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Abstract. In Operations Research, making decisions based on multiple criteria is crucial. Neutrosophic num-
bers produce a more efficient conclusion when dealing with Fuzzy Multi Criteria Decision Making (MCDM)
problems. In this paper, we determine qualitative and quantitative criteria for selecting the best building
construction project. The major goal of this work is to show how to use interval valued neutrosophic sets in
solving MCDM issues using the Max-Product formula. To calculate the weighted average for interval valued
neutrosophic numbers, we offer a new technique in max product. Three approaches are used to rank the interval

valued neutrosophic numbers, and their application is demonstrated numerically.
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1. Introduction

L.A. Zadeh [1] introduced fuzzy sets, fuzzy membership functions, and fuzzy logic in 1965.
K. Atanassov [2] introduced the Intuitionistic Fuzzy set in 1986. It’s a fuzzy set generalization
with a membership grade, non-membership grade, and degree of indeterminacy. MCDM is a
very significant and rapidly increasing subject in operations research. Indeterminacy should
be incorporated into the model formulation of difficulties because MCDM problems are well
addressed in fuzzy and intuitionistic fuzzy. In the decision-making process, indeterminacy is
very significant. As a result of the growth of the MCDM field in a fuzzy environment, the
Neutrosophic Fuzzy MCDM was proposed, and it was used in SAW, AHP, GP, TOPSIS, and
other applications. Neutrosophic set, the generalization of fuzzy set and intuitionstic fuzzy
sets. In Multiple Criteria Decision Making, neutrosophic numbers are ranked to rate tough
problems. Using Neutrosophic Sets in MCDM and ranking methodologies will provide the

best possible solution to challenging situations. Smarandache [3] introduced Neutrosophic
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set in 1998. The membership functions of Neutrosophic sets are Truth, Indeterminacy, and
False. Smarandache and Wang proposed interval valued neutrosophic sets in 2005, and they
introduced single valued neutrosophic sets in 2010. It independently expresses truth, indeter-
minacy, and false membership degree.

The paper Interval Neutrosophic Sets was published by Haibin Wang, et al. in 2004 [4].
They introduce and verify the convexity of interval valued neutrosophic sets, as well as many
features, operations, and relations of interval neutrosophic sets. Athar Kharal published a pa-
per A Neutrosophic Multi-Criteria Decision Making Method [14] in 2014. This study presents
a method of MCDM based on Neutrosophic sets. It is the first time that neutrosophic sets
have been introduced to the MCDM community. In 2014, Based on Bhattacharya’s distance,
Broumi S and Smarandache F 7] define a novel cosine similarity between two Interval valued
neutrosophic sets. They used the cosine similarity measure in pattern recognitionin this re-
search. Jun Ye published a paper Similarity measures between interval neutrosophic sets and
their applications in multicriteria decision-making [10] in 2014. The Hamming and Euclidean
distances between interval neutrosophic sets (INSs) are described in this study, and similarity
measures between INSs are provided based on the relationship between distances and similar-
ity measures. The article, Interval neutrosophic sets and their application in MCDM problems
was published by Zhang et al in 2014 [§]. They established Interval neutrosophic numbers
operators and presented a comparativeapproach between INN and aggregation operators for
INSs in this work. Saha and Broumi [15] presented New Operators on Interval Valued Neutro-
sophic Sets in 2019. They defined some new IVNS operators and examined their properties in
this study. Theoperators are highly useful when dealing with two interval-valued neutrosophic
sets. In the decision-making process, the similarity measure is essential in determining the
degree of similarity between the ideal and each alternative. In 2019, Wang, et al. [13| pro-
posed a multi-criteria decision-making system based on improved cosine similarity measures
with interval neutrosophic sets. The purpose of this study is to develop an MCDM technique
for INSs based on a similarity measure.

