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Abstract

:

Today, e-commerce allows consumers access to a wide range of products on the global market, quick and convenient selection, purchase, ordering, and payment of products. Consumers expect to receive the products they bought online, very quickly, at favorable prices and delivery conditions. However, it is often not possible, because global supply chains are realized over large geographical distances, with a whole range of disruptions and challenges that need to be successfully overcome. With the aim of efficiently delivering products and meeting consumer expectations, retailers often leave this job to specialized and resilient logistics companies better known as fourth-party logistics (4PL) providers. On this occasion, it is necessary to conduct a very thorough evaluation of the logistics provider based on appropriate scientific approaches and models. In this paper, a new hybrid approach for the evaluation of resilient 4PLs was proposed, with the aim of providing appropriate support for the decision-making system on product delivery in e-commerce. The hybrid approach is based on the fuzzy full consistency method (FUCOM), evidence theory (ET), rule-based transformation (RBT), and weighted aggregated sum product assessment (WASPAS) methods. The proposed model was tested and applied to an example of an online retailer, which sells and delivers products originating from China and the countries of the Far East to the market of the Western Balkans and Southeastern Europe. Five 4PL providers were evaluated and ranked according to 10 criteria. According to the results, the most important criterion was IT capabilities, while the least important was cooperation. Additionally, sensitivity analysis was carried out to determine whether the final ranking will change. The obtained results showed that the proposed methodology represents a valuable decision support tool that can be used for solving not only the problem described in this paper but also similar problems.
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1. Introduction


In recent years, e-commerce has become an increasingly important sales channel for both products and services. It is estimated that e-commerce in the total retail sales on the global market participates between 20–25% and that in the coming years, the growth of online sales will be around 10% per year [1]. The reasons for this are numerous, and some of the advantages of international e-commerce that lead to this are reflected in easier expansion into foreign markets, shorter B2B sales cycles, lower barriers to entry to the foreign market, the quicker building of international presence, and so on [1]. E-commerce enables consumers to purchase products worldwide with minimal costs, time, and effort. In addition, the advantages of e-commerce are numerous and are reflected in the availability of products 24/7 on the global market, the speed, and the comfort of shopping from the armchair with one click [2]. What cannot be realized so quickly and comfortably is the delivery of products, which often leads to dissatisfaction of end consumers. That is, products ordered online must physically go through very complex supply chains, where logistics processes require a certain amount of time, generate costs, employ different resources, and encounter numerous risks and disruptions [3].



E-commerce constantly poses new challenges and demands to logistics, such as reliable delivery of products in the shortest possible time, favorable prices and delivery conditions, high quality of products and services, high frequency of delivery of smaller shipments, and products return. It is rightly argued that logistics and product delivery are key and critical factors in successful e-commerce [4]. Online sellers are looking for different solutions to efficiently deliver products and meet the increased expectations of consumers. One of the approaches is the engagement of logistics service providers (LSP), who have the necessary knowledge, experience, and resources and are qualified to offer and provide full logistics service in the domain of designing, planning, and managing supply chains and product delivery processes. There is a large offer of providers on the global market, who offer logistics services in e-commerce, and on this occasion, it is very important to hire the right one.



The decision process follows a series of questions, which come from the domain of e-commerce and global supply chains. First of all, extremely high uncertainty, indeterminacy, unpredictability, and impreciseness are present in terms of market requirements, but also parameters related to logistics and accompanying processes. The processes are realized by a large number of participants, in different environments, and in different geographical areas. Insufficiently reliable input parameters and information that are incomplete and in different forms and formats further complicate the decision-making process. In addition to all that, global supply chains, in recent years, have been accompanied by very strong disruptions and challenges, such as the COVID-19 pandemic, trade and real wars, energy and economic crises, strikes, congestion of world ports, airports, and main logistics routes. This brings to the fore the resilience of logistics providers and all participants in the supply chain. However, the aforementioned disorders are very difficult to predict and include in traditional decision-making models. During the management of the supply chain in e-commerce, it is required to make decisions in a significantly shorter period of time, compared with traditional trade, which further complicates the entire decision-making process.



All of the above clearly indicate the limited application of traditional and standard decision-making models and point out the need for the development and application of new integrated approaches that adequately treat this issue. It is evident that such approaches and models are missing in the available literature, especially in practical applications. The main motivation for writing this paper was to fill the perceived gap, where the authors tried to propose a new hybrid approach and model for evaluating a resilient 4PL provider for e-commerce needs, based on fuzzy FUCOM-ET-RBT-WASPAS methods. The first method was used to obtain criteria weights, while ET and RBT were used to construct the initial decision-making matrix used in the WASPAS method. The model was tested on a concrete example for the evaluation of five global 4PL providers based on 10 criteria. The proposed and applied hybrid approach, on a concrete example, represents the main scientific contribution of this paper. In addition, a significant contribution of this paper is reflected in the fact that it connects very current and important aspects of the global supply chain, such as e-commerce, resilience, and the possibility of improving the delivery of online ordered products by 4PL providers.



The paper is organized as follows: After the introduction, a review of the literature is presented. Based on the literature review, the criteria observed in this paper were determined and defined in the Section 2. The methodology of the paper is presented in the Section 3, as well as the implementation steps for each method used in this paper. Based on the implementation of the proposed methodology, the obtained results are then presented in the Section 4. In the Section 5, sensitivity analysis, as well as managerial implications and discussion, is provided. At the very end of the paper, concluding remarks and directions for future research are outlined.




2. Literature Review and Criteria Definition


2.1. Literature Review


In accordance with the goal set, in the following sections, a literature review related to e-commerce and logistics services, resilience in global supply chains, and evaluation and selection of logistics service providers is given.



2.1.1. The Role of Logistics in E-Commerce


When it comes to logistics and logistics service providers in e-commerce, four main aspects appear in the literature: supply chain and network design, outbound and reverse logistics strategies, warehousing activities, and e-commerce IT and data from the logistics aspect [5]. A very important question is how to reach customers in the most efficient way: multichannel, omnichannel, or pure e-commerce. Different methodologies and models are used for SC configuration in the e-commerce context [6]. Numerous papers deal with facility location [7].



The next very important issue of logistics and e-commerce is outbound logistics. Outbound logistics in e-commerce refers to the movement and storage of products from a business to its customers. There are several main research subjects in this area, which can be grouped into the following categories: last-mile logistics, vehicle routing problem (VRP), outsourcing issue related to third-party logistics (3PLs), logistics pooling phenomenon, environmental impact of transports, new trends and technologies, and packaging process [5].



Reverse logistics is the process of managing the return of goods from consumers to the seller or manufacturer. This can include the transportation, storage, and disposal of returned products. Reverse logistics is an important aspect of the supply chain, as it can affect the costs and efficiency of a business. A study by Stock et al. [8] found that effectively managing product returns can have a positive impact on a business’s profitability and competitiveness. This can be achieved through cost reduction, higher product recovery rates, and higher customer service levels.



Warehousing is a key component of the supply chain and involves the intermediate storage of goods between two successive stages, such as between the manufacturer and the retailer. Warehousing plays a crucial role in ensuring the smooth flow of goods throughout the supply chain. Warehouse design and management play a crucial role in the efficiency and effectiveness of logistics operations. An effective warehouse design can help to streamline processes, reduce employee fatigue, and improve customer service levels. The most important issues in the e-commerce literature are order picking strategies, level of automation, and warehouse performance [9,10].



