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Abstract: The shortest path problem has been one of the most fundamental practical problems in network analysis. One of
the good algorithms is Bellman-Ford, which has been applied in network, for the last some years. Due to complexity in the
decision-making process, the decision makers face complications to express their view and judgment with an exact
number for single valued membership degrees under neutrosophic environment. Though the interval number is a
special situation of the neutrosophic, it did not solve the shortest path problems in an absolute manner. Hence, in this
work, the authors have introduced the score function and accuracy function of trapezoidal interval valued neutrosophic
numbers with their illustrative properties. These properties provide important theoretical base of the trapezoidal
interval valued neutrosophic number. Also, they proposed an intelligent algorithm called trapezoidal interval valued
neutrosophic version of Bellman’s algorithm to solve neutrosophic shortest path problem in network analysis. Further,

comparative analysis has been made with the existing algorithm.

1 Introduction

In wireless communication and digital electronics, the short distance
is communicated using multifunctional sensors. This type of sensors
consists of sensing and processing the data. Embedded systems,
wireless communication, distributed processing, micro-electro-
mechanical systems and applications using wireless sensors are the
developments in the technology of sensors and these developments
have contributed to large transformation in wireless sensor
networks. Sensors help and boost work performed in the field of
both industry and our daily life. Sensor network system is away
from the actual phenomenon and could collect and process a huge
number of data. These sensors are using sense perception.
The sensor network and algorithm must possess self-organising
capabilities.

Neighbourhood nodes are close to each other and the nodes
are used for constant sensing. Multichip sensor networks are used
to consume low power than other sensors. The topological
information would be provided by every each node of the sensor
network. Interconnection network can be used for parallel
computing. Shortest path algorithms are used to message from any
source to any destination. Bellman-Ford is mostly applied for a
large network with a stable node. A set whose elements have
degrees of membership called fuzzy set (FS) in 1965 [1] and
mainly deals with numerous real-world situations, where the data
possesses some sort of uncertainty.

The concept of FS deals with only the membership value
of the elements, not the non-membership value. This issue was
sorted out by intuitionistic FS (IFS) introduced by Atannasov
in 1975 [2] which allows both the membership function (MF) and
non-membership function. Since the real-world situations may
contain indeterminacy in the data, FS and IFS could not deal with
indeterminacy of the data. This problem was rectified by
neutrosophic set (NS), which is the generalisation of FS and IFS,
introduced by Smarandache [3].

NS is a set in which, all the elements have degree of membership,
indeterminacy and non-membership and the sum of these MFs
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should be less than or equal to 3. All three MFs are independent
of each other. Since the NSs are difficult to apply in real-world
problems, Wang et al. introduced single valued NSs [4].
Uncertainty of the elements can be captured using fuzzy numbers
and intuitionistic fuzzy numbers. In the same way, neutrosophic
numbers are very useful in capturing uncertainty and
indeterminacy of the elements. Hence, it is a special case of the
NS which enhances the domain of real numbers to neutrosophic
numbers. Fuzzy shortest path problems (FSPP) can be solved by
considering the edge weights of the network as fuzzy or uncertain
using Bellman dynamic programming approach and multi-
objective linear programming technique [5].

Shortest path problem (SPP) has been solved by many researchers
under fuzzy and intuitionistic fuzzy environments [6-8]. The
concept of Bellman’s algorithm has been applied in a fuzzy
network [9] for solving SPP and it is not applied in neutrosophic
network so far. Distance measure can be obtained using single
and interval valued trapezoidal neutrosophic numbers in a multi-
attribute decision-making problem [10]. Dijkstra algorithm is a
very useful and optimised one to solve the SPP but incapable
to handle negative weights, whereas Bellman can deal with
negative weights. SPP also can be solved by using single valued
neutrosophic graph. The information that a sender does convey in
communication with a receiver is called the linguistic information
involved with the nature of language and communication. This
information is a correlation between the knowledge of the people
about the old and new information and deviation in grammatical
structure, reacting to this knowledge.

Finding a shortest path between two or more vertices is called SPP
in which the sum of edge weights should be minimum. The
practicability of a path is resolved its length under familiar
measures such as distance and its corresponding nature. In the
transportation system, with mode options, for a passenger to reach
the destination from a source point, the selection of the mode and
destination guide of the journey for an optimised route would be
specified by linguistic terms. Hence, the linguistic information and
SPPs are connected.
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To deal with inconsistency, uncertainty, ambiguity, impreciseness
and indeterminate, many methods have been recommended by the
researchers under different environments, namely FS, IFS, interval
valued IFS, triangular IFS, trapezoidal IFS and NS where the
information can be represented in the form of triangles and
trapezoid under all these environments. Also, the membership
values lie in the real unit interval [0, 1]. Hence, trapezoidal
interval valued neutrosophic number (TrIVNN) helps in real-world
problems where the information is uncertain and indeterminate
between some ranges of acceptable behaviour. Therefore, TrIVNN
is the key to extract the MFs of truth, indeterminacy and falsity
whose values depend on both trapezoidal neutrosophic numbers
and the intervals [11-15].

