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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

https://internationalpubls.com 10



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

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 IP on S is the set of ordered pairs,
P={<a,\p(a) > a €S}

where Ap(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 h¢ 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' C S. And, h¢ is represented
as yo(a) exp™e@ where i = v/—1,v¢(a) and Q¢ (a) both are take real worth values and

ve(a) € 10, 1].
Example 2.3: [15] The basic representation of cohesive fuzzy set, let P = {y1, 2,93}

be the reference set. Suppose

hey(y1) = {0.5expm, 0.8exp 5,0.7exp 7 },
hey(y2) = {0.6expm,0.9expm,0.7exp 7},
and hc, (y3) = {O-5eXP7TaO-7€Xp%,O.7eXp 7},

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

as

C={<y,{0.5expm,0.8exp7,0.7Texp T} >, < yo,{0.6expm,0.9expm,0.7exp 7} >,
< ys3,{0.5expm,0.7exp 5,0.7expm} >}.
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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, \pe'®®, ype' §pei’F) is a cohesive fuzzy set on a vertex set V.

Q = (ab, \ge™@, yge'2, §pe™?) is a cohesive fuzzy set on a edge set E

withP:V - D {xeC:|x|<1}and Q: F — D,{x € C : |x| < 1}, Where D,{x €
C': x| <1} is the set of all the unit disc’s finite subsets, s.t

Ag(ab)eie(@®) < min{\p(a), Ap(b) }et minter(a).ar®)}
,.),Q(ab)eiﬁ’@(ab) < min{~p(a), ,yp<b>}eimin{ﬁ]p(a),ﬁp(b)}
So(ab)e™e@®) < min{dp(a), op(b) }ei mintwra)wr(®)}

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’ x G" = (Py x Py, Q; x Q) is the cartesian product of two cohesive fuzzy graphs,
such that:

(i) i,y (ar, az)e’rr®2(4092) = min{up, (1), pp, (az) pe'mnton (o) e, (@2))

Vb, xp, (G, ag)ePPr P2 (01,02) — min{7p, (a1), vp,(az)}e! min{fp, (a1),8p, (a2)}

OB, xpy (@1, Gg)e™P1x72(91:92) — min{dp (ay), Op, (ag) et mintwr (a1)we, (a2)}

for all (a1, as) € (Py x Py)

(ii). pguxqs (e, az)(c, by))er@@nxa2(02)02) = min{up, (c), pig, (asby) pe! MM iem (9 0a, (0202))
Y0, %0, (€, az)(c, by) )etParxaz((ea2)(eb2)) — min{yp (c), yg, (asby) pet mintfe (¢).fay (azb2)}
80, x 0, (¢, az)(c, by))e™ e xey((eaz)(eb2) — min{dp, (c), 80, (azbs) ye! min{we, (¢),wg, (azb2)}

for all ¢ € Py, asby € Qo

(ii). gy s (a1, ) (by, d))e@0r=ea @ DOLD) — minfug (ayby), pp, (d) et mintocs w10 any (@)
Y0, @, (a1, d) (b, d)) e x 0y ((a1,d)(b1,d)) — min{~yg, (a1b1), e, (d) }e! min{fg, (a161),8e, (4)}
80, x 0, (a1, d)(by, d))e™e %y ((a1,d)(b1,d)) — min{dg, (a1b1), o, (d) }e’ min{wg, (a1b1),wp, (d)}

for all d € Py, a1b, € Q

Example 3.1.1:
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Proposition 3.1.2:

Let G' = (P, Qy) and G = (Py, Q) 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 x G
of G' = (P;,Q,) and G" = (IPy, Qy) is a cohesive fuzzy graph.

