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Abstract.

Several applications exist for various kinds of topological index of graphs, and several results are
accessible for crisp graphs. However, we find many situations in practical applications that cannot be
modeled using crisp graphs. To handle such a situation, we need those topological indices defined in
a bipolar fuzzy graph in this article, F-index for bipolar fuzzy graphs is introduced and some bounds on
F-index are provided for several bipolar fuzzy graphs such as path, star, cycle, complete bipolar fuzzy
graph, etc. In this article, we get the maximal BFG with respect to the F-index given the vertex set
Finally, we present on Application of F-index to find the best health center in providing medical
services.

Keyword: bipolar fuzzy graph, topological indices, Forgotten Topological Index, Forgotten Topological
Index for bipolar fuzzy graph.

1. Introduction

1.1. Research background. Many researchers are working on topological indices (Tls) these days due
to various applications of fuzzy graph theory. Fuzzy set (FS) were initially proposed in 1965 by Zadeh
[40]. This is what prompted Rosenfeld to define the fuzzy graph (FG) in 1975 [27]. At the same time,
Rashmanlou and et al studied on vague graphs [26] and product of interval-valued fuzzy graphs and
degree [25]. Additionally, the degree of a vertex in a FG, as well as strong degree and strong neighbor
of a FG, are covered in [20].Quantitative Structure—Property Relationship Analysis in Molecular Graphs
of Some Anticancer Drugs with Temperature Indices Approach was given Xiaolong Shi, Ruiqi Cai and
et al [30] . Fuzzy graph theory is discussed in further depth in [14, 15, 16, 19, 21, 28]. Additionally and
in 1994, Zhang [35,37] initiated the concept of bipolar fuzzy sets as a generalization of fuzzy sets.
Zhang [36] came up with the idea of bipolar fuzzy sets as a more general form of fuzzy sets in 1994. A
bipolar fuzzy set is an addition to Zadeh's fuzzy set theory.Talebi and et al studied neighborhood
connectivty index and Notion of Complex Pythagoreanof a Fuzzy Graph with Properties and
Application [17, 31] and bipolar fuzzy graphs [32, 33]. Its inclusion degree range is [-1, 1]. If an element
in a bipolar fuzzy set has a membership degree of 0, it doesn't matter what the corresponding
property is. If an element has a membership degree between (0,1], it somewhat meets the property,
and if it has a membership degree between [-1,0) it somewhat meets the implicit counter-property.
Tls are molecular descriptors that are found by computing the molecular graph of a chemical
substance. They are used in mathematical chemistry, molecular topology, and chemical graph theory.
In graphs, these Tls are numbers that explain the way the graph is laid out harold Wiener created the
Wiener index (WI) in 1947 [38], which is used to find the boiling point of paraffins. The Zagreb index
(Z1) was created by Gutman and Trinajstic in 1972 [8] and is a degree-based Tl that is used to find the
ni-electron energy of a paired system. Fortula and Gutman created the Forgotten Topological Index (F-
index) in 2015, which is a degree-based topological index that came after this one [7]. Mondal et al.
[18, 19] talk about some neighborhood degree-based topological indices. You can look at different
kinds of Tls in [5, 6, 9, 24 ]. The F-index of the subdivision graph and line graph was given by Amin and
Nayeem [2].
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1.2. Motivation. Topological indices are a very important part of molecular chemistry, chemical graph
theory, spectral graph theory, network theory, and other fields. This TI, the Zagreb index (ZI), was
created by Gutman and Trinajstic in 1972 [8]. It is a degree-based T that is used to figure out the
1 —electron energy of a paired system. After this topological index, Fortula and Gutman created a
new degree-based topological index in 2015 called the Forgotten Topological Index (F-index) [7]. They
showed that the F-index has higher correlation coefficients than the ZI when it comes to entropy,
predictive ability, and the acentric factor. So this TI is very helpful in molecular chemistry. It is also
used in spectral graph theory, network theory, and a number of math areas. Those numbers can only
be found in crisp graph. Binu et al. [3, 4] just recently, in 2020, presented the connectivity index and
the Wiener index in fuzzy graphs and showed how they could be used to help stop illegal immigration.
After reading those papers [1, 10, 11, 12, 22, 23], we also looked at some topological indices on fuzzy
graphs. The F-index for bipolar fuzzy graph is presented in this paper, along with some interesting
results on it.