E-commerce IT and data management (E-IT) refers to the use of information technology and data management to support e-commerce operations. E-IT can provide a number of benefits for businesses, including increased competition, lower prices of goods and services, the ability to compare products from different vendors, and easy access to a wide range of vendors anytime and anywhere [11]. The growth of e-commerce has led to an increase in the importance of logistics information systems (LIS) and supply chain information systems. These systems are used to manage and optimize the flow of information within logistics operations and throughout the supply chain. The integration of LIS and supply chain information systems can help logistics organizations to improve the efficiency and effectiveness of their operations by providing real-time data on inventory levels, transportation schedules, and other key logistics processes.



Apart from the mentioned, the aspect of service quality and user satisfaction is also very important [12]. Vasić et al. [13] examined the impact of logistics service dimensions on consumer satisfaction in e-commerce. Abdirad and Krishnan [14] examined the impact of the e-supply chain on service quality (SQ) and customer satisfaction (CS). Based on the obtained results, the authors concluded that e-supply chain management (E-SCM) has a direct impact on customer satisfaction, while a positive and significant relationship was also identified between E-SCM and CS, E-SCM and SQ, and SQ and CS. Ngah et al. [15] in their paper identified the factors influencing the satisfaction and reuse intention of 3PL services among online sellers in Malaysia using the stimulus-organism-response (SOR) theory.



Sustainability dimensions (economic, social, and environmental) in e-commerce and logistics are recognized in the literature as well. Authors [16] also identified related trends, such as technological developments, including electric vehicles and specialized software; crowd shipping; operation modes, such as collection and delivery points, parcel lockers, and microdepots; and policymaking.




2.1.2. Resilience of the Global Supply Chains


Different interpretations of the concept of resilience can be found in the literature. Certain authors define resilience as the system’s ability to recover from disturbances and disruptive events [17] in an acceptable time [18]. Another definition is that resilience means the ability of a company to withstand disruptions and recover successfully [19]. The third expanded interpretation states that it is the ability of the company to withstand disturbances and return to its original state when the disturbances pass [20] or transition to a new desired state [21]. Recent research states that response and recovery require restructuring, adaptation, or reconfiguration of the supply chain network [22,23]. Data envelopment analysis (DEA) was used by [24] for evaluating the resilience of supply chain networks (SCN). Um and Han [25] explored the relationships among global supply chain risks, supply chain resilience, and mitigating strategies in their paper.



Zhang et al. [26] state that in recent years, significant results have been achieved in the study of product supply chain resilience, but they did not include the supply aspect of logistics services. They state that the supply of logistics services is capacity based and is quite different from the supply of products, which significantly affects the establishment and strengthening of cooperation in the supply chain. The authors used a tripartite asymmetric model of government, manufacturer, and integrator and used evolutionary game theory to analyze the resilient decision making of participants to achieve optimal returns under bounded rationality. Delic et al. [27] examined the impact of supply chain resilience on supply chain performance. In order to design a resilient supply chain under price competition and facility disruption, a Stackelberg game approach was used by [28]. A game-theoretic model of public–private emergency collaborations was developed by [29].



Wieland and Durach [30] used an interdisciplinary approach to understanding supply chain resilience by introducing two perspectives of resilience: engineering and socioecological. From the first perspective, the supply chain is observed as a closed engineering system, where optimization, quick response to disruptions, and the shortest possible recovery time are sought. Another perspective observes the supply chain as an open system with major influences from the environment, which changes over time and tends to transform and adapt. Novak et al. [31] observed the supply chain as a complex system with a large number of participants that directly affect resilience.



From the perspective of this research, the papers dealing with the resilience of logistics service providers (LSPs), as key creators of the supply chain, are especially important. For example, it is pointed out that LSPs play an important role in resilience, through their integration and cooperation along the global supply chain [32]. On the other hand, supply chain disruptions have a significant impact on LSP resilience and operations [33]. Chen et al. [34] emphasize the importance of modeling and improving resiliency in the area of delivery of express shipments, which are the most sensitive to deadlines. A mixed-integer linear programming (MILP) model for analyzing the efficiency of different delivery modes affecting the resilience of the entire supply chain was proposed by Shoja et al. [35]. Carvalho et al. [36] discuss the impact of a port strike on the resilience and performance of LSPs. Iyengar et al. [37] investigated the resilience of small entrepreneurs at the bottom of the pyramid. Herold et al. [38] discuss how LSPs managed to maintain supply chain resilience in the face of COVID-19. These authors argue that supply chain resilience directly depends on LSP resilience. LSP has a significant impact in eliminating or reducing risks arising from unstable demand, supply, or demand for urgent deliveries [39]. Liu and Lee [40] argue that the integration of participants, provided by 3PL providers, significantly enhances supply chain resilience. Based on the literature review, it was determined that only limited research exists that investigates specifically how LSPs can help to maintain or build resilience in and for supply chains, especially regarding the COVID-19 pandemic. Recently, a vulnerability in logistics outsourcing and the security design of LSPs was investigated [39,40]. This was an additional motivation for the authors to conduct this research and contribute to the current literature.




2.1.3. Evaluation and Selection of Logistics Service Providers


In this paragraph, a review of the literature regarding the selection and evaluation of 4PL was carried out. As already mentioned, there are a small number of papers dealing with the described problem. Aydin et al. [41] in their paper proposed a neutrosophic MCDM method for the assessment of 4PL providers’ performance. The authors defined the neutrosophic language scale that was used by experts in order to evaluate the performance of 4PL providers. Bhatti et al. [42] used Taguchi’s loss function to propose a model for 3PL selection by 4PLs. Caglar and Aydin [43] in their paper examined the role and capabilities of 4PL in supply chain agility and firm performance. Based on the results, it was concluded that firms can benefit greatly if they have a partnership with 4PL. Buyukozkan et al. [44] proposed an analytical MCDM approach to evaluate 4PL operating models. This approach was based on the 2-additive Choquet integral, which is used in a situation when, for example, two criteria are simultaneously satisfied. Yang et al. [45] considered the problem of logistics partner selection. The aim of the paper was to propose an optimization model of the logistics partner selection based on comparing the strength of each logistics enterprise and compartmentalizing the logistics demand by region. For this purpose, the authors developed a model based on a genetic algorithm (GA) by using the methods of binary encoding, larger population size, and smaller crossover probability. On the other hand, Zhang et al. [46] developed a novel mixed-integer nonlinear programming model to design the multiperiod distribution network from a 4PL perspective. There are a small number of papers that research 4PL resilience, and the ones present are mainly dealing with defining network design. Thus, Huang et al. [47] considered a 4PL network construction problem that takes uncertain disruptions into account. The authors developed an optimization model based on resilience and used the particle swarm optimization (PSO) method to solve problems regarding the selection of facilities and 3PL vendors. Li et al. [48] also considered the problem of network design of 4PL. In their paper, the authors proposed an optimization model that minimizes the total costs subjective to resilience constraints and optimizes the forward and reverse network simultaneously under multiple operations periods.



On the other hand, Yazdi et al. [49] examined the critical success factors for supply chain resilience regarding the selection of transportation service providers. Additionally, they proposed an approach based on the best-worst method (BWM) and multi-attributive border approximation area comparison (MABAC) to rank resilience-related critical success factors for transportation service providers in uncertain environments using hesitant fuzzy sets (HFS). Naseem et al. [50] developed an approach based on a combination of grey relational analysis (GRA) and the technique for order preference by similarity to the ideal solution (TOPSIS) for choosing the best logistics service provider for e-commerce companies.