Proof:

Suppose that G = (P;,Q;) and G* = (P,,Q,) are two cohesive fuzzy graphs, where
P is a vertex set and Q is a edge set respectively. Then cartesian product G x G” of
G = (P1,Q,) and G" = (P,,Q,) can be proved. Let (a;,as)(by,bs) € Q; x Q,. For
proving this we have three cases.

case 1: It is trivial.

case 2: If a; = by = c and Let ¢ € P; and asby € Qo

1 x0a (€ az) (¢, by ) errarxea (ca)(ch2)

= min{yp, (), fig, (azbe) fe M iom (ag; (a202))

< min{pp, (¢), min{up, (as), pp, (by) } yet mindor, (¢)minfaz, (a2).a, (b2)}}

= min {min{ﬁb?l (C), P, (a2>}7 min{ﬂ[?’l (C), P, (bQ)}}el min{min{ap, (c),ap, (a2)},min{ap, (c),ap, (b2)}}

= min {ILL]Pl xPa (Ca a2)7 Hpy xPy (C, b2>}€i min{ap, xp, (¢:02),0p; xPy (C,02)}

Q1 xQ2 ((Cv a2)(cv b2>> 101 x0; ((e,a2)(e,b2))
min{~p, (¢), g, (azbs) ' min{Bp, (c),Bq, (azb2)}
< min{yp, (¢), min{yp, (as), yp, (by) } ye mintFe () min{Be, (a2),5e, (b2)}}
— min {min{qp, (¢), v, (@)}, Min{ e, (¢), 1o, (by) } bei minlmin{de, (€6, (o2)}min{Be, (0.6, (o)}

mln {fyﬂml XPQ (C, a/2)’ IU/H:Dl XPQ (C, b2>}ei min{ﬁ]}”l XPo (C7a2)7511"1 X Py (C:b2)}

5@1 X Q2 ((C’ CLQ) (07 bQ)) oy xz ((0a2)(e:b2))
— min{Be, (€), g (azbe) e nlem (95, 02
< min{épl (C) , min{5P2 (a2) op, (52) } }61 min{wp, (c),min{wp, (a2),wp, (b2)}}
— i {min{de, (), 3, (32)} min, (), A, (b))} e inin o, 00 minory ), )

— mln {6]P>1 ><]P>2 (07 a/2>, 61?’1 XPQ (C, b2) }62 min{w]l”l X Py (C’U'Q)vw]l"l XPgy (C,bg)}

case 3: If ap = by = d and Let d € Py and a1b; € Q

HQ1xQ2 ((alv d) (bh d»ele <0z ((a1.)(b1.d))

— min{pg, (arbr), e, (d) e MHiec @10 ars )

< min{min{up, (a1), e, (b1)}, pp, (d) e mmtmintor, (@)oz, G}z, ()

= min {min{yup, (a1), pr,(d)}, min {pp, (b1), pp, (d) } he min (min{ar, (@1).ap, (@)} min {ag, (br).oz, (D)})

e mln {NIFH <Py (al, d)’ /’L[Pl X Py (b17 d)}el min{aﬂ"l XPgy (a‘l 7d)7O‘[P’1 XPgy (bl ,d)}

YQ1xQ2 ((ah d) (bla d))eiﬁ@l <@ ((a1,d)(b1,d))
= min{"g, (a1b1), Vp, (d) yeimin{for (@1b1)fe, ()}
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S mln{mln{"ﬁpl (al )’ ’Y]PH (bl ) }’ 7]132 (d) }ei min{min{ﬁﬂ”l (a1)7ﬁ]P’1 (bl)}vﬁ]PQ (d)}
= min {min{~p, (a1),7,(d)}, min {7, (b), ye, (d) } pe' ™ minife (@) 5, (@ min {6, (1), 5, (41}

e mln {ryﬂbl %Py (al, d)’ 7[?31 x Py (bl , d)}el min{,BIPl XPgy (al 7d)7B]P’1 XPgy (bl »d)}

00150 (a1, ) (by ) e x0a (2001
= min{dg, (a1b1), op, (d) }e min{wor (1), (@)}
< min{min{dp, (a1), dp, (b1)}, Op, (d) pe? min{mintwr, (ar)we, b)) e, ()}
= min {min{0, (a1), G, (d)}, min {3, (br), Op, (d) } e (mintem (an)ony (0 min oz, () oz, ()
= min {0, e, (1, d), O (b, ) e P2 01D s 0.0

Hence the cartesian product G' x 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" =
(P, o Py, Q) @ Q2) , such that:

