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Abstract—The selection of shortest path problem is
one the classic problems 1n graph theory. In
literature, many algorithms have been developed to
provide a solution for shortest path problem in a
network. One of common algorithms in solving
shortest path problem 1s Dijkstra’s algorithm. In
this paper, Dijkstra’s algorithm has been redesigned
to handle the case in which most of parameters of a
network are uncertain and given 1n terms of
neutrosophic numbers. Finally, a numerical example
1s given to explain the proposed algorithm.

Keywords: — Dykstra’s algorithm; Single valued

neutrosophic number; Shortest path problem:;
Network



I.INTRODUCTION

To express indeterminate and inconsistent information which exist in
real world, Smarandache [1] originally proposed the concept of a
neutrosophic set from a philosophical point of view. The concept of the
neutrosophic set (NS for short) is powerful mathematical tool which
generalizes the concept of classical sets, fuzzy sets [3], intuitionistic
fuzzy sets [4], interval-valued fuzzy sets [5] and interval-valued
intuitionistic fuzzy sets [6]. The concept of the neutrosophic has three
basic components such that a truth-membership (T), indeterminacy-
membership (I) and a falsity membership (F), which are defined
independently of one another. But a neutrosophic set So will be more
difficult to apply it in real scientific and engineering areas. Thus ,
Wang et al. [7] proposed the concept of single valued neutrosophic set
(for short SVNS), which 1s an instance of a neutrosophic set, whose
functions of truth, indeterminacy and falsity lie in [0, 1] and provided
the set theoretic operators and various properties of SVNSs. Some of
the recent research works on neutrosophic set theory and its
applications i1n various fields can be found in [8]. In addition,
Thamaraiselvi and Santhi [9] introduced a mathematical
representation of a transportation problems 1in neutrosophic
environment based on single valued trapezoidal mneutrosophic
numbers and also provided the solution method. The operations on
neutrosophic sets and the ranking methods are presented in [10].



The shortest path problem (SPP) is one of the most fundamental
and well-known combinatorial problems that appear in various
fields of science and engineering, e.g, road networks application,
transportation and other applications. In a network, the shortest
path problem aims at finding the path from one source node to
destination node with minimum weight, where some weight 1is
attached to each edge connecting a pair of nodes. The edge length of
the network may represent the real life quantities such as, time,
cost, etc. In conventional shortest path problem, it is assumed that
decision maker is certain about the parameters (distance, time etc)
between different nodes. But in real life situations, there always
exist uncertainty about the parameters between different nodes. For
this purpose, many algorithms have been developed to find the
shortest path under different types of input data, including fuzzy
set, intuitionistic fuzzy sets, vague sets [11-15]. One of the most
used methods to solve the shortest path problem is the Dijkstra’s
algorithm [16]. Dijkstra’s algorithm solves the problem of finding
the shortest path from a point in a graph (the source) to a
destination.



Recently, numerous papers have been published on neutrosophic
graph theory [17-23]. In addition, Broumi et al. [24-26] proposed
some algorithms to find the shortest path of a network (graph) where
edge weights are characterized by a neutrosophic numbers including
single valued neutrosophic numbers, bipolar neutrosophic numbers
and interval valued neutrosophic numbers.

The main purpose of this paper i1s to propose a new version of
Dijkstra algorithm for solving shortest path problem on a network
where the edge weights are characterized by a single valued
neutrosophic numbers. The proposed method is more efficient due to
the fact that the summing operation and the ranking of SVNNs can
be done in a easy and straight manner.

The rest of the article is organized as follows. Section 2 introduces
some basic concepts of neutrosophic sets, single valued neutrosophic
sets. In Section 3, a network terminology is presented, In section 4,
we propose the new version of Dijkstra’algorithm for solving the
shortest path with connected edges in neutrosophic data. Section 5
1llustrates a practical example which 1s solved by the proposed
algorithm. Conclusions and further research are given in section 6.



Preliminaries
In this section, some basic concepts and definitions on neutrosophic sets and single valued
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: 7 ,(x) .

I, (x). F,(x)> x € X}. where the functions T. I. F:

XN—]70.1"[define respectively 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:

O0=T (x)+ I (x)+ F (x)=3~. (1)

The functions?  (x). I, ,(x) and F ,(x) are real standard or

nonstandard subsetsof |70.1-[.

