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ABSTRACT

The study describes a method for discovering the shortest path in networks that employs Neutrosophic Pythagorean
Fuzzy Graph and Triangular Fuzzy Numbers (TFN). This method uses neutrosophic logic and Pythagorean fuzzy sets
for handling ambiguous and imprecise data. The Neutrosophic Pythagorean Fuzzy Shortest Path (NPFSP) algorithm
calculates the shortest path while accounting for membership functions for truth, indeterminacy, and falsity. The
technique provides improved flexibility and accuracy when dealing with uncertainty.

Keywords:Neutrosophic Pythagorean Fuzzy Graph (NPFG); Neutrosophic Pythagorean Fuzzy Triangular Fuzzy
Numbers (NPTFNs); Neutrosophic Pythagorean Triangular Fuzzy Shortest Path Problem (NPTFSPP); Network
Optimization

1. Introduction

The shortest path problem is a critical component of network optimisation in Industries like transportation, logistics,
telecommunications, and robotics. Traditional algorithms assume deterministic edge weights, but real-world networks are
inherently uncertain due to factors such as traffic fluctuations, environmental changes, and insufficient data. NPFG and
TFN are proposed as novel approaches to coping with these uncertainties. NPFG combines the flexibility of Pythagorean
fuzzy Graph with the detailed uncertainty modelling of Neutrosophic Fuzzy Graph (NFG), whereas TFNs represent the
unknown weights of network edges. This method offers a powerful and adaptable framework for calculating the shortest
path in unexpected networks.

Zadeh ! introduced fuzzy set theory to address uncertainty and imprecise data in shortest path problems. Following this
development, many researchers have explored different techniques to solve SP problems in fuzzy environments. Okada ™
proposed a method for solving the fuzzy SP problem by using possibility theory to evaluate the possibility level of each arc.
To address the difficulties that arise from this approach, Keshavarz and Khorram [ transformed the fuzzy SP problem into
a bi-level problem and proposed an effective solution based on the parametric shortest path method.

Deng et al. ¥ enhanced the classical Dijkstra algorithm to solve fuzzy shortest path problems by incorporating the graded
mean integration representation of fuzzy numbers. In addition, several researchers have employed heuristic approaches to
identify the shortest path in networks where arc costs are characterized by fuzzy values. Despite these developments,
traditional fuzzy set theory represents only the degree of membership and does not explicitly include the degree of non-
membership. In such cases, the non-membership degree is generally considered as the complement of the membership value.

24


https://doi.org/10.64060/ANMI1V1i4
mailto:asimbasha@arunai.org
https://orcid.org/0009-0000-7263-553X

