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Abstract. Blockchain technology (BT) has appeared as a promising solution for 

addressing several challenges in the supply chain and logistics. Digital transformation in 

supply chain and logistics can drive significant business growth by updating outdated 

systems. Though, the BT-enabled digital transformation concerning BT for a logistics 

industry meets the numerous challenges of choosing a suitable blockchain platform for 

needs of logistics industry. In this paper, we introduce an integrated intuitionistic fuzzy 

information-based decision support system for selecting and assessing the blockchain 

platforms in the logistics industry. This method computes the decision experts’ weight and 

combined weight of criteria with score function-rank sum model and model based on the 

removal effects of criteria (MEREC) on intuitionistic fuzzy sets (IFSs). In the following, a 

novel distance measure is proposed for IFSs to measure the degree of composite distance 

of alternatives. Next, the developed framework is implemented to a case study of blockchain 

platforms assessment problem. Sensitivity assessment and comparison with existing 

methods are discussed for determining the utility and advantages of proposed approach. 
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1. INTRODUCTION 

Blockchain is described as a safe, distributed and decentralized database that enables 

the procedure of recording transactions and tracking resources in a business network. It is 

a technology which combines several features including distributed notes, smart 

contracting, storage device and decentralized system, consensus procedure, asymmetric 

encryption to ensure visibility, network security and transparency [1]. Digital signature in 

blockchain provides a secure and tamper-evident way to safeguard individuals’ online 

identity and authenticate the transactions [2]. Blockchain technology (BT) provides a 

solution to improve the transparency and immutability in data-driven decision-making 

which builds trust among stakeholders, as they can independently preserves confidentiality, 

integrity and availability of all the transactions and data in the blockchain [3]. In the 

business operations, all latest transaction in blockchain is stored in an immutable block and 

timestamped to preserve track of the particular product in the end-to-end chain [4-7]. Due 

to its unique features, it has been globally recognized as a powerful system for enabling 

transparency and trust in data transactions [3]. 

Logistics is the process that comprises the management of arrangements of goods, 

services, and essential information from production location to the point of consumption 

[8-9]. It has a significant impact on business, though it faces some challenges that impact 

the efficacy and effectiveness of supply chain operations. Digital transformation (DT) 

revolutionizes logistics by offering supply chain visibility and powers significant cost 

savings across logistics operations [10]. BT’s integration into DT facilitates greater 

efficiency in the business models by enabling the higher levels of transparency and safe 

exchange of data in logistics supply chain [11-12]. Jain et al. [13] gave a study that explores 

the role of blockchain in logistics industry. Moreover, they presented a model for testing 

the users’ acceptance of BT in logistics and supply chain. Based on the comprehensive 

review, Berneis et al. [14] identified the economic advantages of BT implementation in 

logistics industry. Batta et al. [15] examined the actual level of adoption and diffusion of 

BT in logistics and transportation industries. Tan et al. [16] formed a prototype BT-based 

logistics system with its impact in a real logistics industry. Zeng et al. [17] presented a BT-

enabled traceability system for cold-chain pharmaceutical logistics. Considering the 

multiple criteria/factors and decision experts (DEs), choosing an appropriate blockchain 

platform for the logistics industry can be defined as a multiple criteria group decision-

making (MCGDM) problem.  

As a goal-oriented process, MCGDM approaches allow for a comprehensive evaluation 

of alternatives based on multiple criteria that may have different weights in the decision-

making procedure [18-19]. Uncertainty is a major issue that may occur during the 

assessment of alternative in the practical MCGDM problems [20-21]. In general, the 

classical MCGDM methods are failed to handle the uncertainty of realistic situations. To 

deal the uncertain situation, Zadeh [22] pioneered the notion of fuzzy set (FS), which offer 

a powerful and flexible tool to handle the ambiguous data [23]. Çıkmak et al. [24] used the 

FS-based model to study the effects of blockchain characteristics in the supply chain 

management (SCM). Chen et al. [25] presented a fuzzy large-scale DEMATEL model to 
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analyze the influence of BT in humanitarian supply chain. Hamidi et al. [26] studied an 

integrated fuzzy decision support tool for assessing the readiness of BT execution in the 

maritime logistics industry. Hussain and Ullah [27] presented a model using Sugeno-

Weber operators on spherical fuzzy sets to solve real-life MCGDM problem. Sahoo et al. 

[6] studied comprehensive bibliometric assessment of investigation on material selection 

problem with various MCGDM models considering the publications from 2010 to 2024. 

As a refinement of FS, Atanassov [28] proposed the idea of intuitionistic fuzzy set (IFS) 

in which an element is considered by degree of membership (MD) (μ) and non-membership 

(ND) (ν) with a constraint μ + ν < 1. The introduction of IFS theory into MCGDM 

approaches has increased the practical potential and offered new insights during the 

procedure of solving decision-making problems [29-33]. Wan et al. [34] integrated IF-best 

worst method (BWM) with additive consistency. Based on this method, they proposed a 

non-linear programming model for solving decision-making problems. Bajaj & Kumar [35] 

studied a new correlation measure on IFSs and implemented to the pattern recognition, 

medical diagnosis and clustering problems. Further, an integrated decision support tool has 

been to assess a set of options on IFSs. Majumder et al. [36] gave an intuitionistic fuzzy 

MCDM model for deriving the significance values of criteria. Moreover, they used a 

unique decision support system to assume a feasibility assessment of solar power plant. 

Şahin et al. [37] used two methods, geographic information measure and IFSs-based 

method to evaluate and rank the locations for solar-wind power plant establishment in 

Netherlands. Till now, there is no study that assesses the blockchain platforms in the 

logistic industry using IFSs-based decision-making model. 

The algorithm of “distance-based approach (DBA)” commences with describing the 

optimum state of total objective, and determines the preferably good ratings of considered 

criteria during the assessment of alternatives. Because of the simple and easy-to-use 

computational steps, it has been analyzed as a flexible and effective technique for solving 

MCGDM problems from different perspectives [33,38-39]. For instance, Garg et al. [40] 

set forth an innovative fuzzy DBA model for evaluating and ranking the data base 

management system commercial off-the-shelf components under fuzzy environment. 

Sandhya et al. [41] evaluated the cloud service provider selection problem through classical 

distance-based approach and ranked the service provider alternatives according to the 

composite distances. Garg & Garg [42] used a modified DBA model to evaluate, select and 

rank the robots by means of various aspects and fuzzy information. In addition, their results 

have validated through comparison with four different approaches. 

To efficiently select the suitable blockchain platform in the logistics industry, this paper 

introduces an integrated MCGDM approach based on DBA, method using removal effects 

of criteria (MEREC) and rank sum (RS) model with intuitionistic fuzzy information (IFI), 

and named as the “IF-MEREC-RS-DBA”. In the proposed framework, the DEs’ weights 

are computed through a combined IF-score function and RS model-based approach, while 

weights of criteria are computed via an integrated weighting model considering the 

objective weight with IF-MEREC tool and subjective weight with IF-RS method. 

Combining all these aspects, the proposed DBA offers an effective way to evaluate and 

select the blockchain platforms in the logistics industry. To compute the composite distance 

matrix in IF-MEREC-RS-DBA approach, we propose a new distance measure for IFSs that 

avoids the shortcomings of existing intuitionistic fuzzy distance measures by Iqbal & 

Rizwan [43], Wu et al. [44], Ejegwa & Agbetayo [45] and Li et al. [46]. To the best of 

authors’ knowledge, no one has combined the DBA model with MEREC and RS model 



4 P. RANI, A. R. MISHRA, A. M. ALSHAMRANI, A. F. ALRASHEEDI, ET AL. 

with IFI setting. The combination of objective and subjective weighting methods cannot 

only compute the criteria weights based on the quantitative data but also consider the DEs’ 

opinions during the assessment of criteria weights. To evaluate the blockchain platforms, 

existing studies have not demonstrated how the combination of objective and subjective 

weighting approaches impacts the decision results. Furthermore, few studies assume the 

direct weights of attributes without considering the objective weight or subjective weight, 

which may cause information loss. 

The novelties and key contributions of the paper are discussed as  

 This paper proposes a new distance measure for IFSs, which quantifies the degree 

of dissimilarity between IFSs. 

 To solve the MCGDM problems, a hybrid IF-MEREC-RS-DBA model is proposed 

wherein the information about the DEs and criteria is fully unknown.  

 In this model, a combined IF-score function and IF-RS method-based formula is 

presented to determine weight of DEs, while an integrated weighting model for 

criteria is discussed which combines IF-MEREC for objective weight of factors and 

IF-RS approach for subjective weight of factors on IFI.  

 The developed framework is used on a case study of blockchain platform selection 

problem with IFI.  

Other sections are prepared as follows. Section 2 shows the basic idea and developed 

IF-distance measure. Section 3 develops an integrated IF-MEREC-RS-DBA model for 

dealing MCGDM problems. Section 4 shows the application of developed model to a case 

study of blockchain platform selection problem. This section further discusses the 

sensitivity assessment and comparison with extant MCGDM methods within the context 

of IFSs. Section 5 concludes this study and indicates some future research directions.  

2. PROPOSED DISTANCE MEASURE FOR IFSS  

This section gives background of the work and develops new IF-distance measure to 

calculate degree of dissimilarity on IFSs.  

2.1 Basic Concepts 

This section shows the fundamental concepts about this work. 

Definition 2.1 [28]. Let us consider a finite discourse set Ω = {ɩ1, ɩ1, …, ɩp}. Atanassov 

[28] presented the mathematical definition of an IFS E on Ω given as 

 

  , ( ), ( ) : ,      k E k E k kE

 

(1) 

where μE: Ω → [0, 1] denotes an MD and vE: Ω → [0, 1] signifies an ND of an element ɩk 

to E in Ω, satisfying that 0 ≤ μE (ɩk), vE (ɩk) ≤ 1, for each ɩk ∈ Ω. For each ɩk ∈ Ω, the hesitancy 

degree is defined as πE (ɩk)= 1- μE (ɩk) - vE (ɩk). For simplicity, the term “(μE, νE)” is defined 

as an ‘intuitionistic fuzzy number (IFN)’ [47] and can be denoted as β = (μ, ν).  

Definition 2.2 [48]. For an IFN β = (μ, ν), IF-score function and IF-accuracy function 

are defined via Eq. (2) and Eq. (3), respectively. 

