COMPUTER RESEARCH AND DEVELOPMENT (ISSN NO:1000-1239) VOLUME 25 ISSUE 7 2025

A Novel Magnitude-Based Ranking Technique for Pentagonal Neutrosophic Numbers with
Application to Assignment Problems

'Dr M.\YEGAMMAL, *Dr M.BHUVANESWARI
'Department of Business Administration (PG), Hindusthan College of Arts & Science,
Coimbatore, Tamilnadu, India.
2 Department of Management Sciences, Hindusthan College of Engineering and Technology,

Coimbatore, Tamilnadu, India.

Abstract

In this research article we actually deal with the conception of pentagonal Neutrosophic number from a different
frame of reference. Recently, neutrosophic set theory and its extensive properties have given different dimensions
for researchers. This paper focuses on pentagonal neutrosophic numbers and its distinct properties. At the same time,
we defined the disjunctive cases of this number whenever the truthiness, falsity and hesitation portion are dependent
and independent to each other. Some basic properties of pentagonal neutrosophic numbers with its logical score and
accuracy function is introduced in this paper with its application in real life operation research problem which is
more reliable than the other methods.

This paper proposes a novel magnitude-based ranking method for symmetric pentagonal neutrosophic numbers
SPNNs, which efficiently integrates truth, indeterminacy, and falsity membership functions into a single scalar
magnitude. The proposed ranking method facilitates decision-making and optimization under uncertainty by
converting SPNNs into crisp values without loss of neutrosophic information. We develop an algorithm to solve
assignment problems with pentagonal neutrosophic cost coefficients using the ranking method. Numerical examples
demonstrate the effectiveness and superiority of the proposed approach compared to existing methods. The study
concludes with suggestions for future research directions.

Keywords: Neutrosophic sets, Pentagonal neutrosophic numbers, Ranking technique, Assignment problem,
Optimization.
1. Introduction

Recently, handling the uncertainty and vagueness is considered as one of the prominent research topics
around the world. In this regard, mathematical algebra of Fuzzy set theory [1] has provided a well-
established tool to deal with the same. Vagueness theory plays a key role to solve problems related with
engineering and statistical computation. It is widely used in social science, networking, decision making
problem or any kind of real-life problem. Motivating from fuzzy sets the Atanassov [2] proposed the
legerdemain idea of an intuitionistic fuzzy set in the field of Mathematics in which he considers the
concept of membership function as well as non-membership function in case of intuitionistic fuzzy set.
Afterwards, the invention of Liu F, Yuan XH in 2007 [3], ignited the concept of triangular intuitionistic
fuzzy set, which in reality is the congenial mixture of triangular fuzzy set and intuitionistic fuzzy set.
Later, Ye [4] introduced the elementary idea of trapezoidal intuitionistic fuzzy set where both truth
function and falsity function are both trapezoidal number in nature instead of triangular. The uncertainty
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theory plays an influential role to create some interesting model in various fields of science and
technological problem.

