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Abstract

Parameter reduction minimizes redundancy while preserving the essential information
and helps in optimizing decision making models. In this paper, we define the Concept of
Turiyam Soft Set by combining Turiyam Set and Soft Set. Further we propose a Parameter
Reduction using the concept of Indiscernibility Relation of Turiyam Soft Set. We introduce the
ideas of ‘Dispensable Set’ and ‘Indispensable Set’ of the parameter set of Turiyam Soft Set.
Using them, we define the concepts of Decision Partition, Parameter Reduction, and the Degree
of Importance of a Parameter. Then we define an algorithm using the Degree of Importance of
a Parameter in the context of Turiyam Soft Set. Then, we applied this algorithm to a real life
situation.

1. Introduction

Soft Set Theory, introduced by Molodtsov in 1999 [1], provides a way to handle
uncertainty in decision-making. In 2005, Smarandache proposed the Neutrosophic Set [2],
extending Intuitionistic Fuzzy Sets [3] by adding an indeterminacy membership. Maji (2011)
introduced the Neutrosophic Soft Set [4], and later, in 2020 Parameter Reduction of
Neutrosophic Soft Sets [5] was introduced by Abhijit Saha and Said Broumi. Recently (2021),
Prem Kumar Singh proposed Turiyam Set Theory [6,7,8], which adds a fourth component, the
turiyam state (l), to represent what lies beyond the known, unknown, and unknowable.
In this paper, we defined the concept of Turiyam Soft Set and proposed the parameter reduction
using Indiscernibility Relation of Turiyam Soft Set and presented an algorithm along with a
real life application.

2. Preliminaries

Definition — 2.1 [1]

Let U be an initial universe and E be the set of parameters. Let P(U) denotes the power set
of U. Consider a nonempty set A, A C E. A pair (F, A) is called a Soft Set over U, where F is
a mapping given by F: A = P(U).

Definition 2.2 [6]
A Turiyam set A on U has the form

A = {<uyty(w),ig(w), fa(w), (W) >: ue U}
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where t,(u): U - [0,1],i4(w): U - [0,1], fa(w): U - [0,1] andl,(u): U - [0, 1] denote the
truth value, the indeterminacy value, the falsity value and the Turiyam state (or liberal) value
for each u € U, correspondingly by which t,(u), iy (w), f4(w) and [, (u) satisfies the condition
0 < tgw)+ ig(w)+ frw)+ L(w) < 4, Vuel.

3. Turiyam Soft Set
In this section, we introduce the concept of the Turiyam Soft Set, a novel extension of the
traditional soft set framework designed to handle an additional dimension of uncertainty. The
definition of a Turiyam Soft Set is presented along with an example to illustrate its structure.
Definition 3.1

A Turiyam Soft Set (F, A);, on the universe U over the fixed parameter E is defined as,

(F,A), ={(e,F(e)):e € A, F(e) e T(U)}

Where, T(U) denotes the set of all Turiyam Sets of U and F is a mapping from
F:A->T(U);, AcCE.

Example 3.2

Let U = {uy, uy, us}, E = {e1,e,,€3, €4, €5}
A={e,e} CE
Let,
Uz
0.3,0.4, 06 0.5"0.2,0.4,0.5,0.3°0.7, 08 0406

Flen) = {(en{

}

Uz
Fleo) = {(e {060405 0.6" 0.4,0.5,0.3,0.1°0.1,0.3, 05 07}>}
then, the Turiyam Soft Set is,

up
(ev{ )
0.3,0.4, 06 0.5 0.2,0.4,0.5,0.3°0.7, 08 04 0.6
(F’A)L=

In this section, we discuss the Parameter Reduction of Turiyam Soft Set. The concepts of
Indiscernibility Relation, Dispensable Set, and Indispensable Set are introduced along with an
example to illustrate the reduction process.

Definition 4.1

Let U ={uy,u,,..,u,} be the set of n objects in the fixed universe and
E = {e;, ey, ...,en} be the set of parameters. Let (F,E), be a Turiyam Soft Set. Define a
function Fz on (F, E); such that,

Few) =) R, Vw €U
J

Where F, (u;) = (tp(ej)(ul-) + dp(e ) (W) + Fr(e,) W) + {’F(ej)(ul-)). An Indiscernibility
Relation denoted by IndR,, is defined by,

IndR, = {(uy, w;) € U X U: Fy(wy) = Fa(up)}
Let the partition of the objects in U be defined as,
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Pg = {{ULUZ» o Wity (ks 1 Uia2 -0 Widug) o {Uo) Uo g1, ---'un}Us}

Which partitions and ranks the objects in U according to the values of Fg(u;) based on the
indiscernibility Relation IndRj,.

