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Abstract 

Objective Recently, the Turiyam set was introduced as an extension of the neutrosophic set to handle the uncer-
tainty data set beyond its truth, indeterminacy and falsity values. This article introduced the Cartesian product of 
Turiyam sets and Turiyam relations. Further, we defined operations on Turiyam relations as well as discussed the 
inverse and types of Turiyam relations.

Results The Cartesian product of Turiyam sets, Turiyam relations, inverse Turiyam relation and types of Turiyam rela-
tions are stated and their properties are derived. Furthermore, examples are given to clarify some concepts.
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Introduction
In 1998 neutrosophic set (NS) theory was developed 
by Smarandache as a mathematical tool to handle 
a situation involving indeterminacy, imprecise, and 
inconsistent information [1]. The researcher introduced 
this concept by adjusting the concepts of fuzzy set [2] 
and intuitionistic fuzzy set [3]. Each element in the NS 
is determined by membership value, unknown value, 
and non-membership value and those three values are 
independent of each other [1]. Due to its flexibility and 
effectiveness, this set is applied in different situations 
by many researchers worldwide [4]. For example, in 
[4–9], researchers studied applications of NS in decision 
making, medical diagnosis, image processing, economics, 
computer science, and so on. In 2013, the refined 
neutrosophic set was also developed by Smarandache to 
handle n-valued information by using the neutrosophic 
components [10]. But the problem arises when 
uncertainty exists beyond truth, indeterminacy and 
falsity values [11]. For instance, in the case of COVID 

19 we have four dimensions, i.e., recovered, active, 
death, and vaccinated cases [11]. Due to the fourth 
dimension, the neutrosophic set didn’t represent the 
COVID 19 data precisely [11]. The plithogenic set was 
developed by Smarandache as the generalization of NS 
and try to handle this situation by considering it as a 
contradiction rather than taking it as a new dimension 
[12]. However, to deal with such situations, a well-known 
Indian researcher motivated by ontological theory found 
in Sanskrit developed a new mathematical concept 
called the Turiyam set (TS) [11, 13, 14]. This set is the 
extension of NS in which its elements are determined 
by membership values (t), unknown values (i), non-
membership values (f), and liberal values (l) in a universal 
set U and is referred to as T =

{〈

x : t, i, f , l
〉

: x ∈ U
}

 
[14]. Those four dimensions of this set are independent 
and lie in [0, 1] such that 0 ≤ t + i + f + l ≤ 4 [11]. This 
set is applicable in areas like sports data, chemistry, the 
arts, medical diagnosis, voting systems, and so on [11, 
13, 14]. The existing literature shows there is no relation 
defined in the context of Turiyam sets. Thus, this research 
paper introduces the relations on Turiyam sets as the 
generalization of neutrosophic relations [15, 16] and 
then derives some of their properties. In this regard, four 
dimensional logic [17] and its algebra [18] are required.
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The next part of this paper is arranged as follows: 
first, we collect some preliminary concepts. Second, we 
apply the concept of relations to Turiyam sets. Third, we 
describe the types of Turiyam relations. Finally, we give 
the conclusion followed by future work recommendation.

Main text
First, we collect concepts that are useful for this work [1, 
13, 14].

Consider U is a universe set.

Definition 1 [1] A NS A on U  = ∅ has the form  
A = {�x,TA(x), IA(x), FA(x)� : x ∈ U}, where TA(x) : U →  
]

−0, 1+
[

, IA(x) : U →
]

−0, 1+
[

 . and FA(x) : U →
]

−0, 1+
[

 
denote the truth value, the indeterminacy value and 
the falsity value for each x ∈ X correspondingly by 
which TA(x), IA(x) and FA(x) satisfies the condition 
−0 ≤ TA(x)+ IA(x)+ FA(x) ≤ 3+, ∀x ∈ U .