2.2. Defining 4PL Evaluation Criteria


After the literature review, it was established that there are a large number of criteria used in this area. In accordance with the topic, it was investigated which criteria are most often used to solve the following problems: selection and assessment of 3PL or 4PL providers, selection of a resilient provider, and selection of 3PL/4PL providers in electronic commerce. Based on this literature review, 10 criteria were selected that were used in this paper for the evaluation and selection of 4PL e-commerce providers.



The following criteria were selected: service price (C1), service time (C2), service quality (C3), IT capabilities (C4), supply chain design (C5), safety stock inventory (C6), flexibility (C7), cooperation (C8), redundancy (C9), and risk management (C10). When it comes to the delivery of goods, especially in e-commerce, the first three criteria are very important, considering that service price, time, and quality directly affect competitiveness. Service price is defined as the price a company needs to pay for the services provided by the 4PL providers. Service time is the time it takes to deliver goods (observed from the moment of ordering until the moment of delivery to the end consumer). Service quality is described through three dimensions—percentage of errors, cost of damage, and on-time delivery—considering that service quality can be observed from several aspects. Each of the dimensions is evaluated separately on a defined scale (1–5). The values for each of the dimensions are shown in Table 1.



The next criterion observed in this paper is IT capabilities. This criterion was taken into account since visibility in the supply chain as well as timely information is a very important factor, especially when taking into account resilience. Based on the timely information, it is possible to properly manage all processes in the entire supply chain. Supply chain design is significant and directly affects the speed of delivery, and in this paper, was observed through two dimensions: the number of offices in the world a certain 4PL has and the number of countries in which 4PL operates. Safety stock inventory represents the total capacity that the 4PL has (including the capacities of the 3PL providers with whom the observed 4PL works together). It is important to point out that it does not represent the amount of stock that needs to be held, but rather, it represents the maximum capacity that the 4PL can provide for stock storage in case of disruption in the supply chain. Flexibility, like service quality, is observed and evaluated through the following dimensions: the number of different types of goods a 4PL can ship, response time, and resource capacity. This criterion is very important when talking about supply chains, considering that response time and resource capacity can directly affect the possibility and the speed of delivery of goods. A scale (1–4) was used to evaluate this criterion (Table 2).



Cooperation is an often used criterion when evaluating and selecting providers, considering that a higher degree of cooperation affects the better business of both, the provider and the company that outsources its services. In this paper, this criterion was evaluated through two dimensions: cooperation quality and the number of years working with a 4PL provider. When talking about cooperation quality, four types of cooperation were determined and observed in this paper, which are described below. Information sharing refers to the open sharing and exchange of strategic technical information. Flexibility refers to the willingness of each partner to conform to changes in the environment. Harmony reflects forbearance from opportunism by partners in a business relationship. Joint working refers to joint or mutual decision making and problem solving [51]. Redundancy was observed as the number of 3PL companies a certain 4PL is working with, while risk management as the number of standards that a certain 4PL has implemented. Given that there are a large number of papers that used various criteria, below is a description of the criteria that were used in this paper, as well as some of the references in which those criteria were used (Table 3).





3. Methodology


As already mentioned, the aim of this paper is to propose an approach based on fuzzy FUCOM, evidence theory, and rule-based transformation and WASPAS methods for the evaluation and selection of resilient 4PL providers from the perspective of an e-commerce company. The Fuzzy FUCOM method was applied for determining criteria weights. That is, after determining the criteria that will be used in this paper, the criteria were presented to the experts in order to evaluate them. During the evaluation, it was easier for experts to use linguistic scales, and for that reason, this method was applied in a fuzzy environment. Given that there is a certain amount of uncertainty when evaluating 4PL providers, the combination of ET and RBT methods was used to construct the initial decision-making matrix. The advantage of applying ET is reflected in the fact that it considers belief functions instead of probability functions. Based on this, a decision maker can express a degree of belief, which can be either an individual answer or a set of possible answers, or even both. Additionally, the application of ET enables incomplete assessment, which is present especially when dealing with providers with whom cooperation is just beginning and some information is not available, which traditional MCDM methods do not allow. In order to obtain the crisp values needed to define the initial decision matrix, the RBT method was used. This technique was developed to transform various forms of assessment information into crisp values, like a normalization process in traditional MCDM. Finally, the WASPAS method was used since it is characterized by high reliability with the process parameter settings, without the need for additional evaluations by the decision makers. This method was used in this paper in order to determine the final rank of the alternatives. The implementation steps of the proposed methodology are presented in Figure 1.



3.1. Fuzzy FUCOM


In order to obtain criteria weights, a fuzzy FUCOM method was applied. The implementation of this method includes the following steps (adapted from [67]).



Step 1—Determine and rank the decision criteria. In accordance with the literature review, define the criteria that will be used for evaluation. After that, experts should determine the rank of criteria in accordance with the significance of the criteria. The first criterion is the most significant and, therefore, should have the highest weight coefficient. The last criterion should be the least significant. This can be written using Equation (1):


Cj(1) > Cj(2) > … > Cj(k)



(1)




where k represents the rank of the observed criterion.



Step 2—Comparison of the criteria. The comparison is made with respect to the most significant criterion using fuzzy linguistic expressions from a previously defined scale. After comparison, a fuzzy criterion significance ϖ Cj(k) is obtained. A fuzzy comparative significance can then be determined using Equation (2).


   Φ  k /   k + 1     =   ϖ    C  j   k + 1         ϖ    C  j  k        =      ϖ     C  j   k + 1      l  ,  ϖ     C  j   k + 1      m  ,  ϖ     C  j   k + 1      u         ϖ     C  j  k     l  ,  ϖ     C  j  k     m  ,  ϖ     C  j  k     u       



(2)







After that, a fuzzy vector of the comparative significance of the evaluation criteria is obtained by using Equation (3):


Φ = (φ1/2, φ2/3, …, φk/(k+1))



(3)




where φk/(k+1) represents the significance that the criterion of the Cj(k) rank has compared with the criterion of the Cj(k+1) rank.



Step 3—Calculate the optimal fuzzy weights. In this step, fuzzy weights of observed criteria are determined (w1, w2, …, wn)T. When determining criteria weights, two conditions need to be met, Equations (4) and (5).


     w k     w  k + 1     =  φ   k  k + 1      



(4)






     w k     w  k + 2     =  φ   k  k + 1     ⊗  φ    k + 1   k + 2      



(5)







Having all those previously mentioned in mind, a fuzzy linear model can be defined, with the objective of minimizing the deviation from the maximum consistency (χ), which was used in order to obtain the weights, Equations (6)–(12):


Min χ



(6)




s.t.


     w   k    −  w    k + 1     ⊗  φ   k  k + 1       ≤ χ ,   ∀ j  



(7)






     w   k    −  w    k + 2     ⊗  φ   k  k + 1     ⊗  φ    k + 1   k + 2       ≤ χ ,   ∀ j  



(8)






    ∑   j = 1  n   w j  = 1 ,   ∀ j ,  



(9)






   w j l  ≤  w j m  ≤  w j u  ,  



(10)






   w j l  ≥ 0 ,   ∀ j  



(11)






  j = 1 ,   2 ,   … ,   n  



(12)




where    w j  = (   w j l  ,  w j m  ,  w j u   )   and    φ  k /   k + 1     = (   φ  k / k + 1  l  ,      φ    k / k + 1  m  ,      φ    k /   k + 1    u   )  .