To overcome this limitation, Atanassov ! introduced the concept of intuitionistic fuzzy sets (IFS), which simultaneously
considers both membership and non-membership degrees. Within this framework, the sum of these two degrees is
constrained to be less than or equal to one, allowing for a degree of hesitation or uncertainty. Inspired by this concept, many
researchers have investigated shortest path problems in networks with intuitionistic fuzzy arc costs under the IFS framework.
In this context, Mukherjee studied the shortest path problem in an intuitionistic fuzzy environment and proposed approaches
to address the associated uncertainties.
Geetharamani and Jayagowri 1! introduced a new approach for solving the intuitionistic fuzzy shortest path (IFSP) problem
by applying an intuitionistic fuzzy shortest path length method together with a similarity measure. A. Nagoor Gani and M.
Mohammed Jabarulla ! developed a technique for identifying the intuitionistic fuzzy shortest path in network structures.
Karunambigai M. G., Ranagasamy P., Atanassov K., and Palaniappan N. ! proposed a method based on intuitionistic fuzzy
graphs to determine the shortest paths in networks with uncertainty. Lazim Abdullah and Pinxin Goh ™ presented a
decision-making framework using Pythagorean fuzzy sets and demonstrated its application in solid waste management
problems. L. Sujatha and Hyacinta J. D. ™% studied the shortest path problem in networks where the edge weights are
represented by intuitionistic fuzzy values. Furthermore, Asim Basha, Mohammed Jabarulla, and Said Broumi 2 applied
Pythagorean fuzzy triangular numbers to solve the shortest path problem in uncertain network environments.
First addressing neutrosophy in 1995, Smarandache % defined neutrosophic set theory, one of the most significant new
computational formulas, between 1999 and 2005. Data that is imprecise, partial, uncertain, or distorted cannot be handled
by fuzzy sets or intuitionistic fuzzy sets. As extensions of fuzzy sets and intuitionistic fuzzy sets, Smarandache created the
concepts of neutrosophic sets and neutrosophic logic. An effective method for resolving the time-dependent shortest path
problem in a Fermeatean Neutrosophic environment is discussed by K. Vidhya, A. Saraswathi, and Said Broumi . In order
to create shortest path solutions in a network, M. Parimala, Broumi, K. Prakash, et al. ™ employed the Bellman-Ford
algorithm. R.R. Yager™® established the Pythagorean membership grades for decision making. X. Zhang and Z. Xu
investigate the extension of TOPSIS to multiple criteria decision making using Pythagorean fuzzy sets.
S. Broumi, A. Bakali, M. Talea, F. Smarandache, and L. Vladareanu "' created the Shortest path issue using trapezoidal
fuzzy neutrosophic information. S. Broumi, M. Talea, A. Bakali, and F. Smarandache ™ define us in terms of Single Valued
Neutrosophic Graphs. Broumi et al. ™ provide a new approach for finding neutrosophic shortest paths using interval-valued
neutrosophic numbers, which is validated with numerical examples and compared to current methods.
Finally, Ajay and Chellamani covered Pythagorean Neutrosophic fuzzy graphs ©. M. Asim Basha, M. Mohammed
Jabarulla, and Said Broumi ® devised an approach for determining the shortest path between nodes based on the
Neutrosophic Pythagorean fuzzy triangular number. We chose the singularly uncommon case known as a neutrosophic
Pythagorean set, in which truth and falsehood are completely independent of indeterminacy, from among the three probable
dependence situations in a neutrosophic set.
0 < pu,(v)?+ B, (v))? + 0, (v))? < 2 are the dependencies. Next, we investigate neutrosophic pythagorean graphs and apply
neutrosophic pythagorean sets to fuzzy graphs. In order to choose the destination nodes, the Neutrosophic Pythagorean
Fuzzy Shortest Path Problem is defined in this work using triangular numbers and a rating function.

2. Methodology
Definition 2.1
Pythagorean fuzzy graph (PFG) is a structure representing a non-empty set that incorporates the concepts of Pythagorean
fuzzy sets, allowing for enhanced representation of uncertainty and imprecision in graph theory X’ is a combination in G =

(P, Q") with P a PFSet on X’ and Q" a PF Relation on X' is,
K (uv) < pg (W) A pgr(v)
Ag(uv) < A (W) v Ag, (v)
where pg;: X' X X" - [0,1] and Ag;: X" X X’ — [0,1] represent the member and non-member functions of Q’, respectively,

with 0 < (uQ~,(u))2 + (AQ—,(u))Z <1, VuvE€E.

Definition 2.2
A Neutrosophic Pythagorean set is defined with truth and falsity acting as dependent Neutrosophic components within a
non-empty universe.

E = {(e, ug(e), Be(e), JE(e)): e e U},Where

ug(e), Pe(e),og(e) € [0,1], 0 < (,uE(e))Z,(ﬂE(e))Z, (JE(e))Z <2, Ve€U, ug(e),Ps(e),ox(e) are the degrees of
member, indeterminacy and non-member respectively. Here uz(e) and o (e) are dependent and Bg(e) is independent.
Definition 2.3
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A NPFG is G' = (V',E"), where V' = {v],v5,...,v,} such that uj,5; and oy from V' — [0,1] with 0 < u, (v})? +
Br1(v})? + 0,(v})? < 2,V v} € V' Indicates the relationships of member, indeterminacy, and non-member functions in a
corresponding manner and E' € V' x V' where p,, B2, 0, from V' x V' — [0,1] such that,

.Uz(vl{v;) < w (v) Ay (v))
Bo(vivy) < B1(v) A B (¥))
az(v{v;) < o, (v)) V oy (v))
2 2 2
With 0 < (,uz(v{v]f ) + (ﬁz(v{v; ) + (az(vl-’vjf ) <2V (v{v}’) €E.
3. Algebraic Operations and Neutrosophic Pythagorean Triangular Fuzzy Numbers
A useful notation is provided by the Neutrosophic Pythagorean triangular fuzzy values.

for Z' = ((5,4,7, 5, £, ), W, %, 7))
where, (uﬁl’(v’))z (ks ’(v’))2 (ks ’(v’))2 = (L], k),
(B 0) " (B’ @) " (85, @)) = (760,
(05 (05,@) " (05,@)) )

