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Abstract

In real world scenarios, data is often missing or unavailable due to various reasons. This incomplete or missing data
can affect the reliability of decision-making models. In this paper, we defined the concept of an Incomplete Turiyam Soft Set,
which is a Turiyam Soft Set with missing or unavailable data. To understand the relationships between the parameters of the
Incomplete Turiyam Soft Set, we introduced the concepts of Consistent and Inconsistent Association between the parameters. We
defined new terms such as Consistent Association Number, Consistent Association Degree, Inconsistent Association Number,
and Inconsistent Association Degree to measure these associations. Finally, we presented a Data Filling Algorithm to estimate the
missing values based on the parameter associations. Furthermore, a real-life example was included to show how the proposed
method could be applied in decision-making situations.
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1. Introduction

In many real-world problems, especially those involving human behavior, decisions, or vague environ-
ments, we dont always get clear answers. In such cases, Neutrosophic Sets [7] introduced by Smarandache
talks about truth, falsehood, and indeterminacy all at once. While Fuzzy Set [8] provide only truth mem-
bership, and Intuitionistic Fuzzy Set [1] extend this by including both truth and falsity memberships,
Neutrosophic Set gave space for Indeterminacy along with Truth and Falsity memberships.

But there are cases where even indeterminacy itself isn't enough. We needed a framework that
could capture not only what we know and what we dont but also something beyond, a sort of fourth-
dimensional awareness. Prem Kumar Singh defined Turiyam Set [4, 5, 6] as a generalisation of Neutro-
sophic Set - which helps us to express what lies beyond the known, the unknown, and even the unknow-
able. Turiyam Set involves Liberalisation values along with Truth, Indeterminacy and Falsity membership
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values. We incorporated this Turiyam Set into Soft Set and had defined Turiyam Soft Set [2] and studied
their properties.

While previous works in Neutrosophic Soft Sets have proposed Data Filling Algorithm [3] to handle
missing or incomplete information, they did not address situations where a single parameter might have
a Consistent Association with some parameters and an Inconsistent Association with others. Recognizing
this limitation, we extended the data filling approach to the Turiyam Soft Set framework by defining an
improved data filling algorithm that considers these mixed associations, allowing us to effectively identify
and fill in missing data. This enhancement strengthens the applicability of Turiyam Soft Sets in handling
complex, uncertain missing data.

2. Preliminaries
Definition 2.1. [5] A Turiyam set A on U has the form,
A ={<uta(u),ia(u),fa(u),la(u) > uel}

where ta(u) : U — [0,1],ia(uw) : U — [0,1],fa(u) : U — [0,1]Jandla(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 ta (u),ia (1), fo (u)andla (u) satisfies the condition 0 < ta (u) +1ia(u) +
falu)+1la(uw) <4, Vuel

Definition 2.2. [2] A Turiyam Soft Set (F,A)r. on the universe U over the set of parameters
E is defined as,
(F,A)L ={(e,F(e)) : e € A, F(e) € T(W)}

Where, T(U) denotes the set of all Turiyam Sets of U and F is a mapping from F: A — T(U); A C E.

3. Incomplete Turiyam Soft Set
Definition 3.1. A Turiyam Soft Set (F, A)r over U,
(F,A)L = (ej,F(e]-)) S A,F(e]-) e T(U)

is called an Incomplete Turiyam Soft Set if there exists (ej, F(ej)) is unknown for some u; € U. When
one of the values of the 4-tuple (tF(ej)(ui), iF(ej)(ui),fF(ej)(ui), [F(ej)(ui)), is missing we consider it all as
unknown values and denote it by (x, *, %, *).

where, T(U) denotes the set of Turiyam Sets of U, Fis a mapping fromF: A - T(U), ACE, i=1,2,..,n
andj=1,2,..,m.

Example 3.2. Let U be the set of candidates. U = {u;, u, u3, us} and the parameter set be E = {ej, e, e3}
where e;= Qualified, e;= Experienced and e3= Team Player.

A hiring panel rates candidates on these criteria, but for some candidates, the data is incomplete.
The Tabular representation of the Incomplete Turiyam Soft Set (F, E); over U can be represented as Table
1.

Where the liberalisation value is whether this specific parameter has positively impacted the candi-
date’s career, such as earned him a reward or salary hike. We explore the parameter associations in the
context of Turiyam Soft Set. In the above example, we can see that between the parameters e; and e,
theres a consistent association. Between the parameters e; and ej3, theres an inconsistent association.