Step 4—Defuzzification in order to obtain crisp values. The final step includes defuzzification of the obtained values   (   w j l  ,  w j m  ,  w j u   )  , Equation (13), in order to obtain crisp values, which will be later used in order to obtain a weighted decision matrix in the WASPAS method. For defuzzification, the graded mean integration representation (GMIR) method was used [68].


   w j  =    w j l  + 4  w j m  +  w j u   6  ,   j = 1 ,   2 ,   … ,   n  



(13)








3.2. Evidence Theory and Rule-Based Transformation


3.2.1. Evidence Theory


Evidence theory, also known as the Dempster-Shafer theory, or D-S theory, represents a generalization of traditional probability theory. It considers belief functions instead of probability functions. That is, a decision maker can express a degree of belief in either an individual answer in the space or a set of possible answers or both [60]. When a decision maker gives a set of answers, it implies that there is no sufficient information to precisely give the single answer. It is important to note that after considering all pieces of evidence, the degrees of belief do not necessarily sum to 1 (can be less than that). In order to apply this theory to MCDM problems, Yang [69] propose a generalized decision matrix. When considering a problem with an M number of alternatives al (l = 1, …, M) and an L number of criteria ei (i = 1, …, L), each criterion is assessed using a set of evaluation grades Hn (n = 1, …, N) called a frame of discernment. Each grade Hn is considered to be an individual answer, while each criterion ei is considered to be a source of information. A set of N grades can be defined by:


  H =    H n  ,   n = 1 ,   … ,   N    



(14)




where Hn+1 is preferred to Hn, which means that Hn and H1 are the best and the worst grades, respectively. After assessing an alternative al with respect to the criterion ei, a generalized belief structure S(ei(al)) is formed, Equation (15):


  S    e i     a l      =      H n  ,  β  n , i      a l      ,   n = 1 ,   … ,   N ;   H ,  β  H , i      a l          ,   i = 1 ,   … ,   L ,   l = 1 ,   … ,   M  



(15)




where    β  n , i      a l      represents a degree of belief when an alternative al is assessed with respect to the criterion ei, where    β  n , i      a l    ≥ 0   and     ∑   n = 1  N   β  n , i      a l    ≤ 1  . When     ∑   n = 1  N   β  n , i      a l    = 1  , then the assessment is considered complete; otherwise, it is incomplete. Additionally, a case of complete ignorance is possible if     ∑   n = 1  N   β  n , i      a l    = 0  . On the other hand,    β  H , i      a l      represents the degree of global ignorance, which means that an alternative al can be assessed as any grade in the set H (when assessing with respect to the criterion ei) due to the lack of supporting evidence. Two conditions that are applied on that occasion are    β  H , i      a l    ≥ 0   and     ∑   n = 1  N   β  n , i      a l    +  β  H , i      a l    ≤ 1  .



When assessing certain alternatives with respect to a certain criterion, eight possible assessment forms can be defined, which were used in this paper (Table 4). As presented in the table, assessment forms differ whether it is the qualitative or quantitative criterion. When observing qualitative assessment,    S i     e i     a l        represents a belief structure, which is the assessment result of an alternative al for the criterion ei using a set of evaluation grades    H i  =    H n i  ,   n = 1 ,   … ,    N i     , which is not in the form of the general grades yet. A degree of belief in which an alternative al is assessed as grade    H n i    when considering criterion ei is denoted as    γ n i     a l     . On the other hand, when observing quantitative assessment,    S i     e i     a l        represents a belief structure that is the assessment result of an alternative al for the criterion ei in the form of numerical values or    h j i   , and    γ j i     a l      is the degree of belief that an alternative al is assessed to a value    h j i    for the criterion ei.




3.2.2. Rule-Based Transformation


In order to transform various forms of assessment information into a unified format, Yang [69] introduced a rule-based information technique. This technique is similar to a normalization process in traditional MCDM. In order to transform the assessment, the decision maker must construct rules of equivalence based on his or her knowledge and experience. The procedure for transformation differs depending on the criterion type, that is, whether it is qualitative or quantitative. The explanation of the rule-based transformation technique is given below for both qualitative and quantitative assessment [60].



Rule-Based Transformation Technique for Qualitative Assessment


Each qualitative criterion ei is assessed using its own set of grades    H i  =    H n i  ,   n = 1 ,   … ,    N i     . After that, the original assessment of an alternative al for criterion ei, or    S i     e i     a l       , can be defined using Equation (16):


   S i     e i     a l      =      H n i  ,    γ n i     a l      ,   n = 1 ,   … ,  N i     



(16)




where     ∑   n = 1    N i     γ n i     a l    ≤ 1  . After that, each grade    H n i    can be transformed into any grade in the general set H, where   H =    H n  ,   n = 1 ,   … ,   N     based on their equivalence, which is determined by the form of rules. If both sets have an equal number of grades (Ni = N), and each grade    H n i    is equal to a grade Hn in H, then    S i     e i     a l        can be easily transformed into a generalized belief structure   S    e i     a l        using Equation (17).


  S    e i     a l      =      H n  ,  β  n , i      a l      ,   n = 1 ,   … ,   N    



(17)







In some cases, sets do not have the same number of grades (Ni ≠ N) and a grade    H n i    does not exactly mean a single grade Hn in H, but a number of grades in H. In that case, only for qualitative assessment, the generalized belief structure from Equation (17) can be transformed into Equation (18).


  S    e i     a l      =      H k  ,  β  k , i      a l      ,   k = 1 ,   … ,   N    



(18)







Therefore, let    H n i    in Hi be equivalent to grade Hk in H to a degree    α  k , n    , where 0 ≤    α  k , n    ≤ 1 and     ∑   k = 1  N   α  k , n   = 1  . Then, the equivalence rules can be defined, using the symbol  ↔  to represent the equivalence, using Equation (19).


   H n i  ↔      H k  ,  α  k , n     ,   k = 1 ,   … ,   N    



(19)







After all the rules for equivalence are determined, the original assessment    S i     e i     a l        can be transformed into the generalized belief structure   S    e i     a l       , and    β  k , i      a l      can be calculated using Equation (20).


   β  k , i      a l    =   ∑   n = 1    N i     α  k , n    γ n i     a l    ,   k = 1 ,   … ,   N  



(20)








Rule-Based Transformation Technique for Quantitative Assessment


In order to transform numerical (quantitative) values into the generalized belief structure in the form of a general set of grades H = {Hn, n = 1, …, N}, let    h n i    be the numerical value equivalent to the general grade Hn, as shown in Equation (21).


   h n i  ↔  H n    n = 1 ,   … ,   N    



(21)







Now, assume that the value    h j i    represents the value after the assessment of an alternative al with respect to the criterion ei with a belief degree of    γ j i     a l     , then the original assessment can be defined using Equation (22):


   S i     e i     a l      =      h j i  ,    γ j i     a l      ,   j = 1 ,   … , J    



(22)




where   0 ≤  γ j i     a l    ≤ 1   and     ∑   j = 1  J     γ j i     a l    ≤ 1  . During the assessment, two cases may arise. The first is when there is only one    h j i   , and in that case,    γ j i     a l      is equal to 1. In the second case, the value of    h j i    can be between the values of    h n i    and    h  n + 1  i   . In this case, Equations (23)–(25) are used.


   β  n , i , j      a l    =    h  n + 1  i  −  h j i     h  n + 1  i  −  h n i     



(23)






   β  n + 1 , i , j      a l    = 1 −  β  n , i , j      a l     



(24)






   β  k , i , j      a l    = 0 ,   k = 1 ,   … ,   N   a n d   k ≠ n   a n d   k ≠ n + 1  



(25)







Additionally, when the assessment is uncertain, or when the number of    h j i    is equal to J, and each    h j i    holds a belief degree equal to    γ j i     a l     , then    β  n , i      a l      can be calculated using Equation (26).