Definition 2 [13, 14] A Turiyam set B on U  = ∅ has the 
form

where tB(x) : U → [0, 1], iB(x) : U → [0, 1] , and 
lB(x) : U → [0, 1] denote the truth value, the 
indeterminacy value, the falsity value and the Turiyam 
state (or liberal) value for each x ∈ X , correspondingly by 
which tB(x), iB(x) , fA(x) and l(x) satisfies the condition 
−0 ≤ tB(x)+ iB(x)+ fB(x)+ lB(x) ≤ 4+, ∀x ∈ U .

Furthermore, the empty Turiyam set andhe universal 
Turiyam set are defined as ∅T =

(

t, i, f , 0
)

 and 
UT =

(

t, i, f , 1
)

 respectively.

Remark 1−
(

t + i + f + l
)

 is called the refusal degree 
of Turiyam sets.

We write Turiyam sets on universe set on U by TS (U).

Definition 3 [14] Let A and B be two Turiyam sets on 
universe set U.

(a) A is said to be Turiyam subset of B if 
tA(x) ≤ tB(x), iB(x) ≤ iB(x), fA(x) ≥ fB(x) , and 
lA(x) ≤ lB(x), ∀x ∈ U .

(b) A and B are equal if A ⊆ B and B ⊆ A.

Definition 4 [14] Let A and B be two Turiyam sets on 
universe set U.

B =
{〈

x, tB(x), iB(x), fB(x), lB(x)
〉

: x ∈ U
}

.

(a) The complement of A (denoted by Ac ) is defined as: 
for all x ∈ U , tc(x) = f (x), ic(x) = 1− i(x), f c(x)

= t(x), lc(x) = 1−
(

t(x)+ i(x)+ f (x)
)

(b) The union of A and B (denoted by A ∪ B ) defined as 
A ∪ B =

{

tA ∨ tB, iA ∧ iB, fA ∧ fB, lA ∨ lB
}

 where 
(tA ∨ tB)(x) = tA(x) ∨ tB(x), (iA ∧ iB)(x)

= iA(x) ∧ iB(x), (lA ∨ lB)(x) = lA(x) ∨ lB(x),∀x ∈ U .

(c) The intersection A and B (denoted by A ∩ B ) defined 
as A ∩ B =

{

tA ∧ tB, iA ∨ iB, fA ∨ f , lA ∧ lB
}

.

Notice that the operators ∨ and ∧ represent maximum 
and minimum respectively.

Turiyam relations
In this section, first we define the Cartesian products 
of Turiyam sets. Based on this concept, we introduce 
relation on Turiyam sets and we give some types of it.

Let A, B, C  = ∅ ∈ TS(U).

Definition 5 Let A, B  = ∅ ∈ TS(U). The Cartesian 
product of A and B (denoted by A× B ) is a Turiyam set 
in U ×U given by

where tA×B, iA×B, fA×B, lA×B : U → [0, 1] such that

Example 1 Let U =
{

a, b, c
}

 be a universe set. Let 
A =

{

�a, (0.1, 0.3, 0.2, 0.4)�,
〈

b, (0.0, 0.2, 0.1, 0.3)
〉}

 and

be Turiyam sets on U. Then,  
A× B = {�(a, a), (0.0, 0.2, 0.2, 0.4)�,

A× B =
{〈(

x, y
)

, tA×B

(

x, y
)

, iA×B

(

x, y
)

,

fA×B

(

x, y
)

, lA×B

(

x, y
)

>:
(

x, y
)

∈ A× B
〉}

tA×B

(

x, y
)

= min
{

tA(x), tB
(

y
)}

iA×B

(

x, y
)

= min
{

iA(x), iB
(

y
)}

fA×B

(

x, y
)

= max
{

fA(x), fB
(

y
)}

lA×B

(

x, y
)

= min
{

lA(x), lB
(

y
)}

.