1.3. Significance and objective of the article. Various topological index of a graph has numerous uses,
and there are numerous results accessible for crisp graphs. However in many practical applications it
is seen that many situations cannot be modeled using crisp graphs. To address such situations, it is
necessary to define topological indices in a bipolar fuzzy graph. This study introduces the concept of
F-index for bipolar fuzzy graphs and provides bounds for different types of bipolar fuzzy graphs such
as bipolar fuzzy path, bipolar fuzzy cycle, bipolar fuzzy star, and complete bipolar fuzzy graph (CBFG).
This article demonstrates that CBFG is the largest possible BFG in terms of the F-index for a given set
of vertices. The essay concludes by the application of the F- Index to identify the best health center in
providing medical services. Where it was chosen four health centers in Dhi Qar province, Al-Fuhoud
District, it has the largest number of patients among other health centers.

2. Preliminaries

In this portion, some basic definitions are provided which are essential to develop our results, most
of them can be found in [20, 21].

Let X be a universal set. A FS S on X is amapping Q: X — [0, 1]. Here Q is called the membership
function of the F'S S. Generally a FS is denoted by S = (X, Q).

Definition 2.1. Let X be a non-empty set and be a given finite set. A FG is a triplet G = (X, B, Q) such
that B:X - [0,1]and Q: X XX — [0,1] satisfying Q(u,v) < Bw) A B(v), forallu,v €
X where A represents the minimum.

Abbreviation Meaning

FS Fuzzy set

FSS Fuzzy subset

FG Fuzzy graph

FSG Fuzzy subgraph

PFSG Partial fuzzy subgraph
PBFSG partial Bipolar fuzzy subgraph
BFG Bipolar fuzzy graph

BFSG

Bipolar fuzzy subgraph

CBFG complete Bipolar fuzzy graph
1 Topological index

Z1 . Zagreb index

11;”; index Forgotten Topological Index

Membership value
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Table 1 The list of abbreviation

The set X is the set of vertices and E = {(u,v): Q(u,v) > 0} is the set of edge of the
FG.B(u) represents the vertex MV of u and Q(u, v) represents the edge MV of (u, v) (or simply uv).

Definition 2.2. Let X be a nonempty set. Then we call a mapping 8 = (ug,,ug): XXX -
[—1,0] x [0, 1]a bipolar fuzzy set on X such that ,uf}(u, v) € [0,1] and ,ug(u, v) €[-1,0].

Definition 2.3 A bipolar fuzzy graph with an underlying set X is defined to be triplet G = (X, 3,Q),
where § = (ug,ug) is a bipolar fuzzy setin X and Q = (uf, u)) is a bipolar fuzzy setin X X X such

that pf (u,v) < ug(u) /\,ug(v) and uf (u,v) > ,ug(u) V,ug(v) for all (w,v) €X X X. We call B
the bipolar fuzzy vertex set of G and Q the bipolar fuzzy edge set of G, respectively.

Definition 2.4. Let G = (X,3,Q) bea BFG.Then H = (X', 8',Q") is called a PBFSG of the BFG G if
X' € X,up@) < pp),py(wv) < ph(w,v) and pgr (w) = pf (W), gy (uw,v) = pff (u,v) for all
u,v € X' If /.l.;r(ll.) = ,ug(u), ,ug, (w) = ,ug(u)and Q' (wv) < QP (u,v), OV (wv) = QF (u, v)for
all u,v € X' then H is called BFSG of the BFG G. For u € X, we denote G, for a BFSG H =
(X —{u},B', Q") of the BFG G with /,tgf(u) = ,ug, (w)y=0, ug(v) = ugr(u),ug(v) = ,ug,(u),v *
u. For uv € E,G,, represents the BFSG H = (X',B',Q") of G with ,ugf(uv) = ,ug, (uv) =
0, gy (xy) = pb (xy), gy (xy) = gy (xy), xy # uv.

