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1 Introduction

Multi-criteria decision-making (MCDM) is a method that specifically considers the best

possible alternatives. In medieval times, decisions were made without coping with data

uncertainties, which could lead to a potential outcome. Inadequate outcomes for real-life

organizational conditions. The results would be ambivalent, undefined, or wrong if we deduce

the result of obtained data without hesitation. MCDM played an important role in real life

problem such as management, diagnose the diseases, economics and industries. Each time

hundreds of decisions are taken by each decision maker to execute the major part his/her

work but it should be a logical judgment. Medical diagnosis with MCDM provides options

for doctors to recognize signs of disease and severity of illness. MCDM is used to solve

complex and complex problems with various parameters for this. In MCDM, the issue must

be identified by defining potential alternatives , evaluating each alternative on the basis

of the criteria set by the decision-maker or community of decision-makers and, ultimately,

choosing the best alternative. A variety of valuable mathematical methods like this as fuzzy

sets, neutrosophic sets and soft sets have been developed to tackle the complexities and

complexity of multi-criteria decision-making problems.

Fuzzy set theory was introduced by Zadeh’s [25]. MCDM algorithm via rough fuzzy infor-

mation was introduced and developed by Zafer et al. [26]. Among different generalized FSs,

in sight of IFSs introduced by Attanasov [3] lacking a logical scheme to effectively process

inconsistent and indeterminate knowledge embedded in practical situations, Smarandache

[22, 23] introduced the structure of neutrosophic logic, and NSs, which could be viewed as

a generalized form of fuzzy logic and intuitionistic fuzzy logic and FSs, IFSs. Compared

with IFSs, through incorporating an indeterminacy membership function which is focused

on separately, NSs are able to effectively express the informations of inconsistency, incom-

pleteness, and indeterminacy. NS has been applied in science and engineering field such

as Algebra, topology [8, 9, 10, 11, 12, 13, 15, 16, 17], Graph theory and Image processing.

Ali and Smarandache [1] developed novel complex neutrosophic sets which consists of both

amplitude values and phase values and it is applicable for the problems of uncertainty and

periodicity. simultaneously, Complex Neutrosophic set has been applied in science and en-

gineering field. Neutrosophic topology which is a generalization of general topology, FT,

IFT and its applications [2, 8, 10, 11, 12, 14, 15, 16] in various fields gained attention in the

literature. Lellis Thivagar et al. [7] developed concept of NNT to the literature. It gained
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the attention of researchers to develop the theory of nano topology and via neutrosophic sets

[8, 10, 14].

In this era, several mathematicians have been focusing on correlation coefficients, sim-

ilarity measures, aggregation operators, topological spaces, and applications for decision-

making. These structures provide different formula for different sets and have better solu-

tion to decision-making problems. It has various applications in different fields like medical

diagnosis, pattern recognition, social sciences, artificial intelligence, business, and decision

making problems with multi-attributes.

1.1 Motivation and Objective

The expanded and hybrid motivation and goal work is given in the entire manuscript, step

by step. We make sure other hybrid systems of Fuzzy Sets are special CNS cases, under

some necessary circumstances. The robustness, durability, simplicity and superiority of our

proposed model and algorithms are discussed. This model is the most common type and

is used to collect large-scale data in medical, engineering and artificial applications. Intelli-

gence, forestry, and other issues of everyday life. Similar research can be easily replicated in

the future with other methods and different forms of hybrid structure.

The scheme of this manuscript is organized as follows. Section 2, gives the preliminary

definitions of the literature in NS are discussed. In Section 3, we introduced a novel idea

of CNNTSs and established some of its operations like interior and closure with the help

of illustrations, and defined a score function. In Section 4, We proposed an algorithm and

flowchart for MCDM problem. In Section 5, As a numerical example, we established a

method for the solution of MCDM problem based on medical diagnosis using CNNTS. We

also presented the efficiency, advantage, consistency and validity of the algorithms proposed.

With some current methodologies we provided a brief overview and comparative review of

our proposed approach. The conclusion of this work is essentially summed up and future

scope of research are presented in Section 6.

2 Preliminaries

The definitions from [1, 6, 7] are used in sequel.
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Definition 2.1. [1] An object S defined on a universe of discourse U is called CNS, if it

can be expressed as S = {(ζ, 〈M(ζ), I(ζ),F(ζ)〉) : ζ ∈ U}. The values M(ζ), I(ζ),F(ζ) and

their number can be in the complex plane all inside the unit circle, and so is in the follow-

ing form, M(ζ) = p(ζ)ejµ(ζ), I(ζ) = q(ζ)ejν(ζ),F(ζ) = r(ζ)ejω(ζ) where p(ζ), q(ζ), r(ζ) and

µ(ζ), ν(ζ), ω(ζ) are respectively the amplitude terms and the phase terms, µ(ζ), ν(ζ), ω(ζ) ∈

[0, 1] such that −0 ≤ p(ζ) + q(ζ) + r(ζ) ≤ 3+ and µ(ζ), ν(ζ), ω(ζ) are real valued with

j =
√
−1. The scaling factors µ, ν and ω ∈ [0, 2π].

Definition 2.2. [6] Let C be a family of CNS on U 6= ∅. Then (X,C) is called a neutrosophic

complex topological space if it satisfies the following:

• 0C and 1C are member of C.