B ={�a, (0.0, 0.2, 0.1, 0.5)�,
〈

b, (0.3, 0.4, 0.1, 1)
〉

,

�c, (0.2, 0.4, 0.3, 0.1)�}

〈

(a, b), (0.1, 0.3, 0.2, 0.4)
〉

,

〈(a, c), (0.1, 0.3, 0.3, 0.1)〉

< (b, a), (0.0, 0.2, 0.1, 0.3 >,

< (b, b), (0.0, 0.2, 0.1, 0.3 >,
〈

(b, c), (0.0, 0.2, 0.3, 0.1)
〉}
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Definition 6 Let ∅ �= A, B ∈ TS(U) . Then a relation 
from A to B is a Turiyam subset of A× B which has the 
form R =

{

tR, iR, fR, lR
}

 where tR, iR, fR, lR : A× B → [0, 1] 
denote the truth membership function, indeterminacy 
membership, falsity membership function and liberation 
membership function respectively.

Example 2 Consider Example 1 above

(a) R1 =
{

�(a, a), (0.0, 0.2, 0.4, 0.3)�,
〈

(a, b), (0.1, 0.2, 0.3, 0.0)
〉

,
〈

(b, a), (0.0, 0.1, 0.3, 0.2)
〉

,
〈

(b, b), (0.0, 0.0, 0.2, 0.3)
〉}

 and
 R2 =

{

�(a, a), (0.0, 0.1, 0.3, 0.4)�,
〈

(a, b), (0.0, 0.1, 0.3, 0.2)
〉

,
〈

(b, a), (0.0, 0.2, 0.3, 0.1)
〉

,
〈

(b, b), (0.0, 0.1, 0.3, 0.1)
〉

,
〈

(b, c), (0.0, 0.2, 0.4, 0.0)
〉}

are Turiyam relations 
from A to B on U.

(b) R3 =
{

�(a, a), (0.0, 0.2, 0.6, 0.3)�,
〈

(a, b), (0.2, 0.3, 0.8, 0.7)
〉

,
〈

(b, a), (0.0, 0.1, 0.5, 0.2)
〉

,
〈

(b, b), (0.3, 0.0, 0.5, 0.3)
〉}

 is 
not a relation from A to B.

Definition 7 Let R: A → B be a Turiyam relation on U. 
The domain and range of R is defined as
Dom(R) =
{〈

a, t(a), i(a), f (a), l(a)
〉

∈ A
/〈

(a, b), t(a, b), i(a, b), f (a, b), l(a, b)
〉

∈ R
} 

and Ran(R) =
{〈

b, t(b), i(b), f (b), l(b)
〉

∈ B
/〈

(a, b), t(a, b), i(a, b), f (a, b), l(a, b)
〉

∈ R
} 

respectively.

Example 3 Consider Example 2. Then

Definition 8 Let R:A → B be a Turiyam relation on U. 
Then,

(a) The Turiyam relation R−1 : B → A 
is the inverse of R and defined as 
R
−1

(

x, y
)

= R
(

y, x
)

, that is, TR−1

(

x, y
)

= TR

(

y, x
)

, IR−1

(

x, y
)

= IR

(

y, x
)

 and 
LR−1

(

x, y
)

= LR
(

y, x
)

, ∀
(

x, y
)

∈ R

Dom (R1) =

{

�a, (0.1, 0.3, 0.2, 0.4)�,
〈

b, (0.0, 0.2, 0.1, 0.3)
〉

}

and Ran(R2) =
{

�a, (0.0, 0.2, 0.1, 0.5)�,
〈

b, (0.3, 0.4, 0.1, 1)
〉

, �c, (0.2, 0.4, 0.3, 0.1)�
}

.

(b) The complement of R (denoted by RC ) is defined as
 RC =

{

TRC , IRC , FRC , LRC
}

 where TRC

(

x, y
)

= FR

(

x, y
)

,

IRC
(

x, y
)

= 1− IR

(

x, y
)

, FRC
(

x, y
)

= TR

(

x, y
)

 and 
LRC

(

x, y
)

= 1−
(

TR

(

x, y
)

+ IR
(

x, y
)

+ FR
(

x, y
))

.

