
        Neutrosophic Systems with Applications, Vol. 11, 2023  

        https://doi.org/10.61356/j.nswa.2023.83         

 

Broumi et al., Interval-Valued Fermatean Neutrosophic Shortest Path Problem via Score Function 

 
Interval-Valued Fermatean Neutrosophic Shortest Path Problem 

via Score Function 
 

Said Broumi 1,2,* , S. krishna Prabha 3  and Vakkas Uluçay 4  

1 Laboratory of Information Processing, Faculty of Science Ben M’Sik, University of Hassan II, Casablanca, Morocco. 
2 Regional Center for the Professions of Education and Training (C.R.M.E.F), Casablanca- Settat, Morocco.     
3 Department of Mathematics, PSNA College of Engineering and Technology, Dindigul, Tamil Nadu, India; 

krishna_praba@psnacet.edu.in.   
4 Department of Mathematics, Faculty of Science, Kilis 7 Aralık University, Kilis, Turkey; vakkas.ulucay@kilis.edu.tr. 

 
* Correspondence: s.broumi@flbenmsik.ma. 

 

Abstract: Contemporary mathematical techniques have been crafted to address the uncertainty of 

numerous real-world settings, including Fermatean neutrosophic fuzzy set theory. Fermatean 

neutrosophic fuzzy set is an extension of combining Fermatean and neutrosophic sets. Fermatean 

neutrosophic set was developed to enable the analytical management of ambiguous data from 

relatively typical real-world decision-making scenarios. Decision-makers find it challenging to 

determine the degree of membership (MG) and non-membership (NG) with sharp values due to the 

insufficient data provided. Intervals MG and NG are suitable options in these circumstances. In this 

article, the shortest route issue is formulated using an interval set of values in a Fermatean 

neutrosophic setting. A de-neutrosophication technique utilizing a scoring function is then 

suggested. A mathematical version is also included to show the framework's usefulness and viability 

in more detail. 

Keywords: Fermatean Neutrosophic Shortest Path Problem; Fermatean Neutrosophic Fuzzy Set; 

Shortest Path Problem; Network. 

 

 

1. Introduction 

For processing conceptual data, graph models are frequently used in a variety of domains, 

including operations science, networks, data analysis, pattern discovery, the field of finance, and 

visual design. In 1965, Zadeh [1] presented the Fuzzy Set (FS) as a magic solution to uncertainty and 

ambiguity. The FS theory is demonstrated in a variety of real-world problems in numerous practical 

applications. Atanassov [2] first presented the Intuitionistic Fuzzy Set (IFS) model in 1986. In IFS, 

membership and non-membership are used to characterize every item (totals are always capped at 

1). Yager has introduced the Pythagorean fuzzy set (PFS) notion as a generalization of the 

intuitionistic fuzzy set (IFS) [3] to manage the complex imprecision and uncertainty in real-world 

decision-making difficulties. 

By relaxing the requirement that the square root of the sum of the membership degree and non-

membership degree must be greater than one, the Pythagorean fuzzy model varies from other fuzzy 

models. Neutrosophic sets, a concept first put forth by Smarandache [4] in 1995, can be used to 

overcome issues including insufficient, ambiguous, and inaccurate information. Senapati and Yager 

[5] introduce the idea of Fermatean fuzzy sets (FFS) with the restriction that the sum of the cubes 

expressing membership and non-membership degrees cannot be greater than one. The FFS is a useful 

method to accept ambiguity and vagueness since it increases the relative volume of membership and 

non-membership in fuzzy and PFSs. The Fermatean fuzzy TOPSIS approach with Dombi aggregation 
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operators was presented by Aydemer et al. in 2020 [6]. Barraza et al. [7] in 2020 provide an application 

of Fermatean fuzzy matrices in the co-design of urban projects. Broumi et al. [8] proposed the concept 

of a complex Fermatean Neutrosophic graph and its use in decision-making in 2023. 

The theory and applications of Fermatean Neutrosophic Graphs were provided in 2022 by 

Broumi et al. [9]. In 2022, Ganie [10] presented a method for multi-criteria decision-making based on 

the distance and knowledge measures of FFSs. Broumi also looks into bipolar single-valued 

neutrosophic graphs in [11], as well as the associated properties. In [12, 13], Sundareswaran et al. 

described and looked into the neutrosophic environment's susceptible features. A correlation metric 

for Pythagorean Neutrosophic Sets was presented in 2019 by Jansi et al. [14]. A New Decision-Making 

Approach Based on FFSs and WASPAS for Green Construction Supplier Evaluation was given by 

Keshavarz-Ghorabaee et al. [15] in 2020. The Fermatean fuzzy WASPAS method-based multi-criteria 

healthcare waste disposal location selection was proposed by Mishra. On interval neutrosophic sets, 

Broumi et al. [16] studied some operations on interval-valued Fermatean neutrosophic sets and their 

use in multicriteria decision-making. Broumi et al. [17] proposed a new intelligent algorithm for 

trapezoidal interval-valued neutrosophic network analysis. In 2016, Dey et al. [18] researched the 

fuzzy version of the shortest path problem (SPP). Using interval-valued triangular fuzzy arc weight, 

Ebrahimnejad et al. [19] suggested an optimization method for unraveling SPPs in 2020. In 2020, 

Singh [20] presented a fuzzy SPP from the perspective of a startup founder. SPP was first proposed 

by Jan A et al. [21] in 2022 using Pythagorean fuzzy components with interval values. 