    
1

1 ,
2

  O  (2) 
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where O(β) ∈ [0, 1], 

   ,   A  (3) 

where A∈ (β) [0, 1]. 

Definition 2.3 [47]. To fuse the individual opinions into a group decision, Xu [47] 

introduced the IFWA and IFWG operators for IFNs, and given in Eq. (4) and Eq. (5), 

respectively. 
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where βk = (μk, νk), k = 1, 2, …, p shows IFN and wk is relative weight of IFN βk
 
satisfying 

wk
 
is non-negative and w1+w2+…+wp =1.  

Definition 2.4 [49]. Let E, G, H IFSs(Ω). A real-valued function ϖ: IFSs(Ω)×IFSs(Ω) 

→ [0,1] is said to be a distance measure for IFSs if it holds the following requirements: 

(i). 0 ≤ ϖ (E, G) ≤ 1,  

(ii). ϖ (E, G) if and only if E = G,
 

(iii). ϖ (E, G) = ϖ (G, E),
 

(iv). If , E G H  then ϖ (E, G) ≤ ϖ (E, H) and ϖ (G, H) ≤ ϖ (E, H). 
 

2.2. Proposed Distance Measure on IFSs 

As a mathematical tool, the concept of distance measure is used to compute degree of 

discrimination between two objects. It has been widely employed in medical diagnosis, 

pattern recognition and decision-making. In this subsection, we present new distance 

measure for IFSs. 

Theorem 2.1. For E, G IFSs(Ω), new distance measure on IFSs (IF-DM) is defined 

as 
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Proof: (i) For two IFSs E and G, we have 0 ≤ μE(ɩk), μG(ɩk) ≤ 1, 0 ≤ vE(ɩk), vG(ɩk) ≤ 1 and 

0 ≤ πE(ɩk), πG(ɩk) ≤ 1, for each ɩk ∈ Ω. It implies that 0 ≤ μE(ɩk) - μG(ɩk) ≤ 1, 0 ≤ vE(ɩk) - vG(ɩk) 

≤ 1 and 0 ≤ πE(ɩk) - πG(ɩk) ≤ 1, for each ɩk ∈ Ω.  

It implies that 
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Hence, 0 ≤ ϖ (E, G) ≤ 1. 
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(ii)-(iii) These properties are obvious by the definition; therefore, we have omitted the 

proof. 

(iv) Since E, G, H IFSs(Ω) and , E G H  thus, 0 ( ) ( ) ( ) 1,        E k G k H k  

0 ( ) ( ) ( ) 1        H k G k E k  and 0 ( ) ( ) ( ) 1, .           E k G k H k k  

From Eq. (6), we have 
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Similarly, we can prove that ϖ (E, H) ≥ ϖ (G, H), as . E G H  

Definition 2.5. Suppose that E, G IFSs(Ω), then the weighted distance measure 

Dw:IFSs(Ω)×IFSs(Ω) → [0,1] is given by  
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where wk is the weight of ɩk on Ω satisfying wk  [0, 1] and 
1

1.



p
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Further, we apply the proposed and existing IF-DMs on some data sets and find some 

useful results.  

Example 2.1. Consider four different cases of IFSs, which are given as follows: Set-I: 

{E1 = (0.7,0.3), G1 = (0,0), Set-II: {E2 = (0.4,0.6), G2 = (0,0)}, Set III: {E3 = (0.3,0.41), G3 

= (0.5,0.344)} and Set-IV: {E4 = (0.41,0.2), G4 = (0.22,0.28)}. Here, we apply the proposed 

and existent IF-DMs (Iqbal & Rizwan [43], Wu et al. [44], Ejegwa & Agbetayo [45], Li et 

al. [46]) to compute the distance between given pairs of each set. 

For two different sets (Set-I and Set-II), the IF-DMs by Ejegwa & Agbetayo [45] and 

Li et al. [46] failed to describe the difference between given pairs in Set-I and Set-II, i.e., 

ϖEA (E1, G1) = 1.0 = ϖEA (E2, G2) and ϖL (E1, G1) = 1.0 = ϖL (E2, G2), where E1 ≠ E2, G1 = 

G2. In this case, the proposed IF-DM present the reasonable result and given as ϖ (E1, G1) 

= 0.912 and ϖ (E2, G2) = 0.899. 

When we compare the pairs of Set-III and Set-IV, the IF-DMs by Iqbal & Rizwan [43] 

and Wu et al. [44] obtain unreasonable results as ϖIR (E3, G3) = 0.013 = ϖIR (E4, G4) and 

ϖW (E3, G3) = 0.139 = ϖW (E4, G4), where E3 ≠ E4, G3 ≠ G4. While the proposed measure 

successfully compares the given pairs of Set-III and Set-IV as ϖ (E3, G3) = 0.187 and ϖ 

(E4, G4) = 0.175. 
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3. PROPOSED IF-MEREC-RS-DBA METHODOLOGY FOR MCGDM PROBLEMS   

This section proposes a hybrid IF-MEREC-RS-DBA framework to solve the MCGDM 

problems under IFSs environment. For a IFSs-based MCGDM problem, create an expert 

committee F = {f1, f2, ..., fn} to evaluate the alternatives’ set U = {u1, u2, ..., ur} with respect 

to the criteria set V = {v1, v2, ..., vt}. Each DE presents his/her linguistic opinion regarding 

the performance of each alternative by means of considered evaluation criteria. 

Consequently, we obtain a linguistic assessment matrix (LAM) Y = (yij
(k))r×t , k = 1, 2, …, 

n, where yij
(k) denotes the linguistic variable (LV) of option ui over a criterion vj  presented 

by kth DME and further, we make an IF-decision matrix (IFDM). In the following, we 

present the procedural steps of introduced IF-MEREC-RS-DBA framework (see Fig. 1): 

 

Fig. 1 Graphical structure of the proposed IF-MEREC-RS-DBA model 

Step 1: Determination of DEs’ weights. 

Let fk = (μk, νk), k = 1, 2, …, n be the intuitionistic fuzzy significance rating of kth expert. 

Then, a weighting formula to find the weight of kth expert is given by  
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 (7) 

where rk signifies the preference of expert, k = 1, 2, …, n. Moreover, λk is non-negative and 

λ1 + λ2 +…+ λn = 1.  

Step 2: Creation of an aggregated IFDM (A-IFDM). 

To get the individual opinion by combining different DEs’ opinions, we apply the 

IFWA operator (or IFWG operator) on the IFDM and obtain the A-IFDM Z = (zij)r×t, where   

                1 2 1 2
, , y ,..., or , ,..., .

n n

ij ij ij ij ij ij ij ij ijIFWA Iz y y y yFWG y    (8) 

Step 3: Computation of criteria weights using IF-MEREC-RS model. 

Assume that W = (w1, w2, ..., wt)T be the weight vector of criteria set, satisfying wj [0, 

1] and w1 + w2 +…+ wt = 1. To determine the criteria weights, we discuss an integrated 

weighting procedure combining the objective and subjective weights of criteria through IF-

MEREC and IF-RS models, respectively. 

Case I: Finding the objective weight with IF-MEREC. 

To determine objective weight of criteria, MEREC (Keshavarz-Ghorabaee et al. [50]) 

is applied on IFI setting. Here, process of IF-MEREC is given as 

Step 3a: Normalization of an A-IFDM. 

This step involves linear normalization for the purpose of scaling the elements of the 

A-IFDM Z = (zij)r×t and creates the normalized A-IFDM (NA-IFDM) N = (ςij)r×t. If vb 

denotes the set of beneficial types of criteria and vn stands for the non-beneficial criteria 

set, then Eq. (9) is applied for normalization. 

  
 

   

, , ,
,

, , .

 
  

 

  


  
 

ij ij ij b

ij ij ij c

ij ij ij n

z j v

z j v
 (9) 

Step 3b: Create the IF-score matrix (IF-SM). 

With the use of score function given by Eq. (2), the IF-SM Ω = (ηij)r×t is created, where 

    0.5 1 .    
ij ij ij  

Step 3c: Calculation of overall performance of options. 

The normalized ratings achieved from the step 3b make sure that the smaller ratings of 

ηij
 

obtain greater performance ratings. Here, Eq. (10) is applied to compute overall 

performance of ith option. 

  
1

1 , .
  

     
  
i ij

j

Q ln ln i
t

 (10) 

Step 3d: Finding the performance of option by removing each criterion.  

Let Qij stands the overall performance of ith option by the removal of jth criterion. This 

process is done using Eq. (11). 
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Step 3e: Calculate the sum of absolute deviations using Eq. (12).  

 . j ij i

i

D Q Q  (12) 

Step 3f: Determination of objective weight of jth criterion from Eq. (13), where j = 1, 

2, …, t. 

 

1

, 1,2,..., .



 



jo
j t

j

j

D
w j t

D

 (13) 

Case II: Estimation of subjective weight via IF-RS model.   

Step 3g: Using IFWA operator, aggregate the IFNs provided by the DEs and obtain an 

aggregated column matrix B = (bj)1×t. Using Eq. (2), find IF-score value of A-IFN of 

column matrix B = (bj)1×t.  

Step 3h: On the basis of decreasing score values, determine the preference (mj) of jth 

criterion and compute weight of criterion using 1  s
j jw t m , j = 1, 2, 3, ..., t. Finally, 

derive the normalized subjective weight of criteria with Eq. (14.) as 

 

1

,







s
js

j t
s
j

j

w
w

w

  j = 1, 2, …t. (14) 

Case III: Estimation of integrated weight of criteria. 

We combine the outcomes determined by IF-MEREC and IF-RS models. The process 

of finding combined weight of criteria is given by 

  1 ,   o s
j j jw w w  (15) 

where satisfying τ [0, 1] is a weight strategy parameter. If τ = 1, then the objective weight 

by IF-MEREC is fully considered to estimate the criteria weights, while subjective weight 

of criteria is completely overlooked. Conversely, when τ = 0, the subjective weight by IF-

RS model is fully considered for deriving the criteria weights, while objective weight of 

criteria is completely neglected. When τ = 0.5, then the combined weight of criteria is 

estimated as the arithmetic mean of objective and subjective weights of attributes/criteria.  

Step 4: Create the weighted NA-IFDM. 

On the basis of obtained criteria weights and Eq. (16), the weighted NA-IFDM Nw = 

(ξij)r×t. where  ˆˆ ,  ij ij ij
 is an aggregated IFN. 