Example 4 Consider Example 2. Then

(a) 

(b) 

Theorem  1 Let R1 and R2 be two Turiyam relations. 
Then,

(a) (R−1
2 )−1 = R2 and 

(

Rc
1

)c
= R1

(b) R1 ⊆ R2 ⇒ R−1
1 ⊆ R−1

2

(c) (R1 ∪ R2)
−1 = R−1

1 ∪ R−1
2  and 

(R1 ∩ R2)
−1 = R−1

1 ∩ R−1
2

(d) (R1 ∪ R2)
c = Rc

1 ∩ Rc
2 and (R1 ∩ R2)

c = Rc
1 ∪ Rc

2

Proof Easily, (a)–(d) hold.

Definition 9 Let R1 and R2 be two Turiyam relations on 
universe set U.

(a) R1 is said to be Turiyam subset of R2 if 
tR1

(

x, y
)

≤ tR2

(

x, y
)

, iR1
(

x, y
)

≤ iR2
(

x, y
)

, fR1
(

x, y
)

≥ fR2
(

x, y
)

 , and lR1
(

x, y
)

≤ lR2
(

x, y
)

,∀
(

x, y
)

∈ U × U .

(b) R1 = R2 if R1 ⊆ R2 and R2 ⊆ R1

(c) The union of R1 and R2 is given by R1 ∪ R2 =
{〈(

x, y
)

, tR1

(

x, y
)

∨ tR2

(

x, y
)

, iR1

(

x, y
)

∧ iR2

(

x, y
)

,

fR1

(

x, y
)

∧ fR2

(

x, y
)

, lR1
(

x, y
)

∨ lR2
(

x, y
)〉

: ∀
(

x, y
)

∈ U ×U
}

.

(d) The intersection of R1 and R2 is given as

R
c
1 =

{

�(a, a), (0.4, 0.8, 0.0, 0.4)�,
〈

(a, b), (0.3, 0.8, 0.1, 0.4)
〉

,
〈

(b, a), ((0.3, 0.9, 0.0, 0.6)
〉

,
〈

(b, b), (0.2, 1, 0.0, 0.8)
〉}

R
−1
2

=
{〈

< (a, a), (0.0, 0.1, 0.3, 0.4)
〉

,
〈(

a, b
)

, (0.0, 0.2, 0.3, 0.1)
〉

,
〈(

b, a
)

, (0.0, 0.1, 0.9, 0.5)
〉

,
〈(

b, b
)

, (0.0, 0.1, 0.3, 0.1)
〉

,
〈(

b, c
)

, (0.0, 0.2, 0.4, 0.1)
〉}
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Remark: Let R be a relation on universe set U. Then,
(e) R is called a null Turiyam relation if lR

(

x, y
)

= 0 
and tR

(

x, y
)

= iR
(

x, y
)

= fR
(

x, y
)

= 1,

(f ) R is called an absolute Turiyam relation if lR
(

x, y
)

= 1  
and tR

(

x, y
)

= iR
(

x, y
)

= fR
(

x, y
)

= 0, ∀
(

x, y
)

∈ U .

Composition of Turiyam relations

Definition 10 Let R1 : A → B and R2 : B → C be two 
Turiyam relations on U . The composition of R1 and R2 is 
a Turiyam relation R2 ◦ R1 : A → C on U defined as

and

Theorem  2 The composition of Turiyam relations is 
associative and invertible.