(i)- P, oP, (a1, CLQ)BiaPl'P?(al’aZ) = min{,upl (al), Lp, (a2)}@imin{0¢ml (a1),apy(a2)}

prapy (@1, @2)€P172(0102) — min e (a1, yp, (ag) }et mn(Be (a1) Bz, (a)}

OBy epy (@1, @) e™F1o72(91:92) — min{§p (ay), Op, (ag) }et ™in{wr (@) wr, (a2)}

for all (ay,as) € Py x Py

(ii). p1gr00s((a1,a2) (b1, by))e' @@ ((@1:02)0002) = min{yig, (a1b1), pg, (ashy) pe'mintoa (br).ao, (0202))
Y0100, (a1, az) (b1, by))eParey ((a1,a2)(brb2)) — min{vg, (a11), vg, (asbs) }¢* min{fo, (a1b1),fg, (azb2)}
60100, (a1, az)(by, by))eereaa(@1:02)(brb2)) — min {5 (aihy), Sg, (asby) e Mintwa: (a1b1)wa, (azb2)}
for all (a1b1) € Q; and for all (axbs) € Qs

Example 3.2.1:

. 1 K]
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1 1 _ 2 1 )
(0.2e'%",0.4e'27,0.6e'™) (0.6e'3",0.8¢'2",0.5¢'™)

Figure 3: G
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Figure 5: G =G’ x G

Proposition 3.2.2:

Let G = (P;,Q,) and G" = (P3,Q;) 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' = (P, Q) and G" = (P5,Qs) are two cohesive fuzzy graphs, where P
is a vertex set and Q is a edge set respectively. Then, the direct product G" e G" of
G = (P1,Qy) and G" = (P, Q) can be proved. Let (ay,as)(b1,by) € Q; x Qy. For
proving this we have three cases.

case 1: It is trivial.

case 2: If a1b; € Q; and aqxby € Q,

101005 (a1, b1)(ag, by) etz ((onb)(o2:62)

= min{sug, (a1b1), fig, (azhy) pe' mniea labrag, (@)}

< min{min{pp, (a1), e, (az)}, i, (b1), i, (by) e mintmintor, (1) ary(02)} e, (br).az, (02))

= min {”Pu]}”z (ah (12)7 HPyeP, (bla bZ)}ei min{ap, er, (a1,02),0p) ok, (b1,02)}
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Ya100s ((a1b1)(azby))eParens (1) 02:02)
= min{7g, (a1b1), Vg, (azbs) }e* min{har ((a1b1)fg, (a2b2)}
S mln{mln{fypl <a1)7 fyp2 <a2> }7 fypl <b1)7 /')/JPQ (b2> }ez min{min{ﬁﬂ”l (al)vﬁﬂj’g (a2)}»ﬁﬂ”1 (bl)»ﬁﬂ’g (b2)}

= min {Fyﬂml'ﬂl’z (ab a2)7 VPieP, (blﬂ b2)}ei min{ P, opy (01,02). By o8, (b1.52)}

00,00, ((a1b1) (aghy))e’ o0z (@1,61)(a2,02))
= min{dg, (a1b1), g, (azb2) }ei min{ug, ((0161).wg, (a22)}
< min{min{dp, (ay), dp,(as)}, dp, (b1), op, (b2) }ei min{min{wp, (a1),wp, (a2)}wp, (b1),wp, (b2)}

= min {0p,ep, (a1, a2), Op,ap, (b1, by ) pe! Min{errors (01,02) 07 o, (b1.b2)}

Definition 3.3:
The strong product G' ® G~ of two cohesive fuzzy graph is defined as a pair G ® G" =
(P; ® Py, Q1 ® Q2), such that

(1) pesom; (a1, ag)e®1=%2(*0%) = min{up, (1), s, (ag) e mmiom (01 0r;(02))
71?1@1?2 <a17 az)ei:BPl@]P’g (a17a2) — mln{rypl (0’1)7 /Y]PQ (alz)}el min{B]P’l ((11),,8[92 (G‘Q)}
5]13’1®]P’2 (ah a2)€iwpl®n>2(a1,a2) — min{(ﬁpl (al), 5]13,2 (&2)}61' min{wp; (a1),wp, (a2)}

for all (ay,as) € (P; x Py)

