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Abstract

Aim of this article is to define the new concept of second order bipolar fuzzy topological spaces. Basic properties

and related theorems are proved with suitable examples. An Application of decision making in Medical Diagnosis

using second order bipolar fuzzy topology has been proposed and illustrated using a real life problem as an

example.

Keywords: second order bipolar fuzzy set, second order bipolar fuzzy topological spaces.

1.Introduction

A second order bipolar fuzzy topological space
(SOBFTS) is a mathematical framework that extends
traditional topological space to accommodate
second-order bipolar fuzzy sets. SOBFTS is a
collection of second order bipolar fuzzy sets which
are the ordered pairs of Second order fuzzy sets
whose degree of memberships are described using
bipolar values, allowing for a more nuanced
representation of uncertainty and ambiguity. This
concept plays a vital role in dealing with imprecise
and uncertain data in various fields, including
decision-making, pattern recognition, and artificial
intelligence, providing a versatile and powerful tool
for modeling complex real-world scenarios. The
notion of fuzzy set theory was introduced by Zadeh
[7] which is an universality of classical set theory.
Fuzzy set (first order fuzzy set) is a mapping on a set
X with values in the closed unit interval I=[0,1]. The
concept of fuzzy topology was first introduced by
Chang [1] and then modified by Lowen [5].

Zadeh [8] proposed the concept of second
order fuzzy set which is defined as a map from a set
X to I'. Definition of fuzzy point was introduced by
Wong [6]. The second order fuzzy sets are
characterized by a membership function, the grade

(fuzzy grade) of which is a fuzzy set in the unit
interval [0,1] rather than a point in [0,1].

Zhang [9] introduced the notion of a
bipolar fuzzy set. J. Kim, S. K. Samata, P. K. Lim, J. G.
Lee and K. Hur [4] introduced bipolar fuzzy topology
by following Lowen’s fuzzy topology. Using second
order fuzzy sets Kalaichelvi [2,3] extended first
order fuzzy topology of Chang and Lowen to second
order fuzzy topology.

Medical diagnosis involves complex
decision-making processes, where the use of
second-order bipolar fuzzy sets provide a nuanced
approach. These sets extend traditional fuzzy logic
by incorporating both membership and non-
membership degrees, allowing for a more
comprehensive representation of uncertainty in
diagnostic information. In this context, the topology
of second-order bipolar fuzzy sets plays a crucial
role. It defines the relationships and interactions
between different elements within the diagnostic
framework. The topology provides a structured way
to analyze the connections among test results and
patient history, allowing healthcare professionals
to make decisions

In this paper, the concept of second order
bipolar fuzzy set and second order bipolar fuzzy
topological spaces are discussed and some results
are proved with examples under the concepts
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which lead us to the new approach of rel world
judgemental problems. An Application of decision
making in Medical Diagnosis using second order
bipolar fuzzy topology has been proposed. The case
study of a patient is analysed and the result has
been concluded.
2.Preliminary definitions
Definition 2.1

Let X be an arbitrary nonempty set. Let | =
[0,1]. A fuzzy set in X is a mapping from X into I that

is a fuzzy set is an element of 1%.
Definition 2.2

A fuzzy point x, in a set X, with x in X and
tin (0,1] is a fuzzy set in X defined by x;(y) = t for
y = xand x¢(y) = 0 for y # x. A fuzzy point x, in X
said to belong to a fuzzy set f, written as x; € fiff
x¢(x) < f(x) thatist < f(x). Hence x; ¢ f & t >
f(x). Two fuzzy points are said to be distinct iff

their supports are distinct.
Definition 2.3

Let X be a nonempty set. A subset T < I¥X is
called a Chang fuzzy topology on X iff T satisfies

the following requirements:

The constant fuzzy sets 0 and 1 belongto t
f, e tforeachA € A
implies V;eaf) €T

fgetimpliesfAgeT

The pair (X, 1) is called a Chang fuzzy topological

space.
Definition 2.4

Let X be a nonempty set. A subset T I¥ is
called a Lowen fuzzy topology on X iff the following

conditions are satisfied:

All constant fuzzy sets belong to T
f, e tforeachA € A

implies V;ea £y €T

(i)
(ii)
(iii)

(i)
(ii)

(iii)
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(iii) fgetimpliesfAgeT

The pair (X,7) is called a Lowen fuzzy
topological space. The elements in T are called
open fuzzy sets of the fuzzy topological space
(X, ). Complements of open sets are called closed

fuzzy sets of (X, T).