Definition 2.5. Letuy,uq - - -, u, be distinct vertices of a BFG G. Then the sequence of vertices
P(ug,uy ---,uy) is called a bipolar path in G if (uf (w;, wip1), uf (Wi uip1) ) # Ofori = 0,1, -+
,n — 1.The bipolar fuzzy path P is called bipolar fuzzy cycle if uf (uqy ,u,) > 0or u (ug, u,) <O0.

Definition 2.6. Let uy,u; - - -,u, bethevertexsetofa BFG G.Then G = (X, ,Q) is called a bipolar
star if (uf(uo, w), ug (uo,u)) # Oand (uf(u;,w), u (w;,u)) = Ofori,j = 1,2,--,n. Here
Uy is called the bipolar center and u, - - -,u, are called the pendent vertices of the bipolar fuzzy star
G.

Definition 2.7. A BFG G is called a CBFG if u(uv) = pup(u) Aug(v) and pg (uv) = ug (u) v
yg(v) forallu,v € X.

Definition 2.8. Two BFG G, = (X1,51,Q4) and BFG G, = (X,, £2,8,) are called isomorphic if there
exist a bijective map h : X; = X, which satisfies the following conditions:

(i) g, (uy) = pgg, (h(uy)), pufy, (wy) = pfy, (h(wy))
(i) gy, (uq, v1) = i, (h(u), h(vy)), pupy, (ug,v1) = ug, (R(uy), h(vy))
forallu; € X;,u v, € Q4.

Definition 2.9. Let G = (X, 8, Q) be a bipolar fuzzy graph and u € X then degree of u is denoted
by d;(w) = (dg (w),d¥ (u)) or simply d(u) = (d” (w),d" (w)) and is defined as

A = (d @, d" W) = (zuex“g(“")' Dl (uv))

vex

We set Ap(G) = Vyex d° (W), 6p(6) = Ayex d” (W), Ay(G) = Ayex d" (W), 6y (G) =Vyex d" ().
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The total degree of G is denoted by T(G)=(T?(G),TN(G))where T*(G) = Yyexdf(u) =
2Yuwep g (uv) < 2m, TN(G) = YyexdV (W) = 2 Yypepu (uv) = 2(—m) = —2m where mis
the number of edges.

3. F-index of fuzzy graphs
Gutman et al. [8] introduced the first and second ZI of a crisp graph in 1972.

Definition 3.1. [8] Let G = (X, E) be a crisp graph. Then the first ZI of the graph G is denoted by
M, (G) and is defined by:

M,(G) = Z d2 (w).

uex

Definition 3.2. [8] Let G = (X, E) be a crisp graph. Then the second ZI of the G is denoted by M, (G)
and is defined by:

M,(G) = Z dw)d().
uveE

These two TIs are degree based T1s.

Definition 3.3. [7] Suppose G = (X, E) is a crisp graph. Then F-index of G is denoted by F(G) and is
defined by:

F(G) = Z 43 (u).

uex

Those indices are defined in crisp graph only. In 2020, Kalathian et al. [21] studied first and second
ZI for a BFG as follows:

Definition 3.4. [12] Suppose G = (X, 3,Q) is a BFG. Then the first ZI of the BFG G is denoted by
M (G) and is defined by:

M@©) = (MP(6), MY (6)) = (Z Kp (P @)", ). ugw)(dfv(u))z).

uex uex

Definition 3.5. [12] Suppose G = (X, 3,{) is a BFG. Then the second ZI of the BFG G is denoted by
M*(G) and is defined by:

M(6) = (M (@,M™(6)) = (Z Kp A G W), Y W) Wil (v)d”(v))

UveE uveE

We define F-index of a BFG as follows:

Definition 3.6. Suppose G = (X, 8,Q) is a BFG. Then F-index of the BFG G is denoted by I'(G) and
is defined by:

r@ = (r*@,r"e) = (Z [ @]’ ) [ (u)dN(u)F)

uex uex

©Scopus/Elsevier Page No: 52 opticaltechnique.com



Optical Technique(1002-1582) Volume 35 Issue 2 2026 Impact Factor: 5.8

Theorem 3.1. Suppose G is a BFG with n vertices and m edges. Then
rG) < M3(T7)3-n3(TV)%),

Proof. Using the fact 0 < ug(u) < land-1 < ug(u) < 0, the following inequality holds:

r(6) = (1" (6),TV(&)) = <Z @ @], ) [uh (u)dN(u)F)

Uex uex
<([D.u (u)r [Z dP(u)r , [Z up (u)r [Z dN(u)r
uex uex uex uex

IA

([T, [ (=TY]?)
< (3(TP)3, —n3(TV)3).
Now, the first ZI at a vertex of a BFG is defined below.

Definition 3.7. Let G = (X, 8,Q) be a BFG and u € X. Then the first ZI at the vertex u of the BFG
G isindexed by BZF; (u; G) or simply BZF; (u) and is defined by

BZF,(u) = T'(G) — T(G).

u,(0.4,—0.3)

(0.2,—0.2) (0.2,—0.1)

u,(0.3,—0.4) (0.1,—0.3) u5(0.3,—0.6)
Fig 1.A BFG with I'(G) = (0.005554,0.022553).

Example 3.1. Suppose G = (X, 3,Q) is a BFG shown in Fig. 1 with vertex set X = {uq,u,,u3},and
E = {u u,, u us, u,us} such that

Uuq Uy Uz UUy;  UgUz  Uplg
ub 04 03 03| uh | 02 02 01

ud | =03 —-04 —0.6 uy | =02 —-01 -03

Then the degree is all vertices X

Uy Uy Us
d? 0.4 0.3 0.3
daV —-0.3 -0.5 —-0.4

Therefore,
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r@ = (r*@.r" ) = <:§:[u§<u>dp<u)]3,ZEZ[yg(u)dN<u)]3)

uex uex

=[0.4 x 0.4,—0.3 x —0.3]® + [0.3 x 0.3,—0.4 x —0.5] + [0.3 x 0.3, —0.6 x —0.4]3
= (0.005554,0.022553)
The next example shows that the F-index of a BFSG is less than the original BFG.

Example 3.2. Let H be a BFSG of the BFG G shown in Fig. 2 obtained by deletion of the edge u,u;.
Then the degree is all vertices X’

Uq Up Us
dh 04 0.2 0.2
dy -03 -02 -01

Therefore, Therefore, F-index of the fuzzy graph H is

r(H) = (TP(1),TN(H)) = (Z[ug(u)dﬁ]?’,Z[u% (Wdy (u)]3>

uex uex

=[0.4 x 0.4,—0.3 x —0.3]® + [0.3 x 0.2,—0.4 x —0.2] + [0.3 x 0.2, —0.6 x —0.1]3
= (0.004528,0.001457)

Note that, from Examples 3.1 and 3.2, we get '(H) < T'(G). In the next proposition we proved this
fact in general.

Proposition 3.1. Let H = (X', 8',Q") be a PBFSG of aBFG G = (X,8,Q).ThenT(H) < T(G).

u,(0.4,—0.3)

u,(0.3,—0.4) u5(0.3,—0.6)
Fig 2.A BFSG of the BFG G in the Fig 1.With '(H) < I'(G).
Proof. Since H is a PBFSG of G,then foranyu,v € X' ,,ugf(u) < ,ug(u),,ugf (u,v) <
ub (u,v) and ygf (u) > ug (W), udr (w, v) = uf (w,v). So,

dhw) = ) uhiwv)

uex’

< Z ub(u,v)
uex’
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Similarly, we get [J.gr (w) = Mg (w).