(). aroa((6;02) 6, b2))ei0re6aEm) = min{ g, (€) i (azhs) oo (s )
(€ ), b)) oreas (So() = tminfe, (), g, (agby) e ™05 (s et
Fous((6,02)(e, o)) enoea (0D — minf3p, (c) o () et e Ol

for all ¢ € Py, asby € Qo

(iii). pg 00, ((a1, d) (b, d))e e (@) — min{jg, (a1by), g, (d) e ™ toe @000z, (@)}
Yrees (a1, ) (b1, d))ePaee DO = min{yg, (a1b), ve,(d) pe' M0 @00 Fe, (D)
00,00, (a1, d) (by, d))eaee 0 D0LD) = min{sy, (a1by), op, (d) pe' ™ iem (@ab)ee, (@)

for all d € Py, a1b; € Qq

(iv). pigue0, (a1, a2)(by, by))ei@@re0s (@1:02)br02)) — min {0 (a1by), jug, (aby) el mn{ee (@1bi).ag, (a2b2)}
Yaieas (a1, az) (br, by))ePareea (10202 = min{ag, (arb), g, (azby) fe! mmiFen(0100) foy (azba)},
0010z (a1, az) (b, bz))e e (1)) = min{dg, (arby ), dg, (azby) pe! mnive (arbr)wa, (420}

for all a1b; € Q; and for all asby € Qs

Example 3.3.1:
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Proposition 3.3.2:

Let G' = (P,Q,) and G = (Py, Q) 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' = (P;,Q,) and G" = (IPy, Qy) is a cohesive fuzzy graph.

Proof:

Suppose that G' = (P, Q) and G = (P,, Q) 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,Q,) and G = (Py,Q,) can be proved. Let (a;,as)(by,bs) € Q; x Q,. For
proving this we have three cases.

case 1: It is trivial.

case 2: If a; = by = c and Let a € P; and asby € Qo

11 20; ((C, a2)(c’ b2))emQ1®Q2 ((c,a2)(c,b2))

= min{yp, (), fig, (azbe) fe MmOy (a202))

< min{ i, (¢), min{pp, (az), pp, (b) } ye'minton (hmintar, (@2)ax, 02)}}

= min {min{MIP’l (C), P, (a2>}7 min{ﬂ[?’l (C), P, (b2>}}el min{min{ap, (c),ap, (a2)} min{ap, (c),ap, (b2)}}

= min {/’LIP1®P2 (C7 0’2)7 /’LIP1®IP’2 (Ca b2>}6i min{a]pl@]?? (C,ag),a]pl ®Py (c,b2)}

TQ1®Q2 ((Cv a2)(cv b2>>elﬂ@l®(@2 caz)(e,b2))
min{~p, (¢), Yo, (azbs) } ¢’ min{Bp, (c),Bq, (azb2)}
< min{7p, (c), min{yp, (az), Yp, (by) } pe ™ {Fey () min{Be, (a2), 6z, (b2)}}
= min {min{~p, (¢), Ve, (az)}, min{7ye, (c), yp, (b2)} }e! min{min{Bp, (c),Bp, (a2)},min{Be, (c),fp, (b2)}}

min {7P1®IP2 (Cu a2)7 TP oPy (Ca b2)}ei min{ﬁpl@%(C7a2)ﬁpl®w2(c’b2)}

5@1@@2 ((07 CLQ) (07 bQ)) 0180, ((e:02)(eb2)
— min {3 ), 8, (aaba) et inler Do)
< min{dp, (¢), min{dp, (az), op, (by) } &' mn{wrs () min{ewr, (a2) o, (b2)3}
= min {min {3z, (6) 52, (22)}, min{, (), B (b)} o mintrintory )0 minler ) )

— mln {6]P>1®]P>2 (07 a/2>, 6P1®P2 (C’ b2) }ez min{wﬂ”l ®Py (C’U'Q)vwlpl ®Poy (C,bg)}

case 3: If ap = by = d and Let d € Py and a1b; € Q

HQ1®Q2 ((alv d) (bh d)>em@1 20y ((a1,4)(b1.d))