Definition 2.5

Let X be a nonempty set. Then a pair App, =
(Abp+,Abp_) is called bipolar-valued fuzzy set or
bipolar fuzzy set in X,where Abp+:X - [0,1] and
App : X = [—1,0]. The set of all bipolar fuzzy set in
X is denoted as BPF(X).

Definition 2.6

LetX be a nonempty set. A subset
TxCBPF(X) is called a bipolar fuzzy topology on X,
iff Ty satisfies the following axioms:

Obp , 1bp € Ty
App N By, € Ty , forany App, By € Ty

UAEA(AbP);L € 1y, forany ((Abp)A)AeA € s

The pair (X, Tg) is called a bipolar fuzzy topological
space.

Definition 2.7

Let X be a nonempty set and let Tty C
BPF(X).Then tg is called a bipolar fuzzy topology

on X, if it satisfies the following axioms:

All constant bipolar fuzzy sets belong to Ty

Abp' Bbp € Ty

implies Ay, N By, € Ty

((Abp);\)}\eA €Ty
for each AeA
implies U;\EA(Abp))\ € Ty

The pair (X,tg) is called a bipolar fuzzy
topological space and each member of tg is called
a bipolar fuzzy open set (BPFOS) in X. Complements
of bipolar fuzzy open sets are called bipolar fuzzy

closed sets of (X, Tg).
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Definition 2.8

Letx € X,(a,B) € (0,1] x [—1,0) and let
App € BPF(X). Then

X(qp) is called a bipolar fuzzy point in X with the

value (a, B) and the support x, if for each y € X,

(o, B), ify =x
Xep]®) = { (0,0) , otherwise

X(ap) IS said to belong to Ay, denoted by X(q ) €
App, if

App T (X) = aand Ay~ (x) < B

The set of all bipolar fuzzy points in X is denoted as

BPFp (X). It is clear that

App = U{x(ap) € BPFp(X): X(.) € App} , for each
App € BPF(X).

Definition 2.9

Let X be an arbitrary nonempty set. A second

order fuzzy set on X is a map

f: X - I' where I is the closed unit interval [0,1].
The family of second order fuzzy sets is denoted by
(Hx. (i)
Definition 2.10

Let X be a nonempty set. A collection T of
second order fuzzy sets on X defines asecond order
fuzzy topology on X if the following conditions are(ii)
satisfied:
0iez
f, € % for each A € A implies (Vxe/\ ﬁ) €T
. R (iii)
f; € Tfori=1to nimplies Al-; f; € T
The pair (X,%) is called a second order Chang fuzzy

topological space.

A Second order Lowen fuzzy topology T on(iv)
X is defined by replacing axiom (i), in the above

definition by axiom(i)'.

Vol 45 No. 2
February 2024

(i)" All constant second order fuzzy sets € T

The pair (X, 7) is called a second order Lowen fuzzy

topological space.

The elements of T are called second order fuzzy

open sets.
3. Second Order Bipolar Fuzzy Topological Spaces

Definition 3.1

Let X be a nonempty set. Then a pair
App = (Kb;,ffibp_) is called a second-order
bipolar fuzzy set in X where Kprr: X -
[0,1]° such that Ay, (x)(a) € [0,1]&
App :X - [-1,0]1%such that Ay, (x)(a) €
[—1,0], wherea € 1 & x € X. The

set of all second-order bipolar fuzzy sets in X is
denoted as SBPF(X).

Example

Let X be a
- -~ o~ -
Abp T (Abp :Abp )

nonempty set, let

A (x)(0) =02 Ay, (x1)(@) =—0.5

Ay (x2)(0) =0.6 Ay, (x)(a) =— 0.4
Definition 3.2

The second-order bipolar fuzzy null set denoted
~ ~ + A =\ .

by Opp = (Obp » Obp ) is a

second-order bipolar fuzzy set in X defined as

ﬁbp+(x)(a) = 0and ﬁbp_(x)(a) = 0, for

every X € X and for every a € 1.