Since it 1s difficult to apply INSs to practical problems. Wang
et al. [7] introduced the concept of a SVINS. which is an
instance of a NS and can be used in real scientific and
engineering applications.



Definition 2.2 [7]. Let X be a space of points (objects) with
generic elements in X denoted by x. A single walued
neutrosophic set A (SVNS A) i1s characterized by truth-

membership function 7 (x) . an indeterminacy-membership
function J,(x). and a falsity-membership function F (x).

For each point x in X 7, (x). I ,(x). F,(x) € [0. 1]. A
SVNS A can be written as

A={=x:T,(x), I,(x). F,(x)>x €X} (2)
Definition 2.3 [10]. Let 4, =(7;.1,.F,) and 4, = (75.1,.F,)

be two single wvalued neutrosophic number. Then, the
operations for SVINNs are defined as below:;

iii. Ad, =<1-QA—-T;)).I{.F*) = (5)

iv. A =(;".1-(1—1,)".1-(1—F,)*) where 1= 0 (6)



Definition 2.2 [7]. Let X be a space of points (objects) with
generic elements in X denoted by x. A single walued
neutrosophic set A (SVNS A) is characterized by truth-

membership function 7, (x) . an indeterminacy-membership
function /,(x). and a falsity-membership function F, (x).

For each point x in X 7 ,(x). /,(x). F,(x) € [0, 1]. A
SWVINS A can be written as

A={=<x: T, (x). I,(x), F,(x)=.x eX} (2)
Definition 2.3 [10].Let 4, =(7;,1,.F,) and 4, = (75.1,.F,)

be two single wvalued mneutrosophic number. Then., the
operations for SVINNs are defined as below;

i. "El E].:EE ="=:E—i +TE _EITEEI].IE-‘FIFE = (3)
ii. A ® A, =<, 51+ 1, — L1, F+F,—FF) > (4)
iii. Ad, =< 1—-QA—-T)).I . F*) = (5)

iv. A" =" 1-A—-1,)" 1-(1—F)") where 1> 0 (6)



Definition 2.4 [10]. 0, may be defined as follow:
0, =1<X,(0,1L1) = x X} (7)

A convenient method for comparing of smgle wvalued
neutrosophic number is by use of score function.

Definition 2.5 [11]. Let ﬁl =(7;,1;,F,) be a single valued
neutrosophic number. Then, the score function s(ﬁl) :

accuracy function a(4) and certainty function e(4,) of a
SVNN are defined as follows:

(@) s(d) = T (®)

(i) a(4)=T - R Q
(iif) o(4) =T, (10)




Definition 2.6 [11]. Supposethat 4, =(7},1;.F)

and ﬁg =(75.1,,F,) are two single valued neutrosophic
numbers. Then, we define a ranking method as follows:
1. Ifs(ﬁlj — s(ﬁg ).then ﬁl 1s greater than Eg . that 1s,

A, is superior to 4, , denoted by 4, > 4,

ii. If s(4;)=s(4,).and a(4;)> a(4,)then 4, is
greater than A4, . that is, 4, is superior to 4, , denoted
by 4, > 4,

iii. If s(d4y)=s(4,). a(4;)=a(4,).and c(4) > e(4,)
then 4, is greater than 4, , thatis, 4, is superior
to 4, ,denoted by 4, > A,

iv. If s(4;)=s(4,), a(4)=a(4,).and c(4;)= c(4,)
then 4, is equal to 4, ,that is, 4, is indifferentto 4, ,
denoted by 4; = 4,



III. NETWORK TERMINOLOGY

Consider a directed network G = (V, E) consisting of a finite
set of nodes V={1, 2,...n} and a set of m directed edges
EcCcV x V. Each edge is denoted by an ordered pair (1. j)
where 1. ] € V and i = j. 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 as a sequence

R, ={i= 4 . (h.5) . ip oeies [y o (G4 -4) . §; =] of alternating
nodes and edges. The existence of at least one path P,in G

(V.E) 1s assumed for everyi € V-{s}.
d,; Denotes a single valued neutrosophic number associated

with the edge (1_.j). corresponding to the length necessary to
traverse (1. j) from 1 to j. Im 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
d(P)= Z d; ; (14)
i.j=P)
Remark: A node 1 is said to be predecessor node of node j if
(1) Nodei is directly connected to node j.
(11) The direction of path connectingnode i and j from 1 to j.