In 2017, Deli and Subas [17] published the paper The concept of a single valued neutro-
sophic number (SVNN) is important for quantifying an unknown quantity, and the ranking of
SVNNis atough problem in multi-attribute decision making problems. The goal of this work
is to offer a methodology for using SVNNs to solve multi-attribute decision-making problems.
They created a ranking approach based on the concept of values and uncertainties, which they
used to multi attribute decision making issues where the ratings of alternatives on criteria are
expressed as SVTN-numbers. Ranking methods of Single Valued Neutrosophic number and
Its Applications to Multiple Criteria Decision Making [12] was published by D. Stanujkic, et
al. in 2019. They demonstrate the utility of single-valued Neutrosophic sets in solving MCDM
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problems in this work. The proposed Ranking method’s approach and numerical example were
presented. Although single valued neutrosophic sets apply ranking methods, interval valued
neutrosophic sets and numbers are also highly effective in ranking the alternatives.Ranking
of Pentagonal Neutrosophic Numbers and its Applications to Solve Assignment Problem was
published in 2020 by Radhika and Arun [18]. They suggest a new method for ranking neu-
trosophic numbers based on their magnitude in this work. Theyoffer a method for solving
neutrosophic assignment issues with pentagonal neutrosophic numbers. The article, Rank-
ing of single-valued neutrosophic numbers through the index of optimism and its reasonable
properties was published by R. Chutia and F. Smarandache in 2021 [19]. The significance
and vagueness of a single-valued neutrosophic number are used to construct a novel way of
ranking neutrosophic numbers in this study. The method is unique inthe reasonable features
of a ranking system.

There are many ranking methods that are applied in MCDM problems using the various
types of neutrosophic numbers. The motive of our paper is to use Interval Valued Nutro-
sophic Numbers to build ranking techniques in MCDM. It gives better results when similarity
measures, score function, and hamming distance are used to rank the interval valued neu-
trosophic numbers. The paper contains preliminaries and Basic elements of Interval Valued
Neutrosophic sets, and ranking of IVNNs in section 2. The MCDM method based on Interval
Valued Neutrosophic Numbers is provided in section 3. This proposed ranking approach is

given numerical illustration in section 4. Finally, there is a ranking and a conclusion.

2. Preliminaries

Definition 2.1. Neutrosophic Set (NS) [3]
Let U be the universal set and every element x € U has degree of True, Indeterminacy,

False membership in S. Then the Neutrosophic set can be written as
S ={(z,Ts(z),Is(x), Fs(x)) :x € U}

where, 0 < Ts(z) + Is(x) + Fs(x) < 3

and Truth Membership function T : U — [0, 1]
Indeterminacy Membership function Is : U — [0, 1]
False Membership function Fg: U — [0, 1]

Definition 2.2. Interval Valued Neutrosophic Set (IVNS) [§]
Let U be a nonempty set with generic elements in U denoted by x. The Interval Valued

Neutrosophic set S in U is as follows

S = {:U: <ZE7TS(:‘L‘)7IS($)7FS($)> RS U}
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where, Interval Truth Membership Function Ts(z) = [T&, TY]
Interval Indeterminacy Membership Function Is(z) = [IL, I¥]
Interval False Membership Function Fg(z) = [F%, FY]

and for each point x € U. Ts(z), Is(z), Fs(x) € [0,1]

Definition 2.3. Interval Valued Neutrosophic Number (IVINN)
For an IVNS S in U the triple interval ([tZ,¢V], [il,i¥], [fL, fU]) is called the Interval

8757878

Valued Neutrosophic Number.

Operations on IVNN
Let 51 = <[t1Lat it Y LA A ]> and sy = <[t27t2] i35, [f5 f3 ]> be two IVNN and

A > 0, then the basic operations are defined as follows [5],

i)s1+ 2= ([t7 +t5 — ey, 0] + o — 5] [iviy i i) A fr £ 3D)

ii)sy.sy = ([t1t5, 4705, it + iy — it i) +iy — i i LA+ o — A f Y+ = R
ii)Ast = ([1= (1= th 1= (=), (6D, G (R ()]

iv)st = ([0 @) 1= (=i 1= (1 =if)Y, = (1= N1 = (= ))

Definition 2.4. Score Function of IVNIN
Let s1 = ([t}, ], [if, i, [fF, f{']) be an IVNN then a Score Funtion S,y is [6]

1 . .
Sy = 32+8+ 1 =267 +i) = (" + /)]

