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Abstract: In the present study, we present a multi-attribute-decision-making (MADM) strategy in 

Single Valued Pentapartitioned Neutrosophic Set (SVPNS) environment based on Grey Relational 

Analysis (GRA) which we call SVPNS- MADM strategy. We define Hamming distance between two 

single valued pentapartitioned neutrosophic sets and prove its basic properties. The notion of 

pentapartitioned neutrosophic set is a powerful mathematical tool to deal with incomplete, 

indeterminate, ignorance, and inconsistent information. In this paper, we extend the neutrosophic 

GRA strategy to pentapartitioned neutrosophic GRA strategy. Then we employ it to an MADM 

strategy. Further, we demonstrate the developed MADM strategy by solving an illustrative 

numerical example that reflects the efficiency and applicability of the proposed strategy. 

 

Keywords: Neutrosophic set, Single valued neutrosophic set, Pentapartitioned neutrosophic set; 

Multi attribute decision making, Grey relational analysis. 

________________________________________________________________________________________ 

1. Introduction 

 The idea of neutrosophic set (NS) was presented by Smarandache [38], which was a powerful 

mathematical tool to deal with incomplete, indeterminate, and inconsistent information. The notion 

of NS and its various extensions have been successfully applied in the many fields such as decision 

making [1-13, 16-19, 21, 25-31, 36-38, 43, 45], medical diagnosis [32-33, 44], data mining [20], conflict 

resolution [35], etc. In the recent past, the NSs [6, 22, 23-24, 39-42] have drawn a great attention during 

the last two decades. Different models of Multi-Attribute Decision Making (MADM) for crisp set, 
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fuzzy set, intuitionistic fuzzy set and NS environments have been already proposed by so many 

researchers. Biswas et al. [5] proposed an entropy based grey relational analysis strategy for MADM 

model under The Single Valued Neutrosophic Set (SVNS) environment. Mondal and Pramanik [16] 

also proposed a neutrosophic decision making model for clay-brick selection in construction field 

based on Grey Relational Analysis GRA) in SVNS environment. The notion of Pentapartitioned 

Neutrosophic Set (PNS) was grounded by Mallick and Pramanik [15] by in the year 2020, which was 

also very powerful mathematical tool to deal with the data includes incomplete, indeterminate, 

ignorance, and unknown information. Since PNS has been restricted in the [0,1], we call it Single 

Valued PNS (SVPNS). 

There is no study in the literature relating to MADM in SVPNS environment. To explore the 

unexplored MADM in SVPNS environment, we present an MADM strategy under in SVPNS 

environment based on GRA.  

 

The rest of the paper is organized in the following way: 

Section 2 recalls some relevant results on SVPNSs. Section 3 presents some new definitions relating 

to SVPNS that are useful to develop the present paper. Section 4 devotes to develop the GRA based 

SVPNS-MADM strategy. In section 5, we present a numerical example to demonstrate the proposed 

SVPNS-MADM strategy. In section 6, we present the concluding remarks and future scope of 

research. 

2. Some Relevant Results: 

In this section, we give some existing definitions, properties of PNS. We also provide some illustrative 

examples on PNS.   

Definition 2.1.[15] Suppose that  be a non-empty set. Then a PNS V over  is defined by: 

V= {(s,TV(s),CV(s),GV(s),UV(s),FV(s)): s}, where TV(s), CV(s), GV(s), UV(s), FV(s) ∈ [0,1]  are the  degree 

of truth, contradiction, ignorance, unknown, and falsity membership of s. Therefore             0 

 TV(s)+CV(s)+ GV(s)+UV(s)+FV(s)  5. 

Example 2.1. Let  = {r, s}. Then W={(r,0.8,0.3,0.4,0.8,0.9), (s,0.9,0.9,0.2,0.4,0.5)} is a PNS over . 

Definition 2.2.[15] Suppose that V= {(s, TV(s), CV(s), GV(s), UV(s), FV(s)): s} and Y = {(s, TY(s), CY(s), 

GY(s), UY(s), FY(s)): s} be two PNSs over . Then  

(i)VY = {(s, max {TV(s), TY(s)}, max {CV(s), CY(s)}, min {GV(s), GY(s)}, min {UV(s), UY(s)}, min {FV(s), 

FY(s)}): s}; 

(ii)VY = {(s, min {TV(s), TY(s)}, min {CV(s), CY(s)}, max {GV(s), GY(s)}, max {UV(s), UY(s)}, max {FV(s), 

FY(s)}): s}; 

(iii) Vc = {(s, FV(s), UV(s), 1-GV(s), CV(s), TV(s)): s}; 

(iv) VY iff TV(s)TY(s), CV(s)CY(s), GV(s)GY(s), UV(s)UY(s), FV(s)FY(s), for all s. 