IV. SINGLE VALUED NEUTROSOPHIC DIJIKSTRA ALGORITHNM

In this subsection, we slightly modified the fuzzy Dijkstra
algorithm adapted from [27] in order to deal on a network
with parameters characterized by a single valued neutrosophic
numbers.

This algorithm finds the shortest path and the shortest distance
between a source node and any other node in the network. The
algorithm advances from a mnode 1 to an immediately
successive node j using a neutrosophic labeling procedure. Let

t; be the shortest distance from node 1 to node 1 and
S (&H'] =0 be the length of (i.]) edge. Then. the neutrosophic
label for node j is defined as:

[&,.il=[# @d,.il. S(d,)=0. (15)
Here label [z, . i] mean we are coming from nodes i after
covering a distance u; from the starting node. Dijkstra’s

algorithm divides the mnodes into two subset groups:
Temporary setr (1) and Permanent ser (P). A temporary
neutrosophic label can be replaced with another temporary
neutrosophic label., if shortest path to the same neutrosophic
node i1s detected. At the point when no better path can be
found, the status of temporary label is changed to permanent.
The steps of the algorithm are summarized as follows:



Step 1 Assign to source node (say node 1) the permanent label
[ (0,1,1) ,-]. Set i=1.

Making a node permanent means that it has been included in
the short path.

Step 2 Compute the temporary label [#, @ cﬂfﬁ. . 1] for each node

] that can be reached from i, provided j is not permanently
labeled. If node j is already labeled as [#;. k] through another

node k, and if S(ii @ &U) < S(u; ) replace [, . k] with

(i, ©d,;.1].

Step 3 If all the nodes are permanently labeled, the algorithm
terminates. Otherwise, choose the label [, , s] with shortest

distance (u, ) from the list of temporary labels. Set = r and
repeat step 2.
Step 4 Obtamn the shortest path between node 1 and the

destination node ] by tracing backward through the network
usingthe label’s information.



IVILLUSTRATIVE EXAMPLE
Now we solve an hypothetical example to verify the proposed
approach. Consider the network shown in figurel; we want to
obtain the shortest path from node 1 to node 6 where edges have
a single valued neutrosophic numbers. Let us now apply the
extended Dijkstra algorithm to the network given in figure 1

A
(0.7,0.6, 0.8)

Fig. 1. A network with single valued neutrosophic weights



According to DMjilkkstra®s algorithm we start with
Iteratdon 0: Assign the permmanentlabel [{0,1.1} -] to node 1.
Iteration 1:™Mode 2 andnode Scanbereached from (the last

permanently labeledinode 1. Thus, the list oflabeled nodes
(temporary and penmnanent) becomes

MNodes label Status
1 [0 1. 1Y, -] P
2 [(04 06, 0.7y 1] T
3 [(O2 03 04y 17 T

In order to compare the (0.4 06 0.7} and (0.2, 0.3, 0.4 we
use the Eq. 8

2 R 2 2 — 3 —
s@2 03 04=2+T"1-F_2+02-03-04_4,54

3 3
2+ —JF—F _24+04—-06—-0.7

- -
= - |

Since the rank gf [(04, 06, 0.7), 1] 1= less than [(0.2, 0.5,
0.47%, 1] Thus the statusofnode 2 1= changedto pemnmnanent.

Iteratdon 2: INode 3 and 5 can be reached from node 2. Thus,
the list of labeled nodes { temporarny. and penmnanent) becomes

S (0.4, 0.6, 0.7)= —0.36

Modes label Status

1 [0 1) . -] P

= o4 . 06, 0.7y 1] P

3 (02,03 04y 1] or T
(046, 024 042 2]

5 [(O.282 036, 05367, 2] T




g 024 - )
$(0.46,024,042)= 210467024042 ¢

0.82-036-0.36

g
§ (0.82,0.36,0.56)= = =0.63

Laa Lo TS

Amongthe temporarylabels [[0.2, 03,04}, 1] or
[(0.46,0.24,042), 2], [(0.82,0.36,0.36), 2] and since the rank
of (0.2, 0.3, 0.4) 15 less than of (046, 0.24, 0.42) and (0.82,
0.36,0.56), 50 the status ofnode 3 15 changedto permanent.

