}eimin{αP1 (c),min{αP2 (a2),αP2 (b2)}},

= min {min{µP1(c), µP2(a2)},min{µP1(c), µP2(b2)}}eimin{min{αP1 (c),αP2 (a2)},min{αP1 (c),αP2 (b2)}}

= min {µP1⊙P2(c, a2), µP1⊙P2(c, b2)}eimin{αP1⊙P2 (c,a2),αP1⊙P2 (c,b2)},

γQ1⊙Q2((c, a2)(c, b2))e
iβQ1⊙Q2

((c,a2)(c,b2))

= min{γP1(c), γQ2(a2b2)}eimin{βP1 (c),βQ2
(a2b2)},

≤ min{γP1(c),min{γP2(a2), γP2(b2)}}eimin{βP1 (c),min{βP2 (a2),βP2 (b2)}},

= min {min{γP1(c), γP2(a2)},min{γP1(c), γP2(b2)}}eimin{min{βP1 (c),βP2 (a2)},min{βP1 (c),βP2 (b2)}}

= min {γP1⊙P2(c, a2), γP1⊙P2(c, b2)}eimin{βP1⊙P2 (c,a2),βP1⊙P2 (c,b2)},

δQ1⊙Q2((c, a2)(c, b2))e
iωQ1⊙Q2

((c,a2)(c,b2))

= min{δP1(c), δQ2(a2b2)}eimin{ωP1 (c),ωQ2
(a2b2)},

≤ min{δP1(c),min{δP2(a2), δP2(b2)}}eimin{ωP1 (c),min{ωP2 (a2),ωP2 (b2)}},

= min {min{δP1(c), δP2(a2)},min{δP1(c), δP2(b2)}}eimin{min{ωP1 (c),ωP2 (a2)},min{ωP1 (c),ωP2 (b2)}}

= min {δP1⊙P2(c, a2), δP1⊙P2(c, b2)}eimin{ωP1⊙P2 (c,a2),ωP1⊙P2 (c,b2)},

case 3: If a1 ̸= b1, a2 ̸= b2 and a1b1 ∈ Q1, a2b2 ∈ Q2

µQ1⊙Q2((a1, a2)(b1, b2))e
iαQ1⊙Q2

((a1,a2)(b1,b2))

= min{µQ1(a1b1), µQ2(a2b2)e
imin{αQ1

(a1b1),αQ2
(a2b2)}

≤ min{min{µP1(a1), µP1(b1)}, {µP2(a2), µP2(b2)}}eimin{min{αP1 (a1),αP1 (b1)},{αP2 (a2),αP2 (b2)}}

= min {min{µP1(a1), µP2(a2)},min {µP1(b1), µP2(b2)}}eimin {min{αP1 (a1),αP2 (a2)},min {αP1 (b1),αP2 (b2)}}

= min {µP1⊙P2(a1, a2), µP1⊙P2(b1, b2)}eimin{αP1⊙P2 (a1,a2),αP1⊙P2 (b1,b2)}

Similar way we can prove for γ and δ.

Hence the Semi-strong product G′ ⊙G′′
of two cohesive fuzzy graphs is a cohesive fuzzy

graph .
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Conclusion:

In this paper we studied some cohesive fuzzy graph products like cartesian product, direct

product, strong product, semi-strong product with some suitable graphical illustrations

for better understanding and also few of the theoretical results are proved using above

products of cohesive fuzzy graph.
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