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Abstract

The new theory of £ukasiewicz intuitionistic fuzzy set and £ukasiewicz jntuitionistic fuzzy filter is introduced.
Some properties of £ukasiewicz jntuitionistic fuzzy filter is presented. It is explored that under what circumstances,
the £ukasiewicz jntuitionistic fuzzy set can be a £ukasiewicz intuitionistic fuzzy filter. An algorithm for diagnosing
disease is developed and provided with demonstration.
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1. Introduction

In 1969, Bosbach introduced an algebraic structure in hoop algebra, relaxes the requirement of distributivism,
which is the fundamental property of Boolean algebra. Hoop is a naturally ordered procrim, which is partially
ordered commutative residuated integral monoid. L. A. Zadeh introduced the fuzzy sets in 1965.The application
of fuzzy filters to the hoops was studied by Borzooei and Aaly Kologani [3]. Kologani M.A, Borzooei R.A, Kim
H.S, Jun Y.B and Ahn S.S [8] studied intuitionistic fuzzy filters on hoops. On hoops, several mathematician
defined the congruence relation [9]. Jan £ukasiewicz introduced £ukasiewicz logic in the early 20™ century.
fukasiewicz logic is a classical many-valued logic, a logic of the £ukasiewicz t-norm. Jun and Ahn applied
£ukasiewicz logic to BE-algebras [7]. Atanassov provided the concept of jntuitionistic fuzzy set in 1986. In 2024,
Mohseni Takallo M, Aaly Kologani M, Jun Y. B and Borzooei R. A examined the properties of filter in hoops by
applying the £ukasiewicz fuzzy set idea [11].

In real life, there may be a situation where uncertainty, imprecision and complexity is crucial for decision making,
modelling and optimizing process. To contribute to the advancement of theoretical developments and in practical
applications, the concept of £ukasiewicz intuitionistic fuzzy filter is presented in this study. The properties of a
fukasiewicz jntuitionistic fuzzy filter is investigated. Using the concept and operations of £fukasiewicz
intuitionistic filter, we developed an algorithm for medical diagnosis. We provide a demonstration for the
developed algorithm.

2. Preliminaries
Definition 2.1.[11]
An algebra (#€,0,» ,1) is said to be hoop if it satisfies:
H1)VseH, 8w s=1
(H2)Vs,t €, 80 (8w t) =20 (t w 8)
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(H3) Vs, t,u EH, 8w (£t w ) = (8w 1) w1

(H4) (H,o,1)is acommutative monoid

Define 8 < £ on a hoop & if and only if & w £ = 1.
Proposition 2.2.[11]

The following assertions are true for every hoop .

V,t EH, 80t S U= 8<1wu (D
Vet EH, 804t < 8,1 (2)
Vst EH,8<t w8 (3)
VEEH, 8w 1=11w8=s 4)
V8, t,u EH, (8w £)o (£ wu) < 8w (5)
V8, t, U EH,8<t=80ou<tou (6)
V8,t EH,80(8mt) <t @)

Definition 2.3.[11]

A subset F of A is called filter of hoop if for every 8,1 € H satisfies the following two condition.

. 8,tEF = 8ot €ETF
. 8<t,8€eF= t€F

Proposition 2.4.[11]
A subset & of A is called filter of S if and only if the following are satisfied.

e 1€eF
. 88w teEH = teH , VSteEH

Definition 2.5. (Atanassov, 1999):

Let £ be a nonempty set. An ntuitionistic fuzzy set A in H is an object having the form A =
{h, u(h),v(h)|h € 7}, provided 0 < u(h) + v(h) < 1.

The functions u': 7 — [0,1], v': 7 — [0,1] represent the degree of membership and degree of non-membership
of the element h € JH to the set A.

Definition 2.6.[6]
Let ¢ be a point of % and a € (0,1] , B € [0,1) be two real numbers such that @ + 5 < 1.