Proof Let R1 : A → B , R2 : B → C and R3 : C → D be 
Turiyam relations on U . First let us show associativity i.e., 
(R1 ◦ R2) ◦ R3 = R1 ◦ (R2 ◦ R3) . Let (a, d)∈ A× D. For lib-
eral function we have,

R1 ∩ R2 =
{〈(

x, y
)

, tR1
(

x, y
)

∧ tR2
(

x, y
)

,

iR1
(

x, y
)

∧ iR2
(

x, y
)

, fR1
(

x, y
)

∨ fR2
(

x, y
)

,

l
(

x, y
)

∧ lR2
(

x, y
)〉

: ∀
(

x, y
)

∈ U ×U
}

∀
(

x, y
)

∈ U .

R2 ◦ R1 =
{

tR2◦R1 , iR2◦R1 , fR2◦R1 , lR2◦R1
}

where

tR2◦R1(a, c) = max
b∈B

{

min
[

tR1(a, b), tR2(b, c)
]}

;

iR2◦R1(a, c) = min
b∈B

{

max
[

tR1(a, b), tR2(b, c)
]}

;

fR2◦R1(a, c) = min
b∈B

{

max
[

fR1(a, b), fR2(b, c)
]}

;

lR2◦R1(a, c) = max
b∈B

{

min
[

lR1(a, b), lR2(b, c)
]}

;

for ∀(a, c) ∈ A× C .

lR1◦(R2◦R3)(a, d) = max
c∈C

{

lR2◦R1 (a, c) ∧ lR1 (c, d)
}

= max
c∈C

{

max
b∈B

(

lR1 (a, b) ∧ lR2 (b, c)
)

∧ lR1 (c, d)

}

= max
b∈B

{

lR1 (a, b) ∧max
c∈C

(

(lR2 (b, c) ∧ lR1 (c, d)
)

}

= max
b∈B

{

lR1 (a, b) ∧ lR1◦R2 (b, d)
}

= l(R1◦R2)◦R3 (a, d)

Similarly, we prove truth, indeterminacy, and falsity 
functions. Hence, the composition of Turiyam rela-
tions is associative. Also, easily we can show that 
(R1 ◦ R2)

−1 = R−1
2 ◦ R−1

1 .

Types of Turiyam relations
We now introduce Turiyam relations types like reflexive, 
symmetric, transitive and equivalence relation. Also, we 
derive some properties related to them.

Definition 11 Let R be a Turiyam relation on U .

(a) R is reflexive if (x, x) ∈ R, ∀x ∈ U

(b) R is symmetric if R
(

x, y
)

= R
(

y, x
)

(c) R is transitive if R ◦ R ⊆ R i.e., (a, b) and 
(b, c) ∈ R ⇒ (a, c) ∈ R

(d) R is an equivalence relation if it is reflexive, 
symmetric and transitive at the same time.

Example 5 In Example 2, since R1 is reflexive, symmet-
ric and transitive then it is an equivalence relation.

Theorem 3 The inverse, intersection, union and compo-
sition of reflexive Turiyam relations are reflexive.

Proof Let R1 and R2 be two reflexive Turiyam relations on  
universe set U. Then, tR1(x, x) = iR1(x, x) = fR1(x, x) = 0, 
lR1 (x, x) = 1  and tR2 (x, x) = iR2 (x, x) = fR2 (x, x) = 0 and lR2

(x, x) = 1.  
Clearly, R−1

1  is reflexive relation. To show R1 ∪ R2 is 
reflexive.
Now tR1∪R2(x, x) = tR1(x, x) ∨ tR2(x, x) = 0 ∨ 0 = 0,  
iR1∪R2(x, x) = iR1(x, x) ∧ iR2(x, x) = 0 ∧ 0 = 0 , fR1∪R2(x, x) 
= fR1(x, x) ∧ fR2(x, x) = 0 ∧ 0 = 0 and lR1∪R2(x, x) =

lR1(x, x) ∨ lR2(x, x) = 1 ∨ 1 = 1 . Then, 
R1 ∪ R2 is reflexive. Similarly,R1 ∩ R2 is reflexive.
To show R2 ◦ R1 is reflexive. For x ∈ U , lR2◦R1(x, x) =

maxy∈U
(

lR1
(

x, y
)

∧ lR2
(

y, x
))

Similar computation gives, tR2◦R1(x, x) = iR2◦R1(x, x)

= fR2◦R1(x, x) = 0. Hence, R2 ◦ R1 is reflexive.