Example 2.2. Suppose that ={s, r}. Let V={(s,0.3,0.8,0.8,0.5,0.2), (r,0.5,0.9,0.5,0.2,0.3)} and 

Y={(s,0.9,0.6,0.6,0.7,0.2), (r,0.8,0.6,0.3,0.1,0.9)} be two PNSs over . Then  
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(i) VY={(s,0.9,0.8,0.6,0.5,0.2), (r,0.8,0.9,0.3,0.1,0.3)}; 

(ii) VY={(s,0.3,0.6,0.8,0.7,0.2), (r,0.5,0.6,0.5,0.2,0.9)}; 

(iii) Vc={(s,0.2,0.5,0.2,0.8,0.3), (r,0.3,0.2,0.5,0.9,0.5)}, Yc={(s,0.2,0.7,0.4,0.6,0.9), (r,0.9,0.1,0.7,0.6,0.8)} 

Example 2.3. Suppose that ={s, r}. Let V={(s,0.3,0.3,0.8,0.7,0.2), (r,0.8,0.9,0.5,0.2,0.3)} and 

Y={(s,0.9,0.9,0.6,0.7,0.2), (r,0.8,1.0,0.3,0.1,0.1)} be two PNSs over . Then VY.  

 

3. Single Valued Pentapartitioned Neutrosophic Set (SVPNS): 

Definition 3.1. An SVPNS [15] Y over a fixed set  are characterized by a truth-membership function 

(TY), a contradiction-membership function (CY), an ignorance-membership function (GY), an 

unknown-membership function (UY), a falsity-membership function (FY). Here TY(s), CY(s), GY(s), 

UY(s), FY(s)[0,1], s. The SVPNS Y is denoted as follows: 

Y= {(s, TY(s), CY(s), GY(s), UY(s), FY(s)): s}. 

Definition 3.2. Assume that B= {(s, TB(s), CB(s), GB(s), UB(s), FB(s)): s} and D= {(s, TD(s), CD(s), GD(s), 

UD(s), FD(s)): s} be two SVPNSs [15] over . Then,  

(i) BD iff TB(s)  TD(s), CB(s)  CD(s), GB(s)  GD(s), UB(s)  UD(s), FB(s)  FD(s), s; 

(ii) B=D iff DB and BD.  

Definition 3.3. Assume that B = {(s, TB(s), CB(s), GB(s), UB(s), FB(s)): s} and D= {(s, TD(s), CD(s), GD(s), 

UD(s), FD(s)): s} be two SVPNSs over . Let the cardinality of  be n. The Hamming distance (Hd) 

between B and D is defined by  

Hd(B, D)= 

∑ (|𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|)𝑠     (1) 

where 0  Hd(B, D)  5n. 

Example 3.1. Suppose that V= {(s, 0.3, 0.3, 0.8, 0.7, 0.2), (r, 0.8, 0.9, 0.5, 0.2, 0.3)} and Y={(s, 0.9, 0.9, 0.6, 

0.7, 0.2), (r, 0.8, 1.0, 0.3, 0.1, 0.1)} be two SVPN sets over ={s, r}. Then, the Hamming distance between 

V and Y is Hd(V, Y) = 2. 

Theorem 3.1. The Hamming distance between two SVPNSs is bounded. 

Proof. Suppose that B = {(s, TB(s), CB(s), GB(s), UB(s), FB(s)): s} and D= {(s, TD(s), CD(s), GD(s), UD(s), 

FD(s)): s} be two SVPNSs over , where cardinality of  is n. Therefore, 0TB(s)1, 0CB(s)1, 

0GB(s)1, 0UB(s)1, 0FB(s)1, 0TD(s)1, 0CD(s)1, 0GD(s)1, 0UD(s)1, and 0FD(s)1, for each 

s. This implies 0 |𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)| 1, 0 |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)| 1, 0 |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)| 1, 0 |𝑈𝐵(𝑠) −

𝑈𝐷(𝑠)|1, 0|𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|1, for each s. 

Therefore we have,  

0|𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)|+ |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)|+ |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)|+ |𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)|+ |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|5 

0  ∑  (|𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|)𝑠  

 5n 

0Hd (B, D)5n 

 Hd (B, D)  [0, 5n]. 

Therefore, the Hamming distance between two SVPNSs is bounded. 
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Theorem 3.2. Suppose that D = {(s, TD(s), CD(s), GD(s), UD(s), FD(s)): s}, B = {(s, TB(s), CB(s), GB(s), 

UB(s), FB(s)): s} and A= {(s, TA(s), CA(s), GA(s), UA(s), FA(s)): s} be three SVPNSs over , where 

cardinality of  is n. If D  B  A, then  

(i) Hd (D, B)  Hd (D, A); 

(ii) Hd (B, A)  Hd (D, A). 