D

(%1}

@q,7,
Definition 3.1
A Pythagorean triangular fuzzy number that is neutrosophic
7' =((1,k), (7, 7,6), (4,7 %)) is said to be zero NPTFNs iff,
(1.7, k) = (0,0,0); (M, #,6) = (1,1,1); (§,75) = (1,1,1)
Definition 3.2

Let ZI = z,z, then z = <(le]~1' 121), (ﬁil, ﬁ1; 61); ((71, 7~'1; 51)) and
73 = (12, J2 ko), (Miy, i, ), (G2, 2, 5,)) two Neutrosophic Pythagorean Triangular Fuzzy Values (NPTFV) in a set of R
and A > 0 are the operating guidelines. The operating guidelines are then,

0T ©F (& +B-EB). G+ - 3D, (% + 3 - KER3).,
(MM, Ay Ty, 610,), (G1qz, 12, §153)
ﬁW+#—@%ﬁ
J@ + @ - @), (72 + 5 - 7,

,ﬂﬂ%@f—ﬁ%f)maﬂaﬁz)

(iDZ] ®Z) =

where 1 > 0.

The score function S and accuracy function H are used to evaluate and compare the grades of NPTFS, which enables the
ranking of different NPTFS values and the selection of the best alternative.
Definition 3.3

Let Z] = ((iy,J1, k1), (g, 7ig, 1), (Go, 71, 51)) bea NPTFV then, the function §7(4";) and an function H”(A';) of NPTFV
are defined as follows.
— — 1 -
HS'(A7) = v [8 + (12 + 2j2 + k?) — (2 + 27?2 + 62) — (g2 + 272 + 52)|

- — 1 ~
@) 7@ = 7[(F + 27F + k) - @ + 27f +37)]
Following that, the comparisons among two NPTFVs should be made in the order of their relationships.
Definition 3.4

LetZ] = ((iy,j1, kq), (g, iy, 61), (1, 71, 81)) &2 = ((i2,J2, k2), (i, iy, ), (G2, 72, 52)) be two NPTFVs in the set of
real numbers. Then, we define a ranking method as follows.
(i) If §7(47;) > §'(A",), then A", > A, that is, A", is sup to A’ denoted by A; > A”,.
(i) If §(47;) = §'(A",), and H'(A";) > H'(A",) then A"; > A", that is A" is sup to A';, denoted by A"; > A'5.
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4. Based on Pythagorean numbers, to establish the shortest path
The following section provides a novel algorithmic method for solving PSP. With the SN, nod 1, and the DN, nod n, it is
assumed that there are in fact n nod. The collection of all nodes containing a link to node i is indicated as Mp(i), and the
Pythagorean length of nod i and j is indicated by fj;.
4.1 Developing BELLMAN dynamical programming in mathematical
Consider an acyclic direct connecting graph G = (V, E) from SN I and DN 'n" organized by logical ordering (P;; i < j). The

forward pass calculation process can be used to find the shortest path using the Bellman dynamic programming language.
This is how the effective Bellman programming technique is described.
1G) = { o =1
min;; [1(1) + fi]-], otherwise
where 1(i) is the distance of the SP nod that is i from the node SN 1 and fj; is the weight of the direct edge P;;.
4.2 Neutrosophic Pythagorean Bellman-Ford algorithm pseudo code:

1. nprank[s] < 0

2. npdist[s] < Empty NPTFN.

3. Adds—- Q

4. For every nod i (exclude in s) in the NPG G
5. rank([i] « o

6. Addi- Q

7. For End

8. ues

0. While(Q is not emty)

10. getrid of Q's vertex u

11. For each adj vertex v of vertex u
12. relaxed < False

13. tem _npdist[v] « npdist[u] @ edge _weight (u,v)
14. temp _nprank [v] « rank of NP (temp _ npdist[v])
15. IF temp _nprank[v] < nprank[v] then

16. npdist[v] « temp _ npdist[v]

17. nprank[v] « temp _nprank[v]

18. nprev([v] « u

19. IF End

20. For End

21. Consequently, if relaxed is False
22. loop exit

23. IF End

24, u < nod € Q with amin rank value

25. While End
26. For each arc(u,v) in PFG G do
217. If npdist[u]edge _ weight (u,v) (nprank[v] > rank _ of _ Pythagorean),

28. false return
29, If End
30. For End

31. The SP from SNs and DNs is represented by the NPTN npdist[u], which is a PN.

4.4 Network Terminology

In computer networking, Bellman-Ford is used to locate the shortest routes in routing tables, facilitating the effective transfer
of data packets across networks. GPS navigation aids navigation apps and devices by using Bellman-Ford to determine the
shortest or fastest paths between sites.