A new emergent concept of Fermatean neutrosophic was introduced by Antony and Jansi [22] 

in 2021 by fusing the concepts of Neutrosophic sets and FFSs. To determine the shortest path, the 

Fermatean neutrosophic graphs are examined in this work. Asim Bash et al. [23] provide a solution 

for neutrosophic Pythagorean fuzzy shortest path in a network. In 2023, Sasikala [24] presented her 

interpretation of Fermatean Neutrosophic Dombi Fuzzy Graphs. Mary et al. [25] provide a solution 

approach to the minimum spanning tree problem under the Fermatean fuzzy environment. 

Fermatean fuzzy hypergraph and some of its characteristics were proposed by Thamizhendhi [26] in 

2021. By Vidhya [27] in 2022, an enhanced A search algorithm for the shortest path in a Pythagorean 

fuzzy environment with interval values. Broumi et al. [28] studied the concept of interval-valued 

Fermatean Neutrosophic graphs. Raut et al. [29] studied the problem of the shortest path on 

Fermatean Neutrosophic Networks. To the best of our knowledge, there is no study on interval 

Fermatean Neutrosophic Networks. 

The organization of this paper is as follows: Section 1 covers the context and significant 

applications that provided inspiration for the proposed study. Section 2 provides a list of some 

fundamental definitions. A framework for the interval-valued Fermatean neutrosophic SPP is 

provided in Section 3, a quantified example is given in Section 4, and the study is summarized, 

possible future directions are discussed, and the benefits of the suggested work are emphasized in 

Section 5. 

2. Preliminaries 

In the following, some basic concepts and definitions of PFS, FFS, interval Fermatean 

neutrosophic sets, and interval valued Fermatean neutrosophic graph are reviewed from the 

literature. 

Definition 2.1 [3] A PFS A on a universe of discourse X, is a structure having the form as 

𝐴𝑃𝑦𝐹𝑆= {〈𝑥, 𝑇𝐴(𝑥), 𝐹𝐴(𝑥)〉| 𝑥 ∈ 𝑋} 

where 𝑇𝐴(𝑥): 𝑋 → [0,1]  indicates the degree of membership and 𝐹𝐴(𝑥): 𝑋 → [0,1]  indicates the 

degree of non-membership of every element  𝑥 ∈ 𝑋 to the set 𝐴, respectively, with the constraints: 

0 ≤ (𝑇𝐴(𝑥))
2
+(𝐹𝐴(𝑥))

2
≤ 1. 

Senpati et al. [5] suggested the idea of FFS considering more possible types of uncertainty. These are 

defined below, 
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Definition 2.2: [5] A FFS A on a universe of discourse X is a structure defined as, 

𝐴FFS= {〈𝑥, 𝑇𝐴(𝑥), 𝐹𝐴(𝑥)〉| 𝑥 ∈ 𝑋} 

where 𝑇𝐴(𝑥): 𝑋 → [0,1]  indicates the degree of membership, and 𝐹𝐴(𝑥): 𝑋 → [0,1]  indicates the 

degree of non-membership of the element  𝑥 ∈ 𝑋 to the set A, respectively, with the constraints: 

0 ≤ (𝑇𝐴(𝑥))
3
+(𝐹𝐴(𝑥))

3
≤1. 

 

Definition 2.3: [16] An interval valued Fermatean neutrosophic number 𝐴 = 〈[𝑇𝐴
𝐿, 𝑇𝐴

𝑈],[ 𝐼𝐴
𝐿, 𝐼𝐴

𝑈],[ 𝐹𝐴
𝐿, 

𝐹𝐴
𝑈]〉 is supposedly. Zero interval valued Fermatean neutrosophic number if and only if  

𝑇𝐴
𝐿= 0 , 𝑇𝐴

𝑈= 0 , 𝐼𝐴
𝐿= 1, 𝐼𝐴

𝑈= 1, 𝐹𝐴
𝐿= 1 and 𝐹𝐴

𝑈= 1. 

 

Definition 2.4: [16] An interval-valued Fermatean neutrosophic set (IVFNS) 𝐴 on the universe of 

discourse 𝑋 is of the structure: 𝐴𝐼𝑉𝐹𝑁𝑆 = {〈𝑥, 𝑇̃𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹̃𝐴(𝑥)〉| 𝑥 ∈ X}, where, 𝑇̃𝐴(𝑥)=[𝑇𝐴
𝐿(𝑥) , 𝑇𝐴

𝑈(𝑥)] 

𝐼𝐴(𝑥)  = [𝐼𝐴
𝐿(𝑥) , 𝐼𝐴

𝑈(𝑥)]  and 𝐹̃𝐴(𝑥)  = [𝐹𝐴
𝐿(𝑥) , 𝐹𝐴

𝑈(𝑥)]  represents the truth-membership degree, 

indeterminacy-membership degree and falsity-membership degree, respectively. Consider the 

mapping𝑇̃𝐴(𝑥): 𝑋 → 𝐷[0,1] , 𝐼𝐴(𝑥): 𝑋 → 𝐷[0,1], 𝐹̃𝐴(𝑥): 𝑋 → 𝐷[0,1] and 0 ≤ (𝑇𝐴
𝑈(𝑥))

3
 +(𝐹𝐴

𝑈(𝑥))
3
≤1 and 

0 ≤ (𝐼𝐴
𝑈(𝑥))

3
  ≤ 1 , 

0 ≤  (𝑇𝐴
𝑈(𝑥))

3
+ (𝐼𝐴

𝑈(𝑥))
3
   +(𝐹𝐴

𝑈(𝑥))
3
≤ 2 ,∀ 𝑥 ∈ X. 