Smarandache in 1995 (published in 1998) [5] manifested the idea of neutrosophic set where there are
three different components namely 1) truthiness, ii) indeterminacies, iii) falseness. All the aspect of
neutrosophic set is very much pertinent with our real-life system. Neutrosophic concept is a very
effective & an exuberant idea in real life. Further, R. Helen [7] introduced the pentagonal fuzzy number
and A.Vigin [8] applied it in neural network. T.Pathinathan [9] gives the concept of reverse order
triangular, trapezoidal, pentagonal fuzzy number. Later, Wang et al. [10] invented the perception of
single typed neutrosophic set which so much useful to solve any complex problem. Later, Ye [11]
presented the concept of trapezoidal neutrosophic fuzzy number and its application. A.Chakraborty [12]
developed the conception of triangular neutrosophic number and its different form when the membership
functions are dependent or independent. Recently, A.Chakraborty [13] also developed the perception of
pentagonal fuzzy number and its different representation in research domain. Christi [14] applied the
conception of pentagonal intuitionistic number for solving a transportation problem. Later, Chen [15,
16] solved MCDM problem with the help of FNIOWA operator and using trapezoidal fuzzy number
analyse fuzzy risk ranking problem respectively. Recently, S.Broumi [17-19] developed some important
articles related with neutrosophic number in different branch of mathematics in various real-life
problems. Moreover, Prem [20-25] invented some useful results in neutrosophic arena, mainly
associated with computer science engineering problem and networking field. Chakraborty A. [26, 27]
applied the idea of vagueness in mathematical model for diabetes and inventory problem respectively.
Recently, Abdel-Basset [28-34] introduced some interesting articles co-related with neutrosophic
domain in disjunctive fields like MCDM problem; IoT based problem, Supply chain management
problem, cloud computing problem etc. K. Mondal [35,36] apply the concept of neutrosophic number
in teacher recruitment MCDM problem in education sector. Later, different types of developments in
decision making problems, medical diagnoses problem and others in neutrosophic environment [37-49]
are already published in this impreciseness arena. Recently, the conception of plithogenic set is being
developed by Smarandache and it has a great impact in uncertainty field in various domain of research.

Uncertainty modeling is a critical aspect of decision-making in real-world applications such as engineering,
economics, and management. Traditional fuzzy sets, introduced by Zadeh 1965 and intuitionistic fuzzy sets
Atanassov 1986, have been widely used to handle vagueness and ambiguity. However, these frameworks are limited
in representing indeterminacy explicitly.

Neutrosophic sets, introduced by Smarandache 1999, extend fuzzy and intuitionistic fuzzy sets by simultaneously
capturing truth, indeterminacy, and falsity degrees. This triad provides a richer framework for uncertainty modeling.
Pentagonal neutrosophic numbers, a subclass of neutrosophic numbers, use pentagonal membership functions to
represent these degrees, offering a flexible and precise representation of uncertainty.

Ranking neutrosophic numbers is essential for decision-making and optimization but remains challenging due to
their multi-dimensional nature. Existing methods often reduce neutrosophic numbers to crisp values by de-
neutrosophication or accuracy functions, which may lose information or produce inconsistent rankings.

The perception of vagueness plays a crucial role in construction of mathematical modeling, engineering
problem and medical diagnoses problem etc. Now there will be an important issue that if some-one
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considers pentagonal neutrosophic number then would like to know what will be the linear form and
what is the geo-metrical figure.

In this paper, researchers mainly deal with the conception of pentagonal neutrosophic number in different aspect.
We introduced the linear form of single typed pentagonal neutrosophic fuzzy number for distinctive categories.
Basically, there are three categories of number will come out when the three membership functions are dependent
or independent among each other, namely Category-1, 2, 3 pentagonal neutrosophic numbers. All the disjunctive
categories and their membership functions are addressed here simultaneously.

Researchers from all around the globe are very much interested to know that how a neutrosophic number is converted
into a crisp number. Day by day, as research goes on, they developed lots of techniques to solve the problem. In this
current era, researchers are very much interested in doing Assignment problem in neutrosophic domain. In this
phenomenon, we consider an Assignment problem in pentagonal neutrosophic domain. This paper proposes a new
magnitude-based ranking technique for symmetric pentagonal neutrosophic numbers SPNNs that integrates all
membership functions into a single scalar magnitude. The proposed method is applied to solve assignment problems
with neutrosophic cost coefficients, demonstrating its practical utility.

2.Preliminaries

2.1 Neutrosophic Sets and Numbers
A neutrosophic set A in a universe X is characterized by three membership functions:

T,:X —>[0,1],1,: X ->[0,1],F,: X >[0,1]

representing truth-membership, indeterminacy-membership, and falsity-membership respectively, with no
restriction on their sum other than:

0 <Ty(z)+Is(x)+ Fa(z) <3, VrelX.