pY is the decision partition whose subclasses are:
fug, ug, oo, W d (Ui 1, U s - U ooe s {Ug, Ug g1,y o Uy} and the number of subclasses of
PYissand U, > U, > - > Us.
For any subclass, say, {uy, Uy, ..., ux}y,, [Fr(u)] = [Fg(uz)] = -+ = [Fg(uy)] = Uy, where
[-] denotes the greatest integer function.
Example 4.2
Let U = {u,,u,,u3} and E = {e,, e,, e5, e,}. Then, let

r(e Uy U, Uz
] (0.2,0.8,0.4,0.5)’ (0.7,0.3,0.6,0.9) " (0.4,0.2,0.8,0.5)

).
o, B o
)

(03070504) (0.8,0.5,0.6,0.3) " (0.7,0.6,0.4,0.5)
( Uy U, Uz
®s ((0.5,0.7,0.3,0.8) ’ (0.4,0.6,0.2,0.9) " (0.7,0.2,0.4,0.2) }

(F!E)L = {

Uy Uy
(4'{(06020805) "(0.4,0.9,0.2,0.3)’ (08030403)}>J

The tabular form of the above Turiyam Soft Set can be represented as,

€1 €2 €3 €4 Fg(*)
u; | (0.2,0.8,0.4,0.5) | (0.3,0.7,0.5,0.4) | (0.5,0.7,0.3,0.8) | (0.6,0.2,0.8,0.5) | 8.2
u, | (0.7,0.3,0.6,0.9) | (0.8,0.5,0.6,0.3) | (0.4,0.6,0.2,0.9) | (0.4,0.9,0.2,0.3) | 8.6
us | (0.4,0.2,0.8,0.5) | (0.7,0.6,0.4,0.5) | (0.7,0.2,0.4,0.2) | (0.8,0.3,0.4,0.3) | 7.4

Py = {{ul'uZ}Ul:{u3}U2}; U,=8U,=7
Fg(uy) = 8.2, Fg(u,) = 8.6, Fz(u3) = 7.4 and hence the optimal choice is u; or u, and the

suboptimal choice is uz.

Definition 4.3
For the Turiyam Soft Set (F, E), with E = {e4, e, ..., &}, if there exists a subset B € E such
that B = {ej, e, ..., e.} € E satisfying Fg(u,) = Fg(u,) = -+ = Fg(u,), then B is said to be

dispensable or else it is indispensable.
B cE 1is called the normal parameter reduction of E if B is indispensable and

Fg_p(uy) = Fg_p(uz) = -+ = Fp_p(uyp).

Example 4.4

From the Example 4.2,

The subset B ={e,e,} c E satisfies Fg(u;) = Fg(u,) = Fg(us) = 4.0. Hence,
B is dispensable.

5. Algorithm of normal parameter reduction

For the Turiyam Soft Set (F,E),

PEl:] = {{ull uZ’ ""uk}Ull{uk+1l uk+2) . 'Iul}Uzl eny {uo, u0+1, --.,un}Us}
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is the decision partition of objects in U. Now deleting the parameter e, from E, we get a new
decision partition for the deleted parameters e, denoted by Pé]_ {e;p g1ven by,
Pé]—{ec} = {{ui» Uy, wor) u;c}U{' {We+ 1> W20+ u;}ué' oo UGy Up i) e u;q}us’ }
Let us denote them by,
Py ={Ey,, Ey,, - Eu, }
Pi e = E — {ecur, E —{ec}ys - E — {edur }

where,
EU1 = {uliuZ' "'Juk}UlﬂEUz = {uk+1'uk+2""ul}U2' ""EUS = {u0!u0+1r ""un}Us
E - {eC}U{ = {ui, uél ﬂuI,(}U:{

E —{ec}yy = (upsr Ukszr - Uiy,

E - {eC}Ué = {u’IO)ué+1i lu‘;l}US’
Definition 5.1

The degree of importance of e, for the decision partition is denoted by DI(e,) and is
defined by

s
1
Dl(eh) = WZ(al,eh + A2.ep +t as,eh)
q=1

where,
( |Euq —E— {eC}U;| ,if there exists r'such that U, = Uy,
Age, = 1<r'<s,1<qg<s

