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Abstract—In this article, we present an algorithm
method for finding the shortest path length between
a paired nodes on a network where the edge weights
are characterized by single valued triangular
neutrosophic numbers. The proposed algorithm
gives the shortest path length from source node to
destination node based on a ranking method.
Finally, a numerical example 1s also presented to
1llustrate the efficiency of the proposed approach.

Keywords: single valued triangular neutrosophic
number; score function; network; shortest path
problem.



LINTRODUCTION

In 1995, the concept of the neutrosophic sets (NS for short) and neutrosophic logic were
introduced by Smarandache in [1, 2] in order to efficiently handle the indeterminate and
inconsistent information which exist in real world. Unlike fuzzy sets which associate to each
member of the set a degree of membership T and intuitionistic fussy sets which associate a
degree of membership T and a degree of non-membership F, T, F [0, 1], Neutrosophic sets
characterize each member x of the set with a truth-membership function , an indeterminacy-
membership function and a falsity- membership function each of which belongs to the non-
standard unit interval |70, 1*[. Thus, although in some case intuitionistic fuzzy sets consider a
particular indeterminacy or hesitation margin, . Neutrosophic set has the ability of handling
uncertainty in a better way since in case of neutrosophic set indeterminacy is taken care of
separately. Neutrosophic sets is a generalization of the theory of fuzzy set [3], intuitionistic
fuzzy sets [4], interval-valued fuzzy sets [5] and interval-valued intuitionistic fuzzy sets [6].
However, the neutrosophic theory is difficult to be directly applied in real scientific and
engineering areas. To easily use it in science and engineering areas, in 2005, Wang et al. [7]
proposed the concept of SVNS, which differ from neutrosophic sets only in the fact that in the
former’s case, the of truth, indeterminacy and falsity membership functions belongs to [0, 1].
Recent research works on neutrosophic set theory and its applications in various fields are
progressing rapidly [8,30-37]. Very recently Subas et al.[9] presented the concept of triangular
and trapezoidal neutrosophic numbers and applied to multiple-attribute decision making
problems. Then, Biswas et al. [10] presented a special case of trapezoidal neutrosophic
numbers including triangular fuzzy numbers neutrosophic sets and applied to multiple-
attribute decision making problems by introducing the cosine similarity measure. Deli and
Subas [11] presented the single valued triangular neutrosophic numbers (SVN-numbers) as a
generalization of the intuitionistic triangular fuzzy numbers and proposed a methodology for
solving multiple-attribute decision making problems with SVN-numbers.



The shortest path problem (SPP) which concentrates on finding a shortest path from a
source node to other node, is a fundamental network optimization problem that has been
appeared in many domain including, road networks application, transportation, routing in
communication channels and scheduling problems and various fields. The main objective of
the shortest path problem is to find a path with minimum length between starting node and
terminal node which exist in a given network. The edge (arc) length (weight) of the network
may represent the real life quantities such as, cost, time, etc. In conventional shortest path,
the distances of the edge between different nodes of a network are assumed to be certain. In
the literature, many algorithms have been developed with the weights on edges on network
being fuzzy numbers, intuitionistic fuzzy numbers, type-2 fuzzy numbers vague numbers [12-
17]. In more recent times, Broumi et al. [18-24] presented the concept of neutrosophic graphs,
interval valued neutrosophic graphs and bipolar single valued neutrosophic graphs and
studied some of their related properties. Also, Smarandache [25-26] proposed another variant
of neutrosophic graphs based on literal indeterminacy. Up to date, few papers dealing with
shortest path problem in neutrosophic environment have been developed. The paper proposed
by Broumi et al. [27] 1s one of the first on this subject. The authors proposed an algorithm for
solving neutrosophic shortest path problem based on score function. The same authors [28§]
proposed another algorithm for solving shortest path problem in a bipolar neutrosophic
environment. Also, in [29] they proposed the shortest path algorithm in a network with its
edge lengths as interval valued neutrosophic numbers. However, till now, single valued
triangular neutrosophic numbers have not been applied to shortest path problem. The main
objective of this paper is to propose an approach for solving shortest path problem in a
network where the edge weights are represented by single valued triangular neutrosophic
numbers.
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In order to do, the paper 1s
firstly review some basic

