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1 |Introduction    

Lotfi Aliasker Zadeh first suggested a new thing that deals with uncertainty, i.e., fuzzy sets [1], which include 

membership degrees that are independent and uncertain. Later on, Smarandache established that the 

neutrosophic set (NS) is a field of philosophy that surveys the existence, provenance, and extent of uniformity 

as well as its relationship to different theoretical peaks, including parameters such as true(T), indeterminacy (I), 

and false membership (F) [2]. It has been established that when the inconsistencies of a set of vertices and 

edges are obtained in a network, a neutrosophic number can be used to evaluate the SPP. If the connection of 

nodes in a network is uncertain, the NS theory is an adequate principle for addressing real-world issues in 

which the arc length is considered the neutrosophic number (NN) for encountering SPP [3]. 

SPP is a fundamental issue that arises in many areas of science and technology. The SPP's objective is to 

determine the minimum path distance between a given pair of nodes in a network [4]. The distance from end 

to end of an arc can signify actual quantities of uniqueness, for example, cost and time. The arc lengths between 
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nodes in a connected network are typically accurately measured using traditional SPP, with precise numerical 

representations in specific conditions. However, in situations of ambiguity, neutrosophic numbers are 

employed. 

The NS is an extended version of the IFS that takes ambiguity into consideration and explains the actual issue 

in full depth. Too many researchers often use NSs arc length weight values to evaluate the SPP in different 

environments. Broumi et al. [5] suggested an SPP focusing on neutrosophic environments by using a triangular 

fuzzy number. Deng, Y., et al. [6] solved SPP using the Dijkstra algorithm with neutrosophic numbers. As an 

additional simplification of the ideas of intuitionistic fuzzy, hesitant fuzzy, and dual hesitant FSs, Ye [7] 

suggested a single-valued neutrosophic hesitant FS. Peng [8] suggested new methods for solving multi-valued 

NSs and enhanced a relationship based on intuitionistic and hesitant FSs. Using score and accuracy functions 

and several operational rules, Ye [9] suggested a new method to evaluate the SPP in neutrosophic environments 

with a trapezoidal neutrosophic number. Harish and Nancy [10] suggested an enhanced score function in the 

executive process to evaluate the SPP. Ridvan et al. [11] devised a technique for solving several characteristic 

executive problems using SVN or IVNN numbers. Deli et al. [12] created Euclidean ranking standard values 

for SVTN numbers. 

Zhang et al. [13] recommended a cyclic uncertainty on SPP. After that, Broumi et al. [14] evaluated SPP by 

using SVNG. Peng and Dai [15] suggested a neutrosophic environment-based interval decision-making 

algorithm to calculate the SPP, and Broumi, S. et al. [16] suggested an SV-trapezoidal NN. Subas and Deli [17] 

suggested the SVNN ranking technique to evaluate the SP. Broumi et al. [18], [19] proposed new concepts to 

deal with uncertainty, i.e., the neutrosophic set. Kahraman and Bolturk [20] suggested an IVN analytical 

hierarchy procedure based on similarity measures. Wang et al. [21] clarified NS with interval value. Biswas et 

al. [22] suggested a new technique to calculate the distance, i.e., based on the TrFNN interval. Deli [23] 

suggested a classical representation for the diminution and extension of neutrosophic traditional sets, followed 

by the development of a neutrosophic traditional soft reduction technique and the presentation of a real-world 

example. after then Deli [24] suggested and utilised single-valued trapezoidal NN as a variable to evaluate the 

decision-making. 

Deli and Suba [25] solved various decision-making problems by applying the weighted mathematical operator 

with the SVN method. Basset et al. [26], [27] suggested a new concept based on managerial technology that 

allows decision-makers in a neutrosophic environment to select the most appropriate project. They also 

suggested a new method for assessing reliability and evaluating the extent of agreement between expert 

opinions in a NE. Kumar et al. [28] proposed a trapezoidal fuzzy neutrosophic environment algorithm for 

solving SPP. Broumi et al. [29] suggested using single-valued trapezoidal NN to evaluate the SP length of a 

network. Tan et al. [30] suggested a complete dynamic programming technique for evaluating the SPP. Broumi 

et al. [31] suggested a technique score function to evaluate the SPP. Goldfarb, D. et al.[32] previously suggested 

for finding shortest path where crisp number are arc lengths. But in this paper we propose a method for finding 

SPP in uncertain environment. 