=

[

max
x �=y∈U

(

lR1
(

x, y
)

∧ lR21

(

y, x
)

)

]

∨
[

lR1(x, x) ∧ lR2(x, x)
]

=

[

max
x �=y∈U

(lR1
(

x, y
)

∧ lR21

(

y, x
)

)

]

∨ [1 ∧ 1] = 1



Page 5 of 6Ganati et al. BMC Research Notes           (2023) 16:49  

Theorem  4 Let R1 and R2 be two symmetric turiyam 
relations.

(a) R−1
1 , R1 ∪ R2 and R1 ∩ R2 are symmetric relations.

Proof First let us prove for R−1
1 . By definition of inverse, 

we have R−1
1

(

x, y
)

= R
(

y, x
)

= R
(

x, y
)

= R−1
1

(

y, x
)

. Then,  
R−1
1  is symmetric. Since R1 and R2 are symmetric, 

tR1∩R2
(

x, y
)

= tR1
(

x, y
)

∧ tR2
(

x, y
)

= tR1
(

y, x
)

∧ tR2
(

y, x
)

= tR1∩R2
(

y, x
)

, iR1∩R2
(

x, y
)

= iR1

(

x, y
)

∨ iR2

(

x, y
)

= iR1

(

y, x
)

∨iR2
(

y, x
)

= iR1∩R2

(

y, x
)

 , fR1∩R2
(

x, y
)

= fR1

(

x, y
)

∨ fR2

(

x, y
)

= fR1
(

y, x
)

∨ fR2
(

y, x
)

= fR1∩R2
(

y, x
)

 and lR1∩R2

(

x, y
)

=

lR1
(

x, y
)

∧ lR2
(

x, y
)

= lR1
(

y, x
)

∧ lR2
(

y, x
)

= lR1∩R2
(

y, x
)

 . 
Then, R1 ∩ R2 is symmetric. Similarly, we can show 
R1 ∪ R2 is symmetric.

(b) R1 is symmetric if and only if R−1
1 = R1

Proof It is clear.

(c) R2 ◦ R1 is symmetric if and only if R2 ◦ R1 = R1 ◦ R2

Proof Let R2 ◦ R1 be symmetric Turiyam relation. Then, 
lR2◦R1

(

x, y
)

= lR2◦R1
(

y, x
)

Similarly, tR2◦R1
(

x, y
)

= tR1◦R2
(

x, y
)

 , iR2◦R1
(

x, y
)

= iR1◦R2
(

x, y
)

 
and fR2◦R1

(

x, y
)

= fR1◦R2
(

x, y
)

 . Thus, R2 ◦ R1 = R1 ◦ R2. 
The converse also proved in the same manner. Hence, the 
proof is valid.

Theorem  5 Let R1 and R2 be two transitiveTuriyam 
relations. Then,

(a) R−1
1 ,R1 ∩ R2 and R2

1 are also transitive
(b) R1 ∪ R2 is not transitive

= max
b∈B

(

lR1
(

y, b
)

∧ lR2(b, x)
)

= max
b∈B

(

lR2(b, x) ∧ lR1
(

y, b
))

= max
b∈B

(

lR2(x, b) ∧ lR1
(

b, y
))

= lR1◦R2
(

x, y
)

Proof Let R1 and R2 be two transitive turiyam relations. 
Then, (i) it is clear that R−1

1  is also transitive. (ii) To prove 
R1 ∩ R2 is transitive, we have

This implies t(R1∩R2)◦(R1∩R2)
(

x, y
)

≤ tR1∩R2
(

x, y
)

.