The second-order bipolar fuzzy whole set denoted
by Top = (Top " Top ) is
bipolar fuzzy set in X defined as ibp+(x) (o) =

1 and ibp_(x)(a) = —1, for every x € Xand
for every a € 1.

The second-order bipolar fuzzy constant set
denoted by Qpp = (abp+,abp‘) is a second-
order bipolar fuzzy set in X defined as
&bp+(x)(a) = a and pp (¥)(a) = —a, for
every X € X and for every a € 1.

a second-order

Let Ayp, By, € SBPF(X). Ay, is called a second-
order bipolar fuzzy subset of B},, denoted as Ay, ©
Ebp, if for every x € X and for every a €1,
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Rpp (0@ <Bpy, (@ and Ap, () =

Ebp B (X) ((X)

(v)  LetAy,, By, € SBPF(X). The union of Ay, and By,
is denoted as (Abp U Ebp) is also a second order

bipolar fuzzy set in X and is defined as
(App UByp)
= ((Abp-'— \% ’Bbp+) B (Abp_ A Ebp_))l where
(Bop” VB ') :X = [0,1]1°%and (Ay, A
Bpp ):X - [-1,0]Usuch that
—~ + _ +
(Bop" VByp") (@) =

max {Kbp+ ) (), Ebp+ x) (0()} and

(Bbp ABpp )O(@) =

min{?\bp_ (x) (@), By, (%) ()} for every

X €E X& foreverya € 1.

(vi) Let Ay, Byp € SBPF(X). The intersection of Ay,
and By, is denoted as (A, N By, ) is also a second

order bipolar fuzzy set in X and is defined as

(Abp n ﬁbp)

= ((Abp-‘- A Ebp+) B (Abp_ \% Ebp_))' where

(Kprr A Ebp+) :X - [0,1]% and
(Rpp VBpp ):X > [-1,0]1 such that
—~ + _ +
(Bop™ ABp") (@) =
.~ + ~ o+
min {Abp (x) (), Byp (x)(o()} and

(Kbp_ \ Ebp_)(x) (o)

y I

max{f“bp_ x) (), Bbp_ x) (a)}for everyx € X

and for every o € I.

(vii) For a family {(Kbp)x/kEA}of second order

bipolar fuzzy sets the intersection n)\EA(Kbp)}liS

defined by,

nAEA(Kbp))L = (/\AEA (Abp+)}lt V)\EA(Kbp_))\);

where

(Men(Bop"), ) (@) = min {(Ay,") (@}
(Vaea(Bp ), ) (@) = max {(&y, "), () (@)},

for every x € X and for every a € 1.

(viii)  For a family {(Z\bp))‘/AEA} of second order
bipolar fuzzy sets, the union U;\eA(Kbp))\is defined

by

UAEA(Abp))\ = (VxeA (Kbp-'-))\,/\keA(Kbp_)}\),
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where
(Vaen (Bop"), ) (@) = max {(Ap ") ()}
and

(Mea(Bop ), ) (0(@) = min{(Ay, ), ()3 }
for every x € X and for every a € I.

Letx € X,(,s) € (0,1] x [—1,0). A
second-order bipolar fuzzy point

Res) = Res) " Ras)”)is @ second-order bipolar
fuzzy set in X defined as follows:

ﬁ(r,5)+(x) = the constant bipolar fuzzy set r and
R(r,s) (y) = the constant bipolar fuzzy set 0 fory +

»

)?(r_s)Jr(x) = the constant bipolar fuzzy set s and
X(r,s) (y) = the constant bipolar fuzzy set 0 fory #
X

A second-order bipolar fuzzy point X, is said to

belong to a second-order bipolar fuzzy set Kbp =
(Ab;,fﬁbp_) iff Abp+(x)(a) >, for every x € X
and for every a €(0,1] and Ay, (X)(a) <s, for
every x € X and for every a € [-1,0). Two second-
order bipolar fuzzy point X(;.5), (m,n) are said to be
distinct iff x # y.