valued neutrosophic sets and single valued triangular
neutrosophic sets. In Section 3, we propose some modified
operations of single valued triangular neutrosophic numbers. In
Section 5, we propose an algorithm for finding the shortest path
and shortest distance in single valued triangular neutrosophic
graph. In Section 6, we presented an hypothetical example which
1s solved by the proposed algorithm. Finally, some concluding

remarks are presented in Section



Il. PRELIMINARIES

In this section, some basic concepts and definitions on neutrosophic sets, single valued neutrosophic sets
and single valued triangular neutrosophic sets are reviewed from the literature.

Definition 2.1 [1]. Let X be a space of points (objects) with generic elements in X denoted by x; then the
neutrosophic set A (NS A) is an object having the form A = {<x: T,(x). I (x), F,(x)= x € X}, where

the functions T, I, F: X—]70.17[define respectivelv the truth-membership function, an indeterminacy-
membership function, and a falsity-membership function of the element x £ X to the set A with the
condition:

V=T,(x)+ I (x)+ F(x)=73" (1)
The functionsT,(x) . I,(x) and F,(x) are real standard or nonstandard subsets of J70,17[.

Since it is difficult to applv NSs to practical problems, Wang et al. [7] introduced the concept of a
SVNS, whichis an instance of a NS and can be used in real scientific and engineering applications.

Defimition 2.2 [7]. Let X be a space of points (objects) with generic elements in X denoted by x. A single
valued neutrosophic set A (SVNS A) is charactenzed by truth-membership function T,(x) . an

indeterminacy-membership function /,(x), and a falsity-membership function F,(x) . For each point x in X
T,(x).1,(x), F(x)e[0,1]. ASVNS A can be written as
A={=x I,9. L. F®>xeX} Q)



Deﬁnitiun 2.3 [11]. A single walued trangular neutrosophic number (SVIrN-number)
G=<(a.b.o) 1. F,>15 a special neutrosophic set on the real number set R, whose truth membership,

indetenninacv—membership and a falsitv-membership are given as follows

(x- ﬂl}T/ T

(x=F)
L= (3)
.:1 I}T
otherwise
_ I:bl_x-‘-}ul:x_ﬂl}}[bl_ﬂl} (o =x=B)
s =h)
100~ 4)
|G- + (e - x)) ;
| o -t (B=xsa)
I\]_ ot herw ize
(B —x+ Fylx—a)) ;
bz (@Srh)
F= ¢ F e y
.[x—-5~l+ 3[31—1’}}[61_61} (h=x=g)
11 otherwise

Where 0= T,=1: 0= [,=1: 0= Fy=land 0= T,+I,+F,=3: a b=k



Definition 2.4 [11]. Let 4 =c(a;.a.4)0.1.F > and 4, =<(4,5,5).5.1,.F, > be two single valued triangular
neutrosophic numbers. Then, the operations for SVTrN-numbers are defined as follows.
@;II .3;1 & .3;: =<(a;+8.a,+ by a5+ b)), min( T, 1) ) max (), I, ). max(E F, ) >

(6)
(i) 4 ® 4, =<(a,d,a,by,35 ) min(T, T;), max(l,,I,), max(F,,F,))
M
(i) A4 =<(da;.Aa,. A2 min(7,7),max(]. L) max(E E) >
(&)
A convenient method for comparing two single valued triangular neutrosophic numbers is bv using of

score function and accuracy function.
Definition 2.5[11]. Let 4 —<(aj.ay.25);1.1.F > be a single valued triangular neutrosophic number. Then. the

score function 5(4 )and accuracy function a(4) of a SVITN-numbers are defined as follows:

i) [.&‘l}—ll—j":q+?a-|+aa:|x[3'+fl I-F] )]

(i) « ,ql}_; 1_:' ||:a1+?a +a [2+0 -5 + A (10)
Definition 2.6 [11]. Let 4 and 4 be two SVTrN-numbers the ranking of 4 and 4, by score function and
accuracv function are defined as follows :
(1) If s[Al -<5[A:J then 4 -4,43
(i) If s(4) =5(4) and if