• Arbitrary union of neutrosophic complex set C in C if each C in C

• Finite intersection of neutrosophic complex set C in C if each C in C

Definition 2.3. [7] Let R and S be the equivalence relation and neutrosophic set, re-

spectively defined on universe of discourse U. The membership MS,the indeterminacy IS

and nonmembership FS are the components of S. The approximation space (U,R) has

three components namely, lower CNLR(S),upper CNUR(S) and boundary approximation

CNBR(S) where

(i) The upper approximation of S with respect to R is denoted by CNUR(S). That is,

CNU)R(S) = {〈ζ,MRS(ζ), IRS(ζ),FRS(ζ)〉 |ξ ∈ [ζ]R, ζ ∈ U}

(ii) The lower approximation of S with respect to R is the set is denoted by CNLR(S).

That is, CNLR(S) = {〈ζ,MRS(ζ), IRS(ζ),FRS(ζ)〉 |ξ ∈ [ζ]R, ζ ∈ U}

(iii) The boundary region of S with respect to R is the set of all objects which can be

classified neither as S nor as not S with respect to R and is denoted by CNBR(S).

CNBR(S) = CNUR(S)− CNLR(S).

where, MR(A)(ζ) = ∧ξ∈[ζ]RM(A)(ξ), MR(A)(ζ) = ∨ξ∈[ζ]RM(A)(ξ)

IR(A)(ζ) = ∨ξ∈[ζ]RI(A)(ξ), IR(A)(ζ) = ∧ξ∈[ζ]RI(A)(ξ)

FR(A)(ζ) = ∨ξ∈[ζ]RF(A)(ξ), FR(A)(ζ) = ∧ξ∈[ζ]RF(A)(ξ).
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3 Complex Neutrosophic Nano Topological Spaces

Definition 3.1. Two objects S1 = {(ζ, 〈MS1(ζ), IS1(ζ),FS1(ζ)〉) : ζ ∈ U} and S2 =

{(ζ, 〈MS2(ζ), IS2(ζ),FS2(ζ)〉) : ζ ∈ U} are defined on U, the universe of discourse, and their

union and intersection are defined and denoted as follows

1. The union of S1 and S2 is S1 ∪S2 = {(ζ, 〈MS1∪S2(ζ), IS1∪S2(ζ),

FS1∪S2(ζ)〉) : ζ ∈ U}, where

MS1∪S2(ζ) = [pS1(ζ) ∨ pS2(ζ)]ej[µS1 (ζ)∨µS2 (ζ)]

IS1∪S2(ζ) = [qS1(ζ) ∧ qS2(ζ)]ej[νS1 (ζ)∧νS2 (ζ)]

FS1∪S2(ζ) = [rS1(ζ) ∧ rS2(ζ)]ej[ωS1 (ζ)∧ωS2 (ζ)]

2. The intersection of S1 and S2 is S1 ∩S2 = {(ζ, 〈MS1∩S2(ζ), IS1∩S2(ζ),

FS1∩S2(ζ)〉) : ζ ∈ U}, where

MS1∩S2(ζ) = [pS1(ζ) ∧ pS2(ζ)]ej[µS1 (ζ)∧µS2 (ζ)]

IS1∩S2(ζ) = [qS1(ζ) ∨ qS2(ζ)]ej[νS1 (ζ)∨νS2 (ζ)]

FS1∩S2(ζ) = [rS1(ζ) ∨ rS2(ζ)]ej[ωS1 (ζ)∨ωS2 (ζ)]

3. The symmetric difference of S1 and S2 is S1 −S2 = {(ζ, 〈MS1−S2(ζ), IS1−S2(ζ),

FS1−S2(ζ)〉) : ζ ∈ U}, where

MS1−S2(ζ) = [pS1(ζ) ∧ rS2(ζ)]ej[µS1 (ζ)∧ωS2 (ζ)]

IS1−S2(ζ) = [qS1(ζ) ∨ (1− qS2(ζ))]ej[νS1 (ζ)∨(2π−νS2 (ζ))]

FS1−S2(ζ) = [rS1(ζ) ∨ pS2(ζ)]ej[ωS1 (ζ)∨µS2 (ζ)]

Definition 3.2. Let S1 = {(ζ, 〈MS1(ζ), IS1(ζ),FS1(ζ)〉) : ζ ∈ U} and S2 = {(ζ, 〈MS2(ζ), IS2(ζ),

FS2(ζ)〉) : ζ ∈ U} are the two objects defined on a universe of discourse U, then

1. S1 ⊆ S2 if and only if MS1 ≤MS2 , IS1 ≥ IS2 and FS1 ≥ FS2 such that

MS1 ≤MS2 = [pS1(ζ) ≤ pS2(ζ)]ej[µS1 (ζ)≤µS2 (ζ)]

IS1 ≥ IS2 = [qS1(ζ) ≥ qS2(ζ)]ej[νS1 (ζ)≥νS2 (ζ)]

FS1 ≥ FS2 = [rS1(ζ) ≥ rS2(ζ)]ej[ωS1 (ζ)≥ωS2 (ζ)]