Corollary3.1. Let H = (X', 8',Q") be a BFSG ofaBFG G = (X,,Q).ThenT'(H) < I'(G). Let
0<t<1-1<r<0,the BFG G, = (X',B',Q") is a BFSG of the BFG G = (X,[,Q) and is
definedas X' = {u € X : pp(u) = t,uf(u) < r}and (,ugl(u),,ug, (u)) (,ug(u),ﬁ"’(u)),
(,ugr(uv),,ugr(uv)) = (yg(uv), uy (uv)) forallu,ve X'.

Theorem 3.2. Suppose GisaBFG andlet0 < 1, <1, < land —1 <r{ <r, < 0.Then

(F(G(Tz,rz')) = (FP(Grz,rz')'rN(Grz,rz'))> S (F(G(rl,rl')) = (FP(GT ry ) r (Grl rl))>
Proof. G, .1y Isa PBFSG of G, 1y . Then by Proposition 3.1, the result follows.

Corollary3.2. let GbeaBFGandlet0 < 7r, <1, <---<r,<land -1 <r <ry <---<
' < 0.Then

C(6rrt)) ST (6rmt) <+ S T(Gp):
Theorem 3.3. Let G = (X,B,Q) = P(ug, uy, - -, uUy,) be a bipolar fuzzy path. Then.
Ir?(6G) <2(4n — 3),I'"(G) < 2(4n - 3).

Proof. Suppose P(ugy, uq, -:,u,) is a bipolar fuzzy path. Then d(u,) = (dp(uo), dN(uO)) =
(b (uour), 1f (o)), d(uy) = (dP (uy), dN (un)) = (h (Un-1Un), 1§ (Un-1uy)) and  d(u) =

(dP (), d (W) = (uf ui—au), uy Wi 1w;)) + (u Wittigr), 1l (Wiugeq)) for @ = 1,2,--,n —
1.Therefore,

r7(P) = (k5 (o)) (uhCuour))’ z 1h @) + [(uhuimu)) + ()]
i=1
(k) (B )’

<1+ Z(Z)3 +1
i=1

=2(4n — 3).

n—-1

I (P) = (o)) (1t aou))” + Y () + [( el o)) + (et wis))]”

i

(1)) () )’

]
[
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n—1

<1+ Z(Z)3 +1
i=1

=2(4n —3).

Theorem 3.4. Let C (uy, uq, - -, Uy, ) be a bipolar fuzzy cycle. Then
r/(cey<8(n + 1), ) <8(n+1).
The proof is similar to the proof of Theorem 3.3.
Theorem 3.5. Let S(ug, uy, -+, Uy, )be a bipolar fuzzy star. Then
r’S) <n?+ nI¥E) <n+n

Proof. As u, is the center of the bipolar star S, each u;is adjacent to u,, then d(uy) =
| (,uﬁ(uo up), U (uo ul-)) and u; is pendent vertex of the bipolar star S foreachi = 1,2,---,n,

so only u is adjacent to u;, so, d(w;) = (uf (wo u;), uf (uo w;) fori = 1,2,- - -, n. Therefore,

r©) = (MF©) ) = (Z[ug(u)df(u)F D lkpaoad (u)]3>

uex uex

) = ) [uhd@]’

uex

= (15 (o) dE (up)]” + Z[ug (u)df ()]’
i=1

- [ug (o) (Z uf;(uo,ul-))
i=1

<n®+n

3
+

3

2 TACHIT (uoui)]
i=1

M) = > [ e @]’

uex

= [yg(uo) dé\’(uo)]3 + Z[Hg (ui)dév(ui)r
i=1

- [uﬁ (o) (Z b (uo,ui))
i=1

3 3

n
+ D upud (uoui)]
i=1
<n®+n.
u1(0.1,-0.5) (0.1,—-0.3) u,(0.2,—-0.3)
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(0.1,-0.2) (0.2,-0.1)

L4

u,(0.4,—0.2) (0.3,—0.1) u5(0.3,—0.1)

Fig 3.A CBFG with I'(G) = (0.020683,0.033859).