Definition 3.3. Using these associations between the parameters ex and e, when the data for F(ey) is
missing, we can fill the missing data from the corresponding values of F(e). Let,

Ui ={u e U| (tr(e) (W), (R (er) (W), fR(e) (W), CR(er) (W) 7 (%, %, %, %),
and (tF(el)(u)/iF(el)(u)/fF(el)(u)/[F(el)(u)) 7é (*/ *, */*)/ V o exe € E}

That is, Uy the collection of objects that have known values for both parameters e and e;.
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Table 1: Incomplete Turiyam Soft Set (F, E)¢

U/E €1 €2 €3

w (04,0503,06) (0.2,04,06,08) (0.3,0.6,0.2,0.8)
w  (0.603,0.1,05) (% % % %) (0.7,0.3,0.2,0.4)
Wy (%% %, %) (0.3,0.5,0.1,0.9) (0.3,0.2,0.5,0.8)

ws (0.3,0.60.7,02) (0.4,0.5,0.802) (% *, %)

Example 3.4. Consider Example 3.2, for the parameter e,

Uz = {ug, un}

Uszp = {ug, uz}

Definition 3.5. The Consistent Association Number between the parameters ey and e; is denoted by
CaNyy and is defined by,

CaNyy ={u € U| (tr(e) (W) = fr(ey) (W), (R (ey) (W) = (e (W),
fr(en) (W) = fr(e (W, Cr(e) (W) = (re) (W), ¥V ey, el € E}
where | - | denotes the cardinality of a set.

Definition 3.6. The Consistent Association Degree between the parameters ey and e; is denoted by CaDy
and is defined as,

cap = AN
Uit
where, Ukl‘ denotes the cardinality of a set Uy and Uy > 0. It is clear that, the value of CaDyy
isin [0,1].

Example 3.7. From Examples 3.2 and 3.4,

CaNz; =[{}l=0 and CaNzx =[}=0

CaN 0 CaN 0
a 31—~ —=0 and CaDs3p = a 2 _--0

CaD3 =
o |U.31| 2 |U32| 2

Definition 3.8. The Inconsistent Association Number between the parameters ex and e; is denoted by
ICaNy; and is defined by,

ICaNy = {u € U | (tp(e) (W) # tr(e, (W) OF ip(e,) (W) # iF(ey)(u) or
fr(er) (W) # frien (W) OF (R(e (W) # (re(u), V ey e € E}

where | - | denotes the cardinality of a set.

Definition 3.9. The Inconsistent Association Degree between the parameters ex and e; is denoted by

ICaDy; and is defined as,
ICaN

ICaD =
| Ut

where, Ukl‘ denotes the cardinality of a set Uy; and Uy > 0. It is clear that, the value of ICaDy

isin [0,1].
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Example 3.10. From Examples 3.2 and 3.4,

ICaN3; = {u, up}{ =2 and ICaN3z; = [{ug, uz}| =2

ICaN 2 ICaN
a 31_*:1 and IC(ID32: a 32:

D2 = =
ICaDa [Us; | 2

Definition 3.11. The Association Degree between the parameters ex and e; is denoted by Dy and is
defined by,
Dkl = max{CaDkl, ICaDkl}

Example 3.12. From Examples 3.7 and 3.10,
D31 = max{CaD3y,ICaD31} = max{0,1} =1
D32 = max{CaDgz, IC(ID32} = max{O, 1} =1

Remark 3.13. If CaDy > ICaDyy, then Dy = CaDyy, indicating that most objects in Uy show consistent
values between the parameters ey and e;. On the other hand, if CaDy; < ICaDyy, then Dy = ICaDyqy,
suggesting that inconsistency dominates between the two parameters.

If both values are equal, that is, CADy; = ICADy; this reflects the weakest level of association between
the parameters e and e;.

Theorem 3.14. For the parameters ey and e;, Dyy > 0.5, V kL
Proof. For any parameters ey and ey, from the definitions of CaDy; and ICaDy, we have,
CaDy +ICaDy =1
Therefore, at least one of CaDy; and ICaDy; is more than 0.5, namely,
Dy1 = max{CaDy, ICaDy} > 0.5

O]

Definition 3.15. Let E be the set of parameters and ex € E. Then, the Maximal Association Degree of
parameter ey is denoted by MDy and is defined by max

MDy = m{ax Dy

4. Algorithm for Data Filling of Incomplete Turiyam Soft Set

Step 1: Input the Incomplete Turiyam Soft Set in Tabular form with the missing data represented by
(k, %, %, *).
Step 2: Find all the parameters ey for which data is missing.
Step 3: For all the parameters ey for which data is missing, compute Dy forj =1,2,..,m and k # L.
Step 4: Compute Maximal Association Degree M Dy, for all the parameters ey for which data is missing.
Step 5: Find those parameters e; which has the maximal association degree M Dy with the parameter ey.
Step 6: In case of Consistent Association between the parameter ey and ers (k,1=1,2,..., m),