   β  n , i      a l    =   ∑   j = 1  J     γ j i   β  n , i , j      a l       



(26)







In the end, based on previous equations, a generalized belief structure can be obtained by applying Equation (27).


  S    e i     a l      =      H n  ,  β  n , i      a l      ,   n = 1 ,   … ,   N    



(27)







After applying rule-based transformation techniques, the original assessment shown in Table 4 can be transformed into the generalized belief structure shown in Table 5. It should be noted that    β  H , i      a l      represents the degree of global ignorance that exists when an alternative al could be assessed to any grades in the set H, which is a consequence of either unavailable or incomplete information.



Finally, after constructing a generalized belief structure and after transformation, the generalized decision matrix can be constructed. For this purpose, Yang [69] suggest a comparison of alternatives based on their utility (u(Hn)), which is a function between 0 and 1, where u(Hn+1) > u(Hn). After determining the utility of all grades, the expected utility of an alternative al for the criterion ei can be defined using Equation (28).


  u ( S    e i     a l    )   =   ∑   n = 1  N     β  n , i      a l    · u    H n       



(28)







If we have a case where the assessment is not complete, then the maximum and minimum utility can be set by assuming that    β  H , i      a l      is equal to either the best grade (HN) or the worst (H1). Based on this, the maximum and minimum utility of each alternative can be determined using Equations (29) and (30).


   U  m a x      e i     a l      =   ∑   n = 1   N − 1      β  n , i      a l    · u    H n      +    β  N , i      a l    +  β  H , i      a l      · u    H n     



(29)






   U  m i n      e i     a l      =    β  1 , i      a l    +  β  H , i      a l      · u    H 1    +   ∑   n = 2  N     β  n , i      a l    · u    H n       



(30)







It is important to notice that if all assessments are complete or    β H     a l    = 0  , then the maximum and minimum utility are equal. In order to obtain a single value that will then be used for constructing the initial decision matrix used in the WASPAS method, the average value of each alternative’s maximum and minimum utility was calculated using Equation (31).


   U  a v g   =    U  m a x   +  U  m i n    2   



(31)










3.3. WASPAS Method


The implementation of the WASPAS method includes the following steps [70].



Step 1—Defining initial decision matrix X. In this paper, an initial decision matrix was obtained by implementing previously described methods.



Step 2—Normalization of the decision matrix. Depending on the type of criteria, it is necessary to normalize the matrix using Equation (32) for beneficial criteria and Equation (33) for nonbeneficial criteria:


   x  i j  *  =    x  i j     m a  x i     x  i j       ,   i = 1 ,   2 ,   … ,   m   a n d   j = 1 ,   2 ,   … ,   n  



(32)






   x  i j  *  =   m i  n i   x  i j      x  i j     ,   i = 1 ,   2 ,   … ,   m   a n d   j = 1 ,   2 ,   … ,   n  



(33)




where    x  i j  *    represents the normalized value of the ith alternative with respect to the jth criterion.



Step 3—Determining the total relative importance based on WSM. The total relative importance is determined for every alternative by applying Equation (34).


   Q i   1    =   ∑   j = 1  n   x  i j  *   w j   



(34)







Step 4—Determining the total relative importance based on WPM. The total relative importance is determined for every alternative by applying Equation (35).


   Q i   2    =   ∏   j = 1  n       x  i j  *       w j     



(35)







Step 5—Determining the total relative importance (Qi) of an alternative. In order to determine Qi, the decision maker must define the value of λ, which can be between 0 and 1. In the end, alternatives are ranked according to the value of Q, where the best alternative has the highest value, Equation (36).


   Q i  = λ  Q i   1    +   1 − λ    Q i   2     



(36)









4. Results


The proposed methodology was tested and applied to the example of a global online retailer, which sells and delivers products to the market of the Western Balkans and Southeastern Europe, which originate from China and the countries of the Far East. This company uses the services of several different logistics providers from the global and local markets. For a long time, the company has been working on a project related to the engagement of a 4PL provider, who would, through the process of logistics outsourcing, take over complete activities related to planning, designing, and managing the supply chain and delivery of products to end consumers, with full logistics service. For these reasons, the company is interested in this research and the application of the proposed methodology. The evaluation included five alternatives (A1–A5), that is, five global 4PL providers, whose services are used in other markets and are the most serious candidates for engagement in these supply chains as well. In the following sections, the procedure and results of the conducted evaluation are presented.



4.1. Determining Criteria Weights Using Fuzzy FUCOM


Given that the fuzzy FUCOM method was applied in a fuzzy environment, it is necessary to define the fuzzy linguistic scale and the triangular fuzzy membership functions that were used in this paper (Table 6).



After defining the linguistic terms, experts were hired to evaluate the criteria. That is, in the first step of the application, the order of the criteria (from the most significant to the least significant) was defined, which is shown in Table 7. Based on that, five experts with more than 15 years of experience in logistics and more than 5 years in e-commerce performed an evaluation using linguistic terms. The average values of the experts’ evaluations are shown in Table 7, which were then transformed into TFN using the scale defined in Table 6.



By applying Equation (2), the comparative significance of the criteria is defined and shown below.


   φ C 1 / C 2 = ϖ C 1 / ϖ C 2 =   1 , 1 , 1   /   1 , 1 , 1   =   1 , 1 , 1      φ C 2 / C 3 = ϖ C 2 / ϖ C 3 =   1 , 1 , 1   /   1 , 1 , 1   =   1 , 1 , 1      φ C 3 / C 4 = ϖ C 3 / ϖ C 4 =   2 / 3 , 1 , 3 / 2   /   1 , 1 , 1   =   0.67 , 1 , 1.5      φ C 4 / C 5 = ϖ C 4 / ϖ C 5 =   2 / 3 , 1 , 3 / 2   /   2 / 3 , 1 , 3 / 2   =   0.45 , 1 , 2.24      φ C 5 / C 6 = ϖ C 5 / ϖ C 6 =   2 / 3 , 1 , 3 / 2   /   2 / 3 , 1 , 3 / 2   =   0.45 , 1 , 2.24      φ C 6 / C 7 = ϖ C 6 / ϖ C 7 =   3 / 2 , 2 , 5 / 2   /   2 / 3 , 1 , 3 / 2   =   1 , 2 , 3.73      φ C 7 / C 8 = ϖ C 7 / ϖ C 8 =   5 / 2 , 3 , 7 / 2   /   3 / 2 , 2 , 5 / 2   =   1 , 1.5 , 2.33      φ C 8 / C 9 = ϖ C 8 / ϖ C 9 =   7 / 2 , 4 , 9 / 2   /   5 / 2 , 3 , 7 / 2   =   1 , 1.33 , 1.8      φ C 9 / C 10 = ϖ C 9 / ϖ C 10 =   7 / 2 , 4 , 9 / 2   /   7 / 2 , 4 , 9 / 2   =   0.78 , 1 , 1.29     











Based on the values presented above, the vector of comparative significance was defined Ф = ((1,1,1), (1,1,1), (0.67,1,1.5), (0.45,1,2.24), (0.45,1,2.24), (1,2,3.73), (1,1.5,2.33), (1,1.33,1.8), (0.78,1,1.29)). In order to define the fuzzy FUCOM model, Equation (5) was applied next in order to obtain the second set of constraints.