Definition 2.5: [28] An Interval-Valued Fermatean Neutrosophic Graph (IVFNG) of a graph 𝐺 ∗ 

=(𝑉,𝐸) we mean a pair 𝐺 =(𝐴, 𝐵), where 𝐴 = 〈[𝑻𝑨
𝑳 , 𝑻𝑨

𝑼 ],[  𝑰𝑨
𝑳 , 𝑰𝑨

𝑼 ],[  𝑭𝑨
𝑳 , 𝑭𝑨

𝑼 ]〉 is an interval-valued 

Fermatean neutrosophic set on V; and 𝐵 = 〈[𝑻𝑩
𝑳 , 𝑻𝑩

𝑼 ],[  𝑰𝑩
𝑳 , 𝑰𝑩

𝑼 ],[  𝑭𝑩
𝑳 , 𝑭𝑩

𝑼 ]〉 is an interval valued 

Fermatean neutrosophic relation on 𝐸 satisfying the following condition: 

 𝑉 = { 𝑣1 , 𝑣2 , … , 𝑣𝑛 }, such that 𝑇𝐴
𝐿∶ 𝑉 →[0, 1], 𝑇𝐴

𝑈∶ 𝑉→[0, 1], 𝐼𝐴
𝐿∶𝑉→[0, 1], 𝐼𝐴

𝑈 :𝑉→[0, 1] and 𝐹𝐴
𝐿: 

𝑉→ [0, 1], 𝐹𝐴
𝑈: 𝑉 →[0, 1] denote the degree of truth-membership, the degree of indeterminacy-

membership and falsity-membership of the element 𝑦 ∈ 𝑉, respectively, and 0 ≤ ( 𝑇𝐴(𝑣𝑖) )3 + 

( 𝐼𝐴(𝑣𝑖) )3 + ( 𝐹𝐴(𝑣𝑖) )3 ≤ 2, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑣𝑖  ∈ 𝑉 ,(𝑖 = 1, 2, … , 𝑛) means 0 ≤ 

( 𝑇𝐴
𝑈(𝑣𝑖))3+( 𝑰𝐴

𝑈(𝑣𝑖))3+( 𝑭𝐴
𝑈(𝑣𝑖))3 ≤ 2, ∀ 𝑥 ∈ X.  

 The functions 𝑇𝐵
𝐿 : 𝑉×𝑉→[0,1],  𝑇𝐵

𝑈 : 𝑉×𝑉→[0,1],  𝐼𝐵
𝐿 : 𝑉×𝑉→ [0,1],  𝐼𝐵

𝑈 :𝑉×𝑉→[0,1] and 

𝐹𝐵
𝐿 :𝑉×𝑉→[0,1], 𝐹𝐵

𝑈 : 𝑉×𝑉→[0,1] are such that 𝑇𝐵
𝐿 ({𝑣𝑖 , 𝑣𝑗 }) ≤ min[𝑇𝐴

𝐿 (𝑣𝑖), 𝑇𝐴
𝐿 (𝑣𝑗 )],  𝑇𝐵

𝑈 ({𝑣𝑖 , 𝑣𝑗 } ≤ 

min[𝑇𝐴
𝑈 (𝑣𝑖 ), 𝑇𝐴

𝑈 (𝑣𝑗 )], 𝐼𝐵
𝐿 ({𝑣𝑖 ,  𝑣𝑗 }) ≥ max [𝐼𝐴

𝐿 (𝑣𝑖 ), 𝐼𝐴
𝐿 (𝑣𝑗 )], 𝐼𝐵

𝑈 ({𝑣𝑖 , 𝑣𝑗 }) ≥ max[𝐼𝐴
𝑈 (𝑣𝑖 ), 𝐼𝑎

𝑈 (𝑣𝑗 )], 𝐹𝐵
𝐿 

({𝑣𝑖 , 𝑣𝑗 }) ≥ max[𝐹𝐴
𝐿 (𝑣𝑖 ), 𝐹𝐴

𝐿 (𝑣𝑗 )], 𝐹𝐵
𝑈 ({𝑣𝑖 , 𝑣𝑗 }) ≥  max[𝐹𝐴

𝑈 (𝑣𝑖 ), 𝐹𝐴
𝑈 (𝑣𝑗 )]  denoting the degree of 

truth-membership, indeterminacy-membership and falsity membership of the edge (𝑣𝑖, 𝑣𝑗) ∈ 𝐸 

respectively, where 0 ≤ ( 𝑇𝐵(𝑣𝑖 , 𝑣𝑗))
3
+( 𝑰𝐵(𝑣𝑖 , 𝑣𝑗))

3
+( 𝑭𝐵(𝑣𝑖 , 𝑣𝑗))

3
 ≤ 2 for all {𝑣𝑖, 𝑣𝑗} ∈ 𝐸 (𝑖,𝑗 = 1, 2, 

… , 𝑛) means 0 ≤ ( 𝑇𝐵
𝑈(𝑣𝑖 , 𝑣𝑗))

3
+( 𝑰𝐵

𝑈(𝑣𝑖 , 𝑣𝑗))
3
+( 𝑭𝐵

𝑈(𝑣𝑖 , 𝑣𝑗))
3
 ≤ 2, ∀ 𝑥 ∈ X.  