5



Definition 3.3. Let S = {(ζ, 〈M(ζ), I(ζ),F(ζ)〉) : ζ ∈ U} be a non-void set and R an

equivalence relation on S. Let A be a CNS in with membership MA, indeterminacy IA

and non-membership FA. The complex neutrosophic nano minor (lower) approximation,

complex neutrosophic nano major (upper) approximation and complex neutrosophic nano

border (boundary) of A in the approximation space (S,R) denoted by CNLR(A), CNUR(A)

and CNBR(A) are respectively defined as:

(i) CNLR(A) = {〈ζ,MR(A)(ζ), IR(A)(ζ),FR(A)(ζ)〉 : ξ ∈ [ζ]R, ζ ∈ U}

(ii) CNUR(A) = {〈ζ,MR(A)(ζ), IR(A)(ζ),FR(A)(ζ)〉 : ξ ∈ [ζ]R, ζ ∈ U}

(iii) CNBR(A) = CNUR(A)− CNLR(A) where

MR(A)(ζ) = ∧ξ∈[ζ]RM(A)(ξ), MR(A)(ζ) = ∨ξ∈[ζ]RM(A)(ξ)

IR(A)(ζ) = ∨ξ∈[ζ]RI(A)(ξ), IR(A)(ζ) = ∧ξ∈[ζ]RI(A)(ξ)

FR(A)(ζ) = ∨ξ∈[ζ]RF(A)(ξ), FR(A)(ζ) = ∧ξ∈[ζ]RF(A)(ξ).

The triplet (CNLR,CNUR,CNBR) is said to be complex neutrosophic approximation

space.

Definition 3.4. Let the Universe be U, equivalence relation on the non-void set S ⊆ U be

R and if τR(A) = {0∼, 1∼,CNLR(A),CNUR(A),CNBR(A)}, where A ⊆ S and τR satisfies

the following axioms:

1. 0∼, 1∼ ∈ τR

2. If Ai ∈ τR(A), for i = 1, 2, 3, .., then

∞⋃
i=1

Ai ∈ τR(A)

3. If Ai ∈ τR(A), for i = 1, 2, 3, ..n, then

n⋂
i=1

Ai ∈ τR(A)

then τR(A) is termed as CNNTS on S with respect to A. where the neutrosophic complex sets

1∼ and 0∼ are defined by 1∼ = {(ζ, 〈1ej0, 0ej1, 0ej1〉) : ζ ∈ U} and 0∼ = {(ζ, 〈0ej1, 1ej0, 1ej0〉) :

ζ ∈ U} respectively. Whereas, we call (U, τR(A)) as CNNTS. The components of τR(A) are

called CNNOS.

The complement Ac of a CNNOS A in a CNNTS. (U, τR(A)) is called a CNNCS in S.
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Example 3.1. Suppose we have a factory that includes a car part. The factory has three

workers in this section. Each employee in this plant gets 10 car components, to be polished

every day. The quality assurance unit at the factory maintains that though three employees

are polishing correctly / successfully. The car parts, some of the staff are doing a job higher

output than the rest. The amplitude (number of jobs done) and phase (attribute) (quality

of the job done) of CNS and their major, minor and border approximations are given below:

Let S = {a1, a2, a3} be the universe of discourse. Let S/R = {{a1, a2}, {a3}} be an equiva-

lence relation on S and A = {〈a1, (0.8ejπ0.7, 0.5ejπ0.4, 0.6ejπ0.2)〉, 〈a2, (0.3ejπ0.4, 0.4ejπ0.3, 0.1ejπ0.5)〉,

〈a3, (0.1ejπ0.30.7ejπ0.5, 0.3ejπ0.6)〉} be a neutrosophic set on S, then

CNLR(A) = {〈a1, (0.3ejπ0.4, 0.5ejπ0.4, 0.6ejπ0.5)〉, 〈a2, (0.3ejπ0.4, 0.5ejπ0.4, 0.6ejπ0.5)〉,

〈a3, (0.1ejπ0.3, 0.7ejπ0.5, 0.3ejπ0.6)〉},

CNUR(A) = {〈a1, (0.8ejπ0.7, 0.4ejπ0.3, 0.1ejπ0.2)〉, 〈a2, (0.8ejπ0.7, 0.4ejπ0.3, 0.1ejπ0.2)〉,

〈a3, (0.1ejπ0.3, 0.7ejπ0.5, 0.3ejπ0.6)〉} and

CNBR(A) = {〈a1, (0.1ejπ0.2, 0.6ejπ0.7, 0.8ejπ0.7)〉, 〈a2, (0.1ejπ0.2, 0.6ejπ0.7, 0.8ejπ0.7)〉,

〈a3, (0.1ejπ0.3, 0.7ejπ0.5, 0.3ejπ0.6)〉}.