(1) a(4)~<a(4,) Then 4 <4

(2) a(4)=a(4,) Then A= 4

(3) a(4)=a(4,) Then A4=4



II1. ARITHMETIC OPERATIONS BETWEEN TWO SV-TRIANGULAR
NEUTROSOPHIC NUMBERS

In this subsection, a slight modification has been made on some operations between two single valued
riangular neutrosophic numbers proposed by Deli and Subas [11], required for the proposed algorithm.

Let 4 =<0 1] F>amdd = 401 F>are two single valued tnangular neutrosophic mmbers,
Then the operations for VTYNNs are defined ad below:
0) hed=<rhabahL h+h-ThEH >

(1)

i) 24 =<(2a, 2y, dag}1-(- ) K> (1)



Iv. NETWORK TERMINOLOGY

Consider a directed network G = (V, E) consisting of a finite set of nodes V= {1, 1....n} and a set of m
directed edges E=V x V. Each edge is denoted by an ordered pair (i, j) where i,j = V %HJ. In this
network, we specify two nodes, denoted by s and t, which are the source node and the destination node,
respectively. We define a path i i{iffl: [!ljl}:‘f? :...f-'-l:[f-'-1=j-'}:j-'q'}as sequence that joins two nodes of

edges. The existence of at least one path 5in G (V. E)is assumed forevery 1 €V-{s}.

d; denotes a single valued tnangular neutrosophic number associated with the edge (1 ), corresponding to

the length necessary to traverse (1. ) from 1 to J. In real problems, the lengths correspond to the cost, the
time, the distance, etc. Then, neutrosophic distance along the path P is denoted as d(P) is defined as
4P Y 4 (14
{LeB
Remark]: A nodei s said to be predecessor node of node] if

(1) Nodelis directly connected tonode;.
(i) The direction of path connecting nodei and j from 1 toj.



V. SINGLE VALUED TRIANGULAR NEUTROSOPHIC PATH PROBLEM

In this section, motivated by the work of Kumar [15], an algorithm is presented for finding the shortest
path between the source node (1) and the destination node (j) in a network where the edges weight are
characterized by a single valued triangular neutrosophic numbers.

The steps of the algorithm are:

Stepl: Assume 4, =<(0.0.0):0.1.1> and label the source node (say nodel)as [d, =<(0,0.0%:0.1.1 > .-]. The label
indicating that the node has no predecessor.

Step 2: Find 4;=minimum {4, &4; };j=2.3.....n.

Step 3:If minimum occurs comesponding to unique value of i ie.. i= r then label node j as [4;. r]. If
minimum occurs corresponding to more than one values of | then it represents that there are more than one
single valued triangular neutrosophic path between source node and node j but single valued triangular
neutrosophic distance along pathis d;. so choose any value of i.

Step 4:Let the destination node (node n) be labeled as [ d . I], then the single valued triangular
neutrosophic shortest distance between source node and destination nodeis 4, .
Step 5: Since destination node is labeled as [.:fvmhf']: to find the single valued triangular neutrosophic shortest

path between source node and destination node, check the label of node I Let it be [4, . p], now check the

label of node p and so on. Repeat the same procedure until node 1 is obtained.

Step 6: Now the single valued triangular neutrosophic shortest path can be obtained bv combining all the
nodes obtained bv the step 3.

Remark 5.1 Let 4; i=1,2..... nbea set of single valued triangular neutrosophic numbers, if 5( A)=S(4),
forall i, the single valued triangular neutrosophic number is the minimum of A .

After describing the proposed algorithm. in next section, an hypothetical example is presented and the
proposed method is explained completely.



IV. ILLUSTRATIVE EXAMPLE

In this section an hypothetical example 15 mtroduced to vertfy the proposed. Constder the network shown
m Fig. 1; we want o obtain the shortest path from node 1 to node 6 where edges have a single valued
triangular neutrosophic numbers. Let us now apply the proposed algorithm to the network given in Fig.1.