    ϖ  C 1   /  ϖ  C 3   =   1 , 1 , 1       ϖ  C 2   /  ϖ  C 4   =   0.67 , 1 , 1.5       ϖ  C 3   /  ϖ  C 5   =   0.30 , 1 , 3.36       ϖ  C 4   /  ϖ  C 6   =   0.20 , 1 , 5.02       ϖ  C 5   /  ϖ  C 7   =   0.45 , 2 , 8.35       ϖ  C 6   /  ϖ  C 8   =   1 , 3 , 8.69       ϖ  C 7   /  ϖ  C 9   =   1 , 1.99 , 4.19       ϖ  C 8   /  ϖ  C 10   =   0.78 , 1.33 , 2.32     











After calculating both sets of constraints, a model was defined as shown below, which was solved using the LINGO software.


Min χ








s.t.





             w 1 l     w 2 u    − 1   ≤ χ ,        w 1 m     w 2 m    − 1   ≤ χ ,        w 1 u     w 2 l    − 1   ≤ χ ;        w 2 l     w 3 u    − 1   ≤ χ ,        w 2 m     w 3 m    − 1   ≤ χ ,        w 2 u     w 3 l    − 1                          ≤ χ ;        w 3 l     w 4 u    − 0.67   ≤ χ ,        w 3 m     w 4 m    − 1   ≤ χ ,        w 3 u     w 4 l    − 1.5   ≤ χ ;        w 4 l     w 5 u    − 0.45                    ≤ χ ,        w 4 m     w 5 m    − 1   ≤ χ ,        w 4 u     w 5 l    − 2.24   ≤ χ ;        w 5 l     w 6 u    − 0.45   ≤ χ ,        w 5 m     w 6 m    − 1                    ≤ χ ,        w 5 u     w 6 l    − 2.24   ≤ χ ;        w 6 l     w 7 u    − 1   ≤ χ ,        w 6 m     w 7 m    − 2   ≤ χ ,        w 6 u     w 7 l    − 3.73                    ≤ χ ;        w 7 l     w 8 u    − 1   ≤ χ ,        w 7 m     w 8 m    − 1.5   ≤ χ ,        w 7 u     w 8 l    − 2.33   ≤ χ ;        w 8 l     w 9 u    − 1                          ≤ χ ,        w 8 m     w 9 m    − 1.33   ≤ χ ,        w 8 u     w 9 l    − 1.8   ≤ χ ;        w 9 l     w  10  u    − 0.78   ≤ χ ,        w 9 m     w  10  m    − 1                          ≤ χ ,        w 9 u     w  10  l    − 1.29   ≤ χ ;      w 1 l     w 3 u    − 1   ≤ χ ,        w 1 m     w 3 m    − 1   ≤ χ ,        w 1 u     w 3 l    − 1                          ≤ χ ;        w 2 l     w 4 u    − 0.67   ≤ χ ,        w 2 m     w 4 m    − 1   ≤ χ ,        w 2 u     w 4 l    − 1.5   ≤ χ ;        w 3 l     w 5 u    − 0.3                          ≤ χ ,        w 3 m     w 5 m    − 1   ≤ χ ,        w 3 u     w 5 l    − 3.36   ≤ χ ;        w 4 l     w 6 u    − 0.2   ≤ χ ,        w 4 m     w 6 m    − 1                          ≤ χ ,        w 4 u     w 6 l    − 5.02   ≤ χ ;        w 5 l     w 7 u    − 0.45   ≤ χ ,        w 5 m     w 7 m    − 2   ≤ χ ,        w 5 u     w 7 l    − 8.35                          ≤ χ ;        w 6 l     w 8 u    − 1   ≤ χ ,        w 6 m     w 8 m    − 3   ≤ χ ,        w 6 u     w 8 l    − 8.69   ≤ χ ;        w 7 l     w 9 u    − 1                          ≤ χ ,        w 7 m     w 9 m    − 1.99   ≤ χ ,        w 7 u     w 9 l    − 4.19   ≤ χ ;        w 8 l     w  10  u    − 0.78                          ≤ χ ,        w 8 m     w  10  m    − 1.33   ≤ χ ,        w 8 u     w  10  l    − 2.32                          ≤ χ ;    ∑   j = 1   10         w j l  + 4  w j m  +  w j u     6  = 1 ;    w j l  ≤  w j m  ≤  w j u  ; j                        = 1 ,   … 10 ;    w j l  ,    w j m  ,    w j u  ≥ 0 ;   j = 1 ,   … 10       











Solving the presented model, the optimum local values of the weight coefficients with a deviation from the maximum consistency   χ = 0.04   were obtained:


   w j  =           0.1242 ,   0.1242 ,   0.1242   ,     0.1242 ,   0.1242 ,   0.1242   ,     0.0822 ,   0.1411 ,   0.1411   ,           0.0661 ,   0.1626 , 0.1641   ,     0.0545 ,   0.1339 ,   0.1339   ,     0.0411 ,   0.1206 ,   0.1206   ,           0.0211 ,   0.0813 ,   0.0830   ,     0.0187 ,   0.0542 ,   0.0631   ,     0.0298 ,   0.0607 ,   0.0607   ,     0.0453 ,   0.0723 ,   0.0778            T   











Since these are fuzzy weights and in order to proceed with other methods, a crisp value is needed, and the GMIR method (Equation (13)) was used. After implementing this equation, a final crisp value of criteria weights was obtained, which were then used in the WASPAS method.


   w j  =     0.124 ,   0.124 ,   0.131 ,   0.147 ,   0.121 ,   0.107 ,   0.072 ,   0.050 ,   0.056 ,   0.069    T   












4.2. Determining Initial Decision-Making Matrix Using ET and RBT


The next step in the proposed methodology was to determine the initial decision-making matrix, which is necessary for the WASPAS method. In order to obtain this matrix, ET and RBT were applied. Based on the defined criteria that were used in this paper, an interview with five experts in the field of e-commerce was conducted in order to define the assessment scales for each criterion and to define equivalence rules. Based on the information obtained from them, assessment scales were defined (Table 8). As already mentioned, some of the criteria were evaluated based on several subcriteria. In order to set the final rules, all possible combinations of subcriteria that occur the most were defined.



Since the next step was to define equivalence rules for each criterion, a set of general grades   H =    H n  ,   n = 1 ,   … ,   N     was defined:   H =   v e r y   p o o r ,   p o o r ,   f a i r ,   g o o d ,   e x c e l l e n t    . Based on the information obtained from the interview, the equivalence rules, for both quantitative and quantitative criteria, were defined (Table 9).



Original assessment results for every alternative (Table 10) were constructed in accordance with the values presented in Table 8.