Definition 3.3

For a second-order bipolar fuzzy set Kbp
on X, the support of Kbp is defined in two different
ways as follows:

S1(Rpp) = X €X/ Apy (0)() >0,
App (¥)(a) < 0 for some a € I}
S,(Rpp) = {xEX/ Kprr(x)(a) >0,
App (x)(«) < 0 forevery a € I}.
Remark 3.4
S (‘E‘bp) = Sl(gbp)
Proof:

Letx € S,(App)

Then Kbp+(x)(oc) > 0,4, (X)(a) <0, for every
a €l

Therefore x € S, (Apy)
implies S,(App) S Sy (App)-
Definition 3.5

For a second-order bipolar fuzzy set Kbp
on X, the complement of Abp is defined in two
different ways,
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("’ibp)C = ((Aprr)c ) (Kbp_)c), where

(Aprr)C ) () = Aprr(X)(l — a), for every
x € Xand for every a € I.

(Kbp_)c(x)(a) = App (X)(1 — ), for every
x € X and for every a € 1.

—~ c ~ +\¢ ,~ —\cC
(Abp) = ((Abp ) ’ (Abp ) )’
where
~  +\€ ~ 4+

(Abp ) (@) =1—Ay, (0)(a), for every
x € Xand forevery a € 1I.

(Kbp_)c(x)(a) = —1-Ap, ®)(a),forevery
X € Xand forevery a € I.

Remark 3.6

((Abp)c)c = App

-~ c\C —~
((Bnp)) = Abp
Definition 3.7

Let X be a nonempty set. A collection Ty of

second-order bipolar fuzzy set on X defines a
second-order bipolar fuzzy topology (Chang) on X
if the following conditions are satisfied:
Opp, Tpp € T
(Abp)x € 1y, for each A € A implies U}\EA(Abp)}l €
Teg-
(Avp), € Ty, for each i=1 to m implies that
NLi(App), € Ts.
The pair (X,Tg) is called a second-order Chang
bipolar fuzzy topological space.

A second-order Lowen bipolar fuzzy topology
on X is defined by replacing axiom (i), in the above
definition by (i)'.

(i)" All constant second-order bipolar fuzzy sets €
Teg-

The pair (X,Tg) is called second-order Lowen
bipolar fuzzy topological space.

The elements of Ty are called second-order bipolar
fuzzy open sets.

Example 3.8

Let X be a non empty set. Let

A A ~ ~ +

g = {Opp} U {App € SBPF(X)/ App (x)(a) =

1’ Kbp_(x)(a) = _1’
for every x € X and for every a € I}

Then Ty is a second-order bipolar fuzzy
topology on X.

(ii)
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2y = {Tup} U, € SBPF(O)/ Ay, (9 (@) =
0, Kbp (X) (0() = 0:

for every x € X and for every a € I}

Then Ty is a second-order bipolar fuzzy
topology on X.

Definition 3.9

Let (X, Tg) be a second-order bipolar fuzzy
topological space. A family B € iy is called a base
for 1y iff for each Kbp € Tg, there exists a family

{(Abp)}‘/l € A} in "f% such that Abp = U?\EA(Abp)A
Definition 3.10

Let (X, Ty) be a second-order bipolar fuzzy
topological space. A family § of second-order
bipolar fuzzy open sets in (X,Tg) is called a sub-
base for Ty iff the family of finite intersection of
members of § forms a base for Tg.

Definition 3.11

Let X and Y be a nonempty set, let Kbp €
SBPF(X) and Ebp € SBPF(Y) and let

0:X — Y be a mapping. Then
The image of Abp under 0, denoted by
0(App) = <9 (Kprr),e(Kbp_)), is a second-order

bipolar fuzzy set on Y defined as follows:
foreveryy €Y

(0 (8w ")) )

Rpp (0, ifO7I(y) =0
x€0~1(y)
0 otherwise
and
(6(pp ) @)
Kbp_(x), if 9_1(y) *Q
= ) xeb1(y)
0 otherwise

The pre-image of By,under 6,
denoted by
07 (Byy) = (e-l (’Bbp+),e-1(§bp_)),

is a second-order bipolar fuzzy set on X defined as
follows: for every x € X.