In the next example, F-index of the CBFG shown in Fig3 is calculated below:

Example 3.3. Let G be a CBFG shown in Fig3 with vertex set X = {u,u,,us,uy }, ,and
E = {ujuy, ujus, Uy Uy, UyUs, Uy Uy, Us Uy} such that,

U Up Us Uy UiUpy UjU3z UUs  UpUz UpUy  U3Uy
yg 0.1 0.2 0.3 0.4 yg 0.1 0.1 0.1 0.2 0.2 0.3
,uf\{ —-05 -0.3 —-0.1 —-0.2 H?{ -03 —-01 —-02 —-01 —-02 -01

Then the degree is all vertices X

Uy Uy Us Us
dP 0.3 0.5 06 0.6
an -06 —-06 —03 —0.5

Therefore, F-index of the fuzzy graph G is

r@ = (r'@.r"e) = (2 g™ @]’ ) [ (u)dN(u)F)

uex uex

=1[0.1 x 0.3,—-0.5 x —0.6]3 + [0.2 X 0.5,—0.3 X —0.6]3 + [0.3 X 0.6 ,—0.1 x —0.3]3
+[0.4 X 0.6,—0.2 x —0.5]3
= (0.020683,0.033859)
F-index of a CBFG is studied in the next theorem.

Theorem 3.6. Suppose G is a CBFG with vertex set = {uy,u,," - -, u,}. ThenT'(G) =
(TP (), V()

IA

0 < nn - 1)3(ygo)6 < TP < n(n - 1)3(u§n)6 nn — 1)3,
0> n(n — 1)3(;1%0)6 > TNG) =2 —nn - 1)3(;1%1)6 >—n(n — 1)3,

where (g, ) () = (g, 5, Jand (i, 1) < (g, ig,) < < (up,o 15,)-

Proof. As G be a CBFG. Then degree of the vertex u; is

i-1
d(u) = (d"(w), d" () = (n - i)(u;’}i,uﬁi) + zj=1 ('“Ej'“gj)'

Therefore,

r@G) = (T*(6),IVG)) = <Z ad” @], ) [uh (u)dN(u)]S)

uex uex
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r*(6) = ) [ufad’ @]’
uex

3

- i(ﬂzlf l(n = D)(up, ) + i (“Ej )

j=1
n i—1 3
<> ()’ lm —D(uf, )+ Z(uﬁnﬂ
i=1 j=1

=n(n—1%(uf,)"

) = Y [ @d @]’

= @) |- @)+ ()
i=1 J=1

> i(uz,f l(n - )(uff, )+ Z(uﬁn )‘

=-nn-— 1)3(,ugn)6.

Other inequalities follow similarly.

Impact Factor: 5.8

Let G = (X,B,Q) be a BFG. Now we construct the BFG C(G) = (X,,Q° ) with uhe(uv) = A
{yg (w), ug (v)}and ugc(uv) =V{ ,ug(u), ,ug(v)} .We call it completion bipolar fuzzy graph of

the BFG G.

Theorem 3.7. Suppose G isa BFG.ThenI'(G) < F(C(G)).

Proof. As for any (u,v) € E,{uf(w,v)} <A {(,ug (u)) ) (,ug(v))} = {uf(w, v)}

and {ufy (w,v)} = v {(ug (u)) , (yg (v))} = {uf.(u,v)}, Therefore, foranyu € X,

AW = (d (W, d" @) = (Euexué(u, v, ) G v))

uex
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Now,

r@ = (rP@.r"e) = (Z [ha @], > [ (u)d”(u)ﬁ)

uex uex

@) = ) [uhwd @]’

uex

< ' [Wp e ]’

uex

=TP(C(®)
M6 = ) [uf wd" @]’

uex

> ) [ @l ]’

uex
=TN(C(®)).
Corollary 3.3. Among all n — vertex BFG with given vertex set, CBFG has maximum F — index.

Corollary 3.4. For any n — vertex BFG G,thenT?(G) < n(n — 1)3andTV(G) = —n(n — 1)3.
In the next theorem, F — index is discussed for isomorphic BFGs.