Definition 2.5. Cosine Similarity Measure
Let s1 = ([t¥, tV], [if, 7], [fF, fV]) and sp = ([t5,t5], [i%,45], [f%, f¥]) be two IVNN then

a Cosine Similarity Measure C|4) between two IVNN s and s3 is as follows [7] ,

I+ )+ ) + GF + )@+ ) + FE+ DS+ )]
VOE+1)2 + GF 402 4+ (FF 4+ [ 05 + )2+ 6 + )2 + (7F + 52

C(s1,82) =

where, n = 1

Definition 2.6. Hamming Distance
Let s; = ([t¥ tV], [if, V), [fE, fV]) and so = ([t5,t5], [i4,45], [f¥, f¥]) be two IVNN then
the Hamming Distance H(y) between two IVNN s; and s2 is as follows [10],

1 n
D(s1,s2) = 2 D It — 5]+ 1 — 5| + it — 5| + [ — | + [ = f2| + [ A = ]
1=1
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2.1. Ranking of Interval Valued Neutrosophic numbers

Let s1 and sg be two IVNNs, then the ranking method for comparing two IVNS is defined
as follows, [12]
(i) Score Function
If S(Sl) > 5(52) then s1 > s9
(ii) Cosine Similarity Measure
C(sl) > C(Sz) then s1 > s9
(iii) Hamming Distance

H(sl) > H(SQ) then s1 < s9

3. A MCDM approach based on Interval Valued Neutrosophic Numbers

In this section, we proposed a new max-product approach for determining the weighted
average for interval-valued neutrosophic numbers. This formula can be applied to any order of
matrices containing interval-valued neutrosophic numbers, as well as two or more matrices of

the same order. The remaining part contains the suggested method’s procedure and flowchart.

Result 3.1. Let A,y and B, «, be two matrix with an interval valued neutrosophic numbers.

Then the Max-product for A and B is defined as follows,
n n n n
L L U U
max H My s H My« -+ | ,MAT H Mgy, s H Mgy -
m=1 m=1 m=1 m=1
n n n n
L L U U

mazx H Mgy s H Mgy -+ | AT H Mgy s H Mgy - - -

m=1 m=1 m=1 m=1

n n n n
L L U U
max Hmfwyl’ Hmfryz"" » Mmazx Hmfwyl’ Hmfxyz""

m=1 m=1 m=1 m=1

Where m denotes the number of matrices.
We know, the fuzzy max-product composition,

Let A and B be x X y and y X z matrices respectively. The Fuzzy Max product compo-
sition of A and B is defined by,

pa,B = maxpa(z,y).ps(y, 2)]

From this we can extend the concept of Interval valued fuzzy number and Interval valued
neutrosophic number.

Let A and B be z X y matrices with an interval valued fuzzy numbers. For A and B
matrices, we should find the maximum product. The lower and upper limits are independent
in this case. As a result, we calculate the max-product separately for the lower and upper

limit values.
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Assume that Aixs and Bjx2 be two matix with interval valued numbers.
we take A = ((af,a({) (a%,ag)) and B = ((bf,b?) (bé,bg))
Max-product of A and B = (max[(alL.blL), (ak 5] maz[(al bY), (aQUbg)])
Let A and B be two matrices with interval valued neutrosophic numbers.
we take A = |((ah, af), (aly. af)). (ahy.afh))  ((akssalp), (aly, ). (afysall) )]

B = [{ (b b0), (b5, b, (b b)) ) ( (bl D). (b, b), (b b31) )|
Max-product of A and B =

[(maz{(afy.bf), (afs-biz)], maz[(agybp), (ai3-bi2)])
(maz[(afi.bh), (als-bs)], maz[(aff by), (a.bi2)])
<ma$[(a]Lf1-b]Lfl)7 (%j%gb]]%z)], maﬂ?[(a?yb%)» (anQ-b?z)D]

This equation represents the max product value of 1 x 2 matrices, and we calculate the
values for x X y matrices in the same way.