  1 1 , .        
  

j j
w w

ij j ij ij ijw  (16) 
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Step 5: Compute the IF-ideal solution (IF-IS) matrix M = (Mj)1×t using 

  
  

  1

max , ,
,

min , .


 




 


 




ij b
i

j ij ij t

ij b
i

S j v
M

S j v

 (17) 

Step 6: Analyze the composite distance matrix CD = (cdij)r×t of each alternative from 

the IF-IS using Eq. (18).   

 
     

2 2 2
ˆˆ ˆ3

.
ˆˆ ˆ2 2 2 2

     

     

   
   
       
 

j ij j ij j ij

ij
j ij j ij j ij

cd  (18) 

Step 7: Computation of assessment score (AS) Li, i = 1, 2, 3, ..., r, of options based on 

Eq. (19) as 

 

1

1 , 1,2,..., .



 
   
 
 


t

i ij

j

L cd i r  (19) 

Step 8: Prioritize the options based on descending ratings of Li, i = 1, 2, 3, ..., r. The 

option with the maximum assessment score is the most desirable option. 

4. RESULTS AND DISCUSSION  

In this section, we first implement the developed approach on a case study of blockchain 

platform selection problem. Further, we discuss the sensitivity assessment over varying 

values of criteria weights to test the robustness of introduced method.  

4.1. Case Study: Blockchain Platform Selection in the Logistics Industry 

As a promising and revolutionary technology, blockchain helps to ensure the 

authenticity of information and transparency during upstream transactions in a business 

network. In a logistics supply chain, blockchain records each step of a product’s journey 

on an immutable ledger and ensures that each transaction is securely stored and cannot be 

changed retroactively [51]. It can increase trust, security, transparency among associate 

organizations by enhancing traceability of data across a business system [52]. New 

technologies like as internet of things (IoT), blockchain, cloud computing (CC) and big 

data (BD), significantly streamline the logistics process and improve its efficiency [8]. This 

subsection utilizes the developed framework on a case study of blockchain platform 

selection with respect to the multiple criteria. To collect the data for assessment, we have 

organized in-person meetings with the experts; though we have invited ten DEs, out of 

which four DEs, including a chief marketing manager of the company, a chief executive 

officer, a technology expert and an environmental expert, accepted to cooperate with us for 

preparing the questionnaires. In the expert committee, the DEs are having more than 10 

years of expertise in the respective disciplines and provided their views in taking an 

appropriate decision. Based on the experts’ opinions, six blockchain platforms are 
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identified as alternatives for this study, which are Corda R3 (u1), Linux (u2), Hydrachain 

(u3), IBM (u4), Chain Inc. (u5) and Microsoft (u6). Considering the literature and DEs’ 

views, 17 different factors/criteria are recognized and shown in Table 1.   

Table 1 Details of considered criteria for BT selection 

Factors References Type 

Transparency Sanka & Cheung [53], Dabbagh et al. [54], Ronaghi [55], 

Siddiqui & Haroon [56] 

Benefit 

Speed Dabbagh et al. [54], Ronaghi [55], Chan et al. [57], Benefit 

Stability Siddiqui & Haroon [56], Pathak et al. [3] Benefit 

Audit Gorçün et al. [8], Pathak et al. [3] Benefit 

Accuracy Xu et al. [58], Ronaghi [55] Benefit 

Productivity Siddiqui & Haroon [56], Gorçün et al. [8], Pathak et al. [3] Benefit 

Traceability Sanka & Cheung [53], Dabbagh et al. [54], Ronaghi [55], 

Siddiqui & Haroon [56], Gorçün et al. [8], Pathak et al. [3] 

Benefit 

Security Sanka & Cheung [3], Dabbagh et al. [54], Chan et al. [57], 

Ronaghi [55], Siddiqui & Haroon [56], Pathak et al. [3] 

Benefit 

Cost Reduction Gorçün et al. [8], Pathak et al. [3] Benefit 

Flexibility  Siddiqui & Haroon [56], Pathak et al. [3] Benefit 

Network 

availability 

Xu et al. [58], Dabbagh et al. [54] Benefit 

Scope Siddiqui & Haroon [56], Pathak et al. [3] Benefit 

Accountability Xu et al. [58], Ronaghi [55] Benefit 

Planning Gorçün et al. [8], Pathak et al. [3] Benefit 

Privacy Rana et al. [59], Xu et al. [58], Jabbar & Dani [60], Dabbagh et 

al. [54], Chan et al. [57], Siddiqui & Haroon [56], Pathak et al. 

[3] 

Benefit 

Reliability Siddiqui & Haroon [56], Gorçün et al. [8], Pathak et al. [3] Benefit 

Fraud Prevention Lai & Liao [61], Jabbar & Dani [60], Pathak et al. [3] Benefit 

The experts’ committee has planned some strategies to evaluate these six blockchain 

platforms on the basis of considered evaluation criteria. Here, Table 2 (adopted from 

[30,31]) shows the linguistic ratings (LRs) and related to IFNs. Table 3 shows linguistic 

opinions of four DEs to assess the BT platforms in the logistics industry over given criteria.  

In the subsequent steps, we present the computational steps of the developed IF-

MEREC-RS-DBA framework in order to prioritize the given six options over considered 

17 assessment factors. 

Steps 1-2: By means of Table 2 and Eq. (7), the weights of four DEs are calculated and 

mentioned in Table 4. To fuse the individual opinions into a combined opinion of each 

alternative over diverse criteria, the IFWA operator is applied on intuitionistic fuzzy 

decision matrix (IFDM) obtained by Table 2 and Table 3, and therefore, an A-IFDM is 

created and given in Table 5.  

 

 



12 P. RANI, A. R. MISHRA, A. M. ALSHAMRANI, A. F. ALRASHEEDI, ET AL. 

Table 2 LRs and related IFNs for criteria and DEs 

LRs IFNs 

Extremely good (EG) (0.95, 0.05) 

Very very good (VVG) (0.85, 0.10) 

Very good (VG) (0.80, 0.15) 

Good (G) (0.70, 0.20) 

Slightly good (MG) (0.60, 0.30) 

Average (A) (0.50, 0.40) 

Slightly low (ML) (0.40, 0.50) 

Low (L) (0.30,0.60) 

Very very low (VL) (0.20, 0.70) 

Very low (VVL) (0.10, 0.80) 

Extremely low (EL) (0.05, 0.95) 

Table 3 LAM of blockchain platform options over diverse criteria  

 u1 u2 u3 u4 u5 u6 

v1 
(MG,G, 

ML,M) 

(M,G, 

MG,M) 

(M,VG, 

M,G) 

(M,G, 

VG,G) 

(ML,MG, 

L,M) 

(MG,G, 

MG,M) 

v2 
(M,M, 

ML,VL) 

(MG,G, 

M,MG) 

(M,M, 

MG,M) 

(ML,ML, 

G,ML) 

(M,G, 

M,ML) 

(ML,G, 

MG,M) 

v3 
(L,G, 

G,VG) 

(M,L, 

ML,G) 

(ML,M, 

VL,MG) 

(MG,L, 

M,VG) 

(ML,M, 

VL,M) 

(G,ML, 

M,G) 

v4 
(G,VL, 

M,L) 

(L,L, 

ML,MG) 

(G,L, 

ML,M) 

(G,MG, 

L,VL) 

(MG,L, 

L,G) 

(VL,G, 

M,L) 

v5 
(MG,M, 

G,G) 

(MG,MG, 

L,M) 

(VG,L, 

M,VG) 

(M,VVG, 

G,G) 

(ML,M, 

VL,MG) 

(MG,VG, 

VL,ML) 

v6 
(ML,MG, 

VL,M) 

(G,VG, 

MG,M) 

(G,MG, 

M,MG) 

(ML,M, 

M,ML) 

(ML,M, 

M,L) 

(L,VG, 

MG,MG) 

v7 
(G,ML, 

ML,L) 

(ML,L, 

MG,M) 

(M,G, 

M,ML) 

(M,M, 

VL,ML) 

(G,VL, 

M,ML) 

(ML,M, 

L,M) 

v8 
(G,M, 

VVG,VG) 

(MG,L, 

M,MG) 

(L,M, 

G,ML) 

(MG,G, 

L,VL) 

(G,G, 

ML,VG) 

(VL,G, 

MG,MG) 

v9 
(ML,M, 

VG,G) 

(M,M, 

ML,G) 

(MG,L, 

VG,MG) 

(M,VVG, 

G,M) 

(ML,G, 

VG,M) 

(M,VG, 

G,VG) 

v10 
(ML,ML, 

MG,G) 

(G,M, 

MG,ML) 

(M,MG, 

ML,MG) 

(MG,G, 

M,VL) 

(ML,M, 

L,VL) 

(MG,VG, 

M,G) 

v11 
(M,MG, 

ML,L) 

(L,G, 

VG,M) 

(VG,G, 

M,MG) 

(M,MG, 

G,M) 

(MG,M, 

L,VL) 

(MG,M, 

VG,G) 

v12 
(M,L, 

MG,ML) 

(G,G, 

VG,M) 

(L,G, 

M,MG) 

(M,MG, 

M,MG) 

(G,G, 

ML,VL) 

(ML,MG, 

L,ML) 

v13 
(MG,M, 

G,G) 

(M,M, 

MG,ML) 

(ML,M, 

ML,M) 

(ML,G, 

M,VL) 

(VG,G, 

ML,L) 

(M,MG, 

L,ML) 

v14 
(ML,M, 

G,MG) 

(G,L, 

MG,MG) 

(VL,G, 

MG,M) 

(G,VVG, 

G,M) 

(ML,MG, 

VG,VL) 

(MG,VG, 

L,L) 
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v15 
(M,L, 

VVG,G) 

(G,M, 

ML,VVG) 

(ML,L, 

G,MG) 

(MG,M, 

M,ML) 

(MG,G, 

MG,M) 

(M,VG, 

MG,M) 

v16 
(MG,M, 

ML,VL) 

(M,MG, 

G,VG) 

(ML,MG, 

G,G) 

(VG,M, 

ML,L) 

(MG,M, 

ML,MG) 

(MG,VG, 

MG,L) 

v17 
(VG,ML, 

M,ML) 

(VL,MG, 

ML,M) 

(M,ML, 

M,MG) 