<2.48):0503,0.>

0.3,0.2,0.6>

1,0.4,0.6>

(30D 10.3.04,0.7>

Fig. 1. A Network with simgle valued triangular neutrosophic edges.



In this network each edge has been assigned to single valued triangular neutrosophic number as follows:

Table 1. Weights of the graphs

Edges Single Valued
Triangular
Neutrosophic Distance
- (1,2,3).0.4,0.6,0.7>
-3 A25,70.203.04>
2-3 (3,7.8),0.1,0.4,0.6~
2-5 <(1,5,7):0.7,0.6,0.8~
3-4 (2,4.8),0.5,0.3.0.1>
35 <(3,4,5:.03,04,0.7>
4-6 (7,8,9).03,0.2,0.6>
56 (2,4,5)0.6,0.5,0.3>




The calculattons for this problem are ag follows:
Node 6 15 assumed to be the destmation node, n= 6.
Assume d=<(0, 0, 0); 0, 1, 1>and label the source node ( say node 1) as [<(0, 0, 0); 0, 1, 1>,+], the value of

c?j \F2,3,4,5,6can be obtamed as follows:

Iterationl: Smee only node 11 the predecessor node of node 2, so putting =1 and = 2 1 step of the
proposed algorithm, the value of d, is

d,=min{ d &d, }=min{<(0, 0,0), 0,1, 1>® <(1,2,3);04,0.6,0.7=<(1,2, 3):04,06,0.7>

Since munimum oceurs corresponding fo =1, so label node 2 as [<(1, 2, 3); 0.4, 0.6, 0.7, 1]
1=<(1,2,3).04,06,0.7

Iteration 2: The predecessor node of node 3 are node 1 and node 2, so putting = 1, 2 and = 3 m step 2 of
the proposed algorithm, the value of d is d;=min{d & ...d, & d,, }=min{<(0, 0,0);0, 1, 1>® <(2,3,7);




0.2,03,04>,<(1,2,3);04,06,0.7>6 <(3,7,8);0.1,04,0.6>}=min<(2, 5, 7);0.2,0.3, 0.4>, <(4, 9,
11);0.46,0.24,0.42>}
Using Eq.9, we have

S({<(2,5,7):02, 0.3,0.4}):{%J[al+za2+a3]x[z+z;-rl-m:2.38

S(<(4,9,11);0.46,0.24,0.42>)=4.95

Since S ({<(2,5,7):02,03,04>) < S(<(4,9,11);0.46,0.24,0.42>)

Somin {<(2,5,7);02,03,04>,<(4,9,11);0.46,024,042>} =<(2,5,7);0.2,03,0.4>

Since minimum occurs correspondingto i=1, so label node 3 as [<(2,5,7);0.2,03,0.4>,1]
:=<(2,5.7):02,03,04>

Iteration 3: The predecessor node of node 4 is node 3, so putting i= 3 and j= 4 in step 2 of the proposed
algorithm, the value of 4, is d,=min {d, @ d,, } =min {<(2,5,7);02,03,0.4>, & <(2,4,8);0.5,03,0.1>
1=<(4,9,15,);0.6,0.09,0.04>

Somin {<(2,5,7);0.2,03,04> & <(2,4,8);05,03,0.1> }=<(4,9,15);0.6,0.09, 0.04>

Since minimum occurs corresponding to i=3, so label node 4 as [< (4,9, 15); 0.6, 0.09,0.04> 3]
d,=<(4,9,15);0.6,0.09,0.04>