A neutrosophic number is a neutrosophic set defined on the real line, often represented by membership functions of
specific shapes (triangular, pentagonal, etc.).

2.2 Symmetric Pentagonal Neutrosophic Number SPNN

A symmetric pentagonal neutrosophic number A is defined as:
A= (T, 14,Fa;p,q;r)

where Ta = (t1, to, t3, t4, ts), [a =(, , 3, 14, 15), and Fa = (fi, ©2, B3, f4, f5) are pentagonal membership functions
representing truth, indeterminacy, and falsity respectively. The scalars p, g, r in A are weights associated with each
membership function, satisfyingp+q+r=1.

Each pentagonal membership function is symmetric and defined by five parameters representing the shape:

e (a,b,c,d,e)witha<b<c<d<e,
e The membership function value rises linearly from 0 to 1 between a and b,
e Remains 1 betweenb and d,
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e Falls linearly from I to 0 between d and e.

3. Proposed Ranking Method
3.1 Magnitude Computation of SPNN
To rank SPNNs, we propose a magnitude function that integrates the truth, indeterminacy, and falsity
membership functions into a single scalar value. The magnitude of SPNN A is defined as:
Mag(A) =pM, (A)Jrq.M[ (A)+ r.(l—MF (A))
where:

M (A)is the centroid (mean) of the truth membership function,
M, (A) is the centroid of the indeterminacy membership function,
M . (A)is the centroid of the falsity membership function.

The subtraction 1-M . (A) is used because a higher falsity membership reduces the magnitude.

3.2 Centroid of a Pentagonal Membership Function
The centroid M of a symmetric pentagonal membership function P = (a, b, c, d, e) is given by the
weighted average of the support points, considering the shape of the membership function. For
simplicity, the centroid can be approximated as:
a+2b+3c+2d+e
9
This formula weights the middle points more heavily, reflecting the pentagonal shape.
3.3 Ranking Algorithm
Given two SPNNs A and B:
1. Calculate Mag(A) and Mag(B).

2. Compare the magnitudes:

If Mag(A) > Mag(B), then A > B.

If Mag(A) < Mag(B), then A <B.

If Mag(A) = Mag(B), then A = B.
These ranking respects the contributions of truth, indeterminacy, and falsity in a balanced manner.
4. Numerical Example
Consider the following three SPNNs A, B, C with weights p=0.5,q=0.3,r=0.2:

A= <(1,2,3,4,5),(O.5,1.5, 2.5,3.5,4.5),(2,3, 4,5,6);0.5,0.3,0.2>

B= <(2,3,4,5,6),(1,2,3,4,5),(1.5,2.5,3.5,4.5,5.5);0.5,0.3,0.2>

C= <(3,4,5,6,7),(2,3,4,5,6),(0.5,1.5,2.5,3.5,4.5);0.5,0.3,0.2>
Step 1: Calculate the Centroids

M =

a+2b+3c+2d+e

Using the centroid formula M = 5

PAGE NO: 297



COMPUTER RESEARCH AND DEVELOPMENT (ISSN NO:1000-1239) VOLUME 25 ISSUE 7 2025

A B C
Membership
Truth M, M:1+2*2+3*3+2*4+5 M:2+2*3+3*4+2*5+6 M:3+2*4+3*5+2*6+7
9 9 9
=3.0 =4.0 =5.0
Indeterminacy | o 03+2%15+3%25+273.544.5 | | 142%2+3%3+42%4+5 Ao 2H2F343%442%546
’ B 9 B 9
M[
=30 =4.0
=25
Falsity M, M_2+2*3+3*4+2*5+6 _1542%2.543%3.542%4.5455 | | 05+42*%1.5+3%2.5+2%3.5+45
= 5 5 5
=4.0
=35 =25