 

Definition 2.6: [16] Broumi et al. [29] defined the average possible membership degree of element x 

to interval valued Fermatean neutrosophic set A = 〈 [𝑇𝐴
𝐿(𝑥) , 𝑇𝐴

𝑈(𝑥)], [𝐼𝐴
𝐿(𝑥) , 𝐼𝐴

𝑈(𝑥)], [𝐹𝐴
𝐿(𝑥) , 𝐹𝐴

𝑈(𝑥)],〉 

as follows: 

𝑆𝐵𝑟𝑜𝑢𝑚𝑖(𝑥) = 
(𝑇𝐴

𝐿(𝑥))
3

+(𝑇𝐴
𝑈(𝑥))

3
+(𝐼𝐴

𝐿(𝑥))
3

+(𝐼𝐴
𝑈(𝑥))

3
+(𝐹𝐴

𝐿(𝑥))
3

+(𝐹𝐴
𝑈(𝑥))

3

2
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Definition 2.7: [16] Let 𝔸 = 〈[𝕋𝐿 , 𝕋𝑈], [𝐼𝐿 , 𝐼𝑈], [𝔽𝐿 , 𝔽𝑈]〉, 𝔸1 = [𝕋1
𝐿 , 𝕋1

𝑈], [𝐼1
𝐿 , 𝐼1

𝑈], [𝔽1
𝐿 , 𝔽1

𝑈] 〉 and 𝔸2 =

〈[𝕋2
𝐿 , 𝕋2

𝑈], [𝐼2
𝐿 , 𝐼2

𝑈], [𝔽2
𝐿 , 𝔽2

𝑈]〉  be three interval valued fermatean neutrosophic numbers and 𝜆 > 0 . 

Then, the operations rules are described as follows; 

 𝔸1⨁𝔸2 = 〈[√𝕋1
𝐿3

+ 𝕋2
𝐿3

− 𝕋1
𝐿3

𝕋2
𝐿33

, √𝕋1
𝑈3

+ 𝕋2
𝑈3

− 𝕋1
𝑈3

𝕋2
𝑈33

] , [𝐼1
𝐿𝐼2

𝐿 , 𝐼1
𝑈𝐼2

𝑈], [𝔽1
𝐿𝔽2

𝐿 , 𝔽1
𝑈𝔽2

𝑈]〉 

 

 𝔸1⨂𝔸2 =〈[𝕋1
𝐿𝕋2

𝐿 , 𝕋1
𝑈𝕋2

𝑈], [√𝐼1
𝐿3

+ 𝐼2
𝐿3

− 𝐼1
𝐿3

𝐼2
𝐿33

, √𝐼1
𝑈3

+ 𝐼2
𝑈3

− 𝐼1
𝑈3

𝐼2
𝑈33

], 

                              [√𝔽1
𝐿3

+ 𝔽2
𝐿3

− 𝔽1
𝐿3

𝔽2
𝐿33

, √𝔽1
𝑈3

+ 𝔽2
𝑈3

− 𝔽1
𝑈3

𝔽2
𝑈33

]〉 

 𝜆 𝔸 =〈[√1 − (1 − 𝕋𝐿3
)

𝜆 3

, √1 − (1 − 𝕋𝑈3
)

𝜆 3

] , [𝐼𝐿 𝜆
, 𝐼𝑈 𝜆

] , [𝔽𝐿 𝜆
, 𝔽𝑈 𝜆

]〉  

 𝔸𝜆 =〈[𝕋𝐿 𝜆
, 𝕋𝑈 𝜆

], 

            [√1 − (1 − 𝐼𝐿3
)

𝜆 3

, √1 − (1 − 𝐼𝑈3
)

𝜆 3

], 

                [√1 − (1 − 𝔽𝐿3
)

𝜆 3

, √1 − (1 − 𝔽𝑈3
)

𝜆 3

]〉 

3. Fermatean Neutrosophic Shortest Path Algorithm 

One of the prominent graph theory puzzles is the shortest path problem. The shortest path 

problem has been extensively examined with respect to almost every fuzzy structure in fuzzy graph 

theory. The novelty of the suggested method is in its capacity to deal with problems arising in 

interval-valued Fermatean neutrosophic numbers. The algorithm we employed is relatively simple 

to use and yields results much faster than other methodologies. This strategy can be applied to any 

type of neutrosophic structure. Whether in the context of machine learning, shipping, computerized 

systems, labs or manufacturing facilities, etc., this algorithmic rule can be used to meet the demand 

for shortest path explanations. 

A technique for figuring out the shortest path between each node and its predecessor is suggested 

in this portion of the article. In practical applications, this approach can be employed to determine 

the shortest path in a network. 

Step 1: Prioritize v1and vn as the destination's first and last nodes, respectively. 

Step 2: Considering that node 1 is not isolated from itself by any distance, let 𝑑1 = 〈[0,0], [1,1], [1,1]〉 

Additionally, add the label (〈[0,0], [1,1], [1,1]〉  , −) to the first node. 

Step 3: Find dj = min{di⨁dij}. For j = 2, 3 …n. use the Score function for de-neutrosophication of 

IVFNS. 