Proof. Let D = {(s, TD(s), CD(s), GD(s), UD(s), FD(s)): s}, B = {(s, TB(s), CB(s), GB(s), UB(s), FB(s)): s} 

and A= {(s, TA(s), CA(s), GA(s), UA(s), FA(s)): s} be three SVPNSs over , where cardinality of  is n.  

(i) Suppose that D  B  A. So |𝑇𝐷(𝑠) − 𝑇𝐵(𝑠)|  |𝑇𝐷(𝑠) − 𝑇𝐴(𝑠)|, |𝐶𝐷(𝑠) − 𝐶𝐵(𝑠)|  |𝐶𝐷(𝑠) − 𝐶𝐴(𝑠)|, 

|𝐺𝐷(𝑠) − 𝐺(𝑠)|   |𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)| , |𝑈𝐷(𝑠) − 𝑈𝐵(𝑠)|   |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)| , |𝐹𝐷(𝑠) − 𝐹𝐵(𝑠)|   |𝐹𝐷(𝑠) −

𝐹𝐴(𝑠)|, for each s.  

Therefore,  

∑ (|𝑇𝐷(𝑠) − 𝑇𝐵(𝑠)| + |𝐶𝐷(𝑠) − 𝐶𝐵(𝑠)| + |𝐺𝐷(𝑠) − 𝐺𝐵(𝑠)| + |𝑈𝐷(𝑠) − 𝑈𝐵(𝑠)| + |𝐹𝐷(𝑠) − 𝐹𝐵(𝑠)|)𝑠   

 ∑ (|𝑇𝐷(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐷(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐷(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

Now, we have 

Hd (D, B) 

= ∑ (|𝑇𝐷(𝑠) − 𝑇𝐵(𝑠)| + |𝐶𝐷(𝑠) − 𝐶𝐵(𝑠)| + |𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐷(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

 ∑ (|𝑇𝐷(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐷(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐷(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

 = Hd (D, A). 

Hence, Hd (D, B)  Hd (D, A). 

(ii) Assume that D  B  A. So |𝑇𝐵(𝑠) − 𝑇𝐴(𝑠)|  |𝑇𝐷(𝑠) − 𝑇𝐴(𝑠)|, |𝐶𝐵(𝑠) − 𝐶𝐴(𝑠)|  |𝐶𝐷(𝑠) − 𝐶𝐴(𝑠)|, 

|𝐺𝐵(𝑠) − 𝐺𝐴(𝑠)|   |𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)| , |𝑈𝐵(𝑠) − 𝑈𝐴(𝑠)|   |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)| , |𝐹𝐵(𝑠) − 𝐹𝐴(𝑠)|   |𝐹𝐷(𝑠) −

𝐹𝐴(𝑠)|, for each s.  

Therefore,  

∑ (|𝑇𝐵(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐴(𝑠)|)𝑠   

 ∑ (|𝑇𝐷(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐷(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐷(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

Now, we have 

Hd (B, A) 

= ∑ (|𝑇𝐵(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

 ∑ (|𝑇𝐷(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐷(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐷(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

 = Hd (D, A). 

Hence, Hd (B, A)  Hd (D, A). 

Definition 3.4. Assume that B= {(s, TB(s), CB(s), GB(s), UB(s), FB(s)): s} and D= {(s, TD(s), CD(s), GD(s), 

UD(s), FD(s)): s} be two SVPN sets over . Let the cardinality of  be n. The normalized Hamming 

distance (N-Hd) between B and D is defined by  

N-Hd(B, D)= 

1

5𝑛
∑ (|𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|)𝑠   (2) 

where 0  N-Hd(B, D)  1. 

Example 3.2. Suppose that V and Y are two SVPNSs over ={s, r} as shown in Example 3.1. Then N-

Hd(V, Y) = 0.2. 

Theorem 3.3. The Normalized Hamming distance between two SVPNSs is bounded. 
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Proof. Suppose that B = {(s, TB(s), CB(s), GB(s), UB(s), FB(s)): s} and D= {(s, TD(s), CD(s), GD(s), UD(s), 

FD(s)): s} be two SVPNSs over , where cardinality of  is n. Therefore, 0TB(s)1, 0CB(s)1, 0  

GB(s)  1, 0  UB(s) 1, 0  FB(s)  1, 0  TD(s) 1, 0  CD(s)  1, 0  GD(s)  1, 0  UD(s)  1, and 0  FD(s) 

 1. This implies 0  |𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)| 1, 0 |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)| 1, 0 |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)| 1, 0 |𝑈𝐵(𝑠) −

𝑈𝐷(𝑠)| 1, 0 |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)| 1. 