An ntuitionistic fuzzy subset of H is said to be jntuitionistic fuzzy point if it is of the form

apr={@B) =

(0,1) otherwise
Definition 2.7.[6]

For an jntuitionistic fuzzy set p(s, u(s), v(s)) in 3, C(q py an jntuitionistic fuzzy point is contained in p,
denoted by C, 5y € (1, v) if it satisfies u(x) = a and v(x) < B.

An jntuitionistic fuzzy point is quasi-coincident with p denoted by C(, z)qp if and only if
a>v(c)or B < u(c)
Definition 2.8.[8]
An jntuitionistic fuzzy set p(a, u(s), v(zs)) is said to be an jntuitionistic fuzzy filter of #if p satisfies
u@) <u)andv(s) =2v(l), Vs eH
u(s) = min{u(t), u(t = &)},
v(8) < max{v(t),v(t w &)} Vs, t €EH
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Definition 2.9.[14]

The conjunction and disjunction of £ukasiewicz jntuitionistic fuzzy sets A and B of a hoop H are defined by
ADB= {5, min(l, Ua'(8) + uB’(a)), max(0,v,'(8) +vg'(8) —1)| 8 € 7—[}
A© B = {s,max(0, 1 ' (8) + s’ (8) — 1), min(1,v,'(8) + v5'(8))| 8 € H}

3. £ukasiewicz Intuitionistic Fuzzy Filters
Definition 3.1.

Let p(é,u(a), v(a)) be an jntuitionistic fuzzy set in  and 6 € (0,1). Lf,(s,,u’,v’) is called £ukasiewicz
intuitionistic fuzzy set of p in K if u’ and v’ are the functions given by

u:H - [0,1],8 » max{0,u(s) + 6 — 1}
v:H - [0,1],8 » max{0,v(s) + 6 — 1}
Definition 3.2.

fukasiewicz jntuitionistic fuzzy set Lg of an ntuitionistic fuzzy set p in H is called a £ukasiewicz
intuitionistic fuzzy filter of H if

vs,t €H,a,y € (0,1],8,6 €[0,1),
Sap) ELY tys) €LY = (8° ) (any,pus) € L 8)

vs,t € H,a € (0,1],8 € [0,1),

8 <1, 8qp) €LY = tup €LY 9
Example 3.3.
Assume that the set 7 = {s, £, «} has binary operations " o " and " ww " as in Tables 3.3.1. and 3.3.2.
Table 3.3.1
° 8 2 u
8 8 8 8
2 8 8 2
u 8 4 u
Table 3.3.2
wwy 8 4 u
8 u u u
t t u u
u 38 t u

Clearly H is hoop.
Define an jntuitionistic fuzzy set p: 7 — [0,1] by

p(x) = {(s,0.4,0.5), (¢,0.4,0.5), (¢, 0.7,0.1)}
For 68 = 0.8, the £ukasiewicz jntuitionistic fuzzy set Lf, of p in 3 as follows

L5 (x) = {(5,0.2,0.3), (¢, 0.2,0.3), (u, 0.5,0)}
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The reader can now confirm that Lf, is a £ukasiewicz jntuitionistic fuzzy filter of .
Theorem 3.4.

fukasiewicz jntuitionistic fuzzy set Lg (s, u',v") of an jntuitionistic fuzzy set p(s, u(s), v(s)) inH isa
£ukasiewicz jntuitionistic fuzzy filter of  if and only if the following are satisfied.

» u'(1)isan tpper bound of { u'(8)|s € H }
v'(1) isalower bound of { v'(8)|s € H } (10)
> Vst €H,Va,y € (0,1], B,6 € [0,1)
Sap) ELD, (8% )y 5) ELS = tignypus) €LY (11)
Proof Let us assume that Lg be a £ukasiewicz jntuitionistic fuzzy filter of H.

If u'(1) is not an tpper bound of { w'(s)|[s€H } and v'(1) is not a lower bound of
{v'(s)|seH }, thenpy' (1) < u'(z) &v'(1) > v'(z) for some z € H.

Because of z < 1 and 2 ) € L5, by (9) we have 1( € L.