((tr (e (W), lir (e W, Urep Wes (Cre, (W)e )

= (max (e (), max e ey (W), max fre,) (), max (e, (W)

In case of Inconsistent Association between the parameter ey and es (k,1=1,2,..., m),



M.S. Muthukamalam, J. Subhashini, Math. & Comput. Sci., 7(3) (2026), 97-104 101

((fF(ek) (W), ((r (e ) (W1, (fr(er) (WL, (Cr(ey) (u)h)

= (1 max (e, (), 1 — max (e, (1), 1 = max f(e, (w), 1 - max (e, (1))

Step 7:
Case (i): If the parameter e has only Consistent Association between e;s for k,1 =1,2, ..., m then,

<(fF(ek) (W)e, (rey (W) e, (frten) (W) e, (Cre) (u))c>

= (fF(ek)(u)/iF(ek)/fF(ek)(u)I[F(ek)(u))

Case (ii): If the parameter ey has only Inconsistent Association between e;s for k,1 =1,2, ..., m then,
<(fF(ek) (W1, ((r (e ) (W1, ey (W1, (CF(ey) (u)h)

= (fF(ek)(u)/iF(ek),fF(ek)(u),fF(ek)(u))

Case (iii): If the parameter ey, has Consistent Association with some e;s and has Inconsistent Association
with other es then,

(fF(ek) (W), tr (e ) (W), fr(er) (W), CF(ey) (u))

(R W)+ (tre) (W1 (Trey) (W) e + (i (e (W)t
= ; : ; :
(frey (W)c + (freny(W1 (Crieyy (W) + (Cr(ey (W1
; , ; )

Example 4.1. Consider U = {uy, uy, u3, ug, us} be the five hostels under consideration and E = {ey, ey, e3, ey, €5, €4}
be the set of parameters under consideration, where e;=Affordable, e;=Clean, e3=Near College, e;=Good
food, es=Wi-fi facility and es=Peaceful environment.
Were taking a students considerations for choosing the hostel. The degree to which the parameter helps
her focus better on studies and overall academic success is taken as the Liberalisation value. It is repre-
sented as a table,

Table 2: Student’s Consideration as Incomplete Turiyam Soft Set

u/E (5] ey e3 €4 es €q

w  (09,0.1,01,08) (0.8,0.1,0.1,07) (0.9,0.1,0.1,09) (0.7,02,0.1,0.8) (0.7,0.2,0.1,0.8) (0.6,0.1,0.3,0.6)
u  (0.7,02,01,07) % %% (0.8,0.1,0.1,0.8) (0.7,0.2,0.1,0.8) (0.7,0.2,0.1,0.7) (0.5,0.3,0.2,0.6)
u;  (0.50.3,0.2,05) (0.40.3,0.3,04) (0.80.1,0.1,09) (** % %) (0.8,0.1,0.1,0.9) (0.7,0.2,0.1,0.7)
Uy (0.6,0.2,0.2,0.6) (0.3,0.2,04,0.3) (0.6,0.3,0.1,0.6) (0.504,0.1,0.6) (0.7,0.1,02,0.8) (* * * %)

us  (0.8,0.1,0.1,0.8) (0.7,0.1,02,0.7) (% * * *) (0.8,0.1,0.1,08) (0.7,0.2,0.1,0.8) (0.6,0.2,0.2,0.7)

a) For the parameter e;:
Uz = {u1, u3, ug, us}
Uz = {ug, uz, ug}

Uzg = {ug, uy, us}

Ups = {ug, uz, ug, us}

Uz = {u1, u3, us}
CCLN21 = |{ }| =0 and CaD21 =0
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ICaN21 - % —1
[Uo1 | 4

ICaN21 == I{ul,u3,u4,u5}\ =4 and ICaD21 ==

Dy = max{CaDj,1,ICaDy} = max{0,1} =1

Similarly, D23 = 1, D24 = 1,D25 = 1, Dz(, =1
The Maximal Association Degree of the parameter e; is,

MD, = max Dy1 = max{Dy1, D3, Dos, D5, D¢}

MD, ={1,1,1,1,1} = 1

In the similar way, MD3 =1, MD4 =1, MD¢ = 1.
The Association Degree table of the Incomplete Turiyam Soft Set is,

Table 3: Association Degree table

€1 €y €3 €4 €5 €6
e 1 -1 1 1 1
e3 1 1 - 1 075 1
eqe, 075 1 1 - 075 1
e 1 1 1 1 1 -

* The parameters ey, e3, e4, €5 and e have Maximal Association Degree D2y, D23,
Dy4, D25 and Dyg respectively with e;.