In [16, 17], Broumi et al. made an overview of the SPP under
various environments and solved SPP wusing single valued
and triangular and trapezoidal interval valued neutrosophic
environments. Aggregation operators for interval valued generalised
single valued neutrosophic trapezoidal number have been derived
and applied in decision-making problem [18]. An extension of FSs
called type-2 FSs and its special cases called interval type-2 FSs
have growing applications in control systems, edge detection in
image processing and other medical fields. SPPs can be solved
using triangular and trapezoidal interval neutrosophic environments
as an extension of NSs. From the overview of solving SPP under
various sets environments, one can understand the difference and
capacity of handling uncertainty with various levels [19-25].

In [26], the authors considered the concept of (extended) derivable
single-valued neutrosophic graph as the energy clustering of wireless
sensor networks and applied this concept as a tool in wireless sensor
(hyper) networks. In [27], Broumi et al. applied single-valued
neutrosophic techniques for analysis of WIFI connection. Jan ef al.
[28] developed the concept of constant single valued neutrosophic
graphs and applied it to a real-world problem of Wi-Fi system. For
more information on the application of neutrosophic theory, we
refer the readers to [29-36]. NSs are usually applied to model
linguistic information. In our previous work, we solved SPP for a
network with triangular and trapezoidal interval valued
neutrosophic edge weights using an improved algorithm with the
operational laws and new score function of interval valued
neutrosophic numbers. Also, comparative analysis has been done
with the existing methods.

In this paper, we are motivated to present neutrosophic version of
Bellman’s algorithm for solving neutrosophic SPP (NSPP). Therefore
for the first time, we proposed trapezoidal interval valued
neutrosophic version of Bellman’s algorithm to solve NSPP in
network analysis, where the edge weight is characterised by TrIVNN.

The rest of this paper is organised as follows. In Section 2, literature
review is given with the existing work and application side. In Section
3, some concepts and theories are reviewed. Section 4 introduces the
score function and accuracy function of TrIVNNs with their
illustrative properties. In Section 5, an intelligent algorithm called
trapezoidal interval valued neutrosophic version of Bellman-Ford
algorithm is proposed with a numerical example as an application
of our proposed algorithm. Section 6 gives the significance of the
proposed algorithm. Section 7 gives the comparative analysis of the
proposed algorithm with the existing algorithm to solve NSPP in
network analysis. The last but not least, in Section § the conclusion
is drawn with the advantages and limitations of the proposed work
and some hints for further research is given.

2 Literature review

In this section, literature review on existing work and application
side is given for solving SPP under fuzzy, intuitionistic fuzzy and
neutrosophic environments.

2.1 Existing work

Zadeh [1] proposed FSs. Atanassov [2] introduced IFSs.
Smarandache [3] proposed neutrosophic logic, set and probability.

Wang et al. [4] invented single valued NSs. Bellman [13]
proposed routing problem with functional equation approach.
Bellman-Ford algorithm is explained in [14]. Lathamaheswari
et al. [22] analysed the different applications of type-2 fuzzy in
the field of bio-medicine. Lathamaheswari et al. [24] re-examined
the usage of type-2 fuzzy controller in the area of control system.