1@V (2) W@V @)

That is u'(1) = u'(2) & v'(1) < v'(2) which contradicts the assumption. Thus u'(1) is an tpper bound of
{1 (8)|s€H }Yandv'(1) is a lower bound of { v'(8)|s € H }.

Now assume that for s,# € 7 and a,y € (0,1], 8,6 € [0,1),

S(ap) €LY and (5w 1), 5) € LY.

Then by (8), we have ((8 «» £) ©.8)(gny,pvs) € Lﬁ. Since (8 w» 1) 0.8 < £, it follows from (9) that £,y gvs) €
L8.

Conversely assume that Lf, satisfies (10) and (11). Let 8,4 € H and a € (0,1], B € [0,1) be suchthat s < # and
Sap) € Lp-

Then by definition of hoop and (10), we have u'(s w ) = u'(1) = u'(8) = a and v'(s w £) =v'(1) <
V' (8) < B. Thatis (s w» £) 4 p) € L5. Using (11), we have £, ) € L which proves (9).

Let 5,2 € I and a,y € (0,1], B, 6 € [0,1) be such that s,z € LY and £, 4) € L§. Since, we have s w»
(# ww» 804) =801 w» 804 = 1 by the definition of hoop, we have

,u’(5 w (£ w8 ot)) =u' () =y (*) =yand
v’(zs ww (4w 8o t)) =v'(1) <vV'(®) <6.

Therefore, we have (s w» (£ w» 50 1)), 5) € Lg. By using (11), we have (£ w» 80 2£)yaypvs) € Lg. Again
using (11), we have (s © £) .y gvs) € LY which proves (8).

Therefore Lg in H is a £ukasiewicz jntuitionistic fuzzy filter of H .
Theorem 3.5.

£ukasiewicz jntuitionistic fuzzy set Lf, of an jntuitionistic fuzzy set p in  is a £ukasiewicz jntuitionistic fuzzy
filter of A if and only if

> VseH, Vae (0,1], BE[01), sup €LY > 1up €Ly (12)
> Vs, t €H,u () =minf{u'(8),u' (8 =~ £)}and

v'(t) < max{v'(8),v' (8 w» 1)} (13)
Proof Suppose Lf, is a £ukasiewicz jntuitionistic fuzzy filter of H .

Let s €3 and o€(0,1], B €[0,1) be such that 8.4 € Lf,. From (10), it follows that u'(1) = u'(8) = «a

and VD) <V <P and so 1¢p) € Lf, which proves (12). Note that 5(#’(5) V') € Lf, and
(8 w» t)(u,(éwt)v,(éwt)) €Ly Vst € H. By (11), we have
[
(W o ()" e (st Lo
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=> u'(t) = min{u'(8),u' (s ww» £)}and v’ (£) < max{v'(8),v' (8 =~ )}, V8,4 € .

Conversely, suppose that L,"; satisfies (12) and (13). Since 5( € Lf,, v.s € I and by (12), we have

UOIS)
2] ! 1] 1] 1]
1(M,(6)‘v,(é)) € Lyandsou'(1) = u'(8),v'(1) <v'(8),V8 € H.

~ p'(1) isan trpper bound of { u'(8)|s € H }and v'(1) isalower bound of { v'(8)|s € H }. Lets, £ € Hand
a,y € (0,1], B,6 €[0,1) be such that s, g € L and (s w» )¢, 5 € L5. Then u'(s) = a, v'(s) < B and
w(sws £) =y, v'(sw ) <§. Byusing (13), we have,