Table 11 represents the transformed assessment results that were obtained based on the rule-based transformation (values presented in Table 10). For an example, service price (qualitative criterion) for alternative 1 was calculated using Equation (20) as follows:


    β  E x c e l l e n t , 1   = 0     β  G o o d , 1   = 0.7 × 0.5 = 0.35     β  F a i r , 1   = 0.7 × 0.5 = 0.35     β  P o o r , 1   = 0.3 × 0.7 = 0.21     β  V e r y   p o o r , 1   = 0.3 × 0.3 = 0.09   











On the other hand, for quantitative criteria (for example, risk management), the value for alternative 2 was obtained by applying Equations (23)–(26), as shown below:


    β  E x c e l l e n t , 10   =  β  G o o d , 10   =  β  V e r y   p o o r , 10   = 0     β  P o o r , 10   =   6 − 5   6 − 4   = 0.5     β  F a i r , 10   = 1 − 0.5 = 0.5   











The final step in order to obtain the initial decision-making matrix that is used in the WASPAS method was to convert the generalized belief structures into utility intervals using Equations (29) and (30). In order to convert values, the utility of each of the general grades was estimated as a linear function as follows [60]: u(Very poor) = 0, u(Poor) = 0.25, u(Fair) = 0.5, u(Good) = 0.75, and u(Excellent) = 1. Examples of the calculation are presented below for A1’s service price (Table 12). The procedure is the same for all other alternatives and criteria except for A4’s service quality (based on the values presented in Table 10, it can be seen that the sum is not equal to 1 as all other values, but is equal to 0.9). This is a so-called incomplete assessment, and the reason for this is reflected in the fact that this 4PL had one shipment less than others. For this reason, it was not possible to have a complete assessment.


   u  m a x , C 1   =  u  m i n , C 1   =   0.75 × 0.35   +   0.5 × 0.35   +   0.25 × 0.21   +   0 × 0.09   = 0.49     u  m a x , C 3   =   1 × 0.83   +   0.75 × 0.06   +   0.5 × 0.01   +   1 × 0.1   = 0.98     u  m i n , C 3   =   1 × 0.83   +   0.75 × 0.06   +   0.5 × 0.01   +   0 × 0.1   = 0.88  










   u  m a x , C 3   =   1 × 0.83   +   0.75 × 0.06   +   0.5 × 0.01   +   1 × 0.1   = 0.98  










   u  m i n , C 3   =   1 × 0.83   +   0.75 × 0.06   +   0.5 × 0.01   +   0 × 0.1   = 0.88  












4.3. Final Ranking of the Alternatives Using WASPAS


In order to obtain the initial decision-making matrix, Equation (31) was applied to the values presented in Table 12. In this way, the average utility value of every alternative was taken into account (Table 13). Given that the next step when applying this method is normalization, the type of each criterion (whether it is min or max) was determined. After that, weights were assigned to each criterion, which were obtained by applying the fuzzy FUCOM method.



After implementing Equations (32) and (33), a normalized decision-making matrix was obtained (Table 14).



In order to determine the total relative importance based on WSM and the total relative importance based on WPM, Equations (34) and (35) were applied (Table 15). These values were then used in Equation (36) to obtain a final ranking of alternatives (Table 16). The value of the λ coefficient, which is used in the WASPAS method to rank the alternatives, in this paper was taken as λ = 0.5. Since this coefficient can take a value between 0 and 1, in the next section of this paper, a sensitivity analysis was performed to see whether the final rank of alternatives will change.



Based on the implementation of the proposed methodology in this paper, it can be concluded, based on the results presented in Table 16, that alternative (4PL) 3 has the highest value, followed by alternatives 2 and 1, while alternatives 5 and 4 have the lowest values. The final ranking of the alternatives can be presented as follows: A3 > A2 > A1 > A5 > A4. The obtained results and proposed methodology close the gap established in the introduction of this paper.





5. Sensitivity Analysis and Discussion


5.1. Sensitivity Analysis


In order to see whether the change in the value of λ will affect the final ranking of the 4PL providers, a sensitivity analysis was performed. On that occasion, all possible values of this coefficient were taken into account, that is, from 0 to 1. The results of the sensitivity analysis are shown in Table 17. As can be seen, the rank of alternatives is as follows for all λ values up to 0.3: A3 > A2 > A5 > A1 > A4. One specific case occurs when the λ value is 0.4, considering that in that case, the two alternatives (A1 and A5) have the same values and therefore share the same place. For λ values from 0.5 to 0.9, the ranking does not change and looks like this: A3 > A2 > A1 > A5 > A4. In the last case, that is, when λ has a value of 1, the order is almost the same as in the previous case, with the only difference being that alternatives 4 and 5 have switched places. Based on the obtained results, it can be said that the obtained solution is quite stable, especially if alternatives A2, A3, and A4 are considered. Changing the value of the coefficient affects only alternatives A1 and A5, where there are differences in ranking depending on the value of λ.




5.2. Managerial Implications and Discussion


The results from the previous section show a great possibility of applying the proposed methodology to various problems. In this paper, a hybrid approach was applied for the evaluation of 4PL providers for an e-commerce company. The applied model can help the decision maker (managers) when hiring a suitable 4PL provider, as a decision support tool. In addition, it can help managers to better understand the possibilities of improving the delivery of products ordered online through the engagement of resilient 4PL providers. In this way, it is possible to increase the reliability and quality of delivery, which will result in a higher degree of customer satisfaction, bearing in mind that timely and quality delivery is one of the most important factors of competitiveness in e-commerce. Besides improving delivery, the proposed methodology can be used to understand the connections between e-commerce, resilience, and logistics service providers. Based on this, companies can more easily overcome the problems of uncertainty during delivery by hiring resilient 4PL providers. Finally, the proposed methodology can help to better understand the mutual relations between the criteria and the importance of certain criteria that influence the evaluation and selection process.



Since the proposed methodology is novel and in a hybrid form, it was hard to compare the results with other researches. Due to the fact that there are no papers dealing with the evaluation of resilient 4PL providers for e-commerce, the results were compared with papers dealing with similar problems. The obtained results were compared with the results in [44], and it was determined that in both papers, the IT criteria were determined as the most important. A similar situation was determined when comparing obtained results with [41]. Unlike [49], in this paper, redundancy was taken into account as the criterion since the authors believed that it is important when evaluating resilience.



Given that there is a lot of uncertainty in logistics and in various processes and activities, the advantage of the described methodology is reflected in the possibility of applying it in exactly these situations. That is, evidence theory makes it possible to perform an assessment even when not all information is known. On that occasion, an incomplete assessment appears. Other, traditional MCDM methods do not support this way of evaluation, and for this reason, the application of ET stands out as an advantage. In addition, the decision maker can take a closer look at each criterion and determine how the evaluation will be carried out by setting rules in order to perform the rule-based transformation. The goal of applying the methodology in this paper was to evaluate 4PL providers; however, the described methodology can be applied to various logistics problems and in different subsystems, such as, when choosing a 4PL provider, 3PL provider, supplier, and distribution channels. In those situations, it is only necessary to adjust the criteria and the rules.





6. Conclusions


Based on everything previously mentioned, it can be concluded how important the choice of an adequate 4PL provider is. Many companies do not have enough capacity to meet the demands of customers, especially when it comes to e-commerce. For this reason, these companies choose to outsource these services. That is, hiring a 4PL provider in the process of planning and organization of product delivery in global e-commerce provides a number of advantages and opportunities to improve the delivery service. In times of pronounced risks and disruptions in global supply chains, it is of particular importance that the engaged provider is resilient and can successfully respond to all challenges and obstacles. The decision to hire a 4PL provider in an uncertain and unpredictable environment is not easy to make, and it is necessary to use scientific approaches and methods that adequately treat very complex issues in global supply chains. For this reason, when evaluating and selecting a 4PL provider, in addition to the standard criteria that need to be considered, such as price, service quality, and implementation time. it is necessary to take into account the criteria related to resilience as well. Having the aforementioned in mind, the following criteria were taken into account in this paper: service price, service time, service quality, IT capabilities, supply chain design, safety stock inventory, flexibility, cooperation, redundancy, and risk management. The resilience of a 4PL provider and the entire supply chain enables uninterrupted delivery even in some unforeseen circumstances that may affect the supply chain. For this reason, the resilience criteria were also observed in order to define an approach for the evaluation of a resilient 4PL provider based on the application of the fuzzy FUCOM, evidence theory, rule-based transformation, and WASPAS methods.