Iteration 3: Node 4and 5 canbe reached fromnode 3. Thus |
the hst oflabeled nodes | temporary and permanent) becomes

MNodes label Status
[(0,11),-] P

2 [(04,06,07),1] P

3 [(02,03,04),1] P

4 [(0.6,0.09,0.04), 3] T

5 [(0.82,036,0.36),2] T
or
[(044,0.12, 0.28), 3]




2+0.6-009-0.04
3
2+044-0.12-028
3
Amongthe temporary labels [(0.6, 0.09, 0.04), 3] or
[(0.82,036,0.56), 2], [(0.44,0.12,028), 3] and since the rank

of (0.82,036,0.56), is less than of (0.44,0.12, 0.28) and (0.6,
0.09.0.04). So the status ofnode 3 15 changedto pemmanent.

S{0.6, 000, 004)= =032

S5{(044,012,028)= =068

Iteration 4: Node 6 canbereached from node 3. Thus | the
Lzt oflabeled nodes( temporary and permanent) becomes

Modes label Status
1 [(0.L1),-] F
2 [(04,06,07),1] F
3 [(02,03, 04),1] F
4 [(0.6,0.09, 0.04), 3] T
5 [(0.82,036,0.56), 2] F
& [(0953,018 017, 5] T

Smce, there gxit  one penmanent node from where we can

reach at node 6. So, make tamporary label (093, 018, 0.17),
3] as permanent.



Lieration 5: the only temperary., nods 1s 4, this node can be
reached from node 3 and 6. Thus ., the list of labeled nodes
termmporary and permmanert) becomes

MNodes label Stahis
1 [0, 1,1}, -] F
2 [(04,06, 07 1] P
3 [(0.2,03 04 1] F
4 [(0.&, 000 004) 3] or T

[(0.95.0.04, 0.10).6]
[(082.036,0.56)
[(053. 018, 017)

-

]
]

| L
a=1lla=!

(]

In erder to compare the (0.6, 0.09, 0.04) gnd_ (0.95, 0.04,
0.10%) we use the Eq.2

S06,000,004)=0282 and3(0.95,004, 0.10)=0204

Since the rank gf [(0.6, 0.09, 0.04) 3] is less than [[0.93,
004, 0.100.6]. And the node 4 iz the only one temporary node
rermnains then, the status ofnode 4 1= changedto permanent.

Modes lakel Status
1 [[D 1: 1} '] P
2 (04,06, 07),1] P
3 (02,035, 04 1] P
4 [(0.6, 000 0.04) 3] P
5 [(0.22 036, 0356) 2] P
& (093, 018 0.17), 3] P




Based omn the step 4, thhe following sequence deternrmnines the
shortest path froxmnode 1 to node &

(&) —= D93 012 . 0173 3] = (3 — MO.22 036 0363 2]
> (2) —> [(04, 0.6,07) 1] — (1)

Thus, the requured shortest pathi=s 1 —2 — 3 — &




Eazed on the step 4, the following seguence deterrmines the
shortest path frommnode 1 tonode &

() = O93 0128 017y 53] = (3) — [(O.82, 0.36,0.5367), 2]
— (2% —= 0.4, 0.6 0.7y 17 — (1)

Thus the required shortest pathi=s 1 —2 — 35 — &

[(0.6,0.09, 0.04), 3]

0.2,0.3,0.4), 1
I A (0.5,0.3,0.1)

(0.2,0.3, 0.4)

@/ A
(0.1,0.4,0.6)

~

(0.3,0.29.6) [(0.93,0.18, 0.17), 5]

RO

-

- @ ______________ S @*«16,0.5, 0.3)

[0.3,1),-1 40¢%.7)

~

(0.7,0.6, 0.8)

[(0.4,0.6,0.7), 1] [(0.82,0.36, 0.56), 2]

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



V.CONCLUSIONS

This paper extended the fuzzy Dijkstra’s algorithm to
find the shortest path of a network with single valued
neutrosophic edge weights. The use of neutrosophic
numbers as welghts 1n the graph express more
uncertainty than fuzzy numbers. The proposed
algorithm proposes solution to one issue, this issue is
addressed by identification of shortest path 1in
neutrosophic environment. A numerical example was
used to 1llustrate the efficiency of the proposed
method. In future, we will research the application of
this algorithm
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