(0 (Bup ")) 9 = By (6000
and
(67 (Bop ) ) =By, (6())

Definition 3.12
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For any two second-order bipolar fuzzy
sets Ay, By, € SBPF(X)
App Ny By = Opp means given  x € X, either
~ + ~ - = +
Abp_(x) = 0, Abp (X) =0or Bbp (X) = 0,
Bbp (X) =0
App N Byp = Opp means given x € Xand a €1,
either Kbp+(x)(a) =0,Ap, () =0o0r
—~ + P
Bbp (X)((X) = 0, Bbp (X)(a) = 0.

Remark 3.13

If App Ny Bpp = Opp then Ay, N, By, =
Opp-
Proof:

Let Kbp = (Abp-'—'gbp_) and Bbp =
- 4 o~ =

(Bop " Bop )

Assume Ay, Ny By, = Oy, then by the definition

given x € X,

either Kprr(x) =0,A,, (x)=0o0r ﬁbp+(x) =

0,B,, (x)=0.

Then either Z\bp+(x)(a) =0, Abp_(x)((x) =0or
ﬁbp+(x)(a) =0,Bp, (x)(x) =0, foreverya €1.

Therefore Ay, Ny Byp = Opp.

Following example shows that A, N, By, = Opp
but Abp ﬂl Ebp * ﬁbp

Let X = {x4, X5, X3}. Define

Z‘bp+(x1)(°‘) =0.1, A, (x)(@) =—0.2

App (x2)(@) = 0.6, Ay (5,) (@) = —0.4

App (x3)(@) = 0.7, Ay (x5) (@) = —0.3

Ebp+(X1)(a) =02,fora=1,
=0,fora#1

Bpp (x1)(a) = —0.5,fora =1,
=0,fora#1

By (2)(@) = 0.2, B, (x,)(@) = —0.8

Bop (x3)(0) = 0.9, By, ™ (x3)(c)) = —0.4

Here forx; € Xand a # 1,

App (x)(@) = 0.1, Ay~ (x1)(o) = —0.2 and

Ebp+(Xl)(°‘) =0,Bp, (x)(@) =0

Therefore Ay, Ny Byp = Opp

(i)
(ii)

(i)

(ii)
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For all X€E€X, Kprr(x) #0, Ap, (x)#0 and
Bpp () # 0,Bp, (X) # 0
Therefore Ay, Ny By # Opp
Proposition 3.14

For any two second order bipolar fuzzy
sets Ay, Byp € SBPF(X)
Abp nl Ebp = Gbp Iff
@
App N2 Byp = O implies S;(Rpp) NS, (Byp) =
@
which in  view S,(Ap,) €S, (Ayp)
S2(App) N Sy (Byp) = 9.

Proof:

S1 (Abp) NS, (Ebp) =

implies

Assume Ay, Ny By, = Opy,

Take x € Sl(f“bp).

implies

Kbp+(x)((x) > 0,4, (x)(a) <0, forsomea €l
implies

Kprr(x)(a) #0,Ap, (X)() #0,forsomea €1
implies

Rpp (0 #0,Ay, (x) %0

implies

Ebp+(x) =0,By, (x) =0 (since Ay, Ny Byp =
6bp )

implies

Ebp+(x)(a) =0,Bp, X)() =0, foreverya €l
implies x & Sl(ﬁbp)

therefore S; (Ap,) N S;(Byp) = 0

Conversely,

assume

S, (App) NSy (Bpp) = @---- (1)

Take any x € X, Suppose Kbp+(x) * 0, Kbp_(x) *

0.Then

Kprr(x)(oc) #0,Ap, (X)() #0,forsomea €1

Therefore

Kbp+(x)((x) > 0,4, X)() <0, forsomea €l

implies x € S (App)

implies x & S, (By,)

implies

Ebp+(x) () = 0,By, (X)(a) =0, foreverya €1

implies ﬁbp+(x) =0,B,, X =0

implies Ay, Ny Byp = Opp

Assume Ay, N, By, = Oy

Take x € S,(Bpp).Then

§bp+(x)(a) >0, By, ®)(a) <0, foreverya €l

implies

§bp+(x)(a) # 0,Bp, (X)(a) =0, foreverya €1
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implies

@prr(x)(a) =0,Ap, (X)(@) =0, foreverya €l
(since App Ny Bpp = Oyp )

implies x & S, (Ay))

implies S, (App) N S, (Byp) = 0.