2.2 Application side

De and Bhincher [5] described two different methods to solve SPP
namely Bellman dynamic programming and multi-objective linear
programming. Kumar et al. [6] introduced a new algorithm to
solve SPP under interval valued intuitionistic trapezoidal fuzzy
environment. Meenakshi and Kaliraja [7] determined shortest path
for interval valued fuzzy network. Elizabeth and Sujatha [8]
solved FSPP using interval valued fuzzy number matrices. Das
and De [9] figured out SPP under intuitionistic fuzzy setting.
Biswas et al. [10] introduced a new strategy for multi-attribute
decision-making problem under interval trapezoidal neutrosophic
environment. Broumi et al. [11] estimated a shortest path using
single valued trapezoidal neutrosophic number as the edge
weights. Broumi et al. [12] solved NSPP using Dijkstra algorithm.
Broumi et al. [15] dealt with SPP using single valued
neutrosophic graphs. Broumi et al. [16] made an analysis on SPP
under various environments. Broumi et al. [17] solved SPP under
interval valued trapezoidal and triangular neutrosophic setting.
Deli [18] introduced interval valued generalised single valued
neutrosophic trapezoidal number and its aggregation operators,
also applied the proposed concept in decision-making problem.
Giri et al. [19] solved a decision-making problem using TOPSIS
method under interval trapezoidal neutrosophic environment. Deli
et al. [20] determined a decision-making problem using single and
interval valued trapezoidal and triangular neutrosophic numbers.
Nagarajan et al. [21] introduced a new technique for edge
detection on DICOM image under type-2 fuzzy environment.
Nagarajan et al. [23] proposed a technique for image extraction on
DICOM image under type-2 fuzzy environment. Sellappan et al.
[25] evaluated risk priority number in design failure modes and
used factor analysis for effects analysis. Mohammad and Arsham
Borumand [26] introduced achievable single valued neutrosophic
graphs and applied in wireless sensor networks. Broumi ez al. [27]
estimated information processing using mobile ad-hoc network
with an example under neutrosophic environment. Jan et al. [28]
introduced and studied the characteristics of constant single valued
neutrosophic graph and applied in Wi-Fi network system. Harish
[29] solved multi-attribute group decision-making problem using
novel neutrality aggregation operators under single valued
neutrosophic setting. Dimple and Harish [30] introduced some
modified results of the subtraction and division operations on
interval NSs. Harish and Nancy [31] solved multi-criteria
decision-making (MCDM) problem using Frank Choquet Heronian
mean operator under single valued neutrosophic setting. Nancy
and Harish [32] introduced a novel divergence measure and used
in TOPSIS method for MCDM problem under single-valued
neutrosophic environment. Harish and Nancy [33] proposed some
hybrid weighted aggregation operators and applied in MCDM
problem under NS environment. Harish and Nancy [34] introduced
new logarithmic operational laws for single-valued neutrosophic
numbers and applied in multi-attribute decision-making problem.
Harish and Nancy [35] proposed non-linear programming method
under interval NS setting and applied in MCDM problem. Nancy
and Harish [36] introduced an improved score function for the
ranking proposed of NSs and applied in decision-making process.

3 Overview of trapezoidal interval valued
neutrosophic number

In this section, we review some basic concepts regarding NSs, single
valued NSs, trapezoidal NSs and some existing ranking functions for
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trapezoidal neutrosophic numbers which are the background of this
study and will help us to further research.

3.1 Neutrosophic set [3]

Let & be points (objects) set and its generic elements denoted by x;
we define the neutrosophic set 4 (NS A) as the form
A = {(x:Ti(x), (x), F3(x)), x € &}, where the functions 7, I, F: &
—]-0,1+[ are called the truth-MF, an indeterminacy-membership
function, and a falsity-membership function, respectively, and they
satisfy the following condition:

—0 < Ty(x) + L(x) + Fy(x) < 3 +. (1)

The values of these three MFs T(x), £;(x) and Fj(x) are real standard
or non-standard subsets of ]-0,1+[. As we have difficulty in
applying NSs to practical problems. Wang et al. [4] proposed the
concept of a SVNS that represents the simplification of a NS and
can be applied to real scientific and technical applications.

3.2 Single valued NS [4]

A single valued NS 4 (SVNS 4) in the universe set & is defined by
the set

A= { <xTi), KX, Fix) >, x € & @)
where T5(x), (x), F(x) € [0, 1] satisfying the condition
< T + L) + Fy(x) <3 3)

3.3 Trapezoidal interval valued neutrosophic set [10]

Let x be TrIVNN. Then its truth, indeterminacy and falsity MFs are
given by

where 0 < T\(z) < 1,0 <[ (z) <l and 0 < F(z) < 1, also ¢, i, f,
are subset of [0,1] and 0 <a<b<c<d<1, 0=<sup(t)+
sup (i,) +sup(f,) < 3; Then x is called an interval trapezoidal
neutrosophic ~ number  x = ([a.b, ¢, d]; ., i, f,). We take
te=1[t1,i,=[i]and f, =[f, /]

3.4 Ranking technique [10]

Let & and 7 be two TrIVNNS, the ranking of @ and 7 by score function
and accuracy function is described as follows:

(i)ifs( )< ( )thenr <
(ii) if s(?) ~ 5(3") and if

(@) a(P) < a(s") then # < 3"
(b) a(iN) - a(§N) then " = &V
(c) a(?N) ~ a(@N) then # ~ §V

3.5 Bellman dynamic programming [13]

Given an acyclic directed connected graph G=(V, E) with ‘n’
vertices where node ‘1’ is the source node and ‘n’ is the
destination node. The nodes of the given network are organised
with the topological ordering (Eij: i<j). Now for the given
network the shortest path can be obtained based on the
formulation of Bellman dynamic programming by forward pass
computation method.

The formulation of Bellman dynamic programming is described
as follows:

JS()=0
= r}gjn{f(i) +d,.].] o

where dj; is the weight of the directed edge Ej;, /(i) is the length of

the shortest path of ith node from the source node 1.