           𝑆𝐵𝑟𝑜𝑢𝑚𝑖(𝑥) = 
(𝑇𝐴

𝐿(𝑥))
3

+(𝑇𝐴
𝑈(𝑥))

3
+(𝐼𝐴

𝐿(𝑥))
3

+(𝐼𝐴
𝑈(𝑥))

3
+(𝐹𝐴

𝐿(𝑥))
3

+(𝐹𝐴
𝑈(𝑥))

3

2
, 𝑤ℎ𝑒𝑟𝑒 𝑠𝑐𝑜𝑟𝑒(𝐴) ∈ [0,1]. 

Step 4: If a unique distance value is encountered at i = r. hence j is thus designated as [𝑑𝑗, r].  

If there is no unique match between the distance measurements.  

It indicates that there are several IVFNS pathways leading from a node.  

Use the score feature of IVFNS to find the shortest path out of multiple options. 

Step 5: Let the destination node be labeled as [𝑑𝑛 , 𝑘].where 𝑑𝑛 is the shortest displacement between 

initial and final node. 
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Step 6: Therefore, we check the label of node k to get the IVFN shortest path from the first to the last 

node. Let it be. Next, we evaluate node l's label of node 𝑙, and so forth. 

To obtain the initial node, repeat the steps above. 

Step 7: Consequently, step 6 can be used to determine the IVFN shortest path. 

 

4. Numerical Example 

Presume a network of IVFNG shown in Figure 1. The shortest path is computed using the 

proposed technique in the approach shown below. 

 

Figure 1. IVFN network. 

 

In Table 1, IVFNG s is utilized to illustrate the path between each pair of nodes. 
 

Table 1. Distance between the nodes in IVFN Network Edges. 

 

 

 

 

 

 

 

 

 

 

In Table 1, IVFNG s is utilized to illustrate the path between each pair of nodes. 

Now, utilizing the methodology described, we determine the shortest path as specified: 

The destination node being 6, n = 6.  

If you mark the source node as ( 〈[0,0],[1,1],[1,1]〉 , −) (let's say node 1) and set d1 =  〈[0,0], [1,1], [1,1]〉 

to those coordinates, you can find dj as follows. 

 

Iteration 1: Since node 2 has only one predecessor, we set i = 1 and j = 2, which results in d2 as 

d2= min {d1⨁ d12} 

= min (〈[0,0], [1,1], [1,1]〉 ⊕ 〈[0.4,0.6], [0.1,0.3][0.2,0.3]〉) 

= 〈[0.4,0.6], [0.1,0.3], [0.2,0.3]〉 

Edges Distance 

(1, 2) 〈[0.4, 0.6], [0.1, 0.3][0.2, 0.3]〉 

(1, 3) 〈[0.2, 0.7], [0.1, 0.5], [0.1, 0.3]〉 

(2, 3) 〈[0.1, 0.7], [0.2, 0.4], [0.3, 0.5]〉 

(2, 4) 〈[0.4, 0.5], [0.7, 0.8], [0.1, 0.2]〉 

(2, 5) 〈[0.5, 0.6], [0.5, 0.7], [0.3, 0.4]〉 

(3, 4) 〈[0.6, 0.7], [0.4, 0.6], [0.3, 0.5]〉 

(3, 5) 〈[0.6, 0.7], [0.3, 0.6], [0.2, 0.5]〉 

(4, 5) 〈[0.4, 0.7], [0.5, 0.8], [0.1, 0.6]〉 

(4, 6) 〈[0.3, 0.5], [0.3, 0.8], [0.1, 0.2]〉 

(5, 6) 〈[0.5, 0.8], [0.5, 0.6], [0.2, 0.4]〉 
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When i = 1, the minimum value is attained. Thus, vertex 2 is labeled as 

〈[0.4,0.6], [0.1,0.3], [0.2,0.3] 〉, −1] 

 

Iteration 2: Set i = 1, 2 and j = 3, since node 3's predecessors are 1 and 2. 

d3= min {d1⨁ d13, d2⨁ d23} 

= min {
〈[0,0], [1,1], [1,1]〉 ⊕  〈[0.2,0.7], [0.1,0.5], [0.1,0.3]〉,

〈[0.4,0.6], [0.1,0.3][0.2,0.3]〉 ⊕  〈[0.1,0.7], [0.2,0.4], [0.3,0.5]〉
} 

= min {
〈[0.2,0.7], [0.1,0.5], [0.1,0.3]〉,

〈[0.0216, 0.1616], [0.02, 0.12], [0.06, 0.15]〉
} 

Score function enables us to identify the absolute minimum: 

𝑆𝐵𝑟𝑜𝑢𝑚𝑖(𝑥) = 
(𝑇𝐴

𝐿(𝑥))
3

+(𝑇𝐴
𝑈(𝑥))

3
+(𝐼𝐴

𝐿(𝑥))
3

+(𝐼𝐴
𝑈(𝑥))

3
+(𝐹𝐴

𝐿(𝑥))
3

+(𝐹𝐴
𝑈(𝑥))

3

2
 

S(〈[0.2,0.7], [0.1,0.5], [0.1,0.3]〉) = 0.2525, and 

S(〈[0.0216, 0.1616], [0.02, 0.12], [0.06, 0.15]〉) = 0.048 

So, the d3 =〈[0.1,0.7], [0.2,0.4], [0.3,0.5]〉 

When i = 2, the minimum value is attained. Thus, vertex 3 is labeled as [〈[0.1,0.7], [0.2,0.4], [0.3,0.5]〉, 2].  

