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FUZZY MEAN SQUARE SUM SOFT TRI-PARTITE GRAPHS AND
ITS COMPLEMENT
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Abstract. Some new Fuzzy Mean SquareSumSoft Tri-partite Graphs (FMSSTG)
and complement of Fuzzy Mean Square SumSoft Tri-partite Graphs (FMSSTG)
concepts in this work (CFMSSTG). At some of their properties anda few results
that are relevant to these notions. Some fundamental theorems and their

applications will be examined.

KEYWORDS: Fuzzy Mean Square Sum Soft Tri-partite Graphs (FMSSTG),
Complement of Fuzzy Mean Square Sum Soft Tri-partite Graphs (CEMSSTG).

1. Introduction

Zadeh [31] [33] [34] [35] introduced the notion of fuzzy sets in 1965, and it is the most
widely used strategy for dealing with uncertainty. However, setting the membership
function in each situation is inherently complicated. Kauffman [15] proposed the first
concept of fuzzy graphs in 1973. Rosenfeld developed fuzzy graph theory in 1975[24].
At the same time, Yeh et al. proposed numerous concepts in connectedness with fuzzy
graphs. Feng et al. later combined soft set with fuzzy set and rough set. Bhattacharya[6]
looked at fuzzy graphs in 1987 and came up with some interesting findings. In fuzzy
graphs, a large number of academics have created various sustainable and noteworthy
notions. In 1994, Moderson established the notion of the complement of fuzzy
graphs. Molodtsov [20] introduced the soft set concept in 1999, which can be thought
of as a new mathematical theory for dealing with uncertainty. The soft set theory has
been successfully applied to a wide range of applications. In 2001, Maji [16] worked
on a theoretical analysis of soft sets. The algebraic structure of soft set theory that
deals with uncertainty has also been investigated further. The development of fuzzy
soft set was then discussed by B.Ahmadet.al.[5] in 2009. The next year, in 2010, P.
Majumdar et al.[17] proposed some generalised fuzzy soft set notions, and Xu.W et
al.[30] introduced some fuzzy soft set ideas. Neog TJ et al[21] discussed the
complement of fuzzy soft sets in 2012. Thumbakara et al.[29] expanded the fuzzy soft
sets to fuzzy soft graphs in 2014. Sumit Mohinda et al. [19] introduced the concept of
fuzzy soft graphs, and Muhammed Akram et al. [1-3] introduced different types of
fuzzy soft graphs and their properties in 2015 and 2016. New concepts and
relationships among fuzzy soft graphs are introduced by Masarwah AA et al.[18] also
Alcantud et al.[4] explained the same concepts. In 2018, K.Hayat et al.[20-22]
introduced type 2 fuzzy soft sets and their characterizations .Kalaiarasi & Geethanjali
investigated and Kalaiarasi & Gopinath introduced arc sequences in various graphs, as

well as explained the join product in mixed split IFGs. In 2020 Priyadharshini et al.
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explained some ideas in fuzzy MCDM approach for measuring the business
.S.Shashikala et al. [26] discussed the concepts of fuzzy soft cycles in fuzzy soft graphs
in 2019. M.A.Rashid et al.[23] developed fuzzy graphs to total uniform fuzzy soft
graphs in 2020.In the same year Shanmugavadivu and Gopinath, gave some numerical
ideas degree of equations and Mapreduce Methodology for Elliptical Curve Discrete
Logarithmic Problems [32].

The remainder of this document is organised as follows: The principles of soft
tripartite graphs are discussed in Section 2. The proposed fuzzy mean square sum soft
tri-partite graphs for this study are described in Section 3.Section 4 contains a detailed
experimental setup as well as a complement of fuzzy mean square sum soft tri-partite
graphs, and we examined some fundamental theorems with examples. Section 5
describes the applications, and Section 6 concludes by discussing the article's future

scope.

2. Preliminaries

Definition 2.1 [2]A fuzzy graph is an ordered triple GF (VF Or, H F) where VF

{Ug Ug s UE

. , o . V, ,
is a set of vertices n? and T F is a fuzzy subset of "F that is

O :VF — [011] and is denoted by

or ={(Ug,0¢ (UR)), (Ug , o (UR))),enee ,(an,a(an))}arld U

is
. (o)
fuzzy relation on ~ F.