(z—a), “.<p
b z b . .
(b—a) 3.6 Advantages of trapezoidal interval valued
/ h<z<c neutrosophic number [17]
X2 e —
T(2) = “ ~ :
d -2y There are some advantages of using TrIVNN as follows:
— <z<d
d=c) . (1) Interval trapezoidal neutrosophic number is a generalised form of
0, otherwise single valued trapezoidal neutrosophic number.
(ii) In this number, the trapezoidal number is characterised by three
Its indeterminacy MF is independent membership degrees, which are in interval form.
y P p deg
(iii) The number can flexibly express neutrosophic information than
b-2+E—a) the single valued neutrosophic trapezoidal number.
—a
) Therefore, the number can be employed to solve neutrosophic
Lo, b<zsc multiple attribute decision-making problem, where the preference
I(2) = ) ®) values cannot be expressed in terms of single valued trapezoidal
z—ct+(d—2) c<z<d neutrosophic number.
d—c -
0, otherwise
Tts falsity MF is 4 Proposed concepts
b Score function and accuracy function are measurement functions
w, a<z<bh to rank fuzzy, intuitionistic and neutrosophic numbers. While
b—a solving NSPP, score function finds the aggregate value of each
fon b<z<c path and measures their accuracy and provides the relevant score
F(z) = (6) that measures how well the path satisfies the requirement.
z—c+(d—2z), Accuracy function gives the most intuitive performance measure.
— 4—c € <z=d Here, the score and accuracy functions are introduced with
) their illustrative properties for trapezoidal interval neutrosophic
0, otherwise numbers.
CAAI Trans. Intell. Technol., pp. 1-6
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4.1 Score function of trapezoidal interval valued
neutrosophic number

Let x = ([a, b, ¢, d]; [t, 1, [1,7], [f,f]) be a TrIVNN then its score
function is defined by -

S(x) = %(a tbtct+dQ+i+i—i—i—f—f) @8

and S(x) € [0, 1]. Herewe take 0 <a < b <c<d < 1,11, f, are

subset of [0, 1] where t, = [, 7] , i, = [i, ] and £, = [f, f].
4.1.1 Property: Score function is bounded on [0, 1].
Proof: Since, 0 <a <b <c <d <1, we have
0<a+b+c+d<4 (€))
Now
—4<t+t—i—i—f-f<2

=>2-4<24i+i—i—i—f—f<4

(10)
=> 2<24i4i—i—i—f—-f<4

Multiplying (7) and (8), we get

05(a+b+c+d)(2+z+?—z—?—£—f)5 16

1 _ -
:>O51—6(a+b+c+d)(2+£+t—j—i—f—f)S1

Therefore, score function is bounded.
Example: Let a=([0.1,0.2,0.3,0.4]; [0.1,0.2], [0.2,0.3], [0.4,0.5]) be

1
a TrIVNN then its score value is Sc(a) = 1—6(0.1 +02+03+4+04)

24+.142-2-3-.4-.5)=0.07875 € [0, 1], hence the
result. O

4.2 Accuracy function of trapezoidal interval valued
neutrosophic number

Let x=([a, b, c,d; [t, 1], [i, i], [/, f]) be a TrIVNN then its
accuracy function is defined by

Therefore, accuracy function is bounded and is proved by a
numerical illustration in Section 4.2.2. O

4.2.2 Numerical illustration: Let x =([0.1,0.2,0.3,0.4];
[0.1,0.2],[0.2,0.3],[0.4,0.5]) be the TrIVNN then its accuracy
value is

1
Ac() =501+ 02+03+04)2+ 142~ 4 5)
=0.175 € [0, 1]

Hence the result.

5 Computation of shortest path based on TrIVNN

This section introduces an algorithmic approach to solve NSPP.
Consider a network with ‘n’ nodes where the node ‘1’ is the
source node and the node ‘n’ is the destination node under
trapezoidal interval valued neutrosophic environment. The
neutrosophic distance between the nodes is denoted by d; (node
‘I’ to node ‘7). Here My, denotes the set of all nodes having a
relation with the node ‘i’.

5.1 Revised version of trapezoidal interval valued
neutrosophic Bellman-Ford algorithm

Applying the concept of Bellman’s algorithm in neutrosophic
environment, we get trapezoidal interval valued neutrosophic
version of Bellman-Ford algorithm (Algorithm 1, see Fig. 1).

5.2 lllustrative example

The revised version of Bellman-Ford algorithm under trapezoidal
interval valued neutrosophic environment is demonstrated by an
illustrative example as follows for a better understanding.

For the illustrative purpose, a numerical problem from [11] is
considered, to prove the inherent application of the proposed
algorithm. It shows the clear procedure of the proposed algorithm.

Consider a network (Fig. 2) with six nodes and eight edges and the
edge weights are characterised by TpIVNNs, where the first node is
the source node and the sixth node is the destination node.
Trapezoidal interval valued neutrosophic distance is given in Table 1.