(MG,L, 

M,VG) 

(M,G, 

MG,L) 

(M,ML, 

G,MG) 

Table 4 Computational results for weight of DEs 

DEs f1 f2 f3 f4 

LRs VG VVG EG G 

IF-score values 0.840 0.8925 0.950 0.770 

rk 3 2 1 4 

Weight  0.2217 0.2793 0.3376 0.1615 

Table 5 A-IFDM for assessing the blockchain platforms  

 U1 u2 u3 u4 u5 u6 

v1 

(0.561, 

0.333) 

(0.598, 

0.299) 

(0.644, 

0.272) 

(0.707, 

0.212) 

(0.452, 

0.445) 

(0.617, 

0.281) 

v2 

(0.426, 

0.472) 

(0.602, 

0.295) 

(0.536, 

0.363) 

(0.525, 

0.367) 

(0.554, 

0.342) 

(0.581, 

0.314) 

v3 

(0.661, 

0.244) 

(0.462, 

0.432) 

(0.411, 

0.485) 

(0.549, 

0.359) 

(0.390, 

0.508) 

(0.567, 

0.326) 

v4 

(0.463, 

0.428) 

(0.393, 

0.504) 

(0.478, 

0.414) 

(0.493, 

0.397) 

(0.461, 

0.431) 

(0.492, 

0.398) 

v5 

(0.631, 

0.266) 

(0.499, 

0.397) 

(0.613, 

0.308) 

(0.723, 

0.192) 

(0.411, 

0.485) 

(0.555, 

0.357) 

v6 

(0.427, 

0.468) 

(0.679, 

0.237) 

(0.595, 

0.302) 

(0.464, 

0.436) 

(0.450, 

0.449) 

(0.627, 

0.288) 

v7 

(0.473, 

0.420) 

(0.470, 

0.427) 

(0.554, 

0.342) 

(0.397, 

0.501) 

(0.476, 

0.416) 

(0.417, 

0.482) 

v8 

(0.744, 

0.183) 

(0.496, 

0.401) 

(0.533, 

0.359) 

(0.501, 

0.388) 

(0.645, 

0.260) 

(0.570, 

0.323) 

v9 

(0.648, 

0.27) 

(0.510, 

0.386) 

(0.630, 

0.288) 

(0.699, 

0.215) 

(0.669, 

0.249) 

(0.719, 

0.205) 

v10 

(0.532, 

0.363) 

(0.574, 

0.323) 

(0.518, 

0.380) 

(0.555, 

0.338) 

(0.371, 

0.527) 

(0.661, 

0.255) 

v11 

(0.473, 

0.425) 

(0.657, 

0.259) 

(0.659, 

0.253) 

(0.605, 

0.292) 

(0.425, 

0.471) 

(0.678, 

0.241) 

v12 

(0.475, 

0.421) 

(0.716, 

0.203) 

(0.549, 

0.344) 

(0.547, 

0.352) 

(0.556, 

0.334) 

(0.436, 

0.461) 

v13 

(0.631, 

0.266) 

(0.522, 

0.376) 

(0.446, 

0.453) 

(0.513, 

0.379) 

(0.603, 

0.305) 

(0.458, 

0.439) 

v14 

(0.577, 

0.317) 

(0.561, 

0.333) 

(0.554, 

0.339) 

(0.732, 

0.184) 

(0.613, 

0.305) 

(0.564, 

0.349) 

v15 

(0.663, 

0.251) 

(0.609, 

0.296) 

(0.536, 

0.356) 

(0.510, 

0.389) 

(0.617, 

0.281) 

(0.641, 

0.276) 

v16 

(0.454, 

0.443) 

(0.659, 

0.249) 

(0.621, 

0.274) 

(0.542, 

0.37) 

(0.512, 

0.386) 

(0.639, 

0.276) 

v17 

(0.558, 

0.355) 

(0.446, 

0.451) 

(0.493, 

0.406) 

(0.549, 

0.359) 

(0.576, 

0.319) 

(0.573, 

0.322) 
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Step 3: To derive the objective weight through IF-MEREC, the first step is to normalize 

the A-IFDM. However, all considered criteria are benefit-type, thus, there is no 

requirement to normalize A-IFDM and consequently there is no use of Eq. (9). Next, we 

find IF-score value of each A-IFDM object of Table 5. 

 

Fig. 2 Variation of criteria weight by IF-MEREC-RS tool for BT platforms assessment 

On the basis of IF-score values, overall performance of each option is derived with Eq. 

(10) and given as Q1 = 0.418, Q2 = 0.413, Q3 = 0.416, Q4 = 0.404, Q5 = 0.458 and Q6 = 

0.393. Using Eq. (11), overall performance of ith option by removing jth criterion is 

estimated in Table 6, where i = 1, 2, 3, ..., 6 and j = 1, 2, 3, ..., 17. Further, the sum of the 

deviations is determined via Eq. (12) and given in last second column of Table 6. Lastly, 

objective weight of criteria is obtained through Eq. (13) and shown in last column of Table 

6, which as wj
o = (0.0474, 0.0571, 0.0640, 0.0710, 0.1116, 0.0580, 0.0715, 0.0502, 0.0403, 

0.0583, 0.0505, 0.0564, 0.0593, 0.0468, 0.0474, 0.0520, 0.0584). 

To find subjective weight of criteria with RS approach [62] on IFSs as IF-RS, the first 

step is to obtain the performance rating of each attribute by different expert. Further, 

individual performances are aggregated through IFWA operator and find IF-score rating 

of each A-IFN. Table 7 presents computational steps of IF-RS model.  

Applying Eq. (14), objective weight of criteria is calculated via Eq. (13) and shown in 

last column of Table 7, which as wj
s = (0.0654, 0.0719, 0.0392, 0.0588, 0.0065, 0.0915, 

0.0458, 0.0327, 0.1111, 0.0784, 0.0131, 0.0196, 0.0523, 0.0261, 0.1046, 0.0850, 0.0980). 
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By integrating the objective and subjective weights of factors using Eq. (15), combined 

weight for τ = 0.5 is computed and presented as wj = (0.0564, 0.0645, 0.0516, 0.0649, 

0.0590, 0.0747, 0.0586, 0.0414, 0.0757, 0.0684, 0.0318, 0.0380, 0.0558, 0.0365, 0.0760, 

0.0685, 0.0782). 

Table 6 Computational steps of IF-MEREC tool to find objective weight 

Criteria 
Qij

’ values 
Dj wj

o
 

u1 u2 u3 u4 u5 u6 

v1 0.399    0.396    0.401    0.393    0.432    0.376    0.104    0.0474    

v2 0.389    0.397    0.395    0.383    0.439    0.374    0.125    0.0571    

v3 0.404    0.387    0.385    0.384    0.427    0.373    0.141    0.0640    

v4 0.392    0.381    0.391    0.380    0.433    0.368    0.156    0.0710    

v5 0.403    0.390    0.269    0.394    0.429    0.372    0.245    0.1116    

v6 0.389    0.401    0.399    0.378    0.432    0.377    0.127    0.0580    

v7 0.393    0.388    0.396    0.372    0.434    0.362    0.157    0.0715    

v8 0.408    0.390    0.395    0.381    0.444    0.374    0.110    0.0502    

v9 0.403    0.391    0.400    0.392    0.445    0.381    0.089    0.0403    

v10 0.397    0.395    0.393    0.384    0.425    0.379    0.128    0.0583    

v11 0.392    0.399    0.402    0.388    0.430    0.379    0.111    0.0505    

v12 0.393    0.402    0.396    0.384    0.439    0.364    0.124    0.0564    

v13 0.403    0.391    0.388    0.382    0.442    0.365    0.130    0.0593    

v14 0.400    0.394    0.396    0.394    0.442    0.373    0.103    0.0468    

v15 0.404    0.397    0.395    0.381    0.443    0.377    0.104    0.0474    

v16 0.391    0.400    0.400    0.383    0.436    0.377    0.114    0.0520    

v17 0.398 0.386 0.392 0.384 0.440 0.374 0.128 0.0584 

Fig. 2 presents the pictorial representation of weights of criteria by objective, subjective 

and integrated weight forms. “Fraud prevention (v17)” with weight 0.0782 is the most 

significant factor during evaluation of blockchain platforms in the logistics industry. 

“Privacy” (v15) with weight 0.0760 is the second significant indicator in blockchain 

platforms assessment. “Cost reduction (v9)” has come out to be third significant indicator 

with weight 0.0757, “productivity (v6)” with weight value 0.0747 has fourth factor and 

others are considered crucial factors in the evaluation of blockchain platforms for the given 

data. 

Step 4: In accordance with Eq. (16), the weighted normalized A-IFDM is created for 

assessing the blockchain platforms in the logistics industry and given in Table 8. 

Step 5: Applying Eq. (17), an IF-IS is determined as Mj = {(0.067, 0.916), (0.058, 

0.924), (0.054, 0.93), (0.043, 0.942), (0.073, 0.907), (0.081, 0.898), (0.046, 0.939), (0.055, 

0.932), (0.092, 0.887), (0.071, 0.911), (0.035, 0.956), (0.047, 0.941), (0.054, 0.929), 

(0.047, 0.94), (0.079, 0.9), (0.071, 0.909), (0.065, 0.915)}.  