 

Iteration 3: Set i = 2, 3, and j = 4, since node 4's predecessors are 2 and 3. 

d4= min {d2 ⨁ d24, d3⨁ d34} 

= min {
〈[0.4,0.6], [0.1,0.3], [0.2,0.3]〉 ⊕ 〈[0.4,0.5], [0.7,0.8], [0.1,0.2]〉〉,

〈[0.1,0.7], [0.2,0.4], [0.3,0.5]〉  ⊕ 〈[0.6,0.7], [0.4,0.6], [0.3,0.5]〉
} 

= min {
〈[0.0413 ,0.1047], [0.1146, 0.1751], [0.003,0.0116]〉,

〈[0.0723,0.1895], [0.0238,0.887], [0.018, 0.0781]〉
} 

Score function enables us to identify the absolute minimum: 

S([0.0413 ,0.1047], [0.1146, 0.1751], [0.003,0.0116]〉) = 0.004, and 

S([0.0723,0.1895], [0.0238,0.887], [0.018, 0.0781]) = 0.0042 

Hence d4 = 〈[0.0413 ,0.1047], [0.1146, 0.1751], [0.003,0.0116]〉 

When i = 2, the minimum value is attained. Thus, vertex 4 is labeled as [ 〈[0.0413 , 0.1047], [0.1146,

0.1751], [0.003, 0.0116]〉, 2]. 

 

Iteration 4: Set i = 2, 3, 4 and j = 5, since node 5's predecessors are 2, 3 and 4. 

d5= min {d2⨁ d25, d3⨁ d35, d4⨁ d45} 

= min{

〈[0.4,0.6], [0.1,0.3], [0.2,0.3]〉〉〉 ⊕ 〈[0.5,0.6], [0.5,0.7], [0.3,0.4]〉,

〈[0.1,0.7], [0.2,0.4], [0.3,0.5]〉 ⊕ 〈[0.6,0.7], [0.3,0.6], [0.2,0.5]〉,

〈[0.0413 ,0.1047], [0.1146, 0.1751], [0.003,0.0116]〉 ⊕ 〈[0.4,0.7], [0.5,0.8], [0.1,0.6]〉〉

} 

= min {

〈[0.0603, 0.1284], [0.042, 0.1202], [0.012, 0.0298]〉,
〈[0.0723, 0.1895], [0.0116, 0.0887], [0.012, 0.0781]〉,

  〈[0.0214, 0.1146], [0.0421,0.1715], [0.0003, 0.072]〉
} 

Score function enables us to identify the absolute minimum: 

S(〈[0.0603, 0.1284], [0.042, 0.1202], [0.012, 0.0298]〉) =0.0021 

S(〈[0.0723, 0.1895], [0.0116, 0.0887], [0.012, 0.0781]〉) =0.0042, and 

S(〈[0.0214, 0.1146], [0.0421,0.1715], [0.0003, 0.072]〉) =0.0035 
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So, the d5 〈[0.0603, 0.1284], [0.042, 0.1202], [0.012, 0.0298]〉 

When i = 2, the minimum value is attained. Thus, vertex 5 is labeled as 

〈[0.0603, 0.1284], [0.042, 0.1202], [0.012, 0.0298]〉, 2]. 

 

Iteration 5: Set i = 4, 5 and j = 6, since node 6's predecessors are 4 and 5. 

d6= min {d4⨁ d46, d5⨁ d56} 

= min {
〈[0.0413 ,0.1047], [0.1146, 0.1751], [0.003, 0.0116]〉 ⊕ 〈[0.3,0.5], [0.3,0.8], [0.1,0.2]〉,

〈[0.0603, 0.1284], [0.042, 0.1202], [0.012, 0.0298]〉 ⊕ 〈[0.5,0.8], [0.5,0.6], [0.2,0.4]〉
} 

= min {
〈[0.009, 0.042], [0.0095, 0.1715], [0.0003, 0.0027]〉,

〈[0.0417, 0.171], [0.0417, 0.0725], [0.0027, 0.0213]〉
} 

  

Score function enables us to identify the absolute minimum: 

S(〈[0.009, 0.042], [0.0095, 0.1715], [0.0003, 0.0027]〉) =0.0026, and 

S(〈[0.0417, 0.171], [0.0417, 0.0725], [0.0027, 0.0213]〉) = 0.0028 

So, the d6 = 〈[0.009, 0.042], [0.0095, 0.1715], [0.0003, 0.0027]〉 

 

When i = 4, the minimum value is attained.  

Thus, vertex 6 is labeled as [〈[0.009, 0.042], [0.0095, 0.1715], [0.0003, 0.0027]〉, 4]. 

Since d6 is the final destination. So, the shortest displacement is specified as proceeding from vertex 

one to six.  

〈[0.009, 0.042], [0.0095, 0.1715], [0.0003, 0.0027]〉 

The shortest way can be determined as follows: 

Node 6 is labeled [〈[0.009, 0.042], [0.0095, 0.1715], [0.0003, 0.0027]〉, 4]. 

Node 5 is labeled as〈[0.0603, 0.1284], [0.042, 0.1202], [0.012, 0.0298]〉, 2]. 

Node 4 is labeled as [〈[0.0413 , 0.1047], [0.1146, 0.1751], [0.003, 0.0116]〉, 2]. 

Node 3 is labeled as as [〈[0.1,0.7], [0.2,0.4], [0.3,0.5]〉, 2].  

Consequently, the shortest route is 1→2→ 4→6 with the IVFN value of distance being 

〈[0.009, 0.042], [0.0095, 0.1715], [0.0003, 0.0027]〉 

The shortest path is depicted in Figure 2 by the dotted line, and the paths of various nodes are shown 

in Table 2. 