* The parameters ej, e, e4 and e have the Maximal Association Degree D31, D3,
D34 and D3¢ respectively with the parameter es.

* The parameters e, e3 and es have the Maximal Association Degree Dy, D43 and Dye respectively
with the parameter ey.

¢ The parameters ej, ey, €3, e4 and es5 have the Maximal Association Degree Dy, D43 and Dy respec-
tively with the parameter e;.

For the parameter ey, there is a Consistent Association with the parameter e and there is an Inconsistent
Association with the parameters e, e3, e4 and es. For Consistent Association,

((tr(eny ) (i ey (2, (e () s (e (w2))c )

= (max(te e, (W), Max(iF (e, (12)), MaX(fr (e (12)), MaxX(Cr (o) (12))

= (tF(eé) (UZ)IiF(eé] (uZ)/fF(e6) (uZ)'[F(e6) ('LLZ))
— (0.5,03,0.2,0.6)

For Inconsistent Association,

((£F (eq) (W2)) 1, (TF(eg) (W2)) 1, (fF(ey) (W2))1(LF(ey) (U2))1)
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= <1 — Max(tr(e;) (U2), 1F(e5) (U2), 1R (ey) (W2), F (eg) (12)),
1 —max(ip(e,)(U2), (F(es) (W2), TF(ey) (U2), TF(e5) (12)),
1 —max(frie,) (W), fr(es) (W2), fr(ey) (W2), fF(es) (U2)),
L= max(Cr () (u2), (o) (42, Cr (e (12), e (12)) )
- (1 — max(0.7,0.8,0.7,0.7),1 — max(0.2,0.1,0.2,0.2),1 — max(0.1,0.1,0.1,0.1), 1 — max(0.7,0.8,0.8, 0.7))
=(1-08,1-02,1-0.1,1-0.8)
— (02,0.8,09,0.2)

Since the parameter e, has a Consistent Association with the parameter e and Inconsistent Association
with the parameters ey, e3, 4 and es, the missing data is filled by,

(tF(ey) (W2), TR (ey) (U2), fF(ey) (U2), L (ey) (112))

_ ((tF(ez)(uZ))C + (tr(ep) (W2))1 ((F(ey) (U2))C + ((F(ey) (U2))1
N 2 ! 2 !

We can find all other missing values in the similar way. The tabular representation of the Complete

4

(fr(ey) (W2))c + (fr(e,) (W2))1 (CF(ey)(U2))c + ([F(ez)(uZ))I)

2

2

4 2 7

2 2

B (0.5 +0.2 0.3+0.8 02+09 0.6+ o.z)
N 2

g

07 11 11 08
2727272

=(0.3,0.5,0.5,0.4)

Turiyam Soft Set or simply the Turiyam Soft Set is:

Table 4: Complete Turiyam Soft Set

U/E (5] () (%} (] €5 €6

w  (09,0.1,01,08) (0.80.1,0.1,0.7) (0.9,0.1,0.1,09) (0.7,0.20.1,0.8) (0.7,0.2,0.1,0.8) (0.6,0.1,0.3,0.6)
u  (0.7,02,01,07) (0.3,0.50504) (0.80.1,0.1,08) (0.7,020.1,08) (0.7,0201,07) (0.5,0.3,0.2,0.6)
us  (05,0.3,0205) (0.4,0.3,03,04) (0.80.1,01,09) (04040404 (0.80.1,01,09) (0.7,0.20.1,0.7)
Uy (0.6,0.2,02,0.6) (0.3,0.2,04,03) (0.6,0.3,0.1,0.6) (0.50.4,0.1,0.6) (0.7,0.1,0.2,0.8) (0.5,0.5,0.6,0.6)
us  (0.8,0.1,0.1,08) (0.7,0.1,02,07) (0.5,0.4,0.4,0.5) (0.8,0.1,0.1,0.8) (0.7,0.2,0.1,0.8) (0.6,0.2,0.2,0.7)

5. Conclusion

Incomplete information, missing or unavailable data in a Turiyam Soft Set restricts its effective use
in real-world applications. To enhance the usefulness of the Turiyam Soft Set in such situations, we
proposed a data filling approach where the missing values are estimated using the association degree
between the parameters. The proposed algorithm was explained with an example of a real-life situation,
and the results showed that the relationship between the parameters can be effectively used to fill missing
data.
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