Max-product of m matrices =

n n n n
L L U U
maz | T] mboyy T mbosr- - | cmaz ( T mEys TT Moy
m=1 m=1 m=1 m=1
n n n n
L L U U
max H mmyl’ H miIZJQ’ oo | ax H mia:yp H mixy27 s
m=1 m=1 m=1 m=1
n n n n
L L U U
max H M Fn s H MFrys -+ | AT H My s H M Fys - - - (1)
m=1 m=1 m=1 m=1

Here m denotes the number of matrices. The max product of more than two matrices
with x rows and y columns is represented by Equation (1). For Interval valued neutrosophic

numbers, this equation is used as the weighted average max product formula.

3.1. Procedure and Flowchart for the proposed method

The ranking of interval-valued neutrosophic numbers is used to solve some difficult prob-
lems. Here we use score function, cosine similarity function, and hamming distance for ranking
the values and we use two types of criteria which as qualitative and quantitative that are used
for the more accurate outcome. The method’s procedure is as follows, when we take k alter-
natives over m criteria by n experts.

Step 1: Define an available alternatives based on selected problem.

Step 2: Define a set of qualitative and quantitative criteria for evaluating the alternatives.
Step 3: The performance of the alternatives are evaluted by the group of experts. These
performance are taken into interval valued neutrosophic numbers.

Step 4: Calculated overall ratings for qualitative and quantitative criteria separately by using
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weighted average max product formula given in Equation 1.

Step 5: Calculate the score function, cosine similarity function and hamming distance be-
tween qualitative and quantitative values.

Step 6: Rank the alternatives using the ranking of IVNNs and select the best one among

those alternatives.

We take 4 alternatives over 3 qualitative criteria and 3 quantitative criteria by 3 experts.

By these expressions, the following flowchart is the steps for solving the problem.

Expert 1 Expert 2 Expert 3

( l J
.

ﬁ Define Alternatives A1 A2 A3 A4 —1

Qualitative Criteria Quantitative Criteria
[ Overall Ratings ] [ Overall Ratings ]
C J
v
| Score Function Cosine Similarity Measure Hamming Distance ]
Rank the Alternatives

{

Select the best one

FiGURE 1. Flowchart

4. Numerical Illustration

An example of choosing the optimal construction for a building project to show how IVNNs
may be used to solve MCDM challenges. Assume the manager is tasked with choosing the
best tender construction for their structure. As a result, a group of three experts (F1, E2, E3)
was formed. On the basis of the following Qualitative and Quantitative criteria, the experts
choose the best option out of four (Aj, As, A3, Ay) alternatives.

Qualitative : Ci- Technical skills, Cs- Architectural Design, C3- Reliability
Quantitative : C4- Performance, Cs- Price, Cg- Period of work
The experts give the rating values to each alternative for the given criteria. The values

are taken as Interval-valued neutrosophic numbers. When the alternatives have good criteria
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C3
Cs

Co
[(4,.5),(:2,.4),(.4,.5)]
[(.7,:8),(.:3,4),(.6,.7)]

Co

TABLE 1. Qulitative ratings by Expert 1
TABLE 2. Qulitative ratings by Expert 2
TABLE 3. Qulitative ratings by Expert 3

Ch
Ch

it has a high value in truth membership value. From this concept, experts have directly rated
the alternatives in Interval values. In some critical situations, we use linguistic variables for
collecting ratings from experts. Tables 1, 2 and 3 illustrate the ratings given by the three

experts for qualitative criteria. Tables 4, 5, and 6 provide the ratings for qualitative criteria.

Neutrosophic Sets and Systems, Vol. 51, 2022

Cs Cs
[(.6,.8),(.1,.3),(.5,.6)] 3

Ch

— & o <f

< < % <

05 06

TABLE 4. Quantitative ratings by Expert 1
Cy
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TABLE 5. Quantitative ratings by Expert 2

Cy Cs Cs
Al [(:2,.4),(.3,.4),(.6,.7)]  [(.3,.4),(.2,.3),(.5,.6)] [(.4,.5),(.3,.4),(.6,.8)]
As [(.4,.6),(.2,.4),(.6,.8)] [(.5,.6),(.1,.2),(.7,.8)] [(.6,.7),(.2,.3),(.7,.8)]
As [(.7,.8),(.3,.5),(.4,.5)] [(.6,.8),(.2,.3),(.4,.5)] [(.8,.9),(.3,.5),(.5,.6)]
Ay [(:5,6),(.3,.4),(.2,.3)] [(.4,.6),(.1,.3),(.5,.6)] [(.5,.6),(.2,.3),(.3,.5)]