 

 



16 P. RANI, A. R. MISHRA, A. M. ALSHAMRANI, A. F. ALRASHEEDI, ET AL. 

Table 7 Computational steps of IF-RS model for finding subjective weight 

Criteria  f1 f2 f3 f4 
Aggregated 

IFNs 

Score 

values  

 

Rank  

wj
s 

v1 M H M ML (0.554, 0.342)   0.606    8 0.0654    

v2 H MH M ML (0.568, 0.328)   0.620    7 0.0719    

v3 M M MH L (0.510, 0.388)   0.561    12 0.0392    

v4 VH MH L ML (0.558, 0.353)   0.602    9 0.0588    

v5 MH ML ML L (0.438, 0.46)   0.489    17 0.0065    

v6 ML MH H MH (0.603, 0.293)  0.655    4 0.0915    

v7 M ML M H (0.516, 0.381)   0.567    11 0.0458    

v8 M MH M L (0.504, 0.394)   0.555    13 0.0327    

v9 VH M MH MH (0.635, 0.279)   0.678    1 0.1111    

v10 ML VH M ML (0.585, 0.331)   0.627    6 0.0784    

v11 MH L ML MH (0.464, 0.433)   0.516    16 0.0131    

v12 M ML M MH (0.493, 0.406)  0.543    15 0.0196    

v13 ML VH ML L (0.547, 0.368)   0.590    10 0.0523    

v14 M H L ML (0.500, 0.392)   0.554    14 0.0261    

v15 M MH VH L (0.636, 0.283)   0.676    2 0.1046    

v16 MH M H M (0.600, 0.297)   0.651    5 0.0850    

v17 H ML H MH (0.619, 0.276) 0.671 3 0.0980 

 

Step 6: In this step, the composite distance matrix CD = (cdij)6×17 is determined using 

Eq. (18), where cdij is given as cd11 = 0.023, cd12 = 0.026, cd13 = 0, cd14 = 0.004, cd15 = 

0.017, cd16 = 0.045, cd17 = 0.011, cd18 = 0, cd19 = 0.018, cd110 = 0.022, cd111 = 0.017, cd112 

= 0.025, cd113 = 0, cd114 = 0.018, cd115 = 0, cd116 = 0.035, cd117 = 0.007, cd21 = 0.018, cd22 

= 0, cd23 = 0.026, cd24 = 0.014, cd25 = 0.038, cd26 = 0, cd27 = 0.011, cd28 = 0.03, cd29 = 

0.043, cd210 = 0.015, cd211 = 0.002, cd212 = 0, cd213 = 0.017, cd214 = 0.02, cd215 = 0.011, 

cd216 = 0, cd217 = 0.023, cd31 = 0.012, cd32 = 0.011, cd33 = 0.032, cd34 = 0.002, cd35 = 0.023, 

cd36 = 0.017, cd37 = 0, cd38 = 0.026, cd39 = 0.022, cd310 = 0.025, cd311 = 0.002, cd312 = 0.019, 

cd313 = 0.026, cd314 = 0.020, cd315 = 0.024, cd316 = 0.007, cd317 = 0.016, cd41 = 0, cd42 = 

0.012, cd43 = 0.017, cd44 = 0, c45 = 0, cd46 = 0.040, cd47 = 0.02, cd48 = 0.029, cd49 = 0.005, 

cd410 = 0.018, cd411 = 0.007, cd412 = 0.019, cd413 = 0.017, cd414 = 0, cd415 = 0.030, cd416 = 

0.023, cd417 = 0.007, cd51 = 0.038, cd52 = 0.008, cd53 = 0.034, cd54 = 0.005, cd55 = 0.048, 

cd56 = 0.042, cd57 = 0.01, cd58 = 0.014, cd59 = 0.013, cd510 = 0.045, cd511 = 0.02, cd512 = 

0.018, cd513 = 0.006, cd514 = 0.016, cd515 = 0.009, cd516 = 0.026, cd517 = 0, cd61 = 0.015, 

cd62 = 0.004, cd63 = 0.013, cd64 = 0, cd65 = 0.031, cd66 = 0.012, cd67 = 0.018, cd68 = 0.022, 

cd69 = 0, cd610 = 0, cd611 = 0, cd612 = 0.029, cd613 = 0.024, cd614 = 0.02, cd615 = 0.006, cd616 

= 0.006 and cd617 = 0.001.  

Step 7: Using Eq. (19), the assessment score of each option is calculated and presented 

as L1 = (1- 0.27) = 0.73, L2 = (1- 0.2683) = 0.7317, L3 = (1- 0.284) = 0.716, L4 = (1- 0.2447) 

= 0.7553, L5 = (1- 0.3518) = 0.6482, L6 = (1- 0.2015) = 0.7985.  
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Table 8 Weighted normalized A-IFDM for assessing the blockchain platforms  

 u1 u2 u3 u4 u5 u6 

v1 

(0.045, 

0.940)   

(0.050, 

0.934)   

(0.057, 

0.929)   

(0.067, 

0.916)   

(0.033, 

0.955)   

(0.053, 

0.931)   

v2 

(0.035, 

0.953)   

(0.058, 

0.924)   

(0.048, 

0.937)   

(0.047, 

0.937)   

(0.051, 

0.933)   

(0.055, 

0.928)   

v3 

(0.054, 

0.930)   

(0.031, 

0.958)   

(0.027, 

0.963)   

(0.040, 

0.948)   

(0.025, 

0.966)   

(0.042, 

0.944)   

v4 

(0.039, 

0.946)   

(0.032, 

0.957)   

(0.041, 

0.944)   

(0.043, 

0.942)   

(0.039, 

0.947)   

(0.043, 

0.942)   

v5 

(0.057, 

0.925)   

(0.040, 

0.947)   

(0.055, 

0.933)   

(0.073, 

0.907)   

(0.031, 

0.958)   

(0.047, 

0.941)   

v6 

(0.041, 

0.945)  

(0.082, 

0.898)  

(0.065, 

0.914)  

(0.046, 

0.94)  

(0.044, 

0.942)  

(0.071, 

0.911)  

v7 

(0.037, 0.95)   (0.037, 

0.951)   

(0.046, 

0.939)  

(0.029, 

0.960)   

(0.037, 

0.95)   

(0.031, 

0.958)   

v8 

(0.055, 

0.932)   

(0.028, 

0.963)   

(0.031, 

0.958)   

(0.028, 

0.962)   

(0.042, 

0.946)   

(0.034, 

0.954)   

v9 

(0.076, 

0.906)   

(0.053, 

0.930)   

(0.072, 

0.91)   

(0.087, 

0.89)   

(0.08, 0.9)   (0.092, 

0.887)   

v10 

(0.051, 

0.933)   

(0.057, 

0.926)   

(0.049, 

0.936)   

(0.054, 

0.929)   

(0.031, 

0.957)   

(0.071, 

0.911)   

v11 

(0.02, 0.973)   (0.033, 

0.958)   

(0.034, 

0.957)   

(0.029, 

0.962)   

(0.017, 

0.976)   

(0.035, 

0.956)   

v12 

(0.024, 

0.968)  

(0.047, 

0.941)  

(0.03, 0.96)  (0.03, 

0.961)  

(0.03, 

0.959)  

(0.021, 

0.971)  

v13 

(0.054, 

0.929)   

(0.04, 

0.947)   

(0.032, 

0.957)   

(0.039, 

0.947)   

(0.05, 

0.936)   

(0.034, 

0.955)   

v14 

(0.031, 

0.959)   

(0.03, 

0.961)   

(0.029, 

0.961)   

(0.047, 

0.94)   

(0.034, 

0.958)   

(0.03, 

0.962)   

v15 

(0.079, 0.9)   (0.069, 

0.912)   

(0.057, 

0.924)   

(0.053, 

0.931)   

(0.07, 

0.908)   

(0.075, 

0.907)   

v16 

(0.041, 

0.946)   

(0.071, 

0.909)   

(0.064, 

0.915)   

(0.052, 

0.934)   

(0.048, 

0.937)   

(0.067, 

0.916)   

v17 

(0.062, 

0.922) 

(0.045, 

0.94) 

(0.052, 

0.932) 

(0.06, 

0.923) 

(0.065, 

0.915) 

(0.064, 

0.915) 

Step 8: On the basis of decreasing ratings of assessment scores of options, the ranking 

order of blockchain platforms is obtained as u6 (0.7985) > u4 (0.7553) > u2 (0.7317) > u1 

(0.73) > u3 (0.716) > u5 (0.6482). Thus, an option “Microsoft (u6)” is the most suitable 

platform with highest assessment score (0.7985) among a set of six alternatives concerning 

17 criteria. 

4.2. Sensitivity Analysis 

This subsection discusses sensitivity assessment over varying ratings of weight strategy 

coefficient τ. This analysis can validate the superiority and stability of developed IF-

MEREC-RS-DBA framework to assess the blockchain platforms in the logistics industry. 

In this process, we observed the variations of assessment scores with respect to diverse 

values of parameter τ  and required outcomes are discussed in Table 9 and Fig. 3. By means 
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of the assessment scores for τ = 0.0 in Table 9, the preference of blockchain platforms is u6

u2 u4 u1 u3 u5, whereas prioritization of blockchain platforms for τ = 0.1 to 0.5 is 

u6 u4 u2 u1 u3 u5, while for τ = 0.6 to 0.9, the ranking order of blockchain 

alternatives is u6 u4 u1 u2 u3 u5, and at τ  = 1.0, the prioritization of blockchain 

platforms is u6 u4 u1 u2 u3 u5. Here, we can easily be observed that the alternative 

“Microsoft (u6)” has always obtained a maximum preference over the others alternatives 

except at τ = 1.0. Thus, the assessment process of alternatives is relied on and sensitive to 

the parameter τ.  

 

Fig. 3 Sensitivity results of assessment scores based on different values of parameter 𝜏 

Table 9 Prioritization outcomes of BT platforms with different τ values 

Τ u1 u2 u3 u4 u5 u6 

τ = 0.0 (Subjective 

weight by IF-RS) 
0.7402   0.7572   0.7345   0.7531   0.6941   0.8497

 

τ = 0.1 0.7377   0.7515   0.7303   0.7533   0.6842   0.839 

τ = 0.2 0.7355   0.7461   0.7264   0.7537   0.6747   0.8285 

τ = 0.3 0.7335   0.741  0.7227   0.7541   0.6656   0.8183 

τ = 0.4 0.7317   0.7362   0.7192   0.7546   0.6568   0.8083 

τ = 0.5 (Integrated method 

by IF-MEREC-RS) 
0.73   0.7317   0.716  0.7553   0.6482   0.7985

 

τ = 0.6 0.7286   0.7274   0.713   0.756 0.6401   0.7888
 

τ = 0.7 0.7274   0.7235  0.7103   0.7569   0.6322   0.7794
 

τ = 0.8 0.7264   0.7198   0.7077   0.7578   0.6246   0.7702
 

τ = 0.9 0.7256   0.7164   0.7054   0.7589   0.6174   0.7612
 

τ = 1.0 (Objective weight 

by IF-MEREC) 
0.725 0.7133   0.7034   0.7601   0.6104   0.7524
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4.3. Comparative Study 

This subsection compares the proposed IF-MEREC-RS-DBA and existing IF-

information based MCGDM methods to check the robustness of introduced framework. To 

validate the outcomes obtained from the IF-MEREC-RS-DBA approach, four well-known 

MCDM approaches are selected, which are given by Qin et al. [29], Mishra et al. [30], Deb 

et al. [31] and Liu [32]. By applying these methods on the aforesaid case study, we aim to 

confirm and emphasize the findings determined from developed IF-MEREC-RS-DBA 

method. 