Proposition 3.15

For a family {(Abp)A € SBPF(X)/A € A},

S, (U)\GA(Abp))\) =Uxea $; ((Kbp)x)-

Proof:

Letx € Sl (UAEA(Abp)A)

& there exists an a €l such that
~ o+

(Vaen (Bop "), ) )@ > 0,

(/\AEA(A\bp_)}L) (x)() <0

& there exists an o €1 such that
~ +

VAEA((Abp )x (X)((X)) >0,

Mea ((Bop ), @ (@) <0

& there exists an a € I'and A € A such that

(Bop"), (0@ >0,y ), (@) <0

©X€ES, (Kbp)x forsome A € A

S x€Upes Sy ((Kbp)x)

Therefore

Sq (UAEA(Abp)A) = Uxea $1 ((A\bp)}\)'
Proposition 3.16

For a collection (Kbp)l, (Kbp)z, (Kbp)m €

SBPF(X), s: (N1 (Rp),) €
niH;I Sl (A\bp)i

Proof :

letx € S, (NI, (App),)

= there exists an o €Il such that
m ([~ +

(A2 (Bop ")) O >0,

(Vi (Rpp ),) G)(@) < 0

= there exists an a € I such that

ALy ((Z\b;)i (x)(a)) >0,
1 (Ao ),0@) <0

= there exists an a € I such that
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(Bp").) 0@ >0, (B ),) (@ <0,
foreveryi=1,2,..m

SXE Sl(ﬁbp)i ,foreveryi=1,2,..m

>x € Nm, 51(Kbp)i

Therefore

m m
S1 (ﬂm(gbp)i) < ﬂizlgl(Z\bp)i
Following example shows that S, (ﬂ?;l(]ibp)i) *
n;‘;lgl(ﬁbp)i
Let X = {x4,%,}.
Define(App),, (Anp), € SBPF(X),
And for every x € X
(Kprr)l (x1)(a) = 0.1, fora# 1
=0,fora=1
(Bpp ), (x1)(e) = —0.3, for o # 1
=0,fora=1
(Abp+)1 (x)(@) = 0.7, for a # 1
=0,fora=1
(Kbp_)l(xz)(a) =—0.8, fora # 1
=0,fora=1
(Kprr)z (x)(@) =0, fora # 1
=04, fora=1
(Bop ),x)(@) =0, fora # 1
=—-0.6,fora=1
(Aprr)2 (x2)(a) =0, fora # 1
=09, fora=1
(Bpp ), (x2)(@) =0, for o # 1
=-0.2,fora=1
Here x, € Sl(Kbp)l, §1(Abp)2
=x; € S;(App), N S1(App),
ot (") (), 6500 =
and

((Kbp_)lv(:&bp_)2> (xy)(a) = 0, for every a €
I
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implies
(Bop"), A (Bp") ) 0@ # 0

and

((Abp_)lv(gbp_)z) (x1)(a) £ 0, for every
a €l

impliesx, € S, ((Kbp)l n (Abp)z)

Therefore

Sl(Kbp)l n Sl(Abp)z # S ((Kbp)l n (Kbp)z)

Therefore

S1 (N1 (Rop),) # N2, S (Rpp)..
Proposition 3.17
For a family {(Ft,bp)A € SBPF(X)/A €A},

S, (U(Kbph) 2 U S (Rup), )

AEA . . AEA .
For a collection (Abp)1’ (Abp)z' (Abp)m €

SBPF(X),
S2 (nirgl(gbp)i) =NiZ; S, (‘K‘bp)i

Proof:

Letx € U)\EA SZ ((A\bp);t)
impliesx € S, (A/b\P)x’ forallA € A
implies

(B") ) CO@ >0,
((Bop),) ®(@ <0,

for every a €1

implies

Vae (Bnp"), (0(@) >0,
/\AEA((A\bp_)A(X)(a)) <0,

for every a €1
implies

(VAEA (Abp+)x) x)(a) >0,
(Mea(@op),) G <0,

forevery a €1
impliesx € S, (UXE/\(Abp);\)

Therefore Uyea S, ((Kbp);\)g S, (UAEA(Kbp);\)
Therefore

S, (U)\EA(Kbp))\) 2 Upea S, ((A\bp)}\)'
Letx € S, (ﬂ{‘;l(ﬁbp)i)

(:)(/\in=l1 (Aprr)i) ) (a) > 0,
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(Vi (A ),) BO(@) <0,

forevery a €1
AL (B ") (@) >0,

m (Rep ), (@) <0,

forevery a €1

=((Aep") ) 9@ >0,
((Bp),) () <0,
for every o € 1 and
foreveryi=1,2,..m
©XES, (Kbp)i,
foreveryi=12,..m
& xeNt, S, (Kbp)i.