w () = minf{u'(s8), u' (8 w» £)} = min{a, y} and
V' (%) < max{v'(s),v' (s w» 1)} < max{pB, 5}
Thus Z(gay,pvs) € Lf,. By Theorem 3.4, Lf, is a £ukasiewicz jntuitionistic fuzzy filter of .
Proposition 3.6.
Any fukasiewicz jntuitionistic fuzzy filter Lg of I satisfies:
> Vs, t,u€H,Va,ye (01],8,6 €[0,1),
w < 8w t, 845 € LD, 15 €LY 2ty pus) €LY (14)
> Vs,t,u €H,Va,y € (0,1],8,6 € [0,1),
8 <t w8 p) € LY, 1 5) € LS = tigny pus) € LY (15)
> Vs, t,u€H,Va,ye (01],8,6 €[0,1),
(8w £) (g p) € LS, (£ w» 1) 5 € LG = (& > W) (gny pusy €L (16)
> Vs,t,u €M, Va,y € (0,1],5,8 €[0,1), (s » £) (4 p) € L5,
(82w €LY = (oUW (anypus) € Ly 17)
Proof Let 8,4, € Hand a,y € (0,1],8,6 € [0,1) be such that «« < 8 w» £,
Sp) € LS and w5y € LY. Since w < 5 wo £, then w s (5w £) = 1,
W)z av'() <pandu'(u) =y, v'(uw) < 6. Hence by (13) we have,
@) =min{ p'(s) , p'(s 1)}
> min{ w'(s)", min{ w), u’(u w (8w t)) }}
= min{y' (&), min{u' (), ' (1)3)
= min{y'(s), 1’ (w)}
> min{a,y} and
v' (%) < max{v'(8),v' (8 »» 1)}
< max {v’(a),max{v’(u),v’(u > (8w t))}}
= max{v’(s), max{y’(u),v’(l)}}
= max{v'(s),v'(n)}
< max{p, 5}
and SO #(4y,vs) € LS. Therefore (14) is true.

Let s,4,4 € H and a,y € (0,1], 3,8 € [0,1) be such that s < £ w» u, 8, 5) € LS and £, 5) € L§. Since s <
t ww at, Using (1) we have, 8o¢ <w and by (8) we have (8o %)y pve) € Lg and so by (9)we have
W(any,pvs) € L5 which proves (15).

Lets,,u € Hand a,y € (0,1],5,6 € [0,1) be such that (s w» £) 4 p) € L§ and (£ w» 1), 5) € L5. Using (8)
we have,
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((5 i t) ° (t i u))(a/\y,ﬁvs) € Lg
Since (8 ww» ) o (£ wo ) < 8 wo w, We have from (9) that,(8 «» 1) 4ny,pvs) € Lﬁ. This proves (16).

Let s,£,« €  and a,y € (0,1], 3,8 € [0,1) be such that (s w )4 ) € LY, and (s o ), 5 € L§. By using
(8) we have, (80w o (8w £))(qry pve) € Lf, and by commutativity of o, we have (u o 8 o (8 “w £))(4.y,pvs) €
Lg.Sinceso(awt) <t,wehavewogo(sw £) <wuot =1owuby(6).

By (9), we have (% © )y pus) € Lf, which proves (17).
Theorem 3.7.

Let p be an intuitionistic fuzzy filter of H . Then the £ukasiewicz intuitionistic fuzzy set Lf, ofpin H isa
£ukasiewicz intuitionistic fuzzy filter of H .

Proof Lg be £ukasiewicz jntuitionistic fuzzy set of an jntuitionistic fuzzy filter p in H . Then
W@ =max{ o, u(1)+6—-11}

>max{ 0, u(8)+6—11}

=u'(s8) and
v'(1) = max{0,v(1) + 6 — 1}

< max{0,v(s8) + 6 — 1}

=v'(8) Vs EH.
Therefore, p'(1) isan ttpper bound of { u'(8)|s8 € H }

v'(1) isalower bound of { v'(8)|s € 7 }.

Let 5,2 € % and a,y € (0,1], 8,8 € [0,1) be such that s, ) € LS and (s w 1), 5 € LS. Then p'(s) = a,
v'@) <Bandu'(s w t) =y, v'(s w £) < 6§ which imply that