In this situation, we need to evaluate the shortest distance from
source node, i.e. node 1 to destination node, i.e. node 6. Table 1

1 " = represents the edges and their trapezoidal interval valued
Aex) = 8 (c+d—a=-b@+i+i=f~-f) an neutrosophic distance.
For all the edges, trapezoidal interval valued neutrosophic distance
and Ac(x) € [0, 1]. Here we take 0 <a<b=c<d<1 and is reduced into crisp numbers using score function as a
Ly, iy, f, are the subset of [0, 1] where 7, =[¢, 1] ,i, =[i, /] and deneutrosophication process and is represented by Table 2.
fe=1071 According to the proposed neutrosophic Bellman-Ford algorithm
. L in Section 5.1, the shortest path from node one to node six can be
4.2.1 Property: Accuracy function is bounded on [0, 1]. computed by Algorithm 2 (see Fig. 3).
. Therefore, the path P: 1-2—5—6 is identified as the trapezoidal
Proof: Since 0 <a <b<c=<d<1,wehave interval valued neutrosophic shortest path, and the crisp shortest path
is 0, 85.
—2<c+d—-a—-b=<2 (12) The neutrosophic shortest path can be obtained for the network
_ — with a large number of vertices and edges also.
= 2<t+t—f—-f<2
_ _ (13)
=>0<=2+4+1+t-f—f=4 6 Significance of the proposed work
The proposed trapezoidal interval valued neutrosophic version of
Multiplying (9) and (10), we get Bellman-Ford algorithm has a potential significance as it has the
following qualities:
0<(c+d—a—b)Q2+t+t—f—f)<8
- (1) It deals with the network in which the edge weights are TrIVNNs
—>0< 1( atbtcetdQ4iti—f _]7) <1 and so that it characterises membership, indeterminacy and falsity of
8 = each edge.
CAAI Trans. Intell. Technol., pp. 1-6
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1 nrank(s] < 0
2 ndist[s] <— Empty neutrosophic number
3 Add s into Q
4 For cach node i (except the s) in the neutrosophic
graph G
5 rankfi] < o
Add iinto Q
End For

U<—Ss

o 0 3 A

While(Q is not empty)

10 remove the vertex u from Q

11 For each adjacent vertex v of vertex u
12 relaxed«—False

13 temp ndist/v] < ndist[u] @ edge weight(u,v)
//@® represents the addition of neutrosophic//
14  temp nrank|v]
«—rank of neutrosophic(femp ndist[v])
15  Iftemp nrank[v|<nrank[v] then

16  ndist[v] «temp ndist[v]

17 nrank[v] <« temp nrank[v]

18  prevfv] «u

19 End If

20  End For

21 If relaxed equals False then

22 exit the loop

23 End If

24 u <«Node in Q with minimum rank value

25  End While
26 For cach arc(u,v) in neutrosophic graph G do

27 If nrank[v]> rank_of neutrosophic(ndist[u] @
edge weight(u,v))
28  return false

29  EndIf
30 End For

31  The neutrosophic number ndist[u] is a neutrosophic
number and it represents the shortest path between
source node s and end node u.

Fig. 1 Algorithm 1: Trapezoidal interval valued neutrosophic

Bellman-Ford algorithm for shortest path analysis of the network

(i) It proceeds with the concept of relaxation, whither
approximations to the exact distance are replaced by better ones
until they finally reach the solution.

CAAI Trans. Intell. Technol., pp. 1-6

Fig. 2 Network with six vertices and eight edges [Broumi et al. [11]]

Table 1 Details of edge information in terms of TrlVNNs

Edges Trapezoidal interval valued neutrosophic distance
1-2(eq) ((0.1,0.2,0.3,0.4); [0.1,0.2], [0.2, 0.3], [0.4, 0.5])
1-3(e,) ((0.2,0.5,0.7,0.8); [0.2, 0.4], [0.3, 0.5], [0.1, 0.2])
2-3(e3) ((0.3,0.7,0.8,0.9); [0.3, 0.4], [0.1, 0.2], [0.3, 0.5])
2-5(e,) ((0.1, 0.5, 0.7, 0.9); [0.1, 0.3], [0.3, 0.4], [0.2, 0.3])
3-4(es) ((0.2,0.4,0.8,0.9); (0.2, 0.3],[0.2, 0.5], [0.4, 0.5])
3-5(eq) ((0.3,0.4, 0.5, 1); [0.3, 0.6], [0.1, 0.2], [0.1, 0.4])
4-6(ey) ((0.7,0.8, 0.9, 1); [0.4, 0.6], [0.2, 0.4], [0.1, 0.3])
5-6(eg) ((0.2,0.4,0.5,0.7); [0.2, 0.3], [0.3, 0.4], [0.1, 0.5])

Table 2 Details of deneutrosophication value of edge (i, j)

Edges Score function Edges Score function
e 0,05625 €3, 0,416875
€3 0,48125 €35 0,56375
€53 0,6075 €46 0,85