TABLE 6. Quantitative ratings by Expert 3

Cy Cs Cs
A1 [(4,.5),(.2,.3),(.5,.7)] [(:4,.5),(.2,.4),(.6,.7)] [(.7,.8),(.3,.4),(.6,.7)]
Ay [(.7,9),(.4,.5),(.3,.4)] [(.6,.7),(.3,.4),(.4,.5)] [(.5,.6),(.4,.5),(.3,.4)]
Az [(.4,.6),(.2,4),(.4,.5)] [(.4,.5),(.2,.3),(.6,.7)] [(.6,.7),(.3,.4),(.4,.5)]
Ay [(.6,.8),(.4,.5),(.3,.4)] [(.7,.8),(.3,.4),(.4,.5)] [(.6,.7),(.4,.5),(.3,.4)]

We generate the overall rating values for qualitative and quantitative criteria using the

weighted average max product formula.

A (TY) = maz{(.5 x .3 x .5), (.6 x .6 x .6), (.7 x .4 x.7)}
= max{0.075,0.216,0.112} = 0.216

A1 (TY) = maz{(.7 x .4 x .6), (.8 x .7 x .8), (.8 x .5 x .8)}
= max{0.168,0.448,0.32} = 0.448

Similarly, the interminacy and false values are calculated for A; and the remaining alter-

natives are calculated in the same way.

Overall ratings for qualitative criteria by three experts

Ay [(0.216,0.448), (0.02,0.072), (0.144, 0.245)]
Ay [(0.072,0.18), (0.018,0.09), (0.06,0.12)]
As  [(0.15,0.336), (0.027,0.1), (0.08,0.175)]
A, [(0.168,0.336), (0.1,0.18), (0.18,0.392)]

Overall ratings for quantitative criteria by three experts

A; [(0.084,0.2), (0.027,0.064), (0.18,0.343)]
Ay [(0.18,0.294), (0.024,0.1), (0.126,0.224)]
Ay [(0.24,0.441), (0.018,0.08), (0.096,0.21)]
Ay [(0.21,0.384), (0.024, 0.06), (0.045,0.12)]

D. Jeni Seles Martina, G. Deepa, Ranking of Interval Valued Neutrosophic Numbers by
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Score Function

1
Qualitative Ay = 7[2+ 0.216 + 0.448 — 2(0.02 +0.072) — (0.144 + 0.245)]

= 0.5227

1
Quantitative Ay = 1[2 +0.084 + 0.2 — 2(0.027 + 0.064) — (0.18 4 0.343)]

= 0.3948
A+ A
2

S(Aq) = 0.4587

Average S(A1) =

Cosine Similarity Measure

(0.664)(0.284) + (0.092)(0.091) + (0.389)(0.523)
1/(0.664)2 + (0.092)2 + (0.389)24/(0.284)% + (0.091)2 + (0.523)2
C(A1) = 0.8581

C(Ay) =

Hamming Distance

D(A;) = =[|0.216 — 0.084| + [0.448 — 0.2] + 0.02 — 0.027|

1
6
+10.072 — 0.064| + 0.144 — 0.18] + |0.245 — 0.343]]
D(A;1) = 0.0882
The remaining values of score function, cosine similarity measure and hamming distance

are calculated for each alternatives in the same way.

Finally, the following table shows the ranking of the score function, cosine similarity

function, and hamming distance.

TABLE 7. The ranking results of three approaches

S(A) Rank C(A) Rank D(A) Rank
A; 04587 III  0.8581 III  0.0882 III
A; 04665 I 09917 II  0.0680 II
Az 0.5195 I 0.9935 I 0.0458 I
Ay 04541 IV 0.8258 IV 0.1155 IV

The values are calculated manually and then ran through MATLAB R2020a. We can
solve a large number of matrices using Matlab code. This helps to solve the difficult situations
in multiple criteria. Figure (a) shows the final output results, and Figure (b) shows the final

ranking as a bar chart.
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Ranking