Therefore we have,  

0 |𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)|+ |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)|+ |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)|+ |𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)|+ |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)| 5 

 0  ∑ (|𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|)𝑠  

 5n 

 0  
1

5𝑛
 ∑

(|𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)| +

|𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|)𝑠   1 

 0  N-Hd (B, D)  1 

 N-Hd (B, D)  [0, 1]. 

Theorem 3.4. Suppose that D = {(s, TD(s), CD(s), GD(s), UD(s), FD(s)): s}, B = {(s, TB(s), CB(s), GB(s), 

UB(s), FB(s)): s} and A= {(s, TA(s), CA(s), GA(s), UA(s), FA(s)): s} be three SVPNSs over , where 

cardinality of  is n. If B  D  A, then  

(i) N-Hd (B, D)  N-Hd (B, A); 

(ii) N-Hd (D, A)  N-Hd (B, A). 

Proof. Let D = {(s, TD(s), CD(s), GD(s), UD(s), FD(s)): s}, B = {(s, TB(s), CB(s), GB(s), UB(s), FB(s)): s} 

and A= {(s, TA(s), CA(s), GA(s), UA(s), FA(s)): s} be three SVPNSs over , where cardinality of  is n.  

(i) Suppose that B  D  A. So |𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)|  |𝑇𝐵(𝑠) − 𝑇𝐴(𝑠)|, |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)|  |𝐶𝐵(𝑠) − 𝐶𝐴(𝑠)|, 

|𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)|   |𝐺𝐵(𝑠) − 𝐺𝐴(𝑠)| , |𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)|   |𝑈𝐵(𝑠) − 𝑈𝐴(𝑠)| , |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|   |𝐹𝐵(𝑠) −

𝐹𝐴(𝑠)|, for each s.  

Therefore,  

1

5𝑛
∑ (|𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|)𝑠   

 
1

5𝑛
∑ (|𝑇𝐵(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

Now, we have 

N-Hd (B, D) 

= 
1

5𝑛
∑ (|𝑇𝐵(𝑠) − 𝑇𝐷(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐷(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐷(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐷(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐷(𝑠)|)𝑠  

 
1

5𝑛
∑ (|𝑇𝐵(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

 = N-Hd (B, A). 

Hence, N-Hd (B, D)  N-Hd (B, A). 

(ii) Assume that B  D  A. So |𝑇𝐷(𝑠) − 𝑇𝐴(𝑠)|  |𝑇𝐵(𝑠) − 𝑇𝐴(𝑠)|, |𝐶𝐷(𝑠) − 𝐶𝐴(𝑠)|  |𝐶𝐵(𝑠) − 𝐶𝐴(𝑠)|, 

|𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)|   |𝐺𝐵(𝑠) − 𝐺𝐴(𝑠)| , |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)|   |𝑈𝐵(𝑠) − 𝑈𝐴(𝑠)| , |𝐹𝐷(𝑠) − 𝐹𝐴(𝑠)|   |𝐹𝐵(𝑠) −

𝐹𝐴(𝑠)|, for each s.  

Therefore,  

1

5𝑛
∑ (|𝑇𝐷(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐷(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐷(𝑠) − 𝐹𝐴(𝑠)|)𝑠   
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1

5𝑛
∑ (|𝑇𝐵(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

Now, we have 

N-Hd (D, A) 

= 
1

5𝑛
∑ (|𝑇𝐷(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐷(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐷(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐷(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐷(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

 
1

5𝑛
∑ (|𝑇𝐵(𝑠) − 𝑇𝐴(𝑠)| + |𝐶𝐵(𝑠) − 𝐶𝐴(𝑠)| + |𝐺𝐵(𝑠) − 𝐺𝐴(𝑠)| + |𝑈𝐵(𝑠) − 𝑈𝐴(𝑠)| + |𝐹𝐵(𝑠) − 𝐹𝐴(𝑠)|)𝑠  

 = N-Hd (B, A). 

Hence, N-Hd (D, A)  N-Hd (B, A). 

 

4. SVPNS-MADM strategy based on GRA:  

Choosing an alternative from a set of possible alternatives based on some attributes is a challenging 

task for a Decision Maker (DM). For that the DM should have to plan an MADM strategy to take the 

decision. Assume that L= {L1, L2, ..., Lp} is the collection of some possible alternatives and S={S1, S2, ..., 

Sq} is the family of attributes. The DM provides their evaluation information for every alternative Li 

(i=1, 2,..., p) based on the attribute Sj (j=1, 2, ..., q) in terms of Single Valued Pentapartitioned 

Neutrosophic Numbers (SVPNNs). So the whole evaluation information of all alternatives can be 

expressed by a decision matrix. 