— min{pg, (arbr), e, (d) e MHiec @b ar )

< min{min{pp, (a1), e, (b1)}, pip, (d) e mmlmintor, (@).oz, G}z, ()

= min {min{yup, (a1), pir,(d)}, min {p, (b1), pp, (d) } he' min (min{ar, (@1).ap, ()} min{ag, (bo).oz, (@)})

= min {/p, gp, (a1, d), pip,ep2(by, d) e mniomees (@1.d)az om, (1A}

70:12Q2 ((ah d) (bla d))ew@logQ? ((a1,d)(b1,d))
= min{"g, (a1b1), Vp, (d) yeimin{for (@1b1)fe, ()}
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S mln{mln{"ﬁpl (al )’ ’Y]PH (bl ) }’ 7]132 (d) }ei min{min{ﬁﬂ”l (a1)7ﬁ]P’1 (bl)}nB]PQ (d)}
= min {min{~p, (a1),7,(d)}, min {7, (b), ye, (d) } pe' ™ minife (@) 5, (@ min {6, (1), 5, (41}

— mln {ryﬂbl QP (al, d)’ 7[?’1@[?’2 (bl , d)}el min{,BIPl ®Py (al 7d)7B]P’1 ®Py (bl »d)}

Sau00u (@, )by, d) o001

= min{dg, (a1b1), op, (d) }e min{wor (1), (@)}

< min{min{dp, (a1), dp, (b1)}, Op, (d) pe? min{mintwr, (ar)we, b)) e, ()}

= min {min{dp, (a1), 8p,(d)}, min {dp, (by), Op, (d)} }e? i min{wr, (@) wr, (@)} min {we, (01).wry ()}

= min {0p,gp, (a1, d), 5, @, (b1, d) e ™M om (@10 wr o, (01.d))

case 4: If a1 # by and ay # bo, Let a1b; € Q; and agby € Qo

1,00, (a1, a2) (br, by))ei e (@102)(brb2))

= min{jug, (a1b1), g, (ashy)e' ™o (@b ac, (@at2)}

< min{min{pp, (a1), tip, (b1)}, {ftp, (a2), MPQ(bz)}}eimin{min{apl (a1),apy (b1)}, {0, (a2),0m, (b2) }}

= min {min{pp, (1), iz, (a2)}, min {pp, (b1), p, (bo) } yer ™ tmintor (a2, (a2)}min faz, (b).cz, (02)}}
= min {MIF’1®IF’2 (al, a2)’ U, &Py (bb bz)}ei min{op, gp, (a1,02),0p; gP, (b1,b2)}

Similar way we can prove for vy and 9.

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" =
(P, © Py, Q1 ® Qs), such that

(1) prior; (a1, ag)e’®10m(00%) = min{pp, (1), pp, (ag) fe' MM om0 02y (02))

VB, 0B, (A1, Gz)ePP1or2(0192) — min{~p (a1), Ve, (ag) } e ™in{Be (1), (a2)}

Op,op, (a1, ag)e™P1072(91:92) — min{dp (ay), Op, (ag) et mintws (a1)we, (a2)}

for all (a1, as) € (Py x Py)

(1) 0,0 (€ 02)(e,ba))e o102 (CED) = min{ g, (€) i (asby) e 1o (s 20
10100 ((€,82)(, b)) 1002 00D = min{3, (), 7, (asba) e P ey o)

00:00s (¢, az)(c, by) e aon(©02(C02)) = min{dp, (c), dg, (azy) pe! mimers(heny (e202)}

for all ¢ € Py, asby € Qo

(iil). g0, (a1, a2)(by, by))e o era2)Crb) — min{pug, (a1by), pg, (azby) e ™o (@br).ag, (4262}
V0,00, (a1, az)(by, by))eiParon (a1:02)Crb2)) — min{vg (a1by), Yo, (agby) pe Min{Ber (@1b1),8g, (a2b2)}
50100, ((a1, az) (b, by))eiwa o0, (a1,02)(b1,62)) — min{dg, (a1b1), 6g, (azbs) €’ min{wg, (a1b1),wg, (a2b2)}