Table 10: Optimal performance rating and weighted normalized aggregated IFNs  

Criteria OPR u1 u2 u3 u4 u5 u6 

v1 

(0.067, 

0.916) 

(0.045, 

0.94) 

(0.05, 

0.934) 

(0.057, 

0.929) 

(0.067, 

0.916) 

(0.033, 

0.955) 

(0.053, 

0.931) 

v2 

(0.058, 

0.924) 

(0.035, 

0.953) 

(0.058, 

0.924) 

(0.048, 

0.937) 

(0.047, 

0.937) 

(0.051, 

0.933) 

(0.055, 

0.928) 

v3 

(0.054, 

0.93) 

(0.054, 

0.93) 

(0.031, 

0.958) 

(0.027, 

0.963) 

(0.04, 

0.948) 

(0.025, 

0.966) 

(0.042, 

0.944) 

v4 

(0.043, 

0.942) 

(0.039, 

0.946) 

(0.032, 

0.957) 

(0.041, 

0.944) 

(0.043, 

0.942) 

(0.039, 

0.947) 

(0.043, 

0.942) 

v5 

(0.073, 

0.907) 

(0.057, 

0.925) 

(0.04, 

0.947) 

(0.055, 

0.933) 

(0.073, 

0.907) 

(0.031, 

0.958) 

(0.047, 

0.941) 

v6 

(0.081, 

0.898) 

(0.041, 

0.945) 

(0.082, 

0.898) 

(0.065, 

0.914) 

(0.046, 

0.94) 

(0.044, 

0.942) 

(0.071, 

0.911) 

v7 

(0.046, 

0.939) 

(0.037, 

0.95) 

(0.037, 

0.951) 

(0.046, 

0.939) 

(0.029, 

0.96) 

(0.037, 

0.95) 

(0.031, 

0.958) 

v8 

(0.055, 

0.932) 

(0.055, 

0.932) 

(0.028, 

0.963) 

(0.031, 

0.958) 

(0.028, 

0.962) 

(0.042, 

0.946) 

(0.034, 

0.954) 

v9 

(0.092, 

0.887) 

(0.076, 

0.906) 

(0.053, 

0.93) 

(0.072, 

0.91) 

(0.087, 

0.89) 

(0.08, 

0.9) 

(0.092, 

0.887) 

v10 

(0.071, 

0.911) 

(0.051, 

0.933) 

(0.057, 

0.926) 

(0.049, 

0.936) 

(0.054, 

0.929) 

(0.031, 

0.957) 

(0.071, 

0.911) 

v11 

(0.035, 

0.956) 

(0.02, 

0.973) 

(0.033, 

0.958) 

(0.034, 

0.957) 

(0.029, 

0.962) 

(0.017, 

0.976) 

(0.035, 

0.956) 

v12 

(0.047, 

0.941) 

(0.024, 

0.968) 

(0.047, 

0.941) 

(0.03, 

0.96) 

(0.03, 

0.961) 

(0.03, 

0.959) 

(0.021, 

0.971) 

v13 

(0.054, 

0.929) 

(0.054, 

0.929) 

(0.04, 

0.947) 

(0.032, 

0.957) 

(0.039, 

0.947) 

(0.05, 

0.936) 

(0.034, 

0.955) 

v14 

(0.047, 

0.94) 

(0.031, 

0.959) 

(0.03, 

0.961) 

(0.029, 

0.961) 

(0.047, 

0.94) 

(0.034, 

0.958) 

(0.03, 

0.962) 

v15 

(0.079, 

0.9) 

(0.079, 

0.9) 

(0.069, 

0.912) 

(0.057, 

0.924) 

(0.053, 

0.931) 

(0.07, 

0.908) 

(0.075, 

0.907) 

v16 

(0.071, 

0.909) 

(0.041, 

0.946) 

(0.071, 

0.909) 

(0.064, 

0.915) 

(0.052, 

0.934) 

(0.048, 

0.937) 

(0.067, 

0.916) 

v17 

(0.065, 

0.915) 

(0.062, 

0.922) 

(0.045, 

0.94) 

(0.052, 

0.932) 

(0.06, 

0.923) 

(0.065, 

0.915) 

(0.064, 

0.915) 

4.3.1. IF-TOPSIS Method 

The IF-TOPSIS method proposed by Qin et al. [29] is used on aforesaid case study for 

assessing and prioritizing blockchain platform alternatives by means of the given 17 
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criteria. Using this method, we obtain the ideal solution as {(0.707, 0.212), (0.602, 0.295), 

(0.661, 0.244), (0.493, 0.397), (0.723, 0.192), (0.679, 0.237), (0.554, 0.342), (0.744, 

0.183), (0.719, 0.205), (0.661, 0.255), (0.678, 0.241), (0.716, 0.203), (0.631, 0.266), 

(0.732, 0.184), (0.663, 0.251), (0.659, 0.249), (0.576, 0.319)} and the anti-ideal solution as 

{(0.452, 0.445), (0.426, 0.472), (0.390, 0.508), (0.393, 0.504), (0.411, 0.485), (0.427, 

0.468), (0.397, 0.501), (0.496, 0.401), (0.510, 0.386), (0.371, 0.527), (0.425, 0.471), 

(0.436, 0.461), (0.446, 0.453), (0.564, 0.349), (0.510, 0.389), (0.454, 0.443), (0.446, 

0.451)}. Next, IF-distance on each option with IF-ideal solution is computed as 0.103, 

0.101, 0.103, 0.094, 0.136 and 0.071. Similarly, IF-distance on each option with IF-anti-

ideal solution is computed as 0.110, 0.111, 0.110, 0.120, 0.076 and 0.141. Finally, relative 

closeness coefficient is calculated for each option and given as 0.5162, 0.5223, 0.5160, 

0.5610, 0.3588 and 0.6647. On the basis of obtained relative closeness coefficient, the 

ranking order of blockchain platforms is u6 u4 u2 u1 u3 u5, and the platform 

“Microsoft (u6)” is the most suitable choice among the others. 

Table 11: OPD of options for BT platforms assessment  

Criteria 
Score values 

Optimal 

rating 

u1 u2 u3 u4 u5 u6 

v1 0.075     0.053     0.058     0.064     0.075     0.039     0.061     

v2 0.067     0.041     0.067     0.056     0.055     0.059     0.063     

v3 0.062     0.062     0.037     0.032     0.046     0.030     0.049     

v4 0.051     0.047     0.038     0.048     0.051     0.046     0.050     

v5 0.083     0.066     0.047     0.061     0.083     0.036     0.053     

v6 0.092     0.048     0.092     0.075     0.053     0.051     0.080     

v7 0.054     0.043     0.043     0.054     0.034     0.044     0.037     

v8 0.061     0.061     0.033     0.036     0.033     0.048     0.040     

v9 0.102     0.085     0.061     0.081     0.098     0.090     0.102     

v10 0.080     0.059     0.066     0.056     0.063     0.037     0.080     

v11 0.040     0.023     0.038     0.038     0.034     0.021     0.040     

v12 0.053     0.028     0.053     0.035     0.034     0.036     0.025     

v13 0.063     0.063     0.047     0.038     0.046     0.057     0.039     

v14 0.053     0.036     0.034     0.034     0.053     0.038     0.034     

v15 0.090     0.090     0.079     0.066     0.061     0.081     0.084     

v16 0.081     0.047     0.081     0.074     0.059     0.055     0.076     

v17 0.075 0.070 0.053 0.060 0.069 0.075 0.075 

OPD  1.181 0.923     0.923     0.909     0.947     0.843     0.988                

UD  - 0.7810     0.7816     0.7692     0.8019     0.7138     0.8366 

Ranking  4 3 5 2 6 1 

4.3.2. IF-ARAS Method 

After applying this method on the abovementioned blockchain platforms assessment 

problem, the optimal performance rating (OPR) is determined as {(0.707, 0.212), (0.602, 

0.295), (0.661, 0.244), (0.493, 0.397), (0.723, 0.192), (0.679, 0.237), (0.554, 0.342), 

(0.744, 0.183), (0.719, 0.205), (0.661, 0.255), (0.678, 0.241), (0.716, 0.203), (0.631, 
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0.266), (0.732, 0.184), (0.663, 0.251), (0.659, 0.249), (0.576, 0.319)}. Next, the weighted 

normalized A-IFDM is made and given in Table 10. 

Further, the score value of each entry of Table 10 is determined and presented in Table 

11. By adding the corresponding score values of each column in Table 11, the optimal 

performance degree (OPD) is calculated as 1.181, 0.923, 0.923, 0.909, 0.947, 0.843 and 

0.988. Further, the utility degree (UD) of each alternative is derived as 0.7810, 0.7816, 

0.7692, 0.8019, 0.7138 and 0.8366, respectively. On account of the decreasing utility 

degrees, the ranking order of blockchain platforms is u6 u4 u2 u1 u3 u5, and the 

platform “Microsoft (u6)” is the most suitable choice among the others. 

4.3.3. IF-WASPAS Method 

Based on the execution of IF-WASPAS method on the aforesaid blockchain platforms 

assessment problem, the additive relative importance of each alternative is determined as 

(0.561, 0.339), (0.561, 0.339), (0.555, 0.345), (0.571, 0.33), (0.526, 0.372) and (0.590, 

0.315), respectively, and their corresponding score values are 0.611, 0.611, 0.605, 0.621, 

0.577 and 0.637, respectively. Next, the multiplicative relative importance of each 

alternative is computed as (0.543, 0.357), (0.545, 0.354), (0.546, 0.353), (0.553, 0.348), 

(0.509, 0.388) and (0.576, 0.328), and their corresponding score values are 0.593, 0.595, 

0.596, 0.603, 0.560 and 0.624, respectively. Lastly, the total relative importance of each 

alternative is determined as 0.6020, 0.6032, 0.6006, 0.6118, 0.5688 and 0.6308, 

respectively. Arranging the values of total relative importance, the ranking order of 

blockchain platforms is u6 u4 u2 u1 u3 u5, and the platform “Microsoft (u6)” is the 

most suitable choice among the others for the logistics industry. 