Step 2: Calculate Magnitudes
Mag(A) =0.5%x3.0+0.3x2.5 +0.2><(1—4.0) =15+0.75-0.6=1.65

Mag(B) = 0.5><4.0+0.3><3.0+0.2><(1 —3.5) =2.0+09-0.5=24
Mag(C) = O.5><5.0+0.3><4.0+O.2><(1—2.5) =25+12-03=34
Step 3: Ranking
Mag(C) > Mag(B) > Mag(A)

Thus, the ranking order is:
C>B>4

5. Application to Neutrosophic Assignment Problem

5.1 Problem Description

The classical assignment problem involves assigning n tasks to n agents at minimum total cost. When
costs are uncertain and represented by SPNNs, the problem becomes a neutrosophic assignment
problem.

5.2 Formulation

Let the cost matrix be:

C=[¢, |.c, e SPNN

The objective is:
n n
min ) > c,x,
i=l j=1

subject to:

n n

le.j :I,le.j =1x; €{0,1}
i=1

J=1

where x, =1 if task i is assigned to agent j, else 0.

5.3 Solution Approach
Ranking Costs: Use the proposed magnitude method to convert each SPNN cost into a crisp scalar
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Mag (¢; ).

Solve Crisp Assignment: Apply the Hungarian algorithm or any standard assignment algorithm on
the crisp cost matrix.

Interpret Results: The assignment solution corresponds to the minimum total neutrosophic cost under
the proposed ranking.

5.4 Numerical Example

Consider a 3x3 assignment problem with cost matrix C = [Ci,} :

A B C
B C 4
C 4 B

where A, B, C are SPNNs defined in Section 4.
Using the magnitudes computed:

1.65 24 34
24 34 1.65
34 165 24
Apply the Hungarian algorithm:
Row 1 minimum: 1.65
Row 2 minimum: 1.65
Row 3 minimum: 1.65
Subtract row minima:
0 075 1.75
075 175 0
.75 0 0.75
Subtract column minima:
Column 1 minimum: 0
Column 2 minimum: 0
Column 3 minimum: 0
No changes.
Optimal assignment:
Task 1 to Agent 1 (cost 1.65)
Task 2 to Agent 3 (cost 1.65)
Task 3 to Agent 2 (cost 1.65)
Total cost=1.65+1.65+1.65=4.95
6. Comparison with Existing Methods
Method Ranking Result
Proposed Magnitude Ranking C>B>A
De-Nutrosophication (Chakraborthy) C>A=B
Accuracy function (Chakraborthy) B>A>C
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The proposed method provides a balanced and intuitive ranking consistent with the membership
functions and weights.

7. Conclusion

This paper presents a novel magnitude-based ranking technique for symmetric pentagonal neutrosophic
numbers that integrates truth, indeterminacy, and falsity membership functions into a single scalar. The
method enables effective comparison of SPNNs and facilitates solving neutrosophic optimization
problems such as the assignment problem. Numerical examples demonstrate the method's superiority
and practical applicability. Future research may extend this ranking to other neutrosophic number types
and multi-criteria decision-making problems.

. References

. Zadeh LA; Fuzzy sets. Information and Control, 8(5): (1965),338- 353.

. Atanassov K ; Intuitionistic fuzzy sets. Fuzzy Sets and Systems 20: (1986);87-96.

. Liu F, Yuan XH ;Fuzzy number intuitionistic fuzzy set. Fuzzy Systems and Mathematics, 21(1):

(2007); 88-91.

4. Ye J ; prioritized aggregation operators of trapezoidal intuitionistic fuzzy sets and their application to
multi criteria decision making, Neural Computing and Applications, 25(6): (2014);1447-1454.

5. Smarandache, F. A unifying field in logics neutrosophy: neutrosophic probability, set and logic.
American Re-search Press, Rehoboth. 1998.