Similarly, i(R1∩R2)◦(R1∩R2)
(

x, y
)

≥ iR1∩R2
(

x, y
)

, f(R1∩R2)◦(R1∩R2)
(

x, y
)

≥ fR1∩R2
(

x, y
)

 and l(R1∩R2)◦(R1∩R2)
(

x, y
)

 lelR1∩R2
(

x, y
)

 . 
Thus, (R1 ∩ R2) ◦ (R1 ∩ R2) ⊆ (R1 ∩ R2) . Hence, R1 ∩ R2 
is transitive.

(iii) lR1◦R1

(

x, y
)

= maxz∈U
{

min
(

lR1
(x, z), lR1

(

z, y
))}

≥ maxz∈U
{

min
(

lR1◦R1(x, z), lR1◦R1

(

z, y
))}

= l
R2
1
◦R2

1

(

x, y
)

 . 
Similarly, we can prove that tR2

1◦R
2
1

(

x, y
)

≤ tR1◦R1

(

x, y
)

 , 
iR2

1◦R
2
1

(

x, y
)

≤ iR1◦R1

(

x, y
)

 and fR2
1◦R

2
1

(

x, y
)

≥ fR1◦R1

(

x, y
)

. 
Hence, R2

1 is also transitive.

To prove R1 ∪ R2 is not transitive; easily we can show that 
t(R1∪R2)◦(R1∪R2)

(

x, y
)

≥ max 
{

tR1
(

x, y
)

, tR2
(

x, y
)}

.

Definition 12 Let R be Turiyam relations on U and 
let x ∈ U . Then the Turiyam equivalence class of x by R 
(denoted by R[x]) is a Turiyam set in U given by

where tR[x], iR[x], fR[x], lR[x] : U → [0, 1] such that 
tR[x]

(

y
)

= tR
(

x, y
)

, iR[x]
(

y
)

= iR
(

x, y
)

, fR[x]
(

y
)

= fR
(

x, y
)

 
and lR[x]

(

y
)

= lR
(

x, y
)

.

Example 6 Consider R2 in Example 3.

The set R2[b] =
{

�a, (0.1, 0.3, 0.2, 0.4)�,
〈

b, (0.0, 0.2, 0.1, 0.3)
〉}

 
is the Turiyam equivalence class of b by R2.

Conclusion
This manuscript developed Turiyam relations as the 
generalization of neutrosophic relations. Union, inter-
section and composition of Turiyam relations are dis-
cussed. Finally, some types of Turiyam relations like 

t(R1∩R2)◦(R1∩R2)
(

x, y
)

= max
z∈U

{

min
[

tR1∩R2(x, z), tR1∩R2
(

z, y
)]}

= max
z∈U

{

min
[

tR1(x, z) ∧ tR2(x, z), tR1
(

z, y
)

∧ tR2
(

z, y
)]}

= min

{

max
z∈U

[

tR1(x, z) ∧ tR2(x, z)
]

,
[

tR1
(

z, y
)

∧ tR2
(

z, y
)]

}

= min
{

tR1◦R1
(

x, y
)

, tR2◦R2
(

x, y
)}

≤ min
{

tR1
(

x, y
)

, tR2
(

x, y
)}

= tR1∩R2
(

x, y
)

.

R[x] =
(

tR[x], iR[x], fR[x], lR[x]
)
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reflexive, symmetric, and transitive are defined and 
some concerning results are derived as desired.

The future work will be, based on the introduced 
concepts, to apply Turiyam relations in real life situa-
tions. Furthermore, Turiyam graphs will be developed 
and the Turiyam graphs will solve many real life prob-
lems where the uncertainty is beyond true, false and 
indeterminacy.

Limitations
This study is limited to developing Turiyam Cartesian 
products and Turiyam relations. The authors study 
some properties of Turiyam relations. The study 
focused on the theoretical part of Turiyam relations.