 

The steps of the proposed SVPNS-MADM strategy are presented as follows: 

Step-1: Construct the decision matrix using SVPNS 

The whole evaluation assessment of every alternative Li (i = 1, 2,..., p) over the attributes Sj (j = 1, 2, ..., 

q) is presented in terms of SVPNNs 𝐸𝐿𝑖
= {(Sj,𝑇𝑖𝑗(Li, Sj),𝐶𝑖𝑗(Li, Sj),𝐺𝑖𝑗(Li, Sj),𝑈𝑖𝑗(Li, Sj),𝐹𝑖𝑗(Li, Sj)): SjS}, 

where (𝑇𝑖𝑗(Li, Sj),𝐶𝑖𝑗(Li, Sj),𝐺𝑖𝑗(Li, Sj),𝑈𝑖𝑗(Li, Sj),𝐹𝑖𝑗(Li, Sj)) = (𝑇𝑖𝑗 ,𝐶𝑖𝑗,𝐺𝑖𝑗,𝑈𝑖𝑗 ,𝐹𝑖𝑗) (in short) is the evaluation 

assessment of alternative Li (i = 1, 2,..., n) over the attribute Sj (j = 1, 2, ..., m). 

Then the decision matrix (D) is given by: 

 

D S1 S2 … … Sm 

L1 < 𝑇11(L1, S1),𝐶11(L1, S1), 

𝐺11(L1, S1),𝑈11(L1, S1), 

𝐹11(L1, S1) > 

< 𝑇12(L1, S2),𝐶12(L1, S2), 

𝐺12(L1, S2),𝑈12(L1, S2), 

𝐹12(L1, S2) > 

....

....

. 

…

.... 

< 𝑇1𝑚(L1, Sm),𝐶1𝑚(L1, Sm), 

𝐺1𝑚(L1, Sm),𝑈1𝑚(L1, Sm), 

𝐹1𝑚(L1, Sm) > 

L2 < 𝑇21(L2, S1),𝐶21(L2, S1), 

𝐺21(L2, S1),𝑈21(L2, S1), 

𝐹21(L2, S1) > 

< 𝑇22(L2, S2),𝐶22(L2, S2), 

𝐺22(L2, S2),𝑈22(L2, S2), 

𝐹22(L2, S2) > 

…

…

… 

…

....

... 

< 𝑇2𝑚(L2, Sm),𝐶2𝑚(L2, Sm), 

𝐺2𝑚(L2, Sm),𝑈2𝑚(L2, Sm), 

𝐹2𝑚(L2, Sm) > 
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. 

. 

. 

 

. 

. 

. 

 

. 

. 

. 

. 

. 

. 

 

. 

. 

. 

 

. 

. 

. 

 

Ln < 𝑇𝑛1(Ln, S1),𝐶𝑛1(Ln, S1), 

𝐺𝑛1(Ln, S1),𝑈𝑛1(Ln, S1), 

𝐹𝑛1(Ln, S1) > 

< 𝑇𝑛2(Ln, S2),𝐶𝑛2(Ln, S2), 

𝐺𝑛2(Ln, S2),𝑈𝑛2(Ln, S2), 

𝐹𝑛2(Ln, S2) > 

…

…

…

… 

…

…

…

… 

< 𝑇𝑛𝑚(Ln, Sm),𝐶𝑛𝑚(Ln, Sm), 

𝐺𝑛𝑚(Ln, Sm),𝑈𝑛𝑚(Ln, Sm), 

𝐹𝑛𝑚(Ln, Sm) > 

 

Step-2: Determine the weights for the attributes. 

In every MADM strategy, the weights of the attributes play an important role in making decision. If 

the weights of the information of all attributes are completely unknown to the decision makers, then 

by using the following compromise function, the decision maker can find the weights of the 

attributes. 

Compromise Function: The compromise function of L is defined as follows: 


𝑗
=∑ 𝑛

𝑖=1 (3 +𝑇𝑖𝑗(Li, Sj) +𝐶𝑖𝑗(Li, Sj) -𝐺𝑖𝑗(Li, Sj) -𝑈𝑖𝑗(Li, Sj) -𝐹𝑖𝑗(Li, Sj))/5                                (3) 

Then the weights of the jth attribute is defined by wj = 
𝑗

∑ 𝑗
𝑚
𝑗=1

                                     (4) 

Here ∑ 𝑤𝑗
𝑚
𝑗=1 =1.   