CNLR(A)∪CNUR(A) = {〈a1, (0.8ejπ0.7, 0.4ejπ0.3, 0.1ejπ0.2)〉, 〈a2, (0.8ejπ0.7, 0.4ejπ0.3, 0.1ejπ0.2)〉,

〈a3, (0.1ejπ0.3, 0.7ejπ0.5, 0.3ejπ0.6)〉} = CNUR(A)

CNLR(A)∩CNUR(A) = {〈a1, (0.3ejπ0.4, 0.5ejπ0.4, 0.6ejπ0.5)〉, 〈a2, (0.3ejπ0.4, 0.5ejπ0.4, 0.6ejπ0.5)〉,

〈a3, (0.1ejπ0.3, 0.7ejπ0.5, 0.3ejπ0.6)〉} = CNLR(A)

0∼ ∩ CNUR(A) = 0∼, 0∼ ∩ CNLR(A) = 0∼, 0∼ ∩ CNBR(A) = 0∼,

0∼ ∪ CNUR(A) = CNUR, 0∼ ∪ CNLR(A) = CNLR, 0∼ ∪ CNBR(A) = CNBR,

1∼ ∩ CNUR(A) = CNUR, 1∼ ∩ CNLR(A) = CNLR, 1∼ ∩ CNBR(A) = CNBR,

1∼ ∪ CNUR(A) = 1∼, 1∼ ∪ CNLR(A) = 1∼, 1∼ ∪ CNBR(A) = 1∼,

Therefore, τR(A) = {0∼, 1∼,CNLR(A),CNUR(A),CNBR(A)} forms a topology.

Remark 3.1. In CNNTS, the complex neutrosophic nano border will be a non-void set.

Since the symmetric difference between complex neutrosophic nano major and complex neu-

trosophic nano minor approximations is defined here as the maximum and minimum of the

values in the complex neutrosophic sets.

Proposition 3.1. Let U be a non-void universe and A be a complex neutrosophic set on U.

Then the following statements hold:

1. The collection τR(A) = {0∼, 1∼}, is the in-discrete complex neutrosophic nano topology

on U.
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2. If CNLR = CNUR = CNR, then the complex neutrosophic nano topology is τR(A) =

{0∼, 1∼,CNLR(A),CNBR(A)}.

3. If CNLR = CNBR, then τR(A) = {0∼, 1∼,CNLR(A),CNUR(A)} is a complex neutro-

sophic nano topology.

4. If CNUR = CNBR, then the complex neutrosophic nano topology is τR(A) = {0∼, 1∼,

CNLR(A),CNBR(A)}

Definition 3.5. Let (U; τR) be any CNNTS with respect to complex neutrosophic subset of

U and let A be a complex neutrosophic nano set in S. Then the complex neutrosophic nano

interior and complex neutrosophic nano closure of A are defined as follows:

1. Ao = ∪{G : G is a CNNOS in S and G ⊆ A},

2. A− = ∩{G : G is a CNNCS in S and G ⊇ A}.

Remark 3.2. For any complex neutrosophic nano set A in (U; τR), we have

1. [Ac]− = [Ao]c.

2. [Ac]o = [A−]c.

3. A is a CNNCS if and only if A− = A.

4. A is a CNNOS if and only if Ao = A.

5. A− is a CNNCS in U.

6. Ao is a CNNOS in U.

Theorem 3.1. Let (U; τR)(S) be a complex neutrosophic nano topological space with re-

spect to S where S is a complex neutrosophic subset of U . Let A1 and A2 be complex

neutrosophic subsets of U. Then the following statements hold:

1. A ⊆ A−.

2. A is complex neutrosophic nano closed if and only if A− = A.

3. 0−∼ = 0∼ and 1−∼ = 1∼.

4. A1 ⊆ A2 ⇒ A1
− ⊆ A2

−.
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5. (A1 ∪ A2)
− = A1

− ∪ A2
−.

6. (A1 ∩ A2)
− = A1

− ∩ A2
−.

7. (A−)− =A−.

Proof.

1. By definition of complex neutrosophic nano closure, A ⊆ A−

2. If A is a complex neutrosophic nano closed set, then A is the smallest complex neu-

trosophic nano closed set containing itself and hence A− = A. Conversely, if A− =

A, then A is the smallest complex neutrosophic nano closed set containing itself and

hence A is a complex neutrosophic nano closed set.

3. Since 0∼ and 1∼ are complex neutrosophic nano closed sets in (U; τR)(S), 0−∼ = 0∼ and

1−∼ = 1∼.

4. If CNN set A1 is a subset of CNN set A2, since CNN set A2 is a subset of A2
−, then

CNN set A1 is a subset of A2
−. That is, A2

− is a CNNCS containing A1. But A1
− is

the smallest CNNCS containing A1. Therefore, A1
− ⊆ A2

−

5. Since CNN set A1 is a subset of union of two CNN setsA1 and A2 and CNN set A2

is a subset of union of two CNN sets A1 and A2, A1
− ⊆ (A1 ∪ A2)

−. Then closure of

CNN set A1 is a subset of closure of union of two CNN setsA1 and A2 and closure of

CNN set A2 is a subset of closure of union of two CNN sets A1 and A2. Therefore,

union of closure of CNN sets A1
−, A2

− is a subset of closure of union of (A1
−, A2)

−.

By the fact that A1 ∪ A2 ⊆ A1
− ∪ A2

−, and since (A1 ∪ A2)
− is the smallest complex

neutrosophic nano closed set containing A1 ∪ A2, so (A1 ∪ A2)
− ⊆ A1

− ∪ A2
−. Thus,

(A1 ∪ A2)
− = A1

− ∪ A2
−.