Therefore

S, (nin;1(:“bp)i) =N S, (Abp)i
4.Decision Making in Medical Diagnosis

Medical diagnosis involves complex
decision-making processes with uncertainity,
imprecision, vagueness, etc... To explore this type of
problems bipolar-valued fuzzy set was introduced.
It defines the relationships and interactions
between different elements within the diagnostic
framework. The topology provides a structured way
to analyze the connections among test results and
patient history, allowing healthcare professionals
to make decisions. The proposed algorithm helps to
find the efficiency in two medicines which are given
for the arthritis patient. This model facilitates an
accurate representation of uncertain information
leading to improved decision making in the medical
field.

Algorithm :4.1
Step 1: Consider the attributes
X={x1, x2, x3,..}.

Step 2 : Write the readings in [0,1].

Step 3 : Build the second order bipolar fuzzy
topology by converting the readings in the

range [-1,0)% (0,1]

convert the reading within the reference level as
positive membership function in the range [0,1]
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convert the reading below or above the reference
level as negative membership function in the range
[-110]

Step 4: Test 1 - Efficiency of medicine |

Test 2 - Efficiency of medicine Il

Step 5 : Compare the analysis of Test 1 & Test 2
Result:

If Test 1< Test 2, then medicine | is more efficient.
If Test 1> Test 2, then medicine Il is more efficient.

If Test 1= Test 2, then there is no improvement.

Problem: 4.2

Let us consider the decision-making situation in
medical diagnosis of Low arthirtis patient which
desires to make a decision whether the
improvement takes place or not after diagnosis by
using the proposed algorithm (SBPFTS).

Blood test Testl Reference Mean
level Value

Haemoglobin 9.0 12-15.5 13.75

Haemotocrit 30.9 35.0-45.0 40

Total white 9070 4500- 7750

blood cell 11000

count

Total Red 4.58 4-5.5 4.75

blood cell

count

ESR 49 5-20 15

Step 1: Attributes {x1, x2, x3, x4, x5} stands for the
blood test of Haemoglobin, Haemotocrit, Total
white blood cell count, Total red blood cell count,
ESR value.

Step 2 : Convert it as follows:

Attributes Test Efficiency if
resultin Medicines
[0,1]
Med | Med II

Vol 45 No. 2

February 2024
x1 0 9.4 14.28
X2 0 35.1 42.3
x3 0.8 9070 5810
x4 0.4 4.58 4.9
x5 0 18.55 25.27

Step 3 : Let us write the above table in terms of
second order bipolar fuzzy points

[-110) X (011]

Attributes Test Efficiency if
result in Medicines
[0,1]

Med | Med Il
x1 0 0 0.1428
x2 0 -0.351 0.423
x3 0.8 0.9070 -0.5810
x4 0.4 -0.0458  0.049
x5 0 0.18 -0.25

Step 4: Test 1 - Efficiency of medicine |

Test 2 - Efficiency of medicine Il

Efficiency of medicines

0.5

-0.5

The above figure represents the second order
bipolar fuzzy graph of the given case study

Step 5: After analysis of test 1 and test 2, maximum
attributes x1, x2, x4 and x5 in test 2 are greater
which is chosen as optimal decision.

Result: Test 1< Test 2. therefore medicine Il is more
efficient than medicine I.

4. Conclusion
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In this paper, the concept of second-order
bipolar fuzzy set and second order bipolar fuzzy
topological spaces are defined and the theorems
are proved. The integration of second order bipolar
fuzzy sets and their topology enhances the
precision and reliability of medical diagnosis for
arthritis, offering a sophisticated approach to
handle uncertainty. Here the case study of a
arthirtis patient is analysed after diagnosis of
arthirtis and comparitive analysis of testl and test
2 are done to find the efficiency of the medicines.
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