Definition 2.2[12]Let V= { Xps Kgyeenees X"} non empty set. E (parameters set) and
AcE

also let

(i)p PAS F(V) (collection of all fuzzy subsets in \ )e—> p(e) - pe(say
Pe Vv _)[0’1]’ X 'De(Xi) (A’ p) Fuzzy soft vertex.
A A— F(VxV)

Jand

(VxV)

( (collection of all fuzzy subsets in
e _) ﬂ(e) = ﬂe(say)
and He :VXV_)[O’l] (Xi ’Xi) — 'ue(xi ’Xj) (A’ /,l) : Fuzzy soft edge.Then

((Aip)’(Awu)) :ue(xi’Xj)Spe(Xi)/\pe(xj)

for all €€ A and for all )
GA,V ‘

is called a fuzzy soft graphiff

=12,..,n and this fuzzy soft graph is denoted by

G, =
Definition 2.3[18]A fuzzy soft graph WV (A 'D)’ (A ’u)) is said be a fuzzy soft
Bi-partite graph. If the vertex set \Y
:ue(xi 1Xj ) = pe(xl) /\pe(xj) for all X €V, and yj € VJ

is partition into two disjoint vertex pair and
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Definition 2.4[18]If a fuzzy soft gmph = (A p),(A )
fuzzy soft Bi-partite graph, then Size of Fuzzy soft bipartite graphis

(G ) 2 Tlxx)

_eA xyjeViuy;

is said be a

3. Fuzzy Mean Square Sum Soft Tri-Partite Graphs and Its Complement
In this section, we'll examine at certain concepts and their meanings
G iparti Gerr ipart %
- Fuzzy Tripartite graph, -Fuzzy Square sum soft tripartite graph, 9 -set of
3
all nodes, ~ -set of all edges

Definition 3.1. A fuzzy soft tripartite graph(FSTG) GTF = (SO’ ‘5) is said to be a fuzzy

mean square sum soft tripartite graph(FMSSTG) GSTF - (pe’ ‘59) if the following
conditions

(i) The vertices can be partitioned into 3 disjoint vertex pair and

Se(X“,y”) < %{Sag(xii)JrSOs(yjj )}

(ii)

Sy ze) < %{soi(yn)wi(zkk)}

(iii)

Sazex) < iz )+ 0]

(iv) 2
Where #e 12 =[01] T pxp —[0]]
Definition 3.2. A EMSSTG OSTF = (¢, ‘S)is said to be a SEMSSTGif

) S, (0 y)= 5 loax) + 020y, )]

(if)

3 (V020 ) = %[@i(y,—j )+ 02 (2]

~ _ E 2 2
. ()= 2[50‘9(Zkk)+ P20 Vee A
Where §e - = [O’l] and R O [0,1]

Also a FMSSTG GSTF is complete if

3 (% yy)= [so %)+ 92y, )]

6] (ii)

Sy 2) = S l02y, )+ 03(2)
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1
Se (Zkk 1 X ) = E[Sog(zkk)+ @s(xn )]
(iii)
Definition 3.3. A FSTGG”: = (80’ S) is said to be a FMSSTG, then size of

S(GSTF)= 2 2 3.(a,b;,c)

. A  abiciep,up; U
FMSSTGis, ee iR G 01 V0 PPk where

S[FSTF (el)] = 2 3. (a,b;,c)

abjc e Lp | LUPy

S[FSTF (e )] = 2 3., (a.b;,c)

abjc e Lp;Up

JF)= T 3. (a.b.c)

aibjc ep;up ;| LP|

Definition 3.4. If a FSTGG”: - (‘@’ ‘S) is said to be a FMSSTG, then degree of
FMSSTGis,

d(GSTF ) - %%A ab; ey G@izc)@j YUk \SEL (81 ’bj ’Ck) Where
i =123,.....