6. Since A1 ∩ A2 ⊆ A1 and A1 ∩ A2 ⊆ A2, (A1 ∩ A2)
− ⊆ A1

− ∩ A2
−.

7. Since A− is a complex neutrosophic nano closed set, then (A−)− = A−.

Theorem 3.2. (U; τR)(S) be a complex neutrosophic nano topological space with respect

to S where S is a complex neutrosophic subset of U. Let A be a complex neutrosophic

subset of U. Then
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1. 1∼ − Ao = (1∼ − A)−.

2. 1∼ − A− = (1∼ − A)o.

Theorem 3.3. Let (U; τR)(S) be a complex neutrosophic nano topological space with re-

spect to S where S is a complex neutrosophic subset of U . Let A1 and A2 be complex

neutrosophic subsets of U. Then the following statements hold:

1. A is complex neutrosophic nano open if and only if Ao = A.

2. 0o
∼ = 0∼ and 1o

∼ = 1∼.

3. A1 ⊆ A2 ⇒ Ao
1 ⊆ Ao

2.

4. (A1 ∪ A2)
o = Ao

1 ∪ Ao
2.

5. (A1 ∩ A2)
o = Ao

1 ∩ Ao
2.

6. (Ao)o = Ao.

Proof.

1. A is a complex neutrosophic nano open set if and only if 1∼ − A is a complex neutro-

sophic nano closed set, if and only if (1∼−A)− = 1∼−A, if and only if 1∼−(1∼−A)− = A

if and only if Ao = A.

2. Since 0∼ and 1∼ are complex neutrosophic nano open sets in (U; τR)(S), 0o
∼ = 0∼ and

1o
∼ = 1∼.

3. If A1 ⊆ A2, since A2 ⊇ Ao
2, then A1 ⊇ Ao

2. That is, Ao
2 is a complex neutrosophic

nano open set containing A1. But Ao
1 is the largest complex neutrosophic nano open

set contained in A1. Therefore, A1
o ⊆ A2

o

4. Since A1 ⊆ A1∪A2 and A2 ⊆ A1∪A2, A
o
1 ⊆ (A1∪A2)

o and Ao
2 ⊆ (A1∪A2)

o. Therefore,

Ao
1 ∪Ao

2 ⊆ (A1 ∪A2)
o. By the fact that A1 ∪A2 ⊆ Ao

1 ∪Ao
2, and since (A1 ∪A2)

o is the

largest complex neutrosophic nano open set containing A1∪A2, so (A1∪A2)
o ⊆ Ao

1∪Ao
2.

Thus, (A1 ∪ A2)
o = Ao

1 ∪ Ao
2.

5. Since A1 ∩ A2 ⊆ A1 and A1 ∩ A2 ⊆ A2, (A1 ∩ A2)
o ⊆ Ao

1 ∩ Ao
2.

6. Since Ao is a complex neutrosophic nano open set, then (Ao)o = Ao.
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Definition 3.6. Let A = {M, I,F} be a CNS, a score function Scr(.), based on the truth-

membership degree (M), indeterminacy-membership degree (I), and falsity membership

degree (F) which is defined as

Scr(CNN) =
1

6m

m∑
i=1

{[pi(ζ) + (2− (qi(ζ) + ri(ζ))] +
1

2π
[µi(ζ) + (4π − (νi(ζ) + ωi(ζ))]}

The score function of a complex neutrosophic number measures the accuracy of the number

CNN in favor of truth membership degree.

Clearly, if in some cases CNS has M + F = 1 then Scr(.) reduces to Kcr(.). Based on it, a

prioritized comparison method for any two CNSs A1 and A2 is defined as

1. if Kcr(A1) < Kcr(A2), then A1 ≺ A2

2. if Kcr(A1) = Kcr(A2), then A1 ∼ A2

3. if Scr(A1) < Scr(A2), then A1 ≺ A2

4. if Scr(A1) > Scr(A2), then A1 � A2

5. if Scr(A1) = Scr(A2), then A1 ∼ A2

4 Complex neutrosophic nano topology in multi-criteria

decision-making

MCDM is a procedure for seeking a best solution that has the highest degree of satisfaction

from a set of possible alternative solutions. These types of MCDM problems arise in a many

real-time situations, and they are characterized by multiple criteria.

A novel complex neutrosophic nano topological approach are presented in this section for

decision-making problems with complex neutrosophic information. A methodological proce-

dure for selecting the right alternatives and attributes in the decision-making environment

is proposed as the following necessary steps.

4.1 Proposed Algorithm and Flowchart

Algorithm: (Ideal decision making with CNNTSs)

Input part:

Step-1: Consider the universe of discourse (set of objects) V, the set of alternatives E, the set
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of decision attributes D. Consider an in-discernibility relation R on V. Construct a complex

neutrosophic set in matrix form related to the attributes. The objects and attributes are

represented as columns and rows respectively and the table entries indicate the values of the

attributes.

Calculation part:

Step-2: Frame the in-discernibility relation R.

Step-3: Construct the complex neutrosophic nano topologies C∗τ1η and C∗τ2ξ.