Iteration 4:The predecessor node of node 3 are node 2 and node 3, so putting =2, 3and j= 3 in step 2 of
the proposed algorith, the value of 4 is d,=min{d, ®dx.d, &, =min{<(1, 2,3); 04,06,0.7>8 <.
5,7:0.7,06,08,<2,5,7).02,03,04>6 <(3,4,5),03,04,0.7>}=

min {<(2,7,10),0.82,0.36,0.56>,<(3, 9, 12); 0.44,0.12, 028>}

Using Eq.9, we have

S(<(2,7,10),0.82,0.36,0.56>)=4.12

S(<(5,9,12);0.44,0.12,0.28>)=5.13

Since § (<(2,7,10);0.82,0.36,0.56>) <« §(<(5,9,12); 0.4,0.12, 0.28>)

minimum {<(2,7, 10); 082, 0.36,0.56>,<(5, 9, 12); 0.44,0.12,0.28>}

= <(2,7,10),0.82,0.36,0.56>

d:=<(2,7,10);0.82,0.36,0.56>

aaaaa



[teration 5:The predecessornode of node 6 are node 4 and node 3, so putting i=4, Sand j= 6 in step 2 of
the proposed algorithm, the value of d; is d,=min{d, ® d,;.d; ®ds; }=min{<(4, 9, 15); 0.6, 0.09,0.04>8
<(7,8,9):0.3,0.2,0.6>,<(2,7,10); 0.82,0.36,0.56>& <(2,4,5);0.6,0.5,0.3>}=min{<(11, 17, 24);
0.72,0.018,0.024>, <(4,11,15);0.93,0.18,0.17>}

Using Eq.9, we have

S(<(11,17,24):0.72,0.018,0.024>)=15.40

S(<(4,11,15);0.93,0.18,0.17>)=8.82

Since S (<(4, 11,15); 0.93,0.18,0.17>) < S (<(11,17,24);0.72,0.018,0.024>)

Somin{<(11,17,24); 0.72,0.018,0.024>, <(4,11,15);0.93,0.18,0.17>}
=<(4,11,15);0.93,0.18,0.17>

di=<(4,11,15);0.93,0.18,0.17>

Since minimum occurs corresponding to i=3, so label node6 as  [<(4, 11,15);0.93,0.18,0.17>, 5]
Since node 6 is the destination node of the given network, so the single valued triangular neutrosophic
shortest distance between node 1 and node 6is <(4, 11, 15); 0.93,0.18,0.17>.

Now the single valued triangular neutrosophic shortest path between node 1 and node 6 can be founded by
using the following procedure:



Since node 6 is labeled by [< (4, 11, 13); 0.93, 0.18, 0.17>, 5], which represents that we are coming from
node 5. Node 5 1s labeled by [< (2, 7, 10); 0.82, 0.36, 0.56>, 2], which represent that we are coming from
node2. Node 2 is labeled by

[<(1,2,3): 04,06, 0.7>, 1], which represents that we ate coming from node 1. Now the single vaued
triangular neutrosophic shortest path between node 1 and node 6 is obtaining by joining all the obtained
nodes. Hence the single valued triangular neutrosophic shortest path 1525 6.

The single valued triangular neutrosophic shortest distance and the single valued triangular neutrosophic
shortest path of all nodes from node 1 i depicted in the table 2 and the labeling of each node s shown in
Fig)



TABLE 2. Tabular representation of different single valued triangular neutrosophic shortest paths

*

Node d Single Valued Triangular

No.(j) Neutrosophic Shortest Path
Between jth and 1st node

2 <(1,2,3):04,0.6,0.7> 1-2

3 <(2,5,7):02,03,04> 1-3

4 <(4,9,15);0.6,0.09,0.04> 1>3—>4

5 <(2,7,10);0.82,0.36,0.56> | 1523

6 <(4,11,15);0.93,0.18,0.17> | 1525356




[54, 9, 15); 0.6,0.09,0.04=, ]

42,5, 70203 04, ]
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AN 030407

[51,2,3);0.406,0.7%,1] BE.T.10); 0.82,0.,0.56=, ]

Fig 2 Network with single valued triangular neutrosophic shortest distance of each node from node 1



V. CONCLUSION

In this article, an algorithm has been developed for
solving the shortest path problem on a network where
the edges weight are characterized by a neutrosophic
numbers called single valued triangular neutrosophic
numbers. To show the performance of the proposed
methodology for the shortest path problem, an
hypothetical example was introduced. In future works,
we studied the shortest path problem in a single
valued trapezoidal neutrosophic environment and we
will research the application of this algorithm.
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