w () = max{0,u(t) + 6 — 1}
> max{O, min(,u(s),,u(s s t)) +6— 1}
= max{O, min{u(s8) + 0 — 1, u(s = £) + 0 — 1}}
= min{max{O,u(s) + 0 — 1}, max{0,u(s w» ) + 6 — 1}}
= min{u'(8), u' (s w» 1)}
> min{a,y} and
v' (%) = max{0,v(¢) + 6 — 1}
< max{O, max(v(s),v(s ww t)) +0-— 1}
= max{O, max{v(8) + 0 — 1, v(s m £) + 0 — 1}}
= max{max{O,v(s) + 6 — 1}, max{0,v(s w» £) + 0 — 1}}
= max{v’'(8),v'(8 = 1)}
< max{p, 5}
Therefore £,y vs) € Lf, and so LZ is a £ukasiewicz jntuitionistic fuzzy filter of .
The converse need not be true as in the example given below.
Example 3.8.
In the Example 3.3., Lg is a £ukasiewicz jntuitionistic fuzzy filter of H .

Since p(u) = 0.4 £ 0.7 = min{p(u), p(t — w)}, p fails to be an jntuitionistic fuzzy filter of I .
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Theorem 3.9.

A fukasiewicz jntuitionistic fuzzy set Lg in H satisfying (10) and (15) is a £ukasiewicz jntuitionistic fuzzy
filter of .

Proof For 8,7 € H and a,y € (0,1],8,6 € [0,1),

S(ap) € LS and (5w £)(, 5) € LS.

Since s ww £ < 5 > £, Using (15) We have 4,y gvs) € L5.f

Hence by Theorem (3.4), Lf, is a £ukasiewicz jntuitionistic fuzzy filter of .
Theorem 3.10.

A fukasiewicz intuitionistic fuzzy set Lg in H satisfying (10) and (16) is a £ukasiewicz jntuitionistic fuzzy ilter
of H.

Proof For £, € H and a,y € (0,1],8,6 € [0,1),
t(a,p’) € Lg and (’ff W u)(y,tg) € Lg

Since (g = (1w £)(qp) € L5. Using (16) we have, (1 w» 1) qn.pus) € L5 and it follows from (4) that

WUianypvé) € L
Hence by Theorem(3.4), LY is a £ukasiewicz intuitionistic fuzzy filter of #.
Theorem 3.11.

A fukasiewicz jntuitionistic fuzzy set Lg in H satisfying (10) and (17) is a £ukasiewicz jntuitionistic fuzzy
filter of 7.

Proof For £, € H and a,y € (0,1],8,6 € [0,1),

t(a,p’) € Lg and U(y,85) € Lg

Then (g5 = (1 ™ ) p) € LS and 1w, 5 = (1 ° w) .6y € LY. Using (17) we have (£ o w)qay pvs) € LS.
Let s,£ € H and o € (0,1], T € [0,1) be such that s < * and 5, ) € Lf,. The condition (10) leads to
wiswt)=p'(H)=zu'(s)=zcandv'(s wm £) =v'(1) <v'(s) <7

Hence (s w» £)yp) € LS. Since s = (801D (pp € L5, (3.10) implies that (£ 1)q = £ € LY.
Therefore Lg is a £ukasiewicz jntuitionistic fuzzy filter of H .

Theorem 3.12.

LY be £ukasiewicz jntuitionistic fuzzy setin # which satisfies the condition(10). If L? satisfies
Vs, t,u € H,Va,y € (0,0.5], VB, 8 € [0,0.5), s < ¢ o w, 84 p) € LD, £, 5) € LG

= Uany,pos)qLp- (18)

(or)

Vs, t,u € H, Va,y € (0.51], VB, 8 € [0.5,1), 8 < & > 1w, 54 5)qL9, t(y5)qL5

= U(qry,pvs) € Lf,. (19)

then Lg is a £ukasiewicz jntuitionistic fuzzy filter of H .

Proof L‘Z be £ukasiewicz jntuitionistic fuzzy set in H and satisfies the condition(10). Assume that Lg satisfies
(18). For 5,# € H and a,y € (0,0.5] € (0,1], 8,6 € [0,0.5) S [0,1) 8(qp) € LG and (s »» £)(,5) € LS.

Since 8 w» £ < s w» £, the condition (18) leads to t(my_ﬁvg)qu,. Since any < 0.5, Bvé < 0.5, it follows that
p' () > Bvé = any and v'(£) < BV6. i.e., tigny pus) € LY. Therefore LY is a £ukasiewicz jntuitionistic fuzzy
filter of .