Ey |, otherwise
Uq

Definition 5.2
Let B = {ej, e, ..., e} € E be the decision partition for the deleted subset B of E, denoted by
Pig and is given by Pfp={E —{e}yr,E —{e}ys ... E —{ec}y;}. The degree of

importance of B for the decision partition is defined by,

1
DI(B) = m (al,B +ayp+ -+ as,B)

where,
|Euq —E - BU;| ,if there exists r'such that Ug = U;,
leq,B= 1ST,SS,;1SQSS

E, |, otherwise
Uq

Proposition 5.3
For a Turiyam Soft Set (F, E), with the parameter set E = {eq, €5, ...,€,,},0 < DI(e,) < 1.
Proof:
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s
1
Dl(eh) = mz Ag.ep
q=1

agp = |Ey, —E — {eC}U;| < |EUq|, (if there exists r' such that U, =U;, 1<7r' <5/,

1 < q < s). Itis clear that, |EU1| + |EU2| + -+ |EUS| = |U|, therefore,

1
Dl(eh) ES m (al’eh + az‘eh + -+ as,eh)

1
STRCARSARSERSA)

~ (Ul
=1
We know that 0 < DI(e,) < 1.
Application 5.4
After a severe cyclone, the disaster management officer needs to decide which area
should receive help first according to the severity of the situation. Let
U = {uy, uy, uz, Uy, Us, Ug, U7, Ug} be the regions affected by the cyclone and

E = {e;, e, €3, €4, €5, €6, €7} be set of parameters for disaster relief planning. Where,
e; = Severity of damage, e, = Accessibility of area, e; = Population density,
e, = Availability of local infrastructure, e; = Urgency of medical needs,
es = Predicted weather stability, e; =Availability of skilled relief personnel.
Let the liberalisation value be how strongly this parameter helps speed up the overall
effectiveness of relief operations in the affected region.

Fg(
€ €2 €3 €y €s €6 €7 )
u (0.1,0.8,0.3, | (0.4,0.7,0.5, | (0.9,0.2,0.6, | (0.3,0.8,0.4, | (0.6,0.5,0.8, | (0.2,0.9,0.5, | (0.3,0.5,0.9, 14.4
1 0.7) 0.6) 0.4) 0.5) 0.7) 0.6) 0.2) '
u (0.2,0.6,0.5, | (0.5,0.6,0.7, | (0.7,0.4,0.3, | (0.4,0.5,0.3, | (0.6,0.4,0.6, | (0.4,0.7,0.4, | (0.5,0.2,0.1, 135
2 0.1) 0.4) 0.6) 0.8) 0.5) 0.7) 0.8) :
u (0.6,0.1,0.4, | (0.6,0.5,0.5, | (0.4,0.3,0.8, | (0.4,0.4,0.6, | (0.7,0.3,0.6, | (0.5,0.5,0.6, | (0.5,0.9,0.2, 136
3 0.2) 0.6) 0.6) 0.6) 0.5) 0.6) 0.1) :
Uy (0.3,0.8,0.1, | (0.7,0.6,0.5, | (0.2,0.9,0.7, | (0.3,0.4,0.7, | (0.6,0.6,0.5, | (0.5,0.7,0.4, | (0.5,0.3,0.2, 14.4
0.6) 0.4) 0.4) 0.6) 0.4) 0.6) 0.9)

Us (0.3,0.2,0.4, | (0.5,0.6,0.6, | (0.6,0.3,0.4, | (0.4,0.5,0.5, | (0.6,0.6,0.4, | (0.5,0.5,0.6, | (0.5,0.5,0.1, 124
0.1) 0.5) 0.2) 0.6) 0.5) 0.6) 0.3)

ug | (070109, | (060505, [ (030602, | (040604, | (050506, | (060605, [ (050904, [,
0.4) 0.6) 0.8) 0.6) 0.5) 0.5) 0.2)

uy | 020506, [ (050606, | (040503, | (060504, | (060.604, | (060.505, | (040601, [,
0.1) 0.5) 0.2) 0.5) 0.5) 0.6) 0.2)

ug| (060203, (0.60.605, | (0.10506, | (050505, | (040506, | (050.605, [ (0.7.0402, [ .,
0.5) 0.5) 0.2) 0.5) 0.6) 0.6) 0.6)

PFEJ = {{ulru4ru6}U1' {uZ'uS' u8}U2' {u5fu7}U3} ) Ul = 14" U2 = 13r U3 =12
Hence the optimal choices are u; or u, and the suboptimal choice is u;.
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Fg(uy) = Fp(uy) = Fg(uz) = Fg(us) =
Fg(us) = Fg(ug) = Fg(u;) = Fg(ug). Therefore, B is dispensable.