6. D. Dubois, H. Prade, Operations on fuzzy numbers, Internat. J. Systems Sci. 9 (1978) 613-626.

7. R.Helen and G.Uma, A new operation and ranking on pentagon fuzzy numbers, Int Jr. of
Mathematical Sci-ences & Applications, Vol. 5, No. 2, 2015, pp 341-346.

8. A.Vigin Raj and S.Karthik, Application of Pentagonal Fuzzy Number in Neural Network,
International Journal of Mathematics And its Applications, Volume 4, Issue 4 (2016), 149-154.

9. T.Pathinathan and K.Ponnivalavan, Reverse order Triangular, Trapezoidal and Pentagonal Fuzzy
Numbers, Annals of Pure and Applied Mathematics, Vol. 9, No. 1, 2015, 107-117.

10. H. Wang, F. Smarandache, Q. Zhang and R. Sunderraman, Single valued neutrosophic sets,

Multispace and Multistructure4 (2010), 410—413.

11. Yun Ye, Trapezoidal neutrosophic set and its application to multiple attribute decision-making,
Neural Com-put&Applic (2015) 26:1157-1166 DOI 10.1007/s00521-014-1787-6.

12. A.Chakraborty, S.P Mondal, A.Ahmadian, N.Senu,S.Alam and S.Salahshour, Different Forms of
Triangular Neutrosophic Numbers, De-Neutrosophication Techniques, and their Applications,
Symmetry, Vol-10, 327; doi:10.3390/sym10080327.

13. A.Chakraborty, S.P Mondal, A.Ahmadian, N.Senu, D.Dey, S.Alam, S.Salahshour, The Pentagonal
Fuzzy Num-ber: Its Different Representations, Properties, Ranking, Defuzzification and Application
in Game Problem, Symmetry,Vol-11(2), 248; doi:10.3390/sym11020248.

14. M.S. Annie Christi and B.Kasthuri, Transportation Problem with Pentagonal Intuitionistic Fuzzy
Numbers Solved Using Ranking Technique and Russell’s Method, Int. Journal of Engineering
Research and Applictions, Vol. 6, Issue 2, 2016,pp 82-86.

15. Chen, S. J. and Chen, S. M.. A new method for handling multi criteria fuzzy decision making

W N — o

PAGE NO: 300



COMPUTER RESEARCH AND DEVELOPMENT (ISSN NO:1000-1239) VOLUME 25 ISSUE 7 2025

problems using FN-IOWA operators, Cybernetic andSystems, 34: (109-137.(2003)

16. Chen, S.J. and Chen, S. M. Fuzzy risk analysis based on the ranking of generalized trapezoidal fuzzy
numbers, Applied intelligence, 26: 1-11.(2007)

17. S. Broumi, M Murugappan, M. Talea, A Bakali, F. Smarandache, Prem Kumar Singh and A. Dey,
Single valued (2n+1) sided polygonal neutrosophic numbers and Single-valued (2n) sided polynomial
neutrosophic num-bers, Neutrosophic Sets and Systems, vol 25, April 2019, pp. 54-65,

18. S. Broumi, A. Bakali, M. Talea, Prem Kumar Singh, F. Smarandache, Energy and Spectrum Analysis
of Interval-valued Neutrosophic graph Using MATLAB, Neutrosophic Set and Systems, vol. 24, Mar
2019, pp. 46-60.

19. S. Broumi, M. Talea, A. Bakali, F.Smarandache, Prem Kumar Singh, M. Murugappan, and V.
Venkateswara Rao, Neutrosophic Technique Based Efficient Routing Protocol For MANET Based
On Its Energy And Distance. Neutrosophic Sets and Systems, vol. 24, pp. 61-69, Mar 2019.