Now, let Lf, satisfies (19) and s,# € % and a,y € (0.5,1] < (0,1], B,6 € [0.5,1) < [0,1) be such that
B(ap) € Lf, and (8 w» £) () € Lf,. Thenpy'(B) 2a>1—-a,v'(8)<pf<l1-PBanduy'(s m2£)=y>1—y,
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v'(sww £) <6 <1—4. Therefore, 5(a,ﬁ)qLZ and (s t)(y,(;)qu";. Using the condition (19), we have
L(any,pvs) € Lf, since 8 w» £ < 8§ ww £,

Hence Lf, is a £ukasiewicz jntuitionistic fuzzy filter of #.

Theorem 3.13.

Let Lf, be a £ukasiewicz jntuitionistic fuzzy set in H and satisfy the condition(10). If Lﬁ satisfies
Vs, t,u € H, Va,y € (0,0.5], VB, 8 € [0,0.5), (& £)(qp) € LI,

(t > W) y5) €LY = (8 U)(qny,pus)qLp. (20)

(or)

Vs, t,u € H,Va,y € (0.51],VB,6 € [0.5,1), (& t)(aﬁ)qu,,

(t > WLy = (8 W (anypus) € L. (21)

then Lg is a £ukasiewicz jntuitionistic fuzzy filter of H .

Proof L§ be £ukasiewicz jntuitionistic fuzzy set in # satisfying (10). Assume that L satisfies (20). Assume
that for £, € H and a,y € (0,0.5] < (0,1], 8,6 € [0,0.5) < [0,1),

t(a,p’) € Lg and (’t’ wwy u)(y,ﬁ) € Lg

Then the condition (4) implies that Z ) = (1 w» £)4p) € L‘Z and (20) implies (1w %) qry pvs) =
Wiany,pvs)qLh. Since any < 0.5, Bvé < 0.5, it follows that u'(1 w» ) > BvE = any or v'(1 w u) < 6.
i.e., (1 > 1) (qny,pvs) = U(any,Bvs) € Lf,. Thus Lf, is a £ukasiewicz jntuitionistic fuzzy filter of H .

Suppose that L§ satisfy (21) and for £, € 3 and &,y € (0.5,1] < (0,1], 8,6 € [0.5,1) < [0,1),
t(a,ﬁ) € Lg and (t ey u)(yﬁ) € Lg
Since a,y > 0.5and 3,6 > 0.5, it follows that u'(#) = p'(1 = £) > B, v'(#) =v'(1 = £) < a and

W wu)>8, v wwu)<y. Therefore, (1 w» t)(a,ﬁ)ng and (£ w» w)q s € Lf,. Hence (1 ww
W) (any,pus) = Wiany pvs) € LG since (21) . Thus LY is a £ukasiewicz jntuitionistic fuzzy filter of 7.

Theorem 3.14.

Let L,"; be a £ukasiewicz jntuitionistic fuzzy set in H which satisfies (10). If LZ satisfies
Vs, t,u € H,Va,y € (0,0.5],VB,8 €[0,0.5), (8w £)qp) € LY,

(80 ’”’)(y,&) € Lg = (to /”')(a/\y,[;’v&ql'g- (22)
(or)

Vs, t,u € H,Va,y € (0.51], VB, 8 € [0.5,1), (8 £)qpqLy,

(60w yqly = (oUW any.pus) € Ly (23)
then Lf, is a £ukasiewicz jntuitionistic fuzzy filter of F .