I score Function
[ Cosine Similarity
[ Hamming distance

0.224

Results =

0.4587 0.8581 0.0882
0.4665 0.9917 0.0680
0.5195 0.9935 0.0458
0.4541 0.8258 0.1155

>> bar (Results)

fx>> Alternatives
<

(A) Ouput Result (B) Ranking Bar chart

FIGURE 2. MATLAB R2020a

The colour blue represents the score function and the colour orange represents the cosine
similarity measure in this bar chart, and As being the highest value in both. The hamming
distance is represented by the colour yellow. When the distance between two points is small,
the value receives the highest ranking. Clearly, As is the highest. In comparison to the other
alternatives, Ag is the best one.

Ranking order of the alternatives : A > As > A1 > Ay

5. Conclusions

Ranking methods always give a good result in decision-making. Particularly comparison
of neutrosophic numbers uses to rank the values very easily. In that situvation, single-valued
neutrosophic numbers and interval-valued neutrosophic numbers play the most part. In this
paper, the basic concepts of interval valued neutrosophic sets and ranking of IVNNs are pre-
sented. We proposed a new technique using max product to calculate the weighted average
for interval valued neutrosophic numbers, which achieved a very efficient result. The ranking
values of three approaches produced an ideal outcome for choosing the best option which is
established in Numerical example. When compared to other alternatives, A3 is the best choice
in terms of both qualitative and quantitative criteria. The output result verified through Mat-
lab. This work can further be developed to solve more complex multi criteria decision making
problems using many types of Neutrosophic numbers such as bi-polar, m-polar neutrosophic

numbers.

Funding: This research received no external funding.

D. Jeni Seles Martina, G. Deepa, Ranking of Interval Valued Neutrosophic Numbers by
Qualitative and Quantitative Criteria



Neutrosophic Sets and Systems, Vol. 51, 2022 @

Acknowledgments: We thank the Institute for giving us this opportunity. We are grateful

to the Vellore Institute of Technology, Vellore.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Zadeh, L.A. Fuzzy sets. Information and control 1965, 8, 338-353.

2. Atanassov, K. T. Intuitionistic fuzzy sets. Fuzzy Sets and Systems 1986, 20(1), 87-96.

3. Smarandache, F. A unifying field in logics: neutrosophic logic. Neutrosophy, neutrosophic set, neutrosophic

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

probability, 4th Ed,; Infinite Study 2005, pp. 7-8.

. Wang, H.; Madiraju, P.; Zhang, Y.; Sunderraman, R. Interval neutrosophic sets. arXiv preprint

math/0409113 2004.

. Broumi, S. Neutrosophic Sets: An Overview, New Trends in Neutrosophic Theory and Application Volume

IT 2018, 388-418.

. Li, D.F. Multiattribute decision making models and methods using intuitionistic fuzzy sets. Journal of

Computer and System Sciences 2005, 70, 73-85.

. Broumi, S.; Smarandache, F. Cosine Similarity Measure of Interval Valued Neutrosophic Sets. Neutrosophic

Sets and Systems 2014, 5, 15-20.

. Zhang, H. Y.; Wang, J. Q.; Chen, X. H. Interval neutrosophic sets and their application in multicriteria

decision making problems. The Scientific World Journal 2014, 1-15.

. Velasquez, M.; Hester, P.T. An Analysis of Multi-Criteria Decision Making Method, International Journal

of Operations Research 2013, 10, 56-66.

Ye, Jun. Similarity measures between interval neutrosophic sets and their applications in multicriteria
decision-making. Journal of Intelligent and Fuzzy Systems 2014, 26, 165-172.

Klir, G.; Yuan, B. Fuzzy sets and fuzzy logic, New Jersey: Prentice hall 1995, 4, pp. 1-12.

Stanujkic, D.; Meidute-Kavaliauskiene, 1.; Karabasevic, D. Ranking Methods of Single Valued Neutrosophic
Numbers and Its Applications to Multiple Criteria Decision Making, Infinite Study 2019, 149-154.

Wang, L.; Xia, Q.; Li, H.; Cao, Y. Multi-criteria decision making method based on improved cosine similarity
measure with interval neutrosophic sets. International Journal of Intelligent Computing and Cybernetics
2019, 12(3).