Step-4: Find the score value of each of the entries of the CNN topological spaces

Scr(CNN) =
1

6m

m∑
i=1

{[pi(ζ) + (2− (qi(ζ) + ri(ζ))] +
1

2π
[µi(ζ) + (4π − (νi(ζ) + ωi(ζ))]}

The accuracy of the CNN number measure provides a support the truth membership degree.

Conclusion Part:

Step-5: Final Decision

Organize the complex neutrosopic score values of the alternatives G1 ≤ G2 ≤ .. ≤ Gβ

and the attributes H1 ≤ H2 ≤ .. ≤ Hγ . Choose the attribute Hγ for the alternative G1 and

Hγ − 1 for the alternative G2 etc. If β ≤ γ, then ignore Hξ , where ξ = 1, 2, β − γ.

The flow chart of proposed Algorithm for MCDM is given in the Figure 1.

5 Numerical Example

For example of the proposed solution we find a medical diagnosis issue. Medicine Diagnosis

entails uncertainty and an growing amount of knowledge available to doctors Fresh tools for

pharmacy. Therefore, all the collected knowledge can be in a dynamic neutrosophic type.

The three components of a complex neutrosophic set are real-evaluated combinations Truth

of matter amplitude term in combination with phase term, indeterminate amplitude term

actual evaluated with phase term, and with real-evaluated, phase term false amplitude. And

in a neutrosophical dynamic medical diagnosis environment, it is given to deal with further

indeterminacy circumstances.

The method of classifying various sets of symptoms under a single disease name is very

critical and complicated In certain realistic circumstances, each dimension has the possibil-

ity within a periodic form of the neutrosophic sets. So, further indeterminacy is involved in

12



Enter the attributes

Vs,Ds and alternatives Es
start

Frame the in-

discernibility relations R

Concoct the CNN-

topologies C∗τ1η and C∗τ2ξ

Reckon the score values Scr(.)

Arrange the score val-

ues in run-up order

Correct

decision
stop

Figure 1: Flow chart of Algorithm
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the medical diagnosis. Complicated situations are addressed by complex neutrosophic nano

topologies. This strategy is generally more versatile, when it comes to less places of inde-

terminacy, and easier to use.With a score function between patients versus symptoms and

symptoms versus diseases, the proposed algorithm of complex neutrosophic nano topological

spaces has the right medical diagnosis in complex neutrosophic milieu.

The key feature of this suggested method is that it appraises complex factual participa-

tion, specific indeterminate and misrepresentation of each dimension taking periodic form in

neutrosophic set.

Let P = {p1, p2, p3, p4} be the set of patients, D = {d1, d2, d3, d4} be the set of diseases

and S = {s1, s2, s3, s4, s5} be the set of symptoms. The symptoms, practitioner decided to

include, looked something like this: Temperature, Headache, Stomach pain, cough, Chest

pain. Normal representation showed following

are the diseases to be the most indicated ones: Viral Fever, Malaria, Stomach problem,

Chest problem.

Our work is to analyze the patient and decide the patient’s illness in a complex neutrosoph-

ical environment.