Definition 3.5. AFSTGG”: :(@, ‘S)is said to be a FMSSTG, then order of
FMSSTGis,

O(Ggr )= X 2 £:(a,b;,¢,)
eeA  abiCiep Lpjup
where
OF(e)= ¥ @.(a.b.c)

aibjc,ep; Ve Upy

OFs:E)= T g.(@.b.q)

abjc e Lp ;U

O[FSTF (Q;)]z 2 9., (a,b;,¢)

abjc ep; LpjUpP

Example 3.1

F(e):
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Cla|a|a|b b b |G |G
e 0.1 |05 |04 |04 |03 |08 [0.8 |09 |06
e 1 09 (02 |08 |06 |04 |0 0.7 | 0.1
g 0 0.8 {07 |0 1 09 102 |05 |04

# ) & &

a bl 0.07 0.7 0

a b2 0.04 0.61 0

a b3 0 0.51 0

ac 0.21 0 0

ac 0 0.6 0

a C, 0 0 0

a, bl 0.1 0.7 0

a, b2 0.15 0.5 0.7

a, bj 0.3 0 0.7

a,c 0 0 0.14
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a,c, 0 0.6 0.4
a, C 0.2 0.1 0.3
a, b1 0 0.1 0
a, b2 0 0.19 0.6
a, b3 0.39 0.1 0.5
3, ¢ 0 0 0.1
3 C, 0 0.19 0.2
a, C, 0.21 0.01 0.3
bl C, 0 0 0
bl C, 0.41 0.5 0
bl C, 0.1 0 0
b2 C, 0.2 0 0.1
b2 C, 0 0 0
b2 C, 0.21 0.02 0
b3 c 0 0 0
b3 c, 0.6 0 0
b3 C, 0 0 0
Size of FMSSTG

YFer(€)]=319  HFge(e)]=553

SlFere(&))] = 4.04
S|Ge |=12.76
Order of FMSSTG
OlFgr(8)]=48 OFsr(e,)]=47  O[Fsy(e;)]=45
-, OlGgr |=14
Degree of FMSSTG

s (al) =274 dg (az) =4
e (b,) = 332 dre () = 2

222



FUZZY MEAN SQUARE SUM SOFT TRI-PARTITE GRAPHS AND...

4. Complement of Fuzzy Mean Square Sum Tripartite Graph (CFMSSTG)

Definition 4.1. Let GST F be a FMSSTG. Then complement of GST F is defined as

Gsrr where

S_e(xii1yjj):%{Sog(xii)+gog(yjj)}_Se(xii’yjj))
_(yu Zy )= 1{50 (yu)+50( i~ Se(y”,zkk)

Se(zkk » i ) = %{pi(zm)+ 50(23()(” )}_ Se(zkk , Xii)

: X 1
Whew 2o 10 2[01] 3. 1pxp—[0]]
Definition 4.2. A CFMSSTG is called a complement of SEMSSTG if

S_e(xii’yjj):%{Sotze(xii)+sog(yjj)}
Sz =5 020y, )+ 02(20)

Se(zkk » i ) = %{pﬁ(zkk )+ Wi(xii )}

and is complement of complete FMSSTGif

Sy, )=tz )+ by, )

3oy 2 )= %{soi(yj,- )+ 02 (2}

Se(zkk 1 i ) = %{pﬁ(zkk )+ Sgi(xii )}

Preposition 4.1.

SGsr )+ SGr )< 2, T 02x)+02(y;)

s )+ S )< 2, 2 020y, 2(2)

s(GSTF)+S(G )< 2 2 0i(z)+pix)
Proof. Since

Se(x”,yj,-)é%{@E(Xn)ﬂoi(y” S0

Se(xii Y )< %{ i(xii )+50<2e(yjj )}

consider
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S_Q(x“ ' Yii )= %{gog(xn )+ Sgé(yjj )}_ Se(xii Y )

Also

L2l

e(Xii ' Yii )< %{@i(xn )+ (@i(yjj )}_> @)

Adding (1) and (2)

Se(xii ' Yii )+ :Te(xii » Yii )< 2{% [@i(xii )"‘ @2 (yjj )]}

L2l

S8 Ty )2 2 DBelxuy)< = 3 2% )+ p2ly;)

ecA X =Y €A X #Yj ecsA X;#Yj

S(GSTF)+S((_3sm)< X X Soi(&)ﬂﬂi(yn)

ecA X;i#Yjj

SGs )+ SGer )< = = @2y, )+ 03 (2)

Similarly, <A V)i * 2

S(éSTF)+S(GSTF)<Z 2 S‘)g(zkk)JFSOé(xii)

€A Zy#Xi

Example 4.1

Fled)

0.015
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) 1261 SGy,uy, )=1.27
(Gvkkw )-0827  SG)-3.358
G, )=1050 SG, ., )=15200
s(G,, .., )=0.6600 5(G)=3.2300
@2 )+ S/Je(y,,) 7.64 goﬁ(yjj)+ 02(z,)=333
224 )+ 92(%;)=5635

(G )+ G )< £ = 02(x,)+02(y,)

ecA X #Yj

Properties of CFMSSTG:
G Gar
1. The order of 2 SIF is equal to the order of
2. The number of elements in the edge set of Gsmr is less than
or equal to the number of elements in the edge set of ST .