The Bellman Ford algorithm is defined to find the SP between any two points along the path because there are many routes
and paths connecting them but only one needs to show the shortest distance. Think about this If you were to visualize India
as a graph, each city or site would be a vertex, and the connections would be lines. To ensure that messages may be sent
between the cities or sites successfully, the route aims to locate a NPTSP.

The Neutrosophic Pythagorean Triangular Fuzzy Shortest Path (NPTFSP) and recommended Bellman Ford Algorithm for
NPTFSP cost are shown below.
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(0.6.0.8,0.8)}

((0.6,0.7,0.7), (0.6,0.8.0.8).

((0.4,0.8,0.8), (0.7,0.7,0.7), (0.8,0.8,0.87; @ﬁ’p‘

Figure 1: NPTFSP Network
Table 1: - The edges of NPTENSs.

Edges Pythagorean distance

1-2 ((0.6,0.5,0.7), (0.7,0.8,0.8), (0.8,0.9,0.9))
1-3 ((0.4,0.6,0.7), (0.6,0.7,0.8), (0.7,0.8,0.8))
24 ((0.5,0.6,0.6), (0.7,0.7,0.9), (0.6,0.7,0.9))
2-3 ((0.6,0.7,0.7), (0.6,0.8,0.8), (0.6,0.8,0.8))
2-5 ((0.4,0.5,0.6), (0.7,0.7,0.8), (0.7,0.7,0.8))
354 ((0.5,0.6,0.7), (0.6,0.6,0.7), (0.7,0.7,0.9))
3-5 ((0.4,0.8,0.8), (0.7,0.7,0.7), (0.8,0.8,0.8))
45 ((0.5,0.6,0.6), (0.7,0.8,0.8), (0.7,0.8,0.9))
46 ((0.4,0.5,0.6), (0.6,0.7,0.8), (0.6,0.8,0.9))
5-6 {(0.6,0.7,0.7), (0.7,0.8,0.8), (0.8,0.8,0.8))

4.5 lllustrative Example:
This section is based on a numerical issue that has been modified to demonstrate how the suggested algorithm might be
used.
I(1) =0,
1(2) = min;,{1(1) + p;2} = min{([0,0,0],[1,1,1],[1,1,1]) @ ((0.6,0.5,0.7), (0.7,0.8,0.8), (0.8,0.9,0.9) )}
1(2) = ((0.6,0.5,0.7), (0.7,0.8,0.8), (0.8,0.9,0.9)),
1(3) = min;<3{1(1) + p13,1(2) + p3}
([0,0,0],[1,1,1], [1,1,1]) & ((0.4,0.6,0.7), (0.6,0.7,0.8), (0.7,0.8,0.8)), }
((0.6,0.5,0.7), (0.7,0.8,0.8), (0.8,0.9,0.9)) & ((0.6,0.7,0.7), (0.6,0.8,0.8), (0.6,0.8,0.8))
. ((0.4,0.6,0.7), (0.6,0.7,0.8), (0.7,0.8,0.8)) = 0.415,
- mm{ ([0.534,0.688,0.830], [0.3,0.36,0.42]) = 0.615 }
1(3) = ((0.4,0.6,0.7), (0.6,0.7,0.8), (0.7,0.8,0.8)),
1(4) = minj<4{1(2) + p24,1(3) + p34}
. {((0.6,0.5,0.7), (0.7,0.8,0.8), (0.8,0.9,0.9)) b ((0.5,0.6,0.6), (0.7,0.7,0.9), (0.6,0.7,0.9)),}
B ((0.4,0.6,0.7), (0.6,0.7,0.8), (0.7,0.8,0.8)) & ((0.5,0.6,0.7), (0.6,0.6,0.7), (0.7,0.7,0.9))
. ({[0.7211,0.7211,0.8207], [0.49,0.56,0.72], [0.48,0.63,0.81]) = 0.5973,
rl{([0.6083,0.7684,0.8602], [0.36,0.42,0.56],[0.49,0.56,0.72]) = 0.67575}
1(4) = ([0.7211,0.7211,0.8207], [0.49,0.56,0.72], [0.48,0.63,0.81]),
1(5) = min;5{l(2) + p2s,1(3) + p3s, 1(4) + pas}
( ((0.6,0.5,0.7), (0.7,0.8,0.8), (0.8,0.9,0.9))
@
((0.4,0.5,0.6), (0.7,0.7,0.8), (0.7,0.7,0.8)),
((0.4,0.6,0.7), (0.6,0.7,0.8), (0.7,0.8,0.8))
= min @ (
((0.4,0.8,0.8), (0.7,0.7,0.7), (0.8,0.8,0.8)),
([0.7211,0.7211,0.8207],[0.49,0.56,0.72], [0.48,0.63,0.81])
@
((0.5,0.6,0.6), (0.7,0.8,0.8), (0.7,0.8,0.9)) J