Example 3.4.1:
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L L 3 L L . 1 1
(0.5912”,[)..6914”,[).1?4”) (0.2e'%",0.4e'27,0.7e'™) (0.3¢7,0.7¢ 2", 0.5¢'5")
- 1 1 3 o 1 1 1 ®
@ (0.2¢'3",0.4e'5",0. 647 b (0.2e%7,04e%7,050%) ¢
. !
Figure 9: G

1 1 1
(0.1e'2",0.3e'27,0.1e'3™)
de —e.

, 1 1 1 1 3
(0.6e'™,0.3e'2",0.1e'2") (0.1e'3™,0.5e'7",0.6e'3™)

Figure 10: G"

1 1 1 1 1 3
0.5e2",0.3¢'4",0.1e'%" 1 1 1 0.1e's",0.5e'2",0.1e'3™
( (a,d)) (0.18r4n,0.39[4’7,0.18147[) ((a'e) )

(b.e)

1 L L
(0.1e'",0.5e'7",0.5e'5")

(c.e)

, 1 1
(0.3e'™,0.3e'27,0.1e'8™)
(c,d)

1 1 1
(0.1e'3",0.3e'7",0.1e'8")

Figure 11: G =G 60 G"
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Proposition 3.4.2:

Let G' = (P;,Q,) and G = (P3,Q;) 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' = (P,Q,) and G" = (P,,Q,) is a cohesive fuzzy graph.

Proof:

Suppose that G' = (P;,Q;) and G = (P, Q,) 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' = (Py,Q;) and G = (IPy,Q,) can be proved. Let (ai,as)(b,by) € Q; x Q,. For
proving this we have three cases.

case 1: It is trivial.

case 2: If a; = by = c and Let a € P; and asby € Qo

1160, ((C, a2)(c, b2))emQ1®Q2 ((c,a2)(c,b2))

= min{yp, (¢), g, (asby) e’ MMion (e (w20}

< min{ye, (c), min{pp, (az), pp, (b) } ye'minion () mintar, (@2)ax, 02)}}

= min {min{ﬁb?l (C), P, (a2>}7 min{ﬂ[?’l (C), P, (bQ)}}el min{min{ap, (c),ap, (a2)},min{ap, (c),ap, (b2)}}

. L b
= min {ILL]PIQ]P2 (Ca a?)a HPy OP, (Ca b2>}€l mln{aPIQP2 (c’a2)7a]pl®ﬂ)2 (e, 2)}7

oro, (€, a2) (¢, by))eifrsaa((eaz)(et)

= min{yp, (¢), Y0, (a2bs) }¢’ min{fe, (c).fg, (a2b2)}

< min{yp, (¢), min{vp, (az), yp, (by) } ye mintFe; () min{Bey (a2),5e, (b2)}}

= min {min{p, (¢), Y, (az)}, min{vp, (c), Y, (bs)} }e? @in{min{Be, (¢).fe, (az) }min{fe, (c),Br, (b2)}}

= min {7P1®P2 (Cu a2)7 i 2%0):2 (Ca b2)}ei min{ﬁpl@%(C7a2)ﬁpl®w2(c’b2)}a

80,00, ((c, az)(c, bQ))@inm@z ((c,a2)(c,b2))

= min{p, (¢), dg, (aghy) pet mintwe () wo, (azba)}

< min{dp, (c), min{dp, (az), op, (by) } }e? mintwe () min{we, (az).we, (b2)}}

= min {min{dp, (¢), dp, (az)}, min{dp, (c), op, (b)} }e?min{miniwr, (c)we, (az)}min{we, (¢).we, (b2)}}

. y 3 b
= i {8, m, (€, 02), G, o (6, by Yl Mrlemera o) rcrs (o),

case 3: If a; # by, as # by and a1b1 € Qq, ashs € Qo

10100s (a1, a2) (b, by) et raroaa (1,02 (0r,02))

= min{ g, (a1b1), Hq, (ang)eimin{a@l (a1b1),0q, (a2b2)}

< min{min{up, (a1), pp, (01)}, { e, (as), ﬂPQ(bz)}}eimin{min{apl (a1),ap, (b1)}.{ar, (a2),0p, (b2)}}

= min {min{pp, (a1), up, (a)}, min {up, (by), pp, (by)} ye?min {minfar, (a1).ar, (az)}hmin {az, (br),ar, (b2)}}
= min {NIP’l(DIF’Q (ab a2)7 U, oPy (bb 52)}67? min{ap, op, (a1,a2),0p, P, (b1,b2)}

Similar way we can prove for vy and 9.