G
3.  Node set of Gsrr is same as the node set of _ SIF .

5(6511:)+5(G )<Z b @e(xn )+5Oe(yu)

4 A X2y
5(6SI-F)+S(GSTF)<£A é: S{’g(yj'j)JrSOe(Zkk)

SGor )+ S(Gar )< I T 02(zu)+ 02(x,)
Theorem 4.1
The complement of a SEMSSTGis also SEMSSTG .

Proof. Let Cere be a SEMSSTG.
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Se(xii’yjj) = %{@i(xii)+80§(yjj )}
3oy ze) = %{pi(yjj)wi(zkk)}
Se(@k’)%) = %{pi(zkk)JrSOi(Xn)}

By the definition of complement GsIF is defined as,

3_9(Xn Vi )= %{goﬁ(xn )+ soi(yu )}_ Se(xn Y )

Se(y“ , Zkk): %{goﬁ(y,—,— )+ 02 (24 )}_ Se(yjj , Zkk)

Se(zkk » XKii ) = %{Soi(zkk )+ Sgi(xn )}_ Se(zkk J Xii)

Now consider,
S_e(xii 1 Y ): %{KOE(XH )+ Soi(yjj )}_ Se(xii ' Y )

~Zortx)+ 02y, 2ozt 0ily, )

2 _2
o ,3 (x”,yjj)> 0
=11
> {80 (% )+ 02 (yu' )} 3%, Yii )=0
(X v;)=0
S_e(xii Y ): E{ ( )+80e(y11 )}
Similarly,
B 0
X i Ze =
3oyl %{soi(yj,- )+ 02z}
and
B 0
\Se(zkkaXii): %{goi(zkk)ﬂf)i(xn)}
-+ The complement of aSFMSSTGis alsoSFMSSTG.
Theorem 4.2
The complement of a complete FMSSTGis also complete
FMSSTG.
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Proof. Let GST F be a complete FMSSTG

Se(xii’yjj) = %{ps(xii)+80§(yjj )}
Se(yjj7zl<k) = %{Sgg(yjj)+@§(zkk)}
Se(@k’)ﬁ) = %{Sgs(zkk)JrSO«ze(Xii)}

By the definition of complement Gsrr is defined as,

S_e(x” Y ): %{(@g(xn )+ @i(yn )}_ Se(xn i )

Se(y“ , Zkk): %{Sog(yji )+ 02 (24 )}_ Se(y“— , Zkk)

Se(zkk » XKii ) = %{Wﬁ(zkk )+ @i(xn )}_ Se(zkk J Xii)

Now consider,
S_G(Xn,yj,-)=%{ﬂi(xn)ﬂoi(yu )}—Se(xn,y”)
:%{ggi(xn)+p§(yjj )}_%{Soi(xii)+50§(yjj )}
0 ~(Xii’yjj)>0
%;{80 2(%i)+ 02 (yu)} (X” yu) 0
3alxiyy)=0,

3 ()g, y”)=%{ +80e(y”)}

Similarly,

0
Se(yjj , Zkk)= {%{Soi(yu )-i- ©2(24 )}
B 0
Je(zkk » Xii ) - {%{Sgg(zkk)"‘ pi(xn )}

-+ The complement of a complete FMSSTGis also complete FMSSTG.
Theorem 4.3
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If GST F is an IFMSSTGiff CFMSSTG is a complete FMSSTG .

GSTF is an IFMSSTG.Now consider GSTF is an[FMSSTG.
Se(xii Y ): 0— (1)

Proof. Given

Then
We know that,

Sl yy)= 50200+ 02y, -3y, > @

Substitute (1) in (2)

Se(xii Y ): %{ i(xii )+ Soi(yjj )}

Similarly

3oV %)= 1{50 (vy)+ 9%(zu )} &
(Zkk ) Z{Soe(zkk)+so( )}

Hence the CFMSSTGis a FMSSTG .
Conversely,

Given the CFMSSTGis a complete FMSSTG.