Step-3: Construct the Ideal Pentapartitioned Neutrosophic Estimates Reliability Solution (IPNERS) 

and Ideal Pentapartitioned Neutrosophic Estimates Un-Reliability Solution (IPNEURS) for the 

decision matrix:  

The IPNERS for the decision matrix is presented as: 

𝑅+ = [<𝑇1
+, 𝐶1

+, 𝐺1
+, 𝑈1

+, 𝐹1
+>, <𝑇2

+, 𝐶2
+, 𝐺2

+, 𝑈2
+, 𝐹2

+>, ………., <𝑇𝑚
+, 𝐶𝑚

+ , 𝐺𝑚
+ , 𝑈𝑚

+ , 𝐹𝑚
+>],                    (5) 

where 𝑇𝑗
+= max {𝑇𝑖𝑗(Li, Sj): i=1, 2, 3, ….., n}, 𝐶𝑗

+= max {𝐶𝑖𝑗(Li, Sj): i=1, 2, 3, ….., n}, 𝐺𝑗
+= min {𝐺𝑖𝑗(Li, Sj): 

i=1, 2, 3, ….., n}, 𝑈𝑗
+= min {𝑈𝑖𝑗(Li, Sj): i=1, 2, 3, ….., n}, and  𝑈𝑗

+= min {𝑈𝑖𝑗(Li, Sj): i=1, 2, 3, ….., n}. 

The IPNEURS for the decision matrix is presented as: 

𝑅− = [<𝑇1
−, 𝐶1

−, 𝐺1
−, 𝑈1

−, 𝐹1
−>, <𝑇2

−, 𝐶2
−, 𝐺2

−, 𝑈2
−, 𝐹2

−>, ………., <𝑇𝑚
−, 𝐶𝑚

− , 𝐺𝑚
− , 𝑈𝑚

− , 𝐹𝑚
−>],                    (6) 

where 𝑇𝑗
−= min {𝑇𝑖𝑗(Li, Sj): i=1, 2, 3, ….., n}, 𝐶𝑗

+= min {𝐶𝑖𝑗(Li, Sj): i=1, 2, 3, ….., n}, 𝐺𝑗
+= max {𝐺𝑖𝑗(Li, Sj): 

i=1, 2, 3, ….., n}, 𝑈𝑗
+= max {𝑈𝑖𝑗(Li, Sj): i=1, 2, 3, ….., n}, and  𝑈𝑗

+= max {𝑈𝑖𝑗(Li, Sj): i=1, 2, 3, ….., n}. 

 

Step-4: Determination of Pentapartitioned Neutrosophic Grey Relational Coefficient (PNGRC) of 

each alternative from IPNERS & IPNEURS. 

The PNGRC of each alternative from IPNERS is presented as: 

𝐺𝑖𝑗
+ = 

min
𝑖

min
𝑗

∆𝑖𝑗
+  + k.max

𝑖
max

𝑗
∆𝑖𝑗

+

∆𝑖𝑗
+ +k.max

𝑖
max

𝑗
∆𝑖𝑗

+ , where ∆𝑖𝑗
+ = Hd (< 𝑇𝑗

+, 𝐶𝑗
+, 𝐺𝑗

+, 𝑈𝑗
+, 𝐹𝑗

+ >, < 𝑇𝑖𝑗 , 𝐶𝑖𝑗 , 𝐺𝑖𝑗 , 𝑈𝑖𝑗 , 𝐹𝑖𝑗 >), i=1,2,…,n 

and j=1,2,…,m, and 𝑘 ∈[0,1]. 
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The PNGRC of each alternative from IPNEURS is given below: 

 𝐺𝑖𝑗
 − =

min
𝑖

min
𝑗

∆𝑖𝑗
 − + k.max

𝑖
max

𝑗
∆𝑖𝑗

 −

∆𝑖𝑗
 − + k.max

𝑖
max

𝑗
∆𝑖𝑗

 − , where ∆𝑖𝑗
− = Hd (< 𝑇𝑖𝑗 , 𝐶𝑖𝑗 , 𝐺𝑖𝑗 , 𝑈𝑖𝑗 , 𝐹𝑖𝑗 >, <  𝑇𝑗

−, 𝐶𝑗
−, 𝐺𝑗

−, 𝑈𝑗
−, 𝐹𝑗

− >), i=1, 2, …, 

n, and j=1, 2, …, m, and 𝑘 ∈[0,1]. 

Here 𝐺𝑖𝑗
+  and 𝐺𝑖𝑗

 −  are the identification coefficient used to adjust the range of the comparison 

environment, and to control level of differences of the relation coefficients. The comparison 

environment remains unchanged when k =1 and the comparison environment disappears when k = 

0. If the identification coefficient is smaller, then the range of grey relational coefficient will become 

so large. Generally, k = 0.5 is considered for decision making situation. 