Athar K. A Neutrosophic Multi-Criteria Decision Making Method, New Mathematics and Natural Compu-
tation 2014, 10(2), 143-162.

Saha, A.; Broumi, S. New Operators on Interval Valued Neutrosophic Sets. Neutrosophic Sets and Systems
2019, 28, 128-137.

Das, S.; Das, R.; Tripathy, B.C. Multi-Criteria Group Decision Making Model using Single Valued Neutro-
sophic Set, LogForum 2020, 16 (3), 421-429.

Deli, I.; Subas, Y. A ranking method of single valued neutrosophic numbers and its applications to multi-
attribute decision making problems. International Journal of Machine Learning and Cybernetics 2017 8(4),
1309-1322.

Radhika, K.; Prakash, K. A. Ranking of pentagonal neutrosophic numbers and its applications to solve
assignment problem. Neutrosophic Sets and Systems 2020, 35, 464-477.

Chutia, R.; Smarandache, F. Ranking of single-valued neutrosophic numbers through the index of optimism
and its reasonable properties. Artificial Intelligence Review 2021, 1-30.

Ajay, D.; Manivel, M.; Aldring, J. Neutrosophic Fuzzy SAW method and It’s Application. The International
journal of analytical and experimental modal analysis 2019, 7(8), 881-887.

D.

Jeni Seles Martina, G. Deepa, Ranking of Interval Valued Neutrosophic Numbers by

Qualitative and Quantitative Criteria



Neutrosophic Sets and Systems, Vol. 51, 2022 :@

21.

22.

23.

24.

25.

26.

27.

28.

29.

Sahin, R. Multi-criteria neutrosophic decision making method based on score and accuracy functions under
neutrosophic environment. ResearchGate Publication 2014, DOI: 10.5281/zenodo.22994

Das, R.; Smarandache, F.; Tripathy, B.C. Neutrosophic Fuzzy Matrices and Some Algebraic Operations.
Neutrosophic Sets and Systems 2020, 32, 401-409.

Das, S.; Das, R.; Tripathy, B.C. Multi-Criteria Group Decision Making Model Using Single-Valued Neutro-
sophic Set, LogForum 2020, 16 (3), 421-429, DOI: http://doi.org/10.17270/J.LOG.2020.446

Mukherjee, A.; Das, R. Neutrosophic Bipolar Vague Soft Set and Its Application to Decision Making
Problems. Neutrosophic Sets and Systems 2020, 32, 410-424.

Das, S.; Das, R.; Granados, C.; Mukherjee, A. Pentapartitioned Neutrosophic Q-Idealsof Q-Algebra, Neu-
trosophic Setsand Systems 2021, 41(2), 52-63. DOI: 10.5281/zenodo.4625678

Majumder, P.; Das, S.; Das, R.; Tripathy, B.C. Identification of the Most Significant Risk Factor of COVID-
19 in Economy Using Cosine Similarity Measure under SVPNS-Environment, Neutrosophic Sets and Sys-
tems 2021, 46, 112-127. DOI: 10.5281/zenodo.5553497

Das, S.; Shil, B.; Tripathy, B.C. Tangent Similarity Measure Based MADM-Strategy under SVPNS-
Environment, Neutrosophic Sets and Systems 2021, 43, 93-104.

Shahzadi, G.; Akram, M.; Saeid, A. B. An application of single-valued neutrosophic sets in medical diag-
nosis. Neutrosophic sets and systems 2017, 18, 80-88.

Sandeep, M.; Kumanan, S.; Vinodh, S. Application of fuzzy SMART approach for supplier selection,

International Journal of Services and Operations Management 2011, 9(3).

Received: June 4, 2022. Accepted: September 24, 2022.

D.

Jeni Seles Martina, G. Deepa, Ranking of Interval Valued Neutrosophic Numbers by

Qualitative and Quantitative Criteria



	1. Introduction
	2. Preliminaries
	2.1. Ranking of Interval Valued Neutrosophic numbers

	3. A MCDM approach based on Interval Valued Neutrosophic Numbers
	3.1. Procedure and Flowchart for the proposed method

	4. Numerical Illustration
	5. Conclusions
	References