= min{
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((0.68,0.6614,0.8207), (0.49,0.56,0.64), (0.56,0.63,0.72)) = 0.5924
= min ((0.5426,0.87727,0.9035), (0.42,0.49,0.56), (0.56,0.64,0.72)) = 0.9991
((0.7999,0.8323,0.8894), (0.343,0.448,0.576), (0.336,0.504,0.729)) = 0.7345
1(5) = ((0.68,0.6614,0.8207), (0.49,0.56,0.64), (0.56,0.63,0.72))
1(6) = minj<{1(4) + pa4s,1(5) + pse}
(([0.7211,0.7211,0.8207], [0.49,0.56,0.72], [0.48,0.63,0.81])\
)
_ min{l ((0.4,0.5,0.6), (0.6,0.7,0.8), (0.6,0.8,0.9)), l}
| ((0.68,0.6614,0.8207), (0.49,0.56,0.64), (0.56,0.63,0.72)) |
)
\ ((0.6,0.7,0.7), (0.7,0.8,0.8), (0.8,0.8,0.8)) )
_ _n{([0.7725,0.7999,0.8894], [0.294,0.392,0.576], [0.288,0.504,0.729]) = 0.7349,}
([0.8098,0.8445,0.9129],[0.343,0.448,0.514], [0.448,0.504,0.576]) = 07578
1(6) = ([0.7725,0.7999,0.8894], [0.294,0.392,0.576], [0.288,0.504,0.729]),
Table 2: Minimum path of the NPTFSP

Edges Minimum path of the NPTFSP
1-2-4-6 1.7472
1-2->5-6 1.7652

1-2-53-55-6 2.4564
152535456 2.4451
1-2-4->55-6 2.5046
1-3-54-6 1.8164
1-3-55-6 1.8277
1-3-55-6 2.5689
Thus,
1(6) = 1(4) @ pae
=1(2) @D p2a D Pas
=1(1) @ p12 © P24 D Pas

1(6) = p12 @ P24 D pas-
Hence, the path P(1,2,4,6) is determined to be the shortest path, with the path direction given by 1—2—4—6.

Figure 2: TPFSP Network
5. Conclusion
This paper presents a method for solving shortest path problems in networks with neutrosophic Pythagorean triangular fuzzy
edge weights. A pseudo-data example is included to demonstrate the procedure. Furthermore, the Bellman—Ford algorithm
is adapted within a neutrosophic Pythagorean trapezoidal framework to solve the corresponding shortest path problem.

References

1) A Nagoor Gani, M. Mohammed Jabarulla. On Searching Intuitionistic Fuzzy Shortest path in a Network, Applied Mathematical
Sciences. 2010; Vol.4, n0.69,3447-3454.

2) D. Ajay, P. Chellamani, International Journal of Neutrosophic Science, 2020; Vol 11, No. 2, PP. 108 — 114.

3) DengY, Chen Y, Zhang Y, Mahadevan S. Fuzzy Dijkstra algorithm for shortest path problem under uncertain environment. Appl
Soft Comput. 2012; 12:1231-1237.

4) Geetharamani G, Jayagowri P. Using similarity degree approach for shortest path in Intuitionistic fuzzy network, In: International
conference on computing, communication and applications (ICCCA), IEEE, Dindigul, Tamilnadu, India. 2012; pp 1-6.

‘!' Advances in Neutrosophic Mathematics and Informatics



5) K.T. Atanassov. Intuitionistic Fuzzy Sets. Springer. 2019.

6) K. Vidhya, A. Saraswathi and Said Broumi. An Efficient Approach for Solving Time-Dependent Shortest Path Problem under
Fermatean Neutrosophic Environment, Neutrosophic Sets and Systems. 2024; 63.