 

Step-5: Determine the PNGRC 

The PNGRC of each alternative from IPNERS and IPNEURS are defined as follows: 

 𝐺𝑖
+= ∑ 𝑤𝑗𝐺𝑖𝑗

+𝑞
𝑗=1                                                                                  (7) 

where i = 1, 2, …., n,  

and 𝐺𝑖
−= ∑ 𝑤𝑗𝐺𝑖𝑗

−𝑛
𝑗=1                                                                              (8)  

where i =1, 2, …, m.  

 

Step-6: Determine the pentapartitioned neutrosophic relative relational degree. 

The pentapartitioned neutrosophic relative relational degree of each alternatives is can be defined as 

follows: 

i  = 
𝐺𝑖

+

𝐺𝑖
++𝐺𝑖

−                                                                                     (9) 

where i= 1, 2, …, n. 

 

Step-7: Rank the alternatives. 

The ranking order of all alternatives can be determined according to the ascending order of the 

pentapartitioned relative relational degree. The alternative with highest value of i indicates the best 

alternative. 

 

Step-8: End.  
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Figure 1: Flow chart of the proposed SVPNS-MADM strategy. 

 

 

Determine the attributes weight 

Construct the IPNERS & IPNEURS 

Determine the pentapartitioned 

neutrosophic grey relational 

coefficient for each the alternative 

from IPNERS & IPNEURS 

Determine the pentapartitioned 

neutrosophic grey relation 

coefficient. 

Step-1 

Step-3 

Step-2 

Step-4 

Step-5 

Construct the decision matrix using 

SVPNNs 

Step-6 
Determine the pentapartitioned 

neutrosophic relative relational degree 

 

Ranking of the alternatives Step-7 

End Step-8 



Neutrosophic Sets and Systems, Vol. 47, 2021 59  

 

 

Suman Das, Bimal Shil, Surapati Pramanik, SVPNS-MADM strategy based on GRA in SVPNS Environment   

 

5. Validation of Proposed Model: 

In this section, we present a numerical example namely “Selection of supplier to buy electronic goods 

for an institution” to validate the proposed strategy.  

 

5.1. Selection of supplier to buy electronic goods for an institution: 

In every government/private institutions, lots of electronic goods namely Computer, Printer, 

Scanner, Projector, AC, etc. are required for the purpose of official uses. To buy a particular or all 

electronic goods, the institutions must select a suitable private company for giving the tender against 

some attributes. So, the selection of best private company by the institution for purchasing the 

necessary electronic goods can be considered as an MADM problem. For the selection of suitable 

private company, the decision maker selects four major attributes namely 𝑆1: Cost of the products; 

𝑆2: Quality of the products; 𝑆3: Service of the Company; 𝑆4: Reliability. 

 

Then, the developed MADM strategy is presented using the following steps. 

Step-1: Determine the decision matrix in single valued pentapartitioned neutrosophic environment. 

The decision maker provides the evaluation information for all the alternatives over the attributes as 

shown in Table-1   

Table-1: 

 𝑆1 𝑆2 𝑆3 𝑆4 

𝐿1 (0.9,0.3,0.1,0.5,0.2) (0.8,0.2,0.2,0.1,0.4) (0.9,0.1,0.3,0.1,0.3) (0.9,0.1,0.2,0.3,0.4) 

𝐿2 (0.8,0.1,0.3,0.3,0.2) (0.9,0.2,0.3,0.4,0.2) (0.6,0.1,0.2,0.3,0.2) (0.9,0.2,0.1,0.2,0.2) 

𝐿3 (0.9,0.4,0.2,0.3,0.1) (0.8,0.3,0.4,0.1,0.1) (0.5,0.1,0.1,0.2,0.1) (0.8,0.3,0.1,0.3,0.1) 

 

Step-2: Determine the weights of attributes 

By using the eq. (3) and (4), we get the weight vector as follows: 

(w1, w2, w3, w4) = (0.261728, 0.249383, 0.234568, 0.254321). 

 

Step-3: Determine the IPNERS & IPNEURS  

The IPNERS (R+) and IPNEURS (R-) for the decision matrix are presented in the Table-3. 

Table-3: 

 𝑆1 𝑆2 𝑆3 𝑆4 

𝐿1 (0.9,0.3,0.1,0.5,0.2) (0.8,0.2,0.2,0.1,0.4) (0.9,0.1,0.3,0.1,0.3) (0.9,0.1,0.2,0.3,0.4) 

𝐿2 (0.8,0.1,0.3,0.3,0.2) (0.9,0.2,0.3,0.4,0.2) (0.6,0.1,0.2,0.3,0.2) (0.9,0.2,0.1,0.2,0.2) 

𝐿3 (0.9,0.4,0.2,0.3,0.1) (0.8,0.3,0.4,0.1,0.1) (0.5,0.1,0.1,0.2,0.1) (0.8,0.3,0.1,0.3,0.1) 

R+ (0.9,0.4,0.1,0.3,0.1) (0.9,0.3,0.2,0.1,0.1) (0.9,0.1,0.1,0.1,0.1) (0.9,0.3,0.1,0.2,0.1) 
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𝑅− (0.8,0.1,0.3,0.5,0.2) (0.8,0.2,0.4,0.4,0.4) (0.5,0.1,0.3,0.3,0.3) (0.8,0.1,0.2,0.3,0.4) 

 

Step-4: Determine the PNGRCfor each of the alternative from IPNERS & IPNEURS. 