Table 1: The complex neutrosophic system of relationship between Patients

and Symptoms
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p1 p2 p3 p4

s1

〈 0.7ejπ0.9,

0.4ejπ0.8,

0.3ejπ0.7

〉 〈 0.5ejπ0.6,

0.5ejπ0.9,

0.2ejπ0.8

〉 〈 0.7ejπ0.7,

0.4ejπ0.8,

0.6ejπ0.9

〉 〈 0.5ejπ0.9,

0.5ejπ0.7,

0.5ejπ0.6

〉

s2

〈 0.4ejπ0.2,

0.4ejπ0.7,

0.3ejπ0.3

〉 〈 0.4ejπ0.5,

0.6ejπ0.4,

0.4ejπ0.6

〉 〈 0.5ejπ0.1,

0.4ejπ0.7,

0.7ejπ0.9

〉 〈 0.8ejπ0.7,

0.0ejπ0.2,

0.7ejπ0.5

〉

s3

〈 0.8ejπ0.7,

0.1ejπ0.8,

0.2ejπ0.2

〉 〈 0.2ejπ0.7,

0.1ejπ0.2,

0.6ejπ0.7

〉 〈 0.3ejπ0.7,

0.1ejπ0.9,

0.6ejπ0.2

〉 〈 0.1ejπ0.5,

0.2ejπ0.1,

0.7ejπ0.6

〉

s4

〈 0.3ejπ0.4,

0.2ejπ0.6,

0.5ejπ0.6

〉 〈 0.9ejπ0.6,

0.3ejπ0.5,

0.2ejπ0.9

〉 〈 0.4ejπ0.2,

0.3ejπ0.4,

0.2ejπ0.4

〉 〈 0.9ejπ0.2,

0.1ejπ0.6,

0.3ejπ0.8

〉

s5

〈 0.2ejπ0.4,

0.1ejπ0.6,

0.7ejπ0.9

〉 〈 0.3ejπ0.4,

0.4ejπ0.6,

0.7ejπ0.9

〉 〈 0.3ejπ0.6,

0.1ejπ0.5,

0.6ejπ0.9

〉 〈 0.4ejπ0.6,

0.2ejπ0.4,

0.2ejπ0.8

〉

Table 2: The complex neutrosophic system of relationship between Symptoms

and Diseases

s1 s2 s3 s4 s5

d1

〈 0.4ejπ0.8,

0.4ejπ0.6,

0.3ejπ0.3

〉 〈 0.7ejπ0.5,

0.4ejπ0.7,

0.3ejπ0.4

〉 〈 0.6ejπ0.2,

0.3ejπ0.7,

0.7ejπ0.8

〉 〈 0.6ejπ0.7,

0.4ejπ0.8,

0.6ejπ0.5

〉 〈 0.7ejπ0.3,

0.4ejπ0.7,

0.3ejπ0.7

〉

d2

〈 0.3ejπ0.4,

0.5ejπ0.6,

0.4ejπ0.5

〉 〈 0.4ejπ0.4,

0.5ejπ0.5,

0.6ejπ0.7

〉 〈 0.6ejπ0.2,

0.5ejπ0.8,

0.9ejπ0.5

〉 〈 0.6ejπ0.8,

0.2ejπ0.3,

0.5ejπ0.6

〉 〈 0.4ejπ0.7,

0.6ejπ0.8,

0.3ejπ0.6

〉

d3

〈 0.9ejπ0.6,

0.3ejπ0.6,

0.3ejπ0.4

〉 〈 0.3ejπ0.6,

0.2ejπ0.3,

0.7ejπ0.6

〉 〈 0.4ejπ0.6,

0.2ejπ0.8,

0.7ejπ0.5

〉 〈 0.2ejπ0.6,

0.1ejπ0.5,

0.5ejπ0.7

〉 〈 0.8ejπ0.4,

0.6ejπ0.5,

0.3ejπ0.9

〉

d4

〈 0.4ejπ0.5,

0.3ejπ0.7,

0.6ejπ0.4

〉 〈 0.8ejπ0.7,

0.2ejπ0.8,

0.3ejπ0.6

〉 〈 0.6ejπ0.3,

0.4ejπ0.5,

0.1ejπ0.5

〉 〈 0.7ejπ0.4,

0.2ejπ0.7,

0.4ejπ0.6

〉 〈 0.4ejπ0.2,

0.3ejπ0.1,

0.4ejπ0.7

〉

Step-2: Frame the in-discernibility relation for the correlation between the symptoms is given
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as R = {{s1, s2, s4}, {s3, s5}}.

Step-3: Construct the complex neutrosophic nano topological spaces for each patient and

each disease with respect to the symptoms as follows:

Complex neutrosophic nano topologies for patients are C∗τ1η

1. C∗τ1(p1) = {1∼, 0∼, 〈0.7ejπ0.9, 0.2ejπ0.6, 0.3ejπ0.3〉, 〈0.8ejπ0.7, 0.1ejπ0.6, 0.2ejπ0.2〉,

〈0.3ejπ0.2, 0.4ejπ0.8, 0.5ejπ0.7〉, 〈0.2ejπ0.4, 0.1ejπ0.8, 0.7ejπ0.9〉, 〈0.3ejπ0.2, 0.6ejπ1.2, 0.7ejπ0.9〉,

〈0.2ejπ0.2, 0.9ejπ1.2, 0.8ejπ0.9〉}

2. C∗τ1(p2) = {1∼, 0∼, 〈0.9ejπ0.6, 0.3ejπ0.4, 0.2ejπ0.6〉, 〈0.3ejπ0.7, 0.1ejπ0.2, 0.6ejπ0.7〉,

〈0.4ejπ0.5, 0.6ejπ0.9, 0.4ejπ0.9〉, 〈0.2ejπ0.4, 0.4ejπ0.6, 0.7ejπ0.9〉, 〈0.2ejπ0.5, 0.4ejπ1.1, 0.9ejπ0.9〉,

〈0.2ejπ0.4, 0.6ejπ1.4, 0.7ejπ0.9〉}

3. C∗τ1(p3) = {1∼, 0∼, 〈0.7ejπ0.7, 0.3ejπ0.4, 0.2ejπ0.4〉, 〈0.3ejπ0.7, 0.1ejπ0.5, 0.6ejπ0.2〉,

〈0.4ejπ0.1, 0.4ejπ0.8, 0.7ejπ0.9〉, 〈0.3ejπ0.6, 0.1ejπ0.9, 0.6ejπ0.9〉, 〈0.2ejπ0.1, 0.6ejπ1.2, 0.7ejπ0.9〉,

〈0.3ejπ0.2, 0.9ejπ1.1, 0.6ejπ0.9〉}

4. C∗τ1(p4) = {1∼, 0∼, 〈0.9ejπ0.9, 0ejπ0.2, 0.3ejπ0.5〉, 〈0.4ejπ0.6, 0.2ejπ0.1, 0.2ejπ0.6〉,

〈0.5ejπ0.2, 0.5ejπ0.7, 0.7ejπ0.8〉, 〈0.1ejπ0.5, 0.4ejπ0.4, 0.7ejπ0.8〉, 〈0.3ejπ0.2, 0.5ejπ1.3, 0.9ejπ0.9〉,