20. P. K. Singh, Three-way n-valued neutrosophic concept lattice at different granulation, International
Journal of Machine Learning and Cybernetics, November 2018, Vol 9, Issue 11, pp. 1839-1855

21. P. K. Singh, Three-way fuzzy concept lattice representation using neutrosophic set, /nternational
Journal of Machine Learning and Cybernetics, Year 2017, Vol 8, Issue 1, pp. 69-79

22. P. K. Singh, Interval-valued neutrosophic graph representation of concept lattice and its (a, B, y)-
decomposition, Arabian Journal for Science and Engineering, Year 2018, Vol. 43, Issue 2, pp. 723-
74

23. P. K. Singh, Medical diagnoses using three-way fuzzy concept lattice and their Euclidean distance,
Computational and Applied Mathematics, July 2018, Vol. 37, Issue 3, pp. 3282-3306.

24. P. K. Singh, Complex neutrosophic concept lattice and its applications to Air quality analysis, Chaos,
Solitons and Fractals, Year 2018, Vol 109, pp. 206-213.

25. S. Broumi, P. K. Singh, M. Talea, A. Bakali, F. Smarandache and V.Venkateswara Rao, Single-
valued neutrosophic techniques for analysis of WIFI connection, Advances in Intelligent Systems and
Computing Vol. 915, pp. 405-512,DOI: 10.1007/978-3-030-11928-7_36.

26. Mahata A., Mondal S.P, Alam S, Chakraborty A., Goswami A., Dey S., Mathematical model for
diabetes in fuzzy environment and stability analysis- Journal of of intelligent and Fuzzy System, doi:
https://doi.org/10.3233/JIFS-171571.

27. S. Maity, A.Chakraborty, S.K De, S.P.Mondal, S.Alam, A comprehensive study of a backlogging
EOQ model with nonlinear heptagonal dense fuzzy environment,Rairo Operations Research,
https://doi.org/10.1051/r0/2018114, 2018.

28. Abdel-Basset, M., Manogaran, G., Gamal, A., &Smarandache, F. (2019). A group decision making
framework based on neutrosophic TOPSIS approach for smart medical device selection. Journal of
medical systems, 43(2), 38.

29. Abdel-Basset, M., Nabeeh, N. A., El-Ghareeb, H. A., &Aboelfetouh, A. (2019). Utilising
neutrosophic theory to solve transition difficulties of loT-based enterprises. Enterprise Information
Systems, 1-21.

30. Nabeeh, N. A., Abdel-Basset, M., El-Ghareeb, H. A., & Aboelfetouh, A. (2019). Neutrosophic multi-
criteria de-cision making approach for iot-based enterprises. IEEE Access, 7, 59559-59574.

31. Abdel-Baset, M., Chang, V., &Gamal, A. (2019). Evaluation of the green supply chain management.

32. Abdel-Basset, M., Saleh, M., Gamal, A., &Smarandache, F. (2019). An approach of TOPSIS
technique for devel-oping supplier selection with group decision making under type-2 neutrosophic
number. Applied Soft Compu-ting, 77, 438-452.

PAGE NO: 301



COMPUTER RESEARCH AND DEVELOPMENT (ISSN NO:1000-1239) VOLUME 25 ISSUE 7 2025

33. Abdel-Baset, M., Chang, V., Gamal, A., &Smarandache, F. (2019). An integrated neutrosophic ANP
and VIKOR method for achieving sustainable supplier selection: A case study in importing field.
Computers in Industry, 106, 94-110.

34. Abdel-Basset, M., Mohamed, M., & Chang, V. (2018). NMCDA: A framework for evaluating cloud
computing services. Future Generation Computer Systems, 86, 12-29.

35. K. Mondal, and S. Pramanik. Multi-criteria group decision making approach for teacher recruitment
in higher education under simplified Neutrosophic environment. Neutrosophic Sets and Systems, 6
(2014), 28-34.[130]

36. K. Mondal, and S. Pramanik. Neutrosophic decision making model of school choice. Neutrosophic
Sets and Systems, 7 (2015), 62-68.