Proof Suppose that Lf, is a fukasiewicz jntuitionistic fuzzy set in H satisfying(10). Assume that Lf, satisfies the
condition(22). Assume that for #,« € 7 and a,y € (0,0.5] < (0,1], 8,6 € [0,0.5) < [0,1),

0 0
t(a,ﬁ) € LP and /l/L(y’(g) (S LP'

Then 1w (4 5y = t(ap) € Ly and 10w, 5 = 1, 5) € LS. The condition (22) leads to (£ © ) gnypus)qL5-
Since aay < 0.5, fvé < 0.5, it follows that v’ (£ o w) < Bvé and p' (¢ o 1) = any. i.e., (£ o w)(qry pvs) € LS.
Let 5,2 € H and a € (0,0.5] € (0,1], B € [0,0.5) S [0,1) be such that 5 < # and s, € L. It follows from
the condition (10) that p'(s = £) = p'(1) = p'(8) = a and v'(s w £) =v'(1) <V'(8) < B. i.e., (8w
)ap) € LY. Since 845 = (8 © 1)(4p) € LY, using the condition (22) we have £, gy = (* © 1) p)qL5. Since
a<05andf <0.5 u'(t) =aandv'(t) < p. Therefore, £, p) € Lg. Hence Lf, is a £ukasiewicz jntuitionistic
fuzzy filter of .
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Now assume Lg satisfies(23). For t,u € H ,a,y € (0.5,1] < (0,1], 8,6 € [0.5,1) € [0,1),
t(a,ﬁ) € Lg and U(y,5) € Lg

Then 1w £, 5) = £(qp) € LS and 101y, 5y = 1y, 5) € L5. Since a,y € (0.5,1], B, 8 € [0.5,1), u'(1 = £) >
B, V(1w t)<a and p'(lou) >38, v'(lou) <y. That is (1 ms t)(a‘ﬁ)qu, and (1 O/M«)(yrg)qu. The
condition (23) induces that (£ © 1) gy pvs) € Lf,. Let s, € H and a € (0.5,1] < (0,1], B € [0.5,1) < [0,1) be
suchthat.s < ¢ and 8,5 € Lf,. It follows from the condition (10) that

wWws £)=p' (1) =zp'(s) =aandv’'(s m £) =v'(1) <v'(8) <

which imply that v'(s w» £) < a or p'(s s £) > p. ie., (8w t)(a‘ﬁ)qu,. Since u'(801) =u'(8) = «a,
v'(s01)=v'(8) < B, we have u'(8°1) > B, v'(8°1) < a. Therefore (5o 1)(,1‘[;)qu,. Using (23), we get
(o Dp) =twp € Lf,. Hence Lf, is a £ukasiewicz jntuitionistic fuzzy filter of H .

4. Application in Medical Diagnosis

The application of £ukasiewicz jntuitionistic fuzzy set spans various fields such as complex decision-
making, mathematical modelling, financial forecasting etc...

Now, we will focus on the application of £ukasiewicz jntuitionistic fuzzy sets in medical diagnosis. We
will diagnose the diseases using the following algorithm.

4.1. Algorithm

= Consider the set of patients P = {P;}.
= Consider the factors such as set of symptoms and test results as S = {S;}
* From the data collected from the patients, define the jntuitionistic fuzzy set for each criteria S; =

{pi, u(p:), v(p;)} by
u(p),v(p;) : P — [0,1]

=  For an arbitrary value of 6 € (0,1), find the £ukasiewicz jntuitionistic fuzzy set.

= Fixthe rules or conditions of a disease to be diagnosed using the operations of £ukasiewicz jntuitionistic fuzzy
set.

= Computing according to the condition, we get the resulting £ukasiewicz intuitionistic fuzzy set.

= Calculate score by subtracting the non-membership value from the membership value of the resulting
£ukasiewicz jntuitionistic fuzzy set.

= By the value of score, we get the possibility of the patients having that disease.

4.2. Demonstration
Suppose if we are to diagnose the possibility of a person having heart disease.

Let us the consider the Kaggle data set (https://www.kaggle.com/datasets/rishidamarla/heart-disease-prediction).
From the above dataset, we consider set of 14 patients P = {P,, P,, P3, P,, Ps, P, P, Pg, Pg, P1g, P11, P12, Pi3, Piad
going to be diagnosed.

Let us consider the two criteria. S = {S;,S,} be the set of test results of the patients for diagnosing heart disease,
where S; = ST depression, S, = Number of vessels fluro.