Theorem 3.8. Let G, and G, be isomorphic. Then T'(G;) = (TP (G,),TY(Gy)) = T(G,) =
(TP(G2), TN (GR)).

Proof. As G, and G,are isomorphic BFGs, there exist a isomorphism ¢ between G, and G5, i.e. ¢ :
X, = X, isabijectionandforallu,v € X, (ugl(v),ygl (v)) = (up, (@), uf, (¢(v))) and
(45, wv), 1, (wv)) = (K, (p(w), (), 1}, (P(w), @(v))). Then

d, () = (B, @, a8, ) = > (uh, (w o)., (w,))

VE X4

ab.a= ) uhww

VE X;

> (0, o)

VE X;

= > i (0,0m)
p(E X,

= dgz ((p(u)).
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ad, =) (ulf,@v)

VE X1

= >, (0@, p))

VE X1

DI ACIORIO)
P(W)E X,

= dg (pw)).

Therefore

PG = ) [pwadr @]’

UE Xq

S N IRCIOACIO)E
).

UE X4
DI CACDACON
PWEX;
:FP(GZ)-
MG = ) [ed @]’

UE Xq

= > [ (ew)dd (o))’
D)

UE X;

S A ACIO) K
p(u)E X,

=TV(G,)

Hence the result. In the next theorem, bounds for F-index is provided.

6 6
Theorem 3.9. For girtha BFG G = (X, 8,Q),then nm—‘s;’ <T?(G) < nA} and 7%" <IN <
—nA3.
Proof. Now foru € X, 8p < dP(u) < m(,uz(u)) and 6y = dV(u) > m(ug(u)).Therefore

1)
-~ Now,
m

)
#E ) = 2 and uf (u) <

r*(6) = ) [ufad’ @]’

uex
< > ke’
uex

< nA}

M) = ) [uf a" @]

uex
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< > [ aay’

Uuex
< —nA}.

Again,

r*(6) = ) [ufad’ @]’

uex

4. Application of First Entire Zagreb index to identify the most important Health centers.

Health centers are no less important than hospitals in improving public health by providing
comprehensive healthcare services to individuals within communities. The importance of health
centers goes beyond treating minor illnesses such as influenza, high temperatures, and other injuries;
they also focus on preventive care, health education, and disease management to promote the overall
well-being of the public. Through their specialized healthcare staff and advanced facilities, health
centers contribute significantly to disease prevention, early diagnosis, and timely treatment, reducing
the burden of disease on the community. Additionally, health centers work in collaboration with
various stakeholders to address healthcare challenges and promote healthy lifestyles. By offering a
wide range of medical services, including primary and specialized care, diagnostic procedures, and
curative treatments, health centers meet the diverse healthcare needs of individuals of various age
groups and backgrounds. Overall, the role of health centers in promoting public health cannot be
overstated, as they remain at the forefront of efforts to improve health outcomes and quality of life
for entire communities. Therefore, given the importance of four health centers in Dhi Qar province,
Al-Fuhoud District, namely, Al-Fuhoud center (Fc), Majri (Mi), Al-Manar (Mr), and Al-Amaira (Aa), we
set out to identify the best health center in providing medical services. A health centers vertex
membership value can be determined using the following formula:

Number of patients and dead health center

Vertex MV Positive of a health center = - - )
maximum patients and dead among the health centers
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Vertex MV negative of a health center =
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Number of dead health center

maximum dead among the health centers

Impact Factor: 5.8

All the data are collected from health centers dated eighth month of 2025. The number of patients
visiting health centers represents the the score and vertex membership values Positive , while the
number of dead represents the score and vertex membership values negative , as shown in Table 2

using the MV law above.

Health centers patients MV dead MV
Al-Fuhoud center 9673 1 2 —0.25
(Fc)
Majri (Mi) 847 0.09 8 -1
Al-Manar (Mr) 2121 0.22 3 —0.38
Al-Amaira (Aa) 1804 0.19 4 —0.5

Table 2. Calculation of vertex membership value

See the bipolar fuzzy graph in the figure 4. The nodes represent the health centers, and the edges
is pations between all health centers shown in Table 3.