Table 2. Shortest Path of the above network. 

Nodes 

No.(j) 
𝐝𝐢 

Shortest path from 

1st node to jth node 

2 〈[0.4,0.6], [0.1,0.3], [0.2,0.3]〉 1 ⟶ 2 

3 〈[0.1,0.7], [0.2,0.4], [0.3,0.5]〉 1 ⟶ 3 

4 〈[0.0413 ,0.1047], [0.1146, 0.1751], [0.003,0.0116]〉 1 ⟶ 2⟶ 4 

5 〈[0.0603, 0.1284], [0.042, 0.1202], [0.012, 0.0298]〉 1 ⟶ 2⟶ 5 

6 [〈[0.009, 0.042], [0.0095, 0.1715], [0.0003, 0.0027]〉, 4] 1 ⟶ 2 ⟶ 4⟶ 6 
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Figure 2. Shortest path IVFN network 

 

5. Conclusions 

The paper explores the idea of an Interval-Valued Fermatean Neutrosophic graph. The shortest 

path of an IVFNG has been determined via an algorithm. The suggested approach is employed to 

identify the network's shortest path across all possible paths in a numerical example. This research 

will be highly helpful to researchers who want to provide fresh approaches to the shortest path 

problem. New frameworks and algorithms will be created in the future to determine the best path for 

a specific network in various fixed contexts under various neutrosophic environments utilizing the 

findings of the present study. 

 

Acknowledgments 

The author is grateful to the editorial and reviewers, as well as the correspondent author, who offered 

assistance in the form of advice, assessment, and checking during the study period. 

Data availability 

The datasets generated during and/or analyzed during the current study are not publicly available 

due to the privacy-preserving nature of the data but are available from the corresponding author 

upon reasonable request. 

Conflict of interest 

The authors declare that there is no conflict of interest in the research.  

Ethical approval 

This article does not contain any studies with human participants or animals performed by any of the 

authors. 

 

References 

1. Zadeh L. A.; Fuzzy sets, Information and Control, 1965, 8,338-353. 

2. Atanassov, K. T.; Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 1986, 20(1), 87–96.              

https://doi.org/10.1016/S0165-0114(86)80034-3. 

3. Yager .R.R , Pythagorean membership grades in multicriteria decision making. IEEE Trans Fuzzy Systems, 

22, pp.958–965, 2014. 

4. Smarandache, F. A unifying field in logics. In Neutrosophy: Neutrosophic Probability, Set and Logic; 

American Research Press: Rehoboth, DE, USA, pp. 1–144, 1999. 

5. Senapati.T, and Yager.R.R,, “Fermatean Fuzzy Sets”, Journal of Ambient Intelligence and Humanized 

Computing , vol 11, pp. 663-674, 2020. 

https://doi.org/10.1016/S0165-0114(86)80034-3


Neutrosophic Systems with Applications, Vol. 11, 2023                                                 9 

An International Journal on Informatics, Decision Science, Intelligent Systems Applications 

 

Broumi et al., Interval-Valued Fermatean Neutrosophic Shortest Path Problem via Score Function 

6. Aydemir. S. B., and Yilmaz Gunduz, S. Fermatean fuzzy TOPSIS method with Dombi aggregation operators 

and its application in multi-criteria decision making. In Journal of Intelligent & Fuzzy Systems, Vol. 39, 

Issue 1, pp. 851–869, 2020. IOS Press. https://doi.org/10.3233/jifs-191763 21. 

7. Barraza.R.,Sepúlveda,J.M.,Derpich,I.,“Application of Fermatean fuzzy matrix in co-design of urban 

projects.” In Procedia Computer Science, 199, pp. 463–470, 2020, ElsevierBV. 

https://doi.org/10.1016/j.procs.2022.01.056. 

8. Broumi, S., Mohanaselvi, S., Witczak, T., Talea, M., Bakali, A., & Smarandache, F., Complex fermatean 

neutrosophic graph and application to decision making. Decision Making: Applications in Management 

and Engineering, 6(1), 474-501, 2023. https://doi.org/10.31181/dmame24022023b. 

9. Broumi, S., Sundareswaran, R., Shanmugapriya, M., Bakali, A., & Talea, M. Theory and Applications of 

Fermatean Neutrosophic Graphs. Neutrosophic Sets and Systems, 50, 248-286. 2022. 

10. Ganie, A. H. Multicriteria decision-making based on distance measures and knowledge measures of 

Fermatean fuzzy sets. In Granular Computing. Springer Science and Business Media LLC.2022. 

https://doi.org/10.1007/s41066-021-00309-8. 

11. Broumi. S, Smarandache. F, Talea M, Bakali .A, An introduction to bipolar single valued neutrosophic 

graph theory. Appl Mech Mater, 841, pp. 184, 2016. 

12. Sundareswaran.R, Anirudh.A, Aravind Kannan.R, Sriganesh.R Sampath Kumar.S, Shanmugapriya.M, Said 

Broumi, Reliability Measures in Neutrosophic Soft Graphs Neutrosophic Sets and Systems, Vol. 49, pp.239- 

252, 2022. 

13. Sundareswaran.R, Jaikumar .R.V., Balaraman. G., Kishore Kumar. P .K, Said Broumi ,Vulnerability 

Parameters in Neutrosophic Graphs, Neutrosophic Sets and Systems, Vol. 48,pp.109-121, 2022.  