To predict the heart disease, let us use the fuzzy rule:
If ST depression is moderate and Number of vessels fluro is moderate then heart disease is present.

Consider the data set,

Number of

Patients ST depression vessels fluro
P, 2.4 3
P, 1.6 0
P, 0.3 0
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P, 0.2 1
Py 0.2 1
P 0.4 0
P, 0.6 1
Pg 1.2 1
P, 1.2 2
Pro 4 3
Py, 0.5 0
Py 0 0
Pys 0 0
Py 2.6 2

From the above data, the jntuitionistic fuzzy sets S; : P — [0,1] are defined by the membership function.

Membership function for ST depression is moderate:

( 0 ifx<1
[x—1
15 ifl<x<25
Hmoderate = {4 - x . .
[ 15 if 25<x <
k 0 if x >4
Membership function for Number of vessels fluro:
0 forx <2
Umoderate =33 — X for2<x<3
0 forx >3

(P;,0.93,0.07), (P,,0.4,0.6), (P3,0,1), (P,,0,1), (Ps,0,1),
S, = (Pﬁ, 0,1),(P,,0,1), (Pg, 0.13,0.87), (Pg, 0.13,0.87), (Pw, 0,1),
(P11,0,1),(P15,0,1), (P13,0,1), (P14,0.93,0.07)
(P1,0,1), (P,,0,1), (P3,0,1), (P4, 0,1), (P5,0,1),
Sz = (pa, 0,1), (]'37, 0,1), (ps, 0,1), (p9» 1,0), (plo, 0,1),
(P11,0,1), (P1,0,1), (P13, 0,1), (P14, 1,0)

For 8 = 0.9, the £ukasiewicz jntuitionistic fuzzy sets Lgi of S; as follows

(P,,0.83,0), (P,,0.3,0.5), (P5,0,0.9), (P,, 0,0.9), (Ps, 0,0.9),
L8, =14 (P6,0,0.9), (P5,0,0.9), (P, 0.03,0.77), (P,,0.03,0.77), (1, 0,0.9),
(P4;,0,0.9), (P,5,0,0.9), (P13,0,0.9), (P,,, 0.83,0)

o ={ (P1,0,0.9), (P,,0,0.9), (P3,0,0.9), (P,,0,0.9), (Ps, 0,0.9), (P, 0,0.9), (P,,0,0.9), }
527 (Pg, 0,0.9), (P, 0.9,0), (P10, 0,0.9), (P11,0,0.9), (P15,0,0.9), (P13, 0,0.9), (P14,0.9,0)
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» Diagnosing Heart Disease
(P,,0.83,0), (P,,0.3,0.4), (P3,0,0.8), (P,,0,0.8), (Ps, 0,0.8),
L2 @ L =1 (P, 0,0.8), (P7,0.9,0, (P, 0.03,0.67), (Ps, 0.93,0), (P10,0,0.8),
(P11,0,0.8), (P15,0,0.8), (P13,0,0.8), (P14, 1,0)

Patients Score
P, 0.83
P, -0.1
P, -0.8
P, -0.8
P -0.8
P, -0.8
P, 0.9
Pg -0.64
Py 0.93
Pio -0.8
Py -0.8
P, -0.8
Pis -0.8
Pis 1

Patients P,,P,, Py, P,, are more likely to have heart disease and P,, P3, P,, Ps, P¢, Pg, P10, P11, P12, P13 are unlikely
to have heart disease.

The accuracy depends on the rules we determine. Here we provide a demonstration with 80% accuracy. To enhance
the accuracy, work on a more generalized fuzzy rule for diagnosing the disease.

6. Conclusion

In this paper, we introduced the notion of £ukasiewicz jntuitionistic fuzzy filter based on intuitionistic fuzzy point.
The properties of £ukasiewicz jntuitionistic fuzzy filter is investigated. An algorithm is developed for medical
diagnosis using the concept of £ukasiewicz jntuitionistic fuzzy set and its operation. A demonstration is provided
for our developed algorithm. In future, we want to make our algorithm applicable for large data sets using
programming languages with better accuracy.
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