' )Se(xii’yjj):%{ 2()(ii)+50123(yjj)}_>(3)

To prove,

Gsrr is an IFMSSTG .
We know that,

S_e(xii 1 Y ): %{Wi(xii )+ Soi(yjj )}_ Se(xii ' Y )
Se(xii Y ): %{Soi(xii )+ Soi(yjj )}_ i(xii Vi )

:%{ x, )+ 02y, }——{@e x)+92(y; )} By (3)

(%, y;)=0

Similarly

SE(yiJ » L ): 0& Se(zkk’ )ﬁi): 0

Hence GSTF is an IFMSSTG.s
Theorem 4.4
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If GST F is an IFMSSTG iff CFMSSTG is aSFMSSTG.

Proof. Given GST F is anIFMSSTG.Now consider GST Fis an IFMSSTG.

Then Se(xiﬂyjj)zo_)(l)

We know that,

Se(xii Y ): %{@s(xii )+ Xoi(y,‘j )}_ Se(xii Y )—> (2

Substitute (1) in (2)

5_,3()(” Y )= %{@é(xn )+ Sotzé(yjj )}
Similarly

Sy 24 )= %{soi(y,-j )+ 0%(z4)} &

1
Se(zkk » Xii ) = > {Sos(zkk )+ Sotze(xii )}
Hence the CFMSSTGis a SEMSSTG.

Conversely,

Given the CFMSSTGis a SFMSSTG.

Se(xii Y ): %{@é(xn )+ Sog(yjj )}_> 3

(i.e)

GSTF is an [IFMSSTG.
We know tha, SR %{54’50(” )+ 02y - e % v;)
Sy )= S 02000+ 0200, - 30,0,

3 (yij’zkk): 0& Se(zkk' )ﬁi): 0

Similarly, €

G
Hence _SF isan IFMSSTG.
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5. Application
The important information of a student study and career opportunity includes: (i)
Student (ii) Department (iii) career. The relationship among them are straight
forward. A student can like or choose any departments and the departments might
have some career opportunity. As students do directly perform actions on the career of
the others. We can abstract the relationship among students, Departments and career
of the other in to a fuzzy mean square sum tripartite graph. For example to model
students data as a FMSSTG. The FMSSTG is composed of three types of nodes: (i)
Students nodes (ii) Department nodes (iii) Career nodes.In the FMSSTG, the students

nodes connect with the department nodes and the career nodes. While the

department nodes connect with the career nodes. Let
V=V oV oV, = Vi(aaa) Vil b Ma(euee)
A=
of all three disjoint vertices and {el’ & & 94} are parameter set.
Identified qualities of students are given below
Sl ~ Good study and Responsible
%2 ~ Self discipline and Good study
%3 ~ Extra curricular activities and Responsible
Identified combinations of the Departments are given below
Dll = Physics and Maths
D22 ~ Tamil and Physics
D33 - Computer science and Maths
Identified combinations of the career opportunity
C11 ~ IT company and School
C22 ~ School and Selfemployment
C33 ~ BPO’sand IT company
and the parameters are,
&= {Students-Good study; Department-Maths;Career-School}
&= {Students-Responsible; Department-Physics;Career-BPO’S}
&= {Students-Extra  curricularactivities;DepartmentTamil;  Career-Self
employment}
& = {Students-Self discipline; Department- Computer science; Career-IT company}

In Example 4.1, We calculate size of FMSSTGand determine which department gave
good career in the students. Most of the best self discipline students hired the
computer science department and the computer science department students

preferred IT company. According to the above discussion, “the most favourable
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matching occurs between self discipline in student, they choose computer science
department and preferred IT company.As a result the concept has been successfully

applied to the student studies and career opportunity.

6. Conclusion
FMSSTG is a new fuzzy graph idea. FMSSTG and its variants are a relatively new
phenomenon based on the use of fuzzy graphs. The FMSSTG and its counterparts
have been defined, as well as numerous of their fundamental features and theorems.
With relevant examples, the order, size, and degree of FMSSTG and its complements
have been specified. This FMSSTG has been used in a real-world application. This
research could be expanded to include intervalvalued FMSSTG, as well as bi-polar
and m-polar FMSSTG. Furthermore, many real-world examples can be found.

Furthermore, many real-world applications can be investigated.
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