The PNGRC of each alternative from IPNERS and IPNEURS is presented in the Table-4 ,Table-

5, Table-6, and Table-7, respectively. 

Table-4: 

 𝑆1 𝑆2 𝑆3 𝑆4 𝑚𝑖𝑛𝑖 ∆𝑖𝑗
+  𝑚𝑎𝑥𝑖  ∆𝑖𝑗

+  

∆1𝑗
+  0.4 0.5 0.4 0.7 0.4 0.7 

∆2𝑗
+  0.7 0.6 0.7 0.2 0.2 0.7 

∆3𝑗
+  0.1 0.3 0.5 0.2 0.1 0.5 

𝑚𝑖𝑛𝑖 𝑚𝑖𝑛𝑗 ∆𝑖𝑗
+                                                      0.1  

𝑚𝑎𝑥𝑖  𝑚𝑎𝑥𝑗  ∆𝑖𝑗
+                                                                   0.7            

 

Table-5: 

 𝑆1 𝑆2 𝑆3 𝑆4 𝑚𝑖𝑛𝑖 ∆𝑖𝑗
−  𝑚𝑎𝑥𝑖  ∆𝑖𝑗

−  

∆1𝑗
−  0.5 0.5 0.6 0.1 0.1 0.6 

∆2𝑗
−  0.2 0.4 0.3 0.6 0.2 0.6 

∆3𝑗
−  0.8 0.7 0.5 0.6 0.5 0.8 

𝑚𝑖𝑛𝑖  𝑚𝑖𝑛𝑗 ∆𝑖𝑗
−                                                           0.2   

𝑚𝑎𝑥𝑖𝑚𝑎𝑥𝑗 ∆𝑖𝑗
−                                                                     0.8       

 

Table-6: 

𝐺𝑖𝑗
+ 𝑆1 𝑆2 𝑆3 𝑆4 

𝐿1 0.6 0.5294 0.6 0.4286 

𝐿2 0.4286 0.4737 0.4286 0.8182 

𝐿3 1 0.6923 0.5294 0.8182 

 

Table-7: 

𝐺𝑖𝑗
− 𝑆1 𝑆2 𝑆3 𝑆4 

𝐿1 0.5556 0.5556 0.5 1 

𝐿2 0.8333 0.625 0.7143 0.5 

𝐿3 0.4167 0.4546 0.5556 0.5 

 

Step-5: Determine the PNGRC. 

The PNGRCs 𝐺𝑖
+ and 𝐺𝑖

− of each alternative (Si, i = 1, 2, 3, 4) from IPNERS and IPNEURS are 

presented in Table-8. 

 

Table-8: 

 𝐺𝑖
+ 𝐺𝑖

− 
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𝐿1 0.538803 0.655578 

𝐿2 0.538931 0.668675 

𝐿3 0.766642 0.479918 

 

Step-6: Determine the pentapartitioned neutrosophic relative relational degree. 

The pentapartitioned neutrosophic relative relational degree (i ) of each alternative (Ai, i = 1, 

2, 3, 4) is presented in the following Table 9. 

Table-9: 

 
i = 

𝐺𝑖
+

𝐺𝑖
++ 𝐺𝑖

− 

𝐿1 0.4511148 

𝐿2 0.4462805 

𝐿3 0.6150061 

  

Step-7: Rank the alternatives. 

From Table-9, it is clear that 2 < 1 < 3 . Therefore, 𝐿3 is the best suitable alternative to choose.  

 

5. Conclusions 

In the study, we have proposed Hamming distance and proves its basic properties for PNSs. We have 

further developed a GRA based SVPNS-MADM strategy in PNS environment.  We also validate the 

proposed SVPNS-MADM strategy by solving an illustrative decision-making problem. 

The proposed SVPNS-MADM strategy can also be used to deal with the other decision-making 

problems such as brick selection [19], stock trending analysis [14], logistic center location selection 

[29], teacher selection [34], etc. 

We further hope that the proposed MADM strategy will open up a new avenue of research in 

pentapartitioned neutrosophic set environments.  
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