€5 0,44 =28 0,36
f(1)=0

F2y=min{f (1) + ¢1,}=c};=0.05625
f(3)=r}1<i3n{f(i) + ciz}=min{f (1) + ¢13; f(2) + cz3}

={0+0,48125, 0,05625+0,6075}={0,48125; 0,66375}=0,48125
f4y=min{f (i) + cis}=min{f (3) + c34}={0.48125+0,416875}=0,89
L

f(S)y=min{f (D) + ¢;s}=min{f(2) + cz5; f(3) + ¢35}
={0,05625+0,44; 0,48125+0,56375}={0,49, 1,045}=0,49
f(6)=rln<ig1{f(i) + cig}=min{f (4) + c46; f(5) + cs6}
={0,89+0,85;0,49+0,36}={1.74, 0,85}=0,85

Thus, f(6)=f (5) + c56=f (2) + ca5tcs6=f (1) + €15 + Co5FCs6

=C12 + C25Cs6.

Fig. 3 Algorithm 2: Steps involved in finding trapezoidal interval valued
neutrosophic shortest path

(iii) This revised version of Bellman-Ford algorithm simply relaxes
all the edges for |//| — 1 times. In all these repetitions, the number of
vertices with properly calculate distances become larger, from which
it follows that, finally all vertices will get their exact distances. Here
|[V| is the number of vertices in the trapezoidal interval valued
neutrosophic network.

Hence, this proposed trapezoidal interval valued neutrosophic
revised version of Bellman-Ford algorithm can be applied to a
large number of inputs.
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Table 3 Comparison of neutrosophic shortest path using the proposed
method and existing method

Method Neutrosophic shortest path length

Meenakshi, A.R., Kaliraja, M.: ‘Determination of the shortest path in interval
valued fuzzy networks’, Int. J. Math. Archive, 2012, 3, (6), pp. 2377-2384

Elizabeth, S., Sujatha, L.: ‘Fuzzy shortest path problem based on interval valued
fuzzy number matrices’, Int. J. Math. Sci. Eng. Appl., 2014, 8, (1), pp. 325-335