14. Jansi.R, K. Mohana and Florentin smarandache, Correlation Measure for Pythagorean Neutrosophic Sets 

With T and F as Dependent Neutrosophic components, Neutrosophic sets and systems, Vol.30 ,202-212, 

2019. 

15. Keshavarz-Ghorabaee, M., Amiri, M., Hashemi-Tabatabaei, M., Zavadskas, E. K., & Kaklauskas, A.  A 

New Decision-Making Approach Based on Fermatean Fuzzy Sets and WASPAS for Green Construction 

Supplier Evaluation. In Mathematics, Vol. 8, Issue 12, p. 2202, MDPI AG. 

https://doi.org/10.3390/math8122202.2020. 

16. Broumi, S., Sundareswaran, R., Shanmugapriya, M., Singh, P. K., Voskoglou, M., & Talea, M. (2023). Faculty 

Performance Evaluation through Multi-Criteria Decision Analysis Using Interval-Valued Fermatean 

Neutrosophic Sets. Mathematics, 11(18), 3817. 

17. Broumi, S., Nagarajan, D., Lathamaheswari, M., Talea, M., Bakali, A., & Smarandache, F. (2020). Intelligent 

algorithm for trapezoidal interval valued neutrosophic network analysis. CAAI Transactions on 

Intelligence Technology, 5(2), 88-93. 

18. Dey.A Pal.A, and Pal.T,“Interval Type 2 Fuzzy Set in Fuzzy Shortest Path Problem. In Mathematics ”, MDPI 

AG, Vol. 4, Issue 4, p. 62,2016. https://doi.org/10.3390/math4040062. 

19. Ebrahimnejad.A, Tabatabaei.S,  and Santos-Arteaga.F.J, “A novel lexicographic optimization method for 

solving shortest path problems with interval-valued triangular fuzzy arc weights ”,In Journal of Intelligent 

&amp; Fuzzy Systems ,Vol. 39, Issue 1, pp. 1277–1287, IOS Press. 2020. https://doi.org/10.3233/jifs-192176. 

20. Singh.V.P, Sharma.K, and Jain.U, “Solving Fuzzy Shortest Path Problem with Decision Maker’s 

Perspective”, In: Laishram, B., Tawalare, A. (eds) Recent Advancements in Civil Engineering. Lecture Notes 

in Civil Engineering, Springer, Singapore,vol 172. 2022. https://doi.org/10.1007/978-981-16-4396-5_57. 

21. Jan.N, Aslam.M, Ullah.K, Mahmood.T and Wang.J,  “An approach towards decision making and shortest 

path problems using the concepts of interval‐valued Pythagorean fuzzy information”,In International 

Journal of Intelligent Systems ,Vol. 34, no  10, pp. 2403–2428, 2019.Wiley. https://doi.org/10.1002/int.22154 

22. Antony Crispin Sweetie.S and Jansi.R., Fermatean Neutrosophic Sets, International Journal of Advanced 

Research in Computer and Communication Engineering, Vol. 10, Issue 6, pp. 24-27,2021.  

23. M. Asim Basha,M. Mohammed Jabarulla,Broumi said. (2023). Neutrosophic Pythagorean Fuzzy Shortest 

Path in a Network. Journal of Neutrosophic and Fuzzy Systems, 6 (1), 21-28.  

24. Sasikala.D, Divya.B. A Newfangled Interpretation on Fermatean Neutrosophic Dombi Fuzzy Graphs. 

Neutrosophic Systems With Applications, 7, 36–53, 2023. https://doi.org/10.61356/j.nswa.2023.21.   



Neutrosophic Systems with Applications, Vol. 11, 2023                                                 10 

An International Journal on Informatics, Decision Science, Intelligent Systems Applications 

 

Broumi et al., Interval-Valued Fermatean Neutrosophic Shortest Path Problem via Score Function 

25. Mary, F. R. P., Mohanaselvi, S., & Broumi, S. (2023). A solution approach to minimum spanning tree 

problem under fermatean fuzzy environment. Bulletin of Electrical Engineering and Informatics, 12(3), 

1738-1746. https://doi.org/10.11591/eei.v12i3.4794 . 

26. Thamizhendhi, G., Kiruthica, C., & Suresh, S. (2021). Fermatean fuzzy hypergraph. 湖南大学学报 (自然科

学版), 48(12).  

27. Vidhya. K. and Saraswathi.A, “An improved A∗ search algorithm for the shortest path under interval-

valued Pythagorean fuzzy environment”,. Granul. Comput. 2022. https://doi.org/10.1007/s41066-022-

00326-1. 

28. Broumi, S., Sundareswaran, R. ., Shanmugapriya, M. ., Nordo, G. ., Talea, M. ., Bakali, A., & Smarandache, 

F. (2022). Interval- valued fermatean neutrosophic graphs. Decision Making: Applications in Management 

and Engineering, 5(2), 176–200. https://doi.org/10.31181/dmame0311072022b. 

29. Raut, P. K., Behera, S. P., Broumi, S., & Mishra, D. (2023). Calculation of shortest path on Fermatean 

Neutrosophic Networks. Neutrosophic Sets and Systems, 57(1), 22. 

 

 

 

 

 

 

Received: 30 May 2023, Revised: 19 Sep 2023,  

Accepted: 05 Oct 2023, Available online: 13 Oct 2023. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
© 2023 by the authors. Submitted for possible open access publication under the terms and conditions 

of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 