37.J. R. San Cristobal. Multi-criteria decision-making in the selection of a renewable energy project in
Spain: The VIKOR method. Renewable Energy, 36 (2011), 498-502.

38. J. Ye. Fault diagnoses of steam turbine using the exponential similarity measure of neutrosophic
numbers. Journal of Intelligent and Fuzzy System 30 (2016), 1927-1934.

39.J. Ye. Similarity measures between interval neutrosophic sets and their applications in multi criteria
deci-sionmaking. Journal of Intelligent and Fuzzy Systems, 26 (2014), 165-172.

40. X. Zhao. TOPSIS method for interval-valued intuitionistic fuzzy multiple attribute decision making
and its application to teaching quality evaluation. Journal of Intelligent and Fuzzy Systems, 26 (2014),
3049-3055.

41. H. Pouresmaeil, E. Shivanian, E. Khorram, and H. S. Fathabadi. An extended method using TOPSIS
and VIKOR for multiple attribute decision making with multiple decision makers and single valued
neutrosophic numbers. Advances and Applications in Statistics, 50 (4) (2017), 261.

42.P. Liu, L. Zhang. The extended VIKOR method for multiple criteria decision making problem based
on neu-trosophic hesitant fuzzy set, (2014).

43.]. Hu, L. Pan, and X. Chen. An interval neutrosophic projection-based VIKOR method for selecting
doctors. Cognitive Computation, 9(6) (2017), 801-816.

44. K. Selvakumari, and M. Ajitha Priyadharshini. VIKOR method for decision making problem using
octagonal neutrosophic soft matrix. International Journal of Latest Engineering Research and
Applications, 2 (7) (2017), 41-45.

45. Chakraborty, A.; Mondal, S. P.; Alam, S.; Ahmadian, A.; Senu, N.; De, D. and Salahshour, S.;
Disjunctive Rep-resentation of Triangular Bipolar Neutrosophic Numbers, De-Bipolarization
Technique and Application in Multi-Criteria Decision-Making Problems,Symmetry,11(7), (2019).

46. S. Pramanik, P. P. Dey, B. C. Giri, and F. Smarandache. An extended TOPSIS for multi-attribute
decision mak-ing problems with neutrosophic cubic information. Neutrosophic Sets and Systems, 17
(2017), 20-28.

47. S. Ye, and J. Ye. Dice similarity measure between single valued neutrosophic multi sets and its
application in medical diagnosis. Neutrosophic Sets and System, 6 (2014), 49-54.

48. M. Hezam, M. Abdel-Baset, and F. Smarandache. Taylor series approximation to solve
neutrosophic multi-objective programming problem. Neutrosophic Sets and Systems, 10 (2015), 39-
45.

49. S. Broumi, and F. Smarandache. Neutrosophic refined similarity measure based on cosine function.
Neutro-sophic Sets and Systems, 6 (2014), 42-48.

50. Abdel-Basset, M., Mohamed, R., Zaied, A. E. N. H., &Smarandache, F. (2019). A Hybrid
Plithogenic Decision-Making Approach with Quality Function Deployment for Selecting Supply

PAGE NO: 302



COMPUTER RESEARCH AND DEVELOPMENT (ISSN NO:1000-1239) VOLUME 25 ISSUE 7 2025

Chain Sustainability Metrics. Sym-metry, 11(7), 903.

51. Smarandache, F. (1999). Neutrosophic set-a generalization of the intuitionistic fuzzy set.
International Journal of Pure and Applied Mathematics, 24(3), 287-297.

52. Radhika, K., & Arun Prakash, K. (2020). Ranking of Pentagonal Neutrosophic Numbers and its
Applications to solve Assignment Problem. Neutrosophic Sets and Systems, 35, 465-475.

53. Chakraborty, A., Mondal, S.P., et al. (2018). De-Neutrosophication techniques and applications in
critical path analysis. Journal of Fuzzy Sets and Systems.

PAGE NO: 303