[9] Das, D., De, P.K.: ‘Shortest path problem under intuitionistic fuzzy setting’,
665  in[18], Broumi et al. solved NSPP 0.485 (using improved algorithm) Int. J. Comput. Appl., 2014, 105, (1), pp. 1-4
with triangular interval valued [10] Biswas, P., Pramanik, S., Giri, B.C.: ‘Distance measure based MADM strategy
neutrosophic numbers and with interval trapezoidal neutrosophic numbers’, Neutrosophic Sets Syst., 2018,
TrIVNNs as the edge weights of 19, pp. 40-46
the network with six edges and [11] Broumi, S., Bakali, A., Talea, M., et al.: ‘Computation of shortest path problem in
eight edges a network with SV-trapezoidal neutrosophic numbers’. Proc. of the 2016 Int.
in this present work, we solved 0.85 (using an intelligent algorithm Conf. on Advanced Mechatronic Systems, Melbourne, Australia, 2016,
670 NSPP for the network with called revised version of pp. 417-422 o
TrIVNNSs as the edge weights Bellman-Ford algorithm) [12] Broumi, S., Bakali, A., Talea, M., ef al.: ‘Applying Dijkstra algorithm for solving
neutrosophic shortest path problem’. Proc. of the 2016 Int. Conf. on Advanced
Mechatronic Systems, Melbourne, Australia, 30 November—3 December 2016,
pp. 412-416
. . Bellman, E.: ‘On a routing problem’, Q. Appl. Math., 1958, 16, (1), pp. 87-90
7 comparatlve analySIS Wikipedia article. Available at https:/en.wikipedia.org/wiki/Bellman%E2%80%
675 93Ford_algorithm
In [18], the authors solved NSPP under triangular and trapezoidal [15] Broumi, 8., Bakali, A., Talea, M., et al.: *Shortest path problem on single valued
neutrosophic environment using an improved algorithm. However, neutrosophic - graphs’. 2017 Int. Symp. on Networks, Computers and
. . . . Communications (ISNCC), 2017, pp. 1-8
NSPP 1s not SO]qu usn'lg Bellman algorlthm under trapeszial [16] Broumi, S, Talea, M., Bakali, A., et al.: ‘Shortestpath problem in fuzzy,
interval neutrosophic environment to date. Hence, the comparative intuitionistic fuzzy and neutrosophic environment: an overview’, Complex
analysis is made in Table 3. Intell. Syst., 2019, 5, pp. 371-378
680 [17] Broumi, S., Nagarajan, D., Bakali, A., ef al.: ‘The shortest path problem in
interval valued trapezoidal and triangular neutrosophic environment’, Complex
. Intell. Syst., 2019, 5, pp. 391-402
8 Conclusions [18] Deli, I: ‘Some operators with [IVGSVTrN-numbers and their applications to
multiple criteria group decision making’, Neutrosophic Sets Syst., 2019, 25,
Hence in this work, the new definitions of score function and " %P-.B}; %3 Molla. MU Bi b TOPSIS method for MADM based
635  accuracy functions of trapezoidal interval neutrosophic numbers (1] Giri, BC., Molla, M.U., Biswas, P.. 'TO methott 1or e
/ " ) ) interval trapezoidal Neutrosophic number’, Neutrosophic Sets Syst., 2018, 22,
and their properties with numerical example are proposed. Also, pp. 151-167
the neutrosophic version of Bellman’s algorithm based on the [20] Deli, I, Subas, Y., Cagraman, N.: ‘Single valued interval valued trapezoidal
TrIVNN called an intelligent algorithm, which expresses the neutrosophic numbers aI}d SVIVIN multi. attribute Qecision-making method’.
flexibility of the neutrosophic information absolutely under Ilrg;z%ogélgn Mathematics and Mathematics Education (ICMME-2016), May
90 trapezo_ldal interval Yalued neutrosophic  environment W}th a [21] Nagarajan, D., Lathamaheswari, M., Sujatha, R., et al.: ‘Edge detection on
6 numerical example is proposed. In the future, the bipolar DICOM image using triangular norms in type-2 fuzzy’, Int. J. Adv. Comput.
neutrosophic version of Bellman algorithm can be introduced. Sci. Appl., 2018, 9, (11), pp. 462475
[22] Lathamaheswari, M., Nagarajan, D., Udayakumar, A., et al.: ‘Review on type-2
fuzzy in biomedicine. Indian J. Public Health Res. Dev., 2018, 9, (12),
8.1 Advantages of the proposed work pp. 322-326
[23] Nagarajan, D., Lathamaheswari, M., Kavikumar, J., et al. ‘A type-2 fuzzy in
695  The proposed algorithm under trapezoidal interval valued }’g')glgxggcﬁgngor DICOM image’, Int. J. Adv. Comput. Sci. Appl., 2018, 9,
neutrosophic environment has the following advantages: [24] Lathamaheswari, M., Nagarajan, D., Kavikumar, J., et al.: ‘Review on type-2
fuzzy controller on control system. J. Adv. Res. Dyn. Control Syst., 2018, 10,
(i) indeterminacy of the information can be dealt with efficiency. (11), pp. 430-435 ) . o
. . s . [25] Sellappan, N., Nagarajan, D., Palanikumar, K.: ‘Evaluation of risk priority
(ii) cost of the neutrosophic shortest path can be minimised . : ; ; )
A number (RPN) in design failure modes and effects analysis (DFMEA) using
700  (iii) the performance of the network can be maximised through the factor analysis’, Int. J. Appl. Eng. Res., 2015, 10, (14), pp. 34194-34198
data have 1ndeterm1nacy [26] Mohammad, H., Arsham Borumand, S.: ‘Achievable single-valued neutrosophic
(iv) Indeterminacy can be captured and shortest path can be obtained graplhss7i“1 g‘{jireless sensor Networks’, New Math. Nat. Comput., 2018, 14, (2),
- . pp- -
by spht.tlng the various paths and hence p erformance of the system [27] Broumi, S., Singh, P.K., Talea, M., et al.: ‘Single-valued neutrosophic techniques
can be increased. for analysis of WIFI Connection’, in: Ezziyyani, M. (Eds): ‘advanced intelligent
systems for sustainable development (AI2SD’2018). AI2SD 2018, advances in
705 intelligent systems and Computing’, vol. 915 (Springer, 2018), pp. 405-412
PR [28] Jan, N., Zedam, L., Mahmood, T., et al.: ‘Constant single valued neutrosophic
8.2 Limitations of the prOposed work graphs with Applications’, Neutrosophic Sets Syst., 2019, 24, pp. 77-89
. . . [29] Harish, G.: ‘Novel neutrality aggregation operators-based multiattribute group
The proposed revised version of Bellman-Ford algorlthm has the decision making method for single-valued neutrosophic numbers’, Soft
following limitations: Comput., 2019, doi: 10.1007/s00500-019-04535-w
710 [30] Dimple, R., Harish, G.: ‘Some modified results of the subtraction and division
. . . . operations on interval neutrosophic sets’, J. Exp. Theor. Artif. Intell., 2019, 31,
(1) It runs only O(|V|.|E|) times, where |E| is the number of edges in (}f), pp. 677698 P ? 2
the network. [31] Harish, G., Nancy: ‘Multiple criteria decision making based on Frank Choquet
(ii) It is unable to deal with the degree of contradiction of the edges. Heronian mean operator for single-valued neutrosophic sets’, Appl. Comput.
Math., 2019, 18, (2), pp. 163-188
[32] Nancy, Harish, G.: ‘A novel divergence measure and its based TOPSIS method
71506 9 References for multi criteria decision-making under single-valued neutrosophic
environment’, J. Intell. Fuzzy Syst., 2019, 36, (1), pp. 101-115
[1] Zadeh, L.A.: ‘Fuzzy sets’, Inf. Control, 1965, 8, (3), pp. 338-353 [33] Harish, G.‘, Nancy: ‘Some hybrid weighted aggreg?tion operators qndgr
2] Atanassov, K.T.: ‘Intuitionistic fuzzy sets’, Fuzzy Sets Syst., 1986, 20, (1), neutrosophic  set environment and their applications to multicriteria
pp. 87-96 decision-making’, Appl. Intell., 2018, 48, (12), pp. 48714888
[3] Smarandache, F.: ‘Neutrosophy. Neutrosophic probability, set, and logic’ [34] Harish, G., Nancy: ‘New logarithmic operational laws and their applications to
(ProQuest Information & Learning, Ann Arbor, Michigan, USA, 1998), p. 105 p multiattribute decision making for single-valued neutrosophic numbers’, Cogn.
720 [4] Wang, H., Smarandache, F., Zhang, Y., ef al.: ‘Single valued neutrosophic sets’ Syst. Res., 2018, 52, pp. 931-946
Multispace and Multistructure, 2010, 4, pp. 410413 [35] Harish, G., Nancy: ‘Non-linear programming method for multi-criteria decision
[5S] De, P.K., Bhincher, A.: ‘Dynamic programming and multi objective linear making problems under interval neutrosophic set environment’, Appl. Intell.,
programming approaches’, Appl. Math. Inf. Sci., 2011, 5, pp. 253-263 2018, 48, (8), pp. 2199-2213
[6] Kumar, G., Bajaj, R.K., Gandotra, N.: ‘Algorithm for shortest path problem in a [36] Nancy, Harish, G.: ‘An improved score function for ranking neutrosophic sets
network with interval-valued intuitionistic trapezoidal fuzzy number’, Procedia and its application to decision — making process’, Int. J. Uncertainty
Comput. Sci., 2015, 70, pp. 123-129 Quantification., 2016, 6, (5), pp. 377-385
725
CAAI Trans. Intell. Technol., pp. 1-6
6 This is an open access article published by the IET, Chinese Association for Artificial Intelligence and