4.3.4. IF-CoCoSo Method 

The IF-CoCoSo method is applied to the aforesaid case study of blockchain platforms 

evaluation in the logistics industry. The additive and multiplicative importance is same as 

Liu (2024). Next, the relative compromise rating of each option is computed as r1
(1) = 

0.1664, r2
(1) = 0.1668, r3

(1) = 0.166, r4
(1) = 0.1691, r5

(1) = 0.1608, r6
(1)  = 0.1744, r1

(2)  = 

0.767, r2
(2) = 0.769, r3

(2) = 0.766, r4
(2) = 0.780, r5

(2) = 0.725, r6
(2) = 0.804, r1

(3)
 = 0.954, r2

(3)  

= 0.956, r3
(3) = 0.952, r4

(3) = 0.97, r5
(3) = 0.902 and r6

(3) = 1.0. Based on the relative 

compromise rating, the overall compromise rating of each alternative is determined as 

0.5626, 0.5638, 0.5613, 0.5717, 0.5339 and 0.5895, respectively. Based on decreasing 

ratings of overall compromise ratings, preference of blockchain platforms is u6 u4 u2

u1 u3 u5, and the platform “Microsoft (u6)” is the most suitable choice among the others 

for the logistics industry. 

Fig. 4 presents the pictorial representation of ranking orders of blockchain platforms 

using diverse methods. On the basis of obtained results, it can be observed that the proposed 

and existent approaches attain the same ranking order, which is u6 u4 u2 u1 u3 u5, 

and the most optimal choice is “Microsoft (u6)”. The IF-MEREC-RS-DBA framework has 

the following advantages over the existing models (Qin et al. [29], Mishra et al. [30], Deb 

et al. [31], Liu [32]): 

 Existing methods given by (Qin et al. [29], Deb et al. [31], and Liu [32]) doesn’t 

consider the DEs’ weights, while developed IF-MEREC-RS-DBA framework 

estimates weights of DEs with IF-score function and RS model-based weighting 
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approach. Therefore, proposed approach is more suitable for MCGDM problems 

under IFI setting. 

 Qin et al. [29] and Deb et al. [31] assumes weight of criteria without any logical 

explanation, while Liu [32] derives the objective weight of criteria via entropy 

method. Although, developed IF-MEREC-RS-DBA framework find weights of 

criteria through integrated IF-MEREC-RS model consisting of objective weight 

with IF-MEREC and subjective weight with IF-RS approach. Thus, the consistency 

of outcomes is more practical than existing models. 

 The proposed distance measure computes the composite distance matrix in the IF-

MEREC-RS-DBA method, while the existing DBA methods by (Sandhya et al. 

[41], Garg et al. [40], Garg & Garg [42]) determine the composite distance matrix 

through hamming distance formula. 

 

Fig. 4 Assessment degree of blockchain platforms by diverse methods 

5. CONCLUSION   

In the current digital economy era, the DT has offered many opportunities to preserve 

the competitiveness in the business models. Nowadays, the DT in logistics companies is 

reshaping the businesses by using innovative technologies and improving the productivity 

with aster, leaner, and more efficient operations. As a decentralized digital ledger, BT 

improves logistics’ operations by providing transparency, security, and efficiency, and 

ensures secure and transparent transaction records. To select a suitable blockchain platform 

in the logistics industry, we have proposed an integrated IF-MEREC-RS-DBA framework 

by combining the weighting model and ranking method within the settings of IFSs. In this 

method, the significance value of each DE has been computed through IF-score function 

and IF-RS model-based formula. Next, weights of criteria have been derived via a 
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combined weighting process consisting of objective weight with IF-MEREC and 

subjective weight with IF-RS approach. Further, an integrated intuitionistic fuzzy distance-

based approach has been presented utilizing developed IF-distance measure, DEs’ 

weighting system and criteria weight-determination model. To this aim, a new distance 

measure has been introduced with the combination of MD, ND and hesitancy degree, and 

applied to find the composite distance matrix in the proposed IF-MEREC-RS-DBA model. 

Moreover, the proposed approach has been applied to a case study of blockchain platform 

selection problem in the logistics industry, which shows its usefulness. Sensitivity and 

comparative analyses have been performed to validate the stability and robustness of the 

IF-MEREC-RS-DBA framework. In future, some new MCGDM model will be developed, 

which can consider the interrelationships among the criteria. Future works will consider a 

greater number of experts from global and local regions, which will provide an extensive 

perspective to this study. Furthermore, the DBA model can be applied to group clustering, 

large-scale group consensus decision-making, texture identification and other areas. 

Funding: This research was conducted under a project titled “Researchers Supporting 

Project”, funded by King Saud University, Riyadh, Saudi Arabia under grant number 

(RSPD2024R533). 

Acknowledgement: The authors present their appreciation to King Saud University for 

funding this research through Researchers Supporting Project number (RSPD2024R533), 

King Saud University, Riyadh, Saudi Arabia. 

REFERENCES  

1. Dutta, P., Choi, T.-M., Somani, S., Butala, R., 2020, Blockchain technology in supply chain operations: 

Applications, challenges and research opportunities, Transportation Research Part E, 142, 102067. 

2. Fang, W., Chen, W., Zhang, W., Pei, J., Gao, W., Wang, G., 2020, Digital signature scheme for information 
non-repudiation in blockchain: a state-of-art review, EURASIP Journal on Wireless Communications and 

Networking, 2020, 56. 

3. Pathak, R., Soni, B., Muppalaneni, N. B., Mishra, A. R., 2024, Multi-criteria group decision-making 
method based on einstein power operators, distance measure, additive ratio assessment, and interval-

valued q-rung orthopair fuzzy sets, Granular Computing, 9, 14.  

4. Dwivedi, S. K., Amin, R., Vollala, S., 2020, Blockchain based secured information sharing protocol in 
supply chain management system with key distribution mechanism, Journal of Information Security and 

Applications, 54, 102554. 

5. Ni, L., Irannezhad, E., 2024, Performance analysis of Logistic Chain: A blockchain platform for maritime 
logistics, Computers in Industry, 154, 104038. 

6. Sahoo, S. K., Choudhury, B. B., Dhal, P. R., 2024, A Bibliometric Analysis of Material Selection Using 

MCDM Methods: Trends and Insights, Spectrum of Mechanical Engineering and Operational 
Research, 1(1), pp. 189-205.  

7. Badi, I., Bouraima, M. B., Stević, Ž., Oloketuyi, E. A., Makinde, O. O., 2024, Optimizing Vendor-Managed 

Inventory in Multi-Tier Distribution Systems, Spectrum of Operational Research, 1(1), pp. 33-43.  
8. Görçün, Ö. F., Pamucar, D., Biswas, S., 2023, The blockchain technology selection in the logistics industry 

using a novel MCDM framework based on Fermatean fuzzy sets and Dombi aggregation, Information 

Sciences, 635, pp. 345-374.  
9. Adegbola, K., 2023, A simulation study of single-vendor, single and multiple-manufacturers supply chain 

system, with stochastic demand and two distribution policies, Journal of Decision Analytics and Intelligent 

Computing, 3(1), pp. 62–79. 
10. Kumar, D., Singh, R. K., Mishra, R., Daim, T. U., 2023, Roadmap for integrating blockchain with Internet 

of Things (IoT) for sustainable and secured operations in logistics and supply chains: Decision making 

framework with case illustration, Technological Forecasting and Social Change 196, 122837. 



24 P. RANI, A. R. MISHRA, A. M. ALSHAMRANI, A. F. ALRASHEEDI, ET AL. 

11. Zhang, Z., Qu, T., Zhao, K., Zhang, K., Zhang, Y., Guo, W., Liu, L., Chen, Z., 2024, Enhancing trusted 

synchronization in open production logistics: A platform framework integrating blockchain and digital 
twin under social manufacturing, Advanced Engineering Informatics, 61, 102404. 

12. Sharma, V., Sharma, K., Kumar, M., Chatterjee, P., 2024, Supply chain efficiency and performance 

measurement in the automotive sector: Content analysis and future research directions, Journal of 
Decision Analytics and Intelligent Computing, 4(1), pp. 121–135. 

13. Jain, G., Singh, H., Chaturvedi, K.R., Rakesh, S., 2020, Blockchain in logistics industry: in fizz customer 

trust or not, Journal of Enterprise Information Management, 33(3), pp. 541-558. 
14. Berneis, M., Bartsch, D., Winkler, H., 2021, Applications of Blockchain Technology in Logistics and 

Supply Chain Management- Insights from a Systematic Literature Review, Logistics, 5(3), 43. 

15. Batta, A., Gandhi, M., Kar, A.K., Loganayagam, N. and Ilavarasan, V., 2021, Diffusion of blockchain in 

logistics and transportation industry: an analysis through the synthesis of academic and trade literature, 

Journal of Science and Technology Policy Management, 12 (3), pp. 378-398. 

16. Tan, C.L., Tei, Z., Yeo, S.F., Lai, K.-H., Kumar, A. and Chung, L., 2023, Nexus among blockchain 
visibility, supply chain integration and supply chain performance in the digital transformation era, 

Industrial Management & Data Systems, 123 (1), pp. 229-252. 

17. Zeng, W., Wang, Y., Liang, K., Li, J., Niu, X., 2024, Advancing Emergency Supplies Management: A 
Blockchain-Based Traceability System for Cold-Chain Medicine Logistics, Advanced Theory and 

Simulations, 7, 2300704. 

18. Kannan, J., Jayakumar, V., Pethaperumal, M., 2024, Advanced Fuzzy-Based Decision-Making: The Linear 
Diophantine Fuzzy CODAS Method for Logistic Specialist Selection, Spectrum of Operational Research, 

2(1), pp. 41-60. 

19. Mahmood, T., Asif, M., Rehman, U., Ahmmad, J., 2024, T-Bipolar Soft Semigroups and Related Results, 
Spectrum of Mechanical Engineering and Operational Research, 1(1), pp. 258-271. 

20. Eti, S., Dinçer, H., Yüksel, S., Gökalp, Y., 2024, A New Fuzzy Decision-Making Model for Enhancing 

Electric Vehicle Charging Infrastructure, Spectrum of Decision Making and Applications, 2(1), pp. 94-99.  
21. Gazi, K. H., Raisa, N., Biswas, A., Azizzadeh, F., Mondal, S. P., 2024, Finding the Most Important Criteria 

in Women’s Empowerment for Sports Sector by Pentagonal Fuzzy DEMATEL Methodology, Spectrum of 

Decision Making and Applications, 2(1), pp. 28-52. 