The subsequent portion of the research paper is organized as follows: Section-2 elucidates the motivation and 

contributions of this paper. Section-3 presents definitions of existing terminologies. In Section 4, novel 

algorithms utilizing the proposed score function are suggested. Section 5 provides a numerical example 

demonstrating the calculation of NSP in neutrosophic environments. Section 6 contrasts the shortest path 

across various networks and parameters, along with outlining the benefits of the proposed approach. The 

conclusion of the proposed methodology is detailed in Section 7. 

2 |Motivation  
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 The primary aim of this research is to introduce a productive computational approach for SPP under 

Bredhth's first algorithm that is adaptable to an ambiguous environment commonly faced in the 

procedure. The following are the paper's most significant contributions: 

 We determined it by calculating the arc length on a neutrosophic network using the neutrosophic 

number FNSP as the vertex. Each vertex is assigned a neutrosophic number. 

 Neutrosophic number NS is an extension of an intuitionistic fuzzy number. 

 We introduce a novel algorithm designed to address the Shortest Path Problem (SPP) within an 

uncertain environment, which accurately computes the shortest path length between two specified 

nodes. 

 In addition, we employ a selection sort algorithm to select the SP connected to the lowest rank. 

 

3 | Preliminaries 

In this part we show a general description of a Intuitionistic Fuzzy Set, neutrosophic set. 

Definition 3.1 [2]: Assume set �̈� is the universal set. An intuitionistic fuzzy set �̈� in �̈� is written in the form: 

�̈� =  {�̈�, 𝜇�̈�(𝑥), 𝜈�̈�(�̈�)------------- (1) 

With μÄ: Ẍ → [0,1] and νÄ: Ẍ → [0,1] are the functions that define the degrees of membership non-

membership of x ϵ Ẍ to Äϵ Ẍ, respectively, and for everyx ϵ Ẍ, μÄ(x), νÄ(ẍ) ≤ 1. 

Definition3.2: Let's suppose that Ẍ represents a set of spatial points (objects), where x̃ denotes the 

corresponding generic elements in Ẍ. Then, the element in the neutrosophic set Ã takes the following form: 

Ã = {< ẍ: T̈Ä(ẍ), ÏÄ(ẍ), F̈Ä(ẍ) > ẍϵẌ}------------------------ (2) 

Where three membership degree T̈Ä, ÏÄ, F̈Ä:Ẍ → [0−, 1+]  where T̈, Ï, and F̈ represent the truth function, the 

indeterminacy function, and the falsity function, respectively. 

0− ≤ {T̈Ä(ẍ) + ÏÄ(ẍ) + F̈Ä(ẍ)} ≤ 3+ 

Now  T̈Ä(�̈�), ÏÄ(�̈�), F̈Ä(�̈�)  are representing subsets of the interval [0−, 1+] makes it challenging to implement 

neutrosophic sets in real-world situations. 

Definition 3.3: Canonical representation of neutrosophic number: 

If Ä = (p̈, q̈, r̈) is neutrosophic number. Then the Canonical representation of neutrosophic number is defined 

as: 

C(Ä) =
1

6
(p̈ + 4q̈ + r̈) − − − − − − − − − − − (3) 

The canonical representation of neutrosophic numbersÄ = (p̈1 ,q̈1 ,r̈1)  and B̈ = (p̈2 ,q̈2 ,r̈2)is  defined as  

follows. 