Author contributions
GAG is involved in formal analysis, methodology, writing and supervising the 
work. VNSR and MAA contributed in the conceptualization, methodology, 
writing and editing of the article. All authors read and approved the final 
manuscript.

Funding
There is no funding support for this work.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declared that they have no competing interests.

Received: 29 October 2022   Accepted: 20 February 2023

References
 1. Smarandache F. A unifying field in logics: neutrosophic logic. Neutroso-

phy, neutrosophic set, neutrosophic probability: neutrsophic logic. 
Neutrosophy, neutrosophic set, neutrosophic probability. Infinite Study. 
2005.

 2. Ashebo MA, Rathour L, Repalle VN. Application of maple on comput-
ing strong fuzzy chromatic polynomial of fuzzy graphs. BMC Res Notes. 
2022;15(1):1–4.

 3. Repalle VN, Tola KA, Ashebo MA. Interval valued intuitionistic fuzzy line 
graphs. BMC Res Notes. 2022;15(1):1–9.

 4. Singh PK. Uncertainty analysis in document publications using single-
valued neutrosophic set and collaborative entropy. Artif Intell Rev. 
2022;56:1–25.

 5. Qin K, Wang L. New similarity and entropy measures of single-valued 
neutrosophic sets with applications in multi-attribute decision making. 
Soft Comput. 2020;24(21):16165–76.

 6. Ulucay V, Kılıc A, Sahin M, Deniz H. A new hybrid distance-based similarity 
measure for refined neutrosophic sets and its application in medical 
diagnosis. Infinite Study. 2019.

 7. Smarandache F, Abdel-Basset M, Broumi S. Neutrosophic sets and sys-
tems. Neutrosophic Sets Syst. 2021;45(1):31.

 8. Ricardo JE, Mariscal Rosado ZM, Castro Pataron EK, Valencia Vargas VY. 
Measuring legal and socioeconomic effect of the declared debtors usign 
the ahp technique in a neutrosophic framework. Neutrosophic Sets Syst. 
2021;44(1):39.

 9. Smarandache F, Abdel-Basset M, Broumi S. Neutrosophic sets and sys-
tems. Neutrosophic Sets Syst. 2022;49(1):38.

 10. Smarandache F. n-Valued refined neutrosophic logic and its applications 
to physics. Infinite Study. 2013;4:143–6.

 11. Singh PK. Four-way Turiyam set-based human quantum cognition analy-
sis. J Artif Intell Technol. 2022;2(4):144–51.

 12. Smarandache F. Plithogeny, plithogenic set, logic, probability, and statis-
tics. Infinite Study; 2018.

 13. Singh PK. Data with Turiyam set for fourth dimension quantum informa-
tion processing. J Neutrosophic Fuzzy Syst. 2021;1(1):9–23.

 14. Singh PK. Turiyam set a fourth dimension data representation. J Appl 
Math Phys. 2021;9(7):1821–8.

 15. Yang HL, Guo ZL, She Y, Liao X. On single valued neutrosophic relations. J 
Intell Fuzzy Syst. 2016;30(2):1045–56.

 16. Kim JH, Lim PK, Lee JG, Hur K. Single valued neutrosophic relations. 
Infinite Study; 2018.

 17. Belnap ND Jr. A useful four-valued logic. In: Modern uses of multiple-
valued logic. Dordrecht: Springer; 1977. p. 5–37.

 18. Chen T, Chen T. Four-valued logic and its applications. In: Fault diagnosis 
and fault tolerance: a systematic approach to special topics. Dordrecht: 
Springer; 1992. p. 1–64.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Relations in the context of Turiyam sets
	Abstract 
	Objective 
	Results 

	Introduction
	Main text
	Turiyam relations
	Composition of Turiyam relations
	Types of Turiyam relations
	Conclusion
	Limitations
	References