22. Zadeh, L.A., 1965, Fuzzy sets, Information and Control, 8, pp. 338–353. 

23. Alamin, A., Rahaman, M., Mondal, S. P., 2024, Geometric Approach for Solving First Order Non-

Homogenous Fuzzy Difference Equation, Spectrum of Operational Research, 2(1), pp. 61-71. 
24. Çıkmak, S., Kantoğlu, B., Kırbaç, G., 2023, Evaluation of the effects of blockchain technology 

characteristics on SCOR model supply chain performance measurement attributes using an integrated 

fuzzy MCDM methodology, International Journal of Logistics Research and Applications, 27(6), pp. 1015-
1047. 

25. Chen, L., Hendalianpour, A., Feylizadeh, M.R., Xu, H., 2023, Factors Affecting the Use of Blockchain 

Technology in Humanitarian Supply Chain: A Novel Fuzzy Large-Scale Group-DEMATEL, Group 
Decision & Negotiation, 32, pp. 359–394. 

26. Hamidi, S. M. M., Hoseini, S. F., Gholami, H., Kananizadeh-Bahmani, M., 2024, A three-stage digital 
maturity model to assess readiness for blockchain implementation in the maritime logistics industry, 

Journal of Industrial Information Integration 41, 100643. 

27. Hussain, A., Ullah, K., 2024, An Intelligent Decision Support System for Spherical Fuzzy Sugeno-Weber 
Aggregation Operators and Real-Life Applications, Spectrum of Mechanical Engineering and Operational 

Research, 1(1), pp. 177-188. 

28. Atanassov, K. T., 1986, Intuitionistic fuzzy sets, Fuzzy sets and Systems, 20(1), pp. 87-96.  
29. Qin, Y., Rizk-Allah, R. M., Garg, H., Hassanien, A. E., Snášel, V., 2023, Intuitionistic fuzzy-based TOPSIS 

method for multi-criterion optimization problem: a novel compromise methodology, AIMS Mathematics 

8(7), pp. 16825-16845. 
30. Mishra, A. R., Rani, P., Cavallaro, F., Hezam, I. M., 2023, Intuitionistic fuzzy fairly operators and additive 

ratio assessment‑based integrated model for selecting the optimal sustainable industrial building options, 
Scientific Reports 13, 5055. 

31. Deb, P. P., Bhattacharya, D., Chatterjee, I., Chatterjee, P., Zavadskas, E. K., 2023, An Intuitionistic Fuzzy 

Consensus WASPAS Method for Assessment of Open-Source Software Learning Management Systems, 
Informatica, 34(3), pp. 529–556. 

32. Liu, H., 2024, Enhanced CoCoSo Method for Intuitionistic Fuzzy MAGDM and Application to Financial 

Risk Evaluation of High-Tech Enterprises, Informatica 48(5), pp. 01-14. 



 Intuitionistic Fuzzy Distance Measure-Based Approach for Adopting the Blockchain Technology... 25 

33. Imran, R., Ullah, K., Ali, Z., Akram, M., 2024, A Multi-Criteria Group Decision-Making Approach for 

Robot Selection Using Interval-Valued Intuitionistic Fuzzy Information and Aczel-Alsina Bonferroni 
Means, Spectrum of Decision Making and Applications, 1(1), pp. 1-32.  

34. Wan, S.-P., Dong, J.-Y., Chen, S.-M., 2024, A novel intuitionistic fuzzy best-worst method for group 

decision making with intuitionistic fuzzy preference relations, Information Sciences, 666, 120404. 
35. Bajaj, J., Kumar, S., 2023, A new intuitionistic fuzzy correlation coefficient approach with applications in 

multi-criteria decision-making, Decision Analytics Journal, 9, 100340. 

36. Majumder, P., Bhowmik, P., Das, A., Senapati, T., Simic, V., Pamucar, D., 2023, An intuitionistic fuzzy 
based hybrid decision-making approach to determine the priority value of indicators and its application 

to solar energy feasibility analysis, Optik, 295, 171492. 

37. Şahin, S., Koç, A., Sark, W. V., 2024, Multi-criteria decision making for solar power - Wind power plant 

site selection using a GIS-intuitionistic fuzzy-based approach with an application in the Netherlands, 

Energy Strategy Reviews, 51, 101307. 

38. Asif, M., Ishtiaq, U., Argyros, I. K., 2024, Hamacher Aggregation Operators for Pythagorean Fuzzy Set 
and its Application in Multi-Attribute Decision-Making Problem, Spectrum of Operational Research, 2(1), 

pp. 27-40.  

39. Štilić, A., Puška, A., Božanić, D., Đurić, A., 2024, Ranking European Countries Using Hybrid MEREC- 
MARCOS MCDA Based on Travel and Tourism Development Index, Tourism: An International 

Interdisciplinary Journal, 72(4), pp. 592-608. 
40. Garg, R., Sharma, R. K., Sharma, K., 2016, Ranking and selection of commercial off-the-shelf using fuzzy 

distance-based approach, Decision Science Letters, 5, pp. 201–210. 

41. Sandhya, Garg, R., Kumar, R., 2018, Computational MADM evaluation and ranking of cloud service 

providers using distance-based approach, International Journal of Information and Decision Sciences, 
10(3), pp. 222-234. 

42. Garg, R. K., Garg, R., 2023, Decision Support System for Evaluation and Ranking of Robots Using Hybrid 

Approach, IEEE Transactions on Engineering Management, 70(9), pp. 3283-3296. 
43. Iqbal, M. N., Rizwan, U., 2019, Some applications of intuitionistic fuzzy sets using new similarity measure, 

Journal of Ambient Intelligence and Humanized Computing, https://doi.org/10.1007/s12652-019-01516-

7.  

44. Wu, X., Song, Y., Wang, Y., 2021, Distance-Based Knowledge Measure for Intuitionistic Fuzzy Sets with 

Its Application in Decision Making, Entropy, 23(9), 1119. 

45. Ejegwa, P. A., Agbetayo, J. M., 2023, Similarity-Distance Decision-Making Technique and its 
Applications via Intuitionistic Fuzzy Pairs, Journal of Computational and Cognitive Engineering, 2(1), pp. 

68-74. 

46. Li, X., Liu, Z., Han, X., Liu, N., Yuan, W., 2023, An Intuitionistic Fuzzy Version of Hellinger Distance 
Measure and Its Application to Decision-Making Process, Symmetry, 15(2), 500. 

47. Xu, Z.S., 2007, Intuitionistic fuzzy aggregation operators, IEEE Transactions on Fuzzy Systems, 15(6), 

pp. 1179–1187 
48. Xu, G. L., Wan, S. P., Xie, X. L., 2015, A Selection Method Based on MAGDM with Interval-Valued 

Intuitionistic Fuzzy Sets, Mathematical Problems in Engineering, 2015, 791204. 
49. Xu, Z., Chen, J., 2008, An overview of distance and similarity measures of intuitionistic fuzzy sets, 

International Journal of Uncertainty, Fuzziness and Knowledge-Based Systems, 16(04), pp. 529-555. 

50. Keshavarz-Ghorabaee, M., Amiri, M., Zavadskas, E.K., Turskis, Z., Antucheviciene, J., 2021, 
Determination of objective weights using a new method based on the removal effects of criteria (MEREC), 

Symmetry, 13(4), 525. 

51. Frizzo-Barker, J., Chow-White, P. A., Adams, P. R., Mentanko, J., Ha, D., Green, S., 2020, Blockchain as 
a disruptive technology for business: A systematic review, International Journal of Information 

Management, 51, 102029. 

52. Javaid, M., Haleem, A., Singh, R. P., Suman, R., Khan, S., 2022, A review of Blockchain Technology 
applications for financial services. Bench Council Transactions on Benchmarks, Standards and 

Evaluations, 2(3), 100073. 

53. Sanka, A.I., Cheung, R.C., 2021, A systematic review of blockchain scalability: Issues, solutions, analysis 
and future research, Journal Network and Computer Applications, 195, 103232. 

54. Dabbagh, M., Choo, K.K.R., Beheshti, A., Tahir, M., Safa, N.S., 2021, A survey of empirical performance 

evaluation of permissioned blockchain platforms: Challenges and opportunities, Computers & Security, 
100, 102078. 

55. Ronaghi, M.H., 2021, A blockchain maturity model in agricultural supply chain, Information Processing 

in Agriculture 8(3), pp. 398–408. 

https://doi.org/10.1007/s12652-019-01516-7
https://doi.org/10.1007/s12652-019-01516-7


26 P. RANI, A. R. MISHRA, A. M. ALSHAMRANI, A. F. ALRASHEEDI, ET AL. 

56. Siddiqui, Z.A., Haroon, M., 2023, Research on significant factors affecting adoption of blockchain 

technology for enterprise distributed applications based on integrated MCDM FCEM-MULTIMOORA-
FG method, Engineering Applications of Artificial Intelligence, 118, 105699.  

57. Chan, W.K., Chin, J.J., Goh, V.T., 2021, Simple and scalable blockchain with privacy, Journal Information 

Security and Applications, 58, 102700. 
58. Xu, X., Lu, Q., Liu, Y., Zhu, L., Yao, H., Vasilakos, A.V., 2019, Designing blockchain based applications 

a case study for imported product traceability, Future Generation Computer Systems, 92, pp. 399-406. 

59. Rana, R.L., Giungato, P., Tarabella, A., Tricase, C., 2019, Blockchain applications and sustainability 
issues, Amfiteatru Economic Journal, 21, pp. 861–870. 

60. Jabbar, A., Dani, S., 2020, Investigating the link between transaction and computational costs in a 

blockchain environment, International Journal of Production Research, 58 (11), pp. 3423–3436.  

61. Lai, H., Liao, H., 2021, A multi-criteria decision-making method based on DNMA and CRITIC with 

linguistic D numbers for blockchain platform evaluation, Engineering Applications of Artificial 

Intelligence, 101, 104200.  
62. Stillwell, W. G., Seaver, D. A., Edwards, W., 1981, A comparison of weight approximation techniques in 

multiattribute utility decision making, Organizational Behavior and Human Performance, 28(1), pp. 62-77. 