C(Ä) =
1

6
(p̈1 + 4q̈1 + r̈1 ) 
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C(B̈) =
1

6
(p̈2 + 4q̈2 + r̈2 ) 

The operation of adding two neutrosophic numbers can be described as: 

C(Ä + B̈) =
1

6
(p̈1 + 4q̈1 + r̈1 ) +

1

6
(p̈2 + 4q̈2 + r̈2 ) − − − − − − − −(4) 

The operation of multiplication two neutrosophic numbers can be described as: 

C(Ä × B̈) =
1

6
(p̈1 + 4q̈1 + r̈1 ) ×

1

6
(p̈2 + 4q̈2 + r̈2 ) − − − − − − − −(5) 

4 | Proposed Method 

Consider a linked network with 𝑠 as the initial node and 𝑒 as the final node. The objective is to determine the 

SP between source nodes 𝑠 and 𝑒 with the parameters associated with the vertices are NNs.  

4.1 | The Modified neutrosophic Breadth first search Algorithm (MNBFSA) 

Step 1: Take a graph 𝐺 =  (𝑉, 𝐸)which is simple, weighted, and connected network with neutrosophic 

numbers as parameters for the edges. Let the source and destinations nodes be 𝐴  and  𝐸, respectively. 

Step 2: Then, using Breadth's first algorithm, find a different possible path from source to destination. 

 

Step 3: Using canonical representation, we exchange neutrosophic path length values to crisp path length 

values. 

Step 4: Finally, after getting the total path from source to destination, we apply a selection sort algorithm to 

find the minimum rank of the path on a given network. 
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5 |Numerical Illustration  

Step 1: Consider the graph G =  (V, E)as in the figure given below with the parameters associated with the 

edges are NNs and A and E, respectively represent the source and destination nodes. 

 
Figure 1: Connected network. 

 
Table 1. (Arc length as neutrosophic number). 

Arc Length Edge value in neutrosophic number 

A-B <0.3, 0.6, 0.7> 

A-C <0.3, 0.5, 0.8 > 

B-C <0.3, 0.4, 0.6 > 

B-F <0.4, 0.6, 0.9> 

C-D <0.3, 0.6, 0.7> 

C-F <0.4, 0.7, 0.8> 

D-E <0.6, 0.7, 0.8> 

F-E <0.7, 0.8, 0.9> 

Step 2: Now we apply BFS algorithm. Assume A is a source node and E is a Destination node 

First step: 

 A is the source node so it will be removed from the queue. 

 A's neighbors are B and C, so it will be transited. 

 B and C will be transited, which have not been transited previously. 

 A Pushed to the back of the line B and C will be identified as visited. 
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Second step: 

 B is removed from the queue. 

 The neighbors of B are C and F. 

 C is disregarded as it has already been visited. 

 F, which hasn't been explored previously, is now explored. It is then added to the queue and marked 

as visited. 

 

Third step: 

 C is taken out of the queue. 

 The neighbors of C are D and F. 

 F is skipped since it has already been visited. 

 D, which hasn't been explored yet, is now explored. It is then added to the queue and marked as 

visited. 

 

Fourth step: 

 D is taken out of the queue. 

 The neighbor of D is E. 

 E, which hasn't been traversed before, is now traversed. It is then added to the queue and marked as 

visited. 
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Fifth step: 

 F is removed from the queue. 

 The neighbor of F is E. 

 E, is ignored because it is identified as 'visited' 

 So in conclusion the possible path is from initial to final node is in fig: 2 

 

Figure 2. 
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Finally possible path from source to destination is in Table 2. 

Table2. (Possible path). 

Possible path 

A-B-F-E 

A-B-C-F-E 

A-C-F-E 

A-C-D-E 

Step 3: Now by using canonical representation we find the Path distance 

𝐴 − 𝐵 − 𝐹 − 𝐸 = (𝐴 − 𝐵) + (𝐵 − 𝐹) + (𝐹 − 𝐸) 

=
1

6
(0.3 + 4(0.6) + 0.7) +

1

6
(0.4 + 4(0.6) + 0.9) +

1

6
(0.7 + 4(0.8) + 0.9) 

=
1

6
(0.3 + 2.4 + 0.7) +

1

6
(0.4 + 2.4 + 0.9) +

1

6
(0.7 + 3.2 + 0.9) 