7) Karunambigai MG, Ranagasmy P, Atanassov K, Palaniappan N. an intuitionistic fuzzy graph method for finding the shortest paths
in networks. Advances in soft Computing: 2007; 42:3 — 10.

8) Keshavarz E, Khorram E. A fuzzy shortest path with the highest reliability. J Comput Appl Math: 2009; 230:204-212.

9) L.A. Zadeh. Fuzzy Sets, Information and Control. 1965; 8(3), 338-353.

10) Lazim Abdullah, Pinxin Goh. Decision making method based on Pythagorean fuzzy sets and its application to solid waste
management, Complex and Intelligent System. 2019; 5:185-198.

11) L. Sujatha, Hyacinta JD. The Shortest Path Problem on Networks with Intuitionistic Fuzzy Edge Weights, Global Journal of Pure
and Applied Mathematics. 2017; Vol 13, No.7, PP. 3285-3300.

12) M. Asim Basha, M. Mohammed Jabarulla and Said Broumi. Shortest path problem using Pythagorean fuzzy triangular number.
Journal of Neutrosophic and Fuzzy Systems. 2023; 6(2) 49-54.

13) M. Asim Basha, M. Mohammed Jabarulla and Broumi Said, Neutrosophic Pythagorean Fuzzy Shortest Path in a Network, Journal
of Neutrosophic and Fuzzy Systems (JNFS). 2023; 6(1):21-28.

14) Okada S, Fuzzy Shortest path problems incorporating among paths. Fuzzy sets and Systems. 2004; 142:335 — 357.

15) Parimala, M., Broumi, S., Prakash, K. et al., Bellman—Ford algorithm for solving shortest path problem of a network under picture
fuzzy environment. Complex Intell. Syst. 2021; 7:2373-2381.

16) R.R. Yager. Pythagorean membership grades in decision making. IEEE Transactions on Fuzzy Systems. 2014; 22(4), 958-965.

17) S. Broumi, A. Bakali, M. Talea, F. Smarandache and L. Vladareanu. Shortest path problem under trapezoidal fuzzy neutrosophic
information. 10" International Conference on software, Knowledge, Information Management & Applications. 2016; PP. 169 —
174,

18) S. Broumi, M. Talea, A. Bakali, F. Smarandache. Single Valued Neutrosophic Graphs. Journal of New Theory. 2016; Vol No 10,
pp. 86-101.

19) Said Broumi, Arindam Dey, Mohamed Talea, Assia Bakali, ~Florentin Smarandache, Deivanayagampillai Nagarajan,
Malayalan Lathamaheswari and Ranjan Kumar. Shortest path problem using Bellman algorithm under neutrosophic environment.
Complex & Intelligent Systems. 2019; 5:409-416.

20) Smarandache. F. A geometric interpretation of the neutrosophic set — A generalization of the intuitionistic fuzzy set. Granular
Computing. IEEE International Conference. 2011; pp.602 — 606.

21) X. Zhangand Z. Xu. Extension of TOPSIS to multiple criteria decision making with Pythagorean fuzzy sets, International Journal
of Intelligent Systems. 2014; 29(12), 1061-1078.

Declarations
Competing Interests: The authors declare that they have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.
Declaration of Al Use: Not Applicable.
Funding Statement: This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit
sectors.
Data Availability Statement: Data will be made available on request from the corresponding author.
Author Contribution Statement: All authors contributed equally to complete this study. All authors reviewed the results and approved
the final version of the manuscript.
Acknowledgments: Not Applicable.

Author(s) Bio / Authors’ Note
Dr. M. Asim Basha is an Assistant Professor from the Department of Humanities and Science (Mathematics), Arunai Engineering
College (Autonomous), Tiruvannamalai — 606603, Tamil Nadu, India. Email: asimbasha@arunai.org.

Dr. M. Mohammed Jabarulla is an Associate Professor in the PG and Research Department of Mathematics, Jamal Mohamed College
(Autonomous), Tiruchirappalli — 620020, Tamil Nadu, India. Email: m.md.jabarulla@gmail.com

Dr. Broumi Said is from the Laboratory of Information Processing, Faculty of Science Ben M’Sik, University of Hassan II, Casablanca,
Morocco. Email: broumisaid78@gmail.com

‘ ! Advances in Neutrosophic Mathematics and Informatics


mailto:asimbasha@arunai.org
mailto:m.md.jabarulla@gmail.com
mailto:broumisaid78@gmail.com

	Definition 2.1