Fc (1,—0.25) (0.08,-0.2)
(0.13,-0.2)
Mr (0.22, —0.38) (0.06,-0.3)

Mi (0.09,—1)
(0.05,—0.4)
Aa (0.19,-0.5)

Fig 4. Bipolar fuzzy graph G.

X Fc Mi Mr Aa
“E 1 0.09 0.22 0.19
N —-0.25 -1 -0.38 —-05

Kp

E | Fc Mi Fc Mr MiAa Mr Aa
,ug 0.08 0.13 0.05 0.06
‘uN -0.2 - 0.2 —-04 -0.3

B

Table 3: Weight of nodes in G.

Therefore, the degree is all vertices X
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dw) = (AP (W), dY (w)) = (Zuvex“g(m’)' > ud (uv))

uveX

dg Fc Mi Mr Aa
dP 0.21 0.13 0.19 0.11
davy -04 —-06 —-05 —0.7

Therefore F-index of this BFG is

3 3
r@) = (r*@,r ) = [Z ME(u)dZ(u)] [Z u%(u)dg(u)‘

UeX uex

= (0.009345,0.250859).

Similarly, one can calculate F-index of all vertices. Now the importance of each health center is
rf(G)-rP(G- V()-TN (G-
(6)-T*( u),SN(u)= @)-TV(G-w)

) ™) .Therefore

defined as follows: SP (u) =

3
PG~ Fo) = | Y uh)db_p (u)]

uex

= [0.09 x 0.05]3 + [0.22 x 0.06]3 + [0.19 x 0.11]3

=0.000012,

I'?(G) —TP(G —Fo)

SP(Fc) = )

= 0.998716,

3
(G - Fe) = [Z up (u)dg_n(u)]

UeXx
=[-1%x—0.4]3+[-0.38 x —0.3]> + [ 0.5 x —0.7]3
= 0.108357,

'N(G) —TN(G - Fc)
N(G)

SN(Fc) = = 0.568056,

3
r’(G — Mi) = [Z T (u)dé_m(u)]

UueXx

=[1x0.13]3+[0.22 x 0.19]3 + [0.19 x 0.06]3
=0.002272,

I'’(6) —T?(G — Mi)

SP(Mi) = )

= 0.756875,
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3
N (G_mi) = [Z Mg(u)dlcv-m(u)]

uex

=[-0.25 x —0.2]3 + [-0.38 x —0.5]3 + [ 0.5 x —0.3]3

= 0.010359,
IV (G) — V(G — Mi)
N(Mi) = = 0.958706
3
PG - M) =Y i (u)dé_MAu)]
uex
=[1 x 0.08]3 4+ [0.09 x 0.13]3 +[0.19 x 0.05]3
= 0.000514,
P _rP _
SP(Mr) = 2@ 6N _ 944997,

r?(6)

3
V(G — Mr) = [Z up (u)d’GV_Mr(u)]

uex
=[-0.25% —0.2]3 + [-1 x —0.6]®> + [ —0.5 x —0.4]3
=0.018203,

rN(G) =TV (G — M)
v (G)

SN(Mr) = = 0.927437,

3
[P (G - Aa) = [Z ub (u)df;_Aa(u)]

uex

=[1 % 0.21]3 + [0.09 x 0.08]3 + [0.22 x 0.13]3
= 0.009285,

TP(G) — TP(G — Aa)
(@)

SP(Aa) = = 0.006421,

3
[N (G — Aa) = [Z ul (u)dé;V_Aa(u)]

uex
= [-0.25 x —0.4]3 + [-1 x —0.2]3 + [ —0.38 x —0.2]3
= 0.009439.

N _ TN _
s’"(Aa)=F @ F,S(G()G Aa)=0.962373.

Impact Factor: 5.8

As we can see in the calculation above, by removing the Al-Fuhoud center the positive membership
degree of the F-index for BFG decreased drastically, so it can be concluded that the Al-Fuhoud center

is identify the best health center in providing medical services because, it has the largest number of

patients among other health centers.
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