〈0.1ejπ0.5, 0.6ejπ1.6, 0.7ejπ0.8〉}

Complex neutrosophic nano topologies for diseases are C∗τ2ξ

1. C∗τ2(d1) = {1∼, 0∼, 〈0.7ejπ0.8, 0.4ejπ0.6, 0.3ejπ0.3〉, 〈0.7ejπ0.3, 0.3ejπ0.7, 0.3ejπ0.7〉,

〈0.4ejπ0.5, 0.4ejπ0.8, 0.6ejπ0.5〉, 〈0.6ejπ0.2, 0.4ejπ0.7, 0.7ejπ0.8〉, 〈0.3ejπ0.3, 0.6ejπ1.2, 0.7ejπ0.8〉,

〈0.3ejπ0.2, 0.6ejπ1.3, 0.7ejπ0.8〉}

2. C∗τ2(d2) = {1∼, 0∼, 〈0.6ejπ0.8, 0.2jπ0.3, 0.4ejπ0.5〉, 〈0.6ejπ0.7, 0.5ejπ0.8, 0.3ejπ0.5〉,

〈0.3ejπ0.4, 0.5ejπ0.6, 0.6ejπ0.7〉, 〈0.4ejπ0.2, 0.6ejπ0.8, 0.9ejπ0.6〉, 〈0.3ejπ0.4, 0.5ejπ1.4, 0.6ejπ0.8〉,

〈0.3ejπ0.2, 0.5ejπ1.2, 0.9ejπ0.7〉}

3. C∗τ2(d3) = {1∼, 0∼, 〈0.9ejπ0.6, 0.1ejπ0.3, 0.3ejπ0.4〉, 〈0.8ejπ0.6, 0.2ejπ0.5, 0.3ejπ0.5〉,

〈0.2ejπ0.6, 0.3ejπ0.6, 0.7ejπ0.7〉, 〈0.4ejπ0.4, 0.6ejπ0.8, 0.7ejπ0.9〉, 〈0.2ejπ0.4, 0.7ejπ1.4, 0.9ejπ0.7〉,

〈0.3ejπ0.4, 0.4ejπ1.2, 0.8ejπ0.9〉}

4. C∗τ2(d4) = {1∼, 0∼, 〈0.8ejπ0.7, 0.2ejπ0.7, 0.3ejπ0.4〉, 〈0.6ejπ0.3, 0.3ejπ0.1, 0.1ejπ0.5〉,

〈0.4ejπ0.4, 0.3ejπ0.8, 0.6ejπ0.6〉, 〈0.4ejπ0.2, 0.4ejπ0.5, 0.4ejπ0.7〉, 〈0.3ejπ0.4, 0.7ejπ1.2, 0.8ejπ0.7〉,

〈0.1ejπ0.2, 0.6ejπ1.5, 0.6ejπ0.7〉}
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Step-4: Computation of complex neutrosophic score functions for the patients and diseases

are done as in step-4 f the algorithm are as follows

Score values for the patients are

Scr(p1) = 0.5052,Scr(p2) = 0.4917,Scr(p3) = 0.4906,Scr(p4) = 0.5042

Score values for the diseases are

Scr(d1) = 0.5010,Scr(d2) = 0.4875,Scr(d3) = 0.5073,Scr(d4) = 0.5146

Step-5: Arrange the complex neutrosophic score values for the alternatives p1, p2, p3, p4 and

the attributes d1, d2, d3, d4 in run-up order. We consider the sequences below p3 ≤ p2 ≤ p4 ≤

p1 and d2 ≤ d1 ≤ d3 ≤ d4. Thus the patient p3 suffers with disease d4= chest problem, Thus

the patient p2 suffers with disease d3= stomach problem, Thus the patient p4 suffers with

disease d1 = viral fever and Thus the patient p1 suffers with disease d2= Malaria.

The comparison table show the difference between novel complex neutrosophic nano topo-

logical space with existing work.

Sets Uncertainty Truth

Value

of an

element

False

value

of an

element

Indeterminacy

of an element

Roughness

& boundary

of a set

unit com-

plex plane

GT - - - - - -

FT X X - - - -

IFT X X X - - -

NT X X X X - -

NNT X X X X X -

CNNT X X X X X X

6 Conclusion

It is the opinion that complex neutrosophic information can be best dealt with by unclear,

vague, indeterminate, contradictory and incomplete periodic / redundant information werte.

This paper aimed at bringing out the complex neutrosophic nano topology which is more

versatile and adaptable to real-time issues than rest of the types of general fluffy sets. Defi-

nitions of complex nano topology in neutrosophy has been identified, followed by the closure

and interior operations. A new form of MCDM technique in the complex neutrosophic set
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has been introduced and applied to a medical diagnostic issue. To show the advantages and

applicability, a comparison was made between the proposed method and the existing meth-

ods. The results are critical in enriching the complex neutrosophical awareness provided for

the decision making applications. Future research plans to use the MCDM technique for

more practical applications and advance the practical interval valued complex neutro nano

topological logic method for prediction of forecasting problems.

Abbreviation:

MCDM - Multi-criteria Decision Making

NNT - Neutrosophic nano Topological spaces

CNNCS - Complex neutrosophic nano closed set

CNN - Complex neutrosophic nano

CNNOS - Complex neutrosophic nano open set

CNNTS - Complex neutrosophic nano topological space

NS - Neutrosophic set

IFS - intuitionistic fuzzy sets

NNt - neutrosophic nano topology

CNS - complex neutrosophic set
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