€1 ] €7 Fg()
uy (0.1,0.8,0.3,0.7) (0.9,0.2,0.6,0.4) (0.3,0.5,0.9,0.2) 5.9
u, (0.2,0.6,0.5,0.1) (0.7,0.4,0.3,0.6) (0.5,0.2,0.1,0.8) 5.0
Us (0.6,0.1,0.4,0.2) (0.4,0.3,0.8,0.6) (0.5,0.9,0.2,0.1) 5.1
Uy (0.3,0.8,0.1,0.6) (0.2,0.9,0.7,0.4) (0.5,0.3,0.2,0.9) 5.9
Us (0.3,0.2,0.4,0.1) (0.6,0.3,0.4,0.2) (0.5,0.5,0.1,0.3) 3.9
Ug (0.7,0.1,0.9,0.4) (0.3,0.6,0.2,0.8) (0.5,0.9,0.4,0.2) 6.0
Uy (0.2,0.5,0.6,0.1) (0.4,0.5,0.3,0.2) (0.4,0.6,0.1,0.2) 4.1
Ug (0.6,0.2,0.3,0.5) (0.1,0.5,0.6,0.2) (0.7,0.4,0.2,0.6) 4.9

PEl:]—{ez,€4,€5,€6} = {{uﬁ}U{’ {ulx Uy, Uz, u4}U2’; {u71 uB}Ué; {uS}UA; } )
Ul =6U,=5U,=4U,=3

Pé]—{el} = {{uy, usts, {uz, us, ug, ugls, {us, us},}
Pé]—{eg} = {{ue}a {ur, vz, us, uy, ugls, {us, us},}

Pé]_{e7} = {{wy, us, uela, {uz, us, ugls, {us, usl2}

Qie, = [{us, us, ug}l = 3, A2e, = [{uz, us, ug}l = 3, Uze, = [{us, us}| = 2
Qe = [{us, us, ug}l = 3, A2e; = [{uz, us, ug}l = 3, Uze, = [{us, us3}| = 2
Qie, = [{us, us, ug}l = 3, A2e, = [{uz, uz, ug}l = 3, Uz, = [{us, us}| = 2
DI(e;) =1, DI(e;) =1, DI(e;) =1
€1 €3 €y Ci
c1=0014+08+03+07)x1+
u; | (0.1,0.8,0.3,0.7) | (0.9,0.2,0.6,0.4) | (0.3,0.5,0.9,0.2) | (09+0.2+0.6+0.4)x1+(0.3+

0.5+09+4+02)x1=59

U;

(0.2,0.6,0.5,0.1)

(0.7,0.4,0.3,0.6)

(0.5,0.2,0.1,0.8)

c;=(02+06+05+01)x1+
(0.7 + 0.4+ 0.3 + 0.6) X 1 + (0.5 +
0.2+0.1+0.8)x1=5.0

us

(0.6,0.1,0.4,0.2)

(0.4,0.3,0.8,0.6)

(0.5,0.9,0.2,0.1)

c;=(0.6+01+04+02)x1+
(0.4+03+08+0.6)x1+(05+
09+02+01)x1=5.1

Uy

(0.3,0.8,0.1,0.6)

(0.2,0.9,0.7,0.4)

(0.5,0.3,0.2,0.9)

cs=(03+08+0.1+06)x1+
(0.2+09+0.7+04)x1+(05+
03+02+09)x1=59
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cs=(03+02+04+01)x1+

us | (0.3,0.2,0.4,0.1) | (0.6,0.3,0.4,0.2) | (0.5,0.5,0.1,0.3) | (0.3+ 0.2+ 0.4+0.1) x 1+ (0.5 +
0.5+0.1+03)x1=3.9

o= (0.7+01+09+04)x1+

ug | (0.7,0.1,0.9,0.4) | (0.3,0.6,0.2,0.8) | (0.5,0.9,0.4,0.2) | (0.3 + 0.6+ 0.2+ 0.8) x 1+ (0.5 +
09+ 04+02)x1=6.0

¢, =(02+05+06+01)x1+

u, | (0.2,0.5,0.6,0.1) | (0.4,0.5,0.3,0.2) | (0.4,0.6,0.1,0.2) | (0.4 + 0.5+ 0.3 +0.2) x 1+ (0.4 +
06+0.1+02)x1=41

¢, =(0.6+02+03+05) x1+

ug | (0.6,0.2,0.3,0.5) | (0.1,0.5,0.6,0.2) | (0.7,0.4,0.2,0.6) | (0.1 + 0.5+ 0.6+ 0.2) x 1+ (0.7 +
04+02+0.6)x1=49

From the above table, the choice value cg is the maximum, so, the cyclone affected
region ug is the most affected region and it is the optimal choice for immediate relief
operations.

6. Conclusion

The Concept of Turiyam Soft Sets have been defined and the Parameter Reduction method for
Turiyam Soft Sets simplifies decision-making by eliminating redundancy while preserving
essential information. We proposed an algorithm based on the Indiscernibility Relation of
Turiyam Soft Set and demonstrated its application in disaster management.
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