Chongqing University of Technology under the Creative Commons Attribution -NonCommercial License (http:/creativecommons.org/

licenses/by-nc/3.0/)

730

735

740

Q7

750

755

760

765

770

Q9

Q11

780

785

790


https://en.wikipedia.org/wiki/Bellman%E2%80%93Ford_algorithm
https://en.wikipedia.org/wiki/Bellman%E2%80%93Ford_algorithm
https://en.wikipedia.org/wiki/Bellman%E2%80%93Ford_algorithm

795

800

805

810

815

820

825

830

840

845

850

855

CIT20190086

Author Queries
Said Broumi, Deivanayagampillai Nagarajan, Malayalan Lathamaheswari, Mohamed Talea, Assia Bakali, Florentin Smarandache

Q1 Please confirm the changes made in the article title. Please note that it is the IET's house style to remove words such as "Novel", "New"
and "Study of" as well as "A", "An", "The", "On the", and "On".

Q2 Please check the first name and surname of the author [Said Broumi].

Q3 Equations have to be numbered sequentially in the text as per style. Hence we have renumbered equation (10) to equation (13). Please
confirm.

Q4 Please confirm the given equation citation (10) in the sentence 'Multiplying (9) and (10), we get'.

Q5 Algorithms 1 and 2 have been changed to Figures 1 and 3. Hence, Figure 1 has been changed to Figure 2 to have the figure citations in
sequential order. Please check and approve.

Q6 Please check your references thoroughly as we have updated them according to Crossref, and not all information may be correct.

Q7 Please provide place of conference in Refs. [15, 20].

Q8 Please confirm inserted volume number and page number as per crossref.org in Refs. [16, 17].

Q9 Please provide the location of the publisher (country) in Ref. [27].

Q10 Please provide volume number, page range in Ref. [29].

Q11 Please provide first name (initial) of the author 'Nancy' in Refs. [31]-[36].

CAAI Trans. Intell. Technol., pp. 1-6

This is an open access article published by the IET, Chinese Association for Artificial Intelligence and 7
Chongging University of Technology under the Creative Commons Attribution -NonCommercial License (http:/creativecommons.org/
licenses/by-nc/3.0/)

860

870

875

880

885

890

895

900

905

910

915

920



	1 Introduction
	2 Literature review
	3 Overview of trapezoidal interval valued neutrosophic number
	4 Proposed concepts
	5 Computation of shortest path based on TrIVNN
	6 Significance of the proposed work
	7 Comparative analysis
	8 Conclusions
	9 References