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.

References:

[1]. L. A. Zadeh, Fuzzy sets, Inf. Control, 8 (1965), 338-353. https://doi.org/10.1016/S0019-
9958(65)90241-X

[2]. K. T. Atanassov, Intutionistic fuzzy sets, Fuzzy Sets Syst., 20(1986), 87-96.
https://doi.org/10.1016/S0165-0114(86)80034-3

[3]. V. Torra, Hesitant fuzzy sets, Int. J. Intell. Syst., 25(2010), 529-539.
https://doi.org/10.1002/int.20418

[4]. D. Ramot, R. Milo, M. Friedman, A. Kandel, Complex fuzzy sets, IEEE Trans. Fuzzy
Syst., 10 (2002), 171-186. https://doi.org/10.1109/91.995119

[5]. A.S. Alkouri, A. R. Salleh, Complex intuitionistic fuzzy sets, AIP Conf. Proc.,1482(2012),
464-470.

[6]. N. Chen, Z. Xu, M. Xia, Interval-valued hesitant preference relations and their appli-
cations to group decision making, Knowl Based Syst., 37(2013), 528-540.
https://doi.org/10.1016/j.knosys.2012.09.009

[7]. A.Rosenfeld, Fuzzy graphs, Academic Press, 1975, 77-95. https://doi.org/10.1016/B978-
0-12-775260-0.50008-6

[8]. T.Pathinathan, J. J. Arockiaraj, J.J. Roseline, Hesitancy fuzzy graphs, Indian J. Sci.
Technol., 8(2015), 1-5. https://doi.org/10.17485/ijst /2015 /v8i35/86672

[9]. D. E. Tamir, N. D. Rishe, M. Last, A. Kandel, Soft computing based epidemical crisis
prediction, Intell. Meth. Cyber Warf., vol. 563, pp. 43-67,2015.

[10]. F. Karaaslan, Hesitant fuzzy graphs and their applications in decision making, J.
Intell. Fuzzy Syst., 36(2019), 2729-2741.https://doi.org/10.3233 /JIFS-18865

[11]. M. Talafha, A. Alkouri, S. Alqaraleh, H. Zureigat, A.Aljarrah. Complex hesitant
fuzzy sets and its application in multiple attributes decision-making problems, J. Intell.
Fuzzy Syst.,41(2021),7299-7327.

https://doi.org/10.3233/JIFS-211156

[12]. N. Yaqoob, M. Gulistan, S. Kadry, H. A. Wahab, Complex intuitionistic fuzzy
graphs with appication in Cellular network provider companies, Mathematics, 7(2019),
35. https://doi.org/10.3390/math70100035

[13]. M. Javaid, A. Kashif, and T. Rashid, Hesitant fuzzy graphs and their products,
Fuzzy inf. Eng., vol. 12, no. 2, pp. 238-252, 2020.

[14]. E. AbuHijleh, Complex hesitant fuzzy graph, Fuzzy Inf. Eng., 15(2023), 149-161.

https://internationalpubls.com 23



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

https://doi.org/10.26599/FIE.2023.9270010
[15]. Xue, X; Poonia, M.; Abdulsahib, G.M.; Shukla, V. On Cohesive Fuzzy Sets,
Operations and Electromagnetic Signals and Solar Activities. Symmetry 2023, 15,595.

https://doi.org/10.3390/Sym1530595
[16]. J. Jon Arockiaraj, S. Sheela Rani, Cohesive fuzzy graph and it’s Properties (com-

municated)

https://internationalpubls.com 24