=
1

6
(3.4) +

1

6
(3.7) +

1

6
(4.8) 

= 0.56 + 0.61 + 0.80 

= 1.97 

Path 𝐴 − 𝐵 − 𝐶 − 𝐹 − 𝐸 = (𝐴 − 𝐵) + (𝐵 − 𝐶) + (𝐶 − 𝐹) + (𝐹 − 𝐸) 

=
1

6
(0.3 + 4(0.6) + 0.7) +

1

6
(0.3 + 4(0.4) + 0.6) +

1

6
(0.4 + 4(0.7) + 0.8) +

1

6
(0.7 + 4(0.8) + 0.9) 

=
1

6
(0.3 + 2.4 + 0.7) +

1

6
(0.3 + 1.6 + 0.6) +

1

6
(0.4 + 2.8 + 0.8) +

1

6
(0.7 + 3.2 + 0.9) 

=
1

6
(0.3 + 2.4 + 0.7) +

1

6
(0.3 + 1.6 + 0.6) +

1

6
(0.4 + 2.8 + 0.8) +

1

6
(0.7 + 3.2 + 0.9) 

=
1

6
(3.4) +

1

6
(2.5) +

1

6
(4.0) +

1

6
(4.8) 

= 0.56 + 0.41 + 0.66 + 0.80 

= 2.43 

Path 𝐴 − 𝐶 − 𝐹 − 𝐸 = (𝐴 − 𝐶) + (𝐶 − 𝐹) + (𝐹 − 𝐸) 

=
1

6
(0.3 + 4(0.5) + 0.8) +

1

6
(0.4 + 4(0.7) + 0.8) +

1

6
(0.7 + 4(0.8) + 0.9) 
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=
1

6
(0.3 + 2.0 + 0.8) +

1

6
(0.4 + 2.8 + 0.8) +

1

6
(0.7 + 3.2 + 0.9) 

=
1

6
(3.1) +

1

6
(4.0) +

1

6
(4.8) 

= 0.51 + 0.66 + 0.80 

= 1.97 

Path 𝐴 − 𝐶 − 𝐷 − 𝐸 = (𝐴 − 𝐶) + (𝐶 − 𝐷) + (𝐷 − 𝐸) 

=
1

6
(0.3 + 4(0.5) + 0.8) +

1

6
(0.3 + 4(0.6) + 0.7) +

1

6
(0.6 + 4(0.7) + 0.8) 

=
1

6
(0.3 + 2.0 + 0.8) +

1

6
(0.3 + 2.4 + 0.7) +

1

6
(0.6 + 2.8 + 0.8) 

=
1

6
(3.1) +

1

6
(3.4) +

1

6
(4.2) 

= 0.51 + 0.56 + 0.70 

= 1.77 

Step 4:  

Input: 
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Output: 

 

6 | Comparative Analysis between our Approach and the Existing 

Method 

In this section, we compare our methodology with one other existing methodology and finally analyze our 

methodology for evaluating the shortest path based on the breadth first algorithm in a neutrosophic 

environment, which gives the optimal result. We discuss this in Table 3. 

Table 3. Comparison of shortest path length. 

Methods Shortest path shortest path length 

"Shortest path problem 

within the framework of 

interval-valued neutrosophic 

settings [33] 

A → C → D→ E 

[0.35,0.60],[0.01,0.

04], 

[0.008,0.075] 

Our proposed method A → C → D→ E 1.77 

 

7 |Conclusions  

In this paper, we determined the shortest path within a network operating in a neutrosophic environment, 

where edge weights neutrosophic number. The aforementioned paper elaborates on the benefits of employing 

neutrosophic numbers in NSP. The traditional breadth-first algorithm is modified to calculate the SP between 

a pair of given nodes. Here we illustrate the effectiveness of our suggested methodology by giving one 

numerical example. The most significant finding of this work is identifying an NSP algorithm in the 

neutrosophic environment that uses the NN as edge weights. The proposed algorithm is extremely effective 

for real-world application-oriented problems. In future work, one may explore different ways to resolve SPPs 

using and advancing our proposed algorithm.  
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