The hybrid approach and methods applied in this paper allow a successful evaluation of 4PL providers in e-commerce. In order to confirm the stability of the obtained result, a sensitivity analysis was carried out, which showed that the obtained solution is quite stable; that is, there are no major changes in the final ranking. Based on the results obtained by applying the described methodology, it can be concluded that the proposed approach represents a significant decision-support tool for solving the problem and that it is applicable to real problems. The contribution of this paper is reflected in the fact that its aim was to close the existing gap in the literature by proposing a hybrid approach for the evaluation of resilient 4PL providers for e-commerce. The developed model is open for upgrades and can be easily applied to different decision-making problems by only changing the criteria and alternatives. The limitation of the paper is reflected in the fact that it does not consider other methods for determining the criteria weights or methods for the final ranking of the alternatives. The main reason for the aforementioned limitation is the complexity of the proposed methodology. The application of the described methodology to other problems in logistics, especially to those where uncertainty is present, stands out as one of the directions of future research. Additionally, the application of other MCDM methods in combination with ET and RBT is also highlighted as another direction of future research in order to see whether there will be a significant change in the results. Finally, the definition of the methodology for the evaluation and selection of distribution channels in e-commerce stands out as the third direction of future research.
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Figure 1. Methodology. 
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Table 1. Assessment scale for service quality dimensions.






Table 1. Assessment scale for service quality dimensions.





	Dimension
	1
	2
	3
	4
	5





	Percentage of errors
	0–5% of errors
	6–10% of errors
	11–15% of errors
	16–20% of errors
	More than 20% of errors



	Cost of damage
	No damages
	Minimal damages (1–10% cost of damages)
	Medium damages (11–20% cost of damages)
	Large damages (21% to 40% cost of damages)
	Severe damages (more than 40% cost of damages)



	On-time delivery
	95–100% of on-time delivery
	85–94% of on-time delivery
	75–84% of on-time delivery
	65–74% of on-time delivery
	Less than 65% of on-time delivery
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Table 2. Assessment scale for flexibility dimensions.






Table 2. Assessment scale for flexibility dimensions.





	Dimension
	1
	2
	3
	4





	The number of different types of goods a 4PL can ship
	4PL can ship 15 or more types of goods
	4PL can ship 13–15 types of goods
	4PL can ship 10–12 types of goods
	4PL can ship fewer than 10 types of goods



	Response time
	4PL responds rapidly (before company’s expectation)
	4PL responds on time
	4PL responds slightly later (up to 5 h)
	4PL responds very slowly (over 5 h)



	Resource capacity
	4PL has capacity in over 95% of cases
	4PL has capacity in 80–95% of cases
	4PL has capacity in 65–80% of cases
	4PL has capacity in 50–65% of cases
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Table 3. Criteria description.






Table 3. Criteria description.





	Criteria
	Description
	Reference





	Service price
	Price of the product delivery
	[50,52,53,54,55,56,57,58]



	Service time
	Delivery time (from the moment of ordering up to delivery to the end consumer)
	[50,53,54,55,56,57,58]



	Service quality
	Service quality was measured through 3 dimensions: percentage of errors, cost of damage, and on-time delivery
	[50,52,54,56,57]



	IT capabilities
	A number of solutions that enable monitoring, visibility, and information in real time along the entire chain
	[50,52,53,55,57]



	Supply chain design
	Dispersion and global network coverage by 4PL
	[49,59,60]



	Safety stock inventory
	4PL storage capacity that would be used to cover demand in case of unforeseen circumstances
	[61,62,63,64]



	Flexibility
	Flexibility was observed through 3 dimensions: the number of different types of goods a 4PL can ship, response time, and resource capacity
	[50,52,54,55,56,57,58]



	Cooperation
	Cooperation quality and the number of years e-commerce company is working with a certain 4PL
	[49,60,61,65]



	Redundancy
	Number of 3PLs with which the observed 4PL cooperates
	[60,65,66]



	Risk management
	Number of quality standards that 4PL has
	[60,61,65]
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Table 4. Original forms of the assessment results [60].
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	Assessment Results
	Mathematical Formulation (i = 1, …, L, l = 1, …, M)





	Qualitative assessment
	



	Precise and complete
	    S i     e i     a l      =      H n i  , 1.0       



	Uncertain but complete
	    S i     e i     a l      =      H n i  ,    γ n i     a l      ,   n = 1 ,   … ,  N i    ,      ∑   n = 1    N i      γ n i     a l    = 1   



	Uncertain and incomplete (with a degree of ignorance)
	    S i     e i     a l      =      H n i  ,    γ n i     a l      ,   n = 1 ,   … ,  N i    ,      ∑   n = 1    N i      γ n i     a l    < 1   



	Complete ignorance
	n/a (no information to conduct the assessment)



	Quantitative assessment
	



	Precise and complete
	    S i     e i     a l      =      h j i  , 1.0       



	Uncertain but complete
	    S i     e i     a l      =      h j i  ,  γ j i     a l      ,   j = 1 ,   … ,   J   ,      ∑   j = 1  J    γ j i  = 1   



	Uncertain and incomplete (with a degree of ignorance)
	    S i     e i     a l      =      h j i  ,  γ j i     a l      ,   j = 1 ,   … ,   J   ,      ∑   j = 1  J    γ j i  < 1   



	Complete ignorance
	n/a
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Table 5. Generalized belief structures after rule-based transformation [60].






Table 5. Generalized belief structures after rule-based transformation [60].









	Assessment Results
	Mathematical Formulation (i = 1, …, L, l = 1, …, M)





	Qualitative and quantitative assessment
	



	Precise and complete
	   S    e i     a l      =      H n  ,    β  n , i      a l      ,   n = 1 ,   … ,   N   ,      ∑   n = 1  N    β  n , i      a l    = 1   



	Uncertain but complete
	   S    e i     a l      =      H n  ,    β  n , i      a l      ,   n = 1 ,   … ,   N   ,      ∑   n = 1  N    β  n , i      a l    = 1   



	Uncertain and incomplete (with a degree of ignorance)
	   S    e i     a l      =      H n  ,    β  n , i      a l      ,   n = 1 ,   … ,   N ;     H ,    β  H , i      a l        ,           ∑   n = 1  N    β  n , i      a l    <  1   a n d    β  H , i      a l     > 0   a n d      ∑   n = 1  N    β  n , i      a l    +  β  H , i      a l    = 1   



	Complete ignorance
	   S    e i     a l      =     H ,   1.0       
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Table 6. Fuzzy linguistic scale [67].






Table 6. Fuzzy linguistic scale [67].





	Linguistic Terms
	Membership Function





	Equally important (EI)
	(1,1,1)



	Weakly important (WI)
	(2/3,1,3/2)



	Fairly important (FI)
	(3/2,2,5/2)



	Very important (VI)
	(5/2,3,7/2)



	Absolutely important (AI)
	(7/2,4,9/2)
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Table 7. Linguistic evaluations of criteria.






Table 7. Linguistic evaluations of criteria.





	Criteria
	Linguistic Variables
	TFN





	Price (C1)
	EI
	(1,1,1)



	Service time (C2)
	EI
	(1,1,1)



	Service quality (C3)
	EI
	(1,1,1)



	IT capabilities (C4)
	WI
	(2/3,1,3/2)



	Supply chain design (C5)
	WI
	(2/3,1,3/2)



	Safety stock inventory (C6)
	WI
	(2/3,1,3/2)



	Flexibility (C7)
	FI
	(3/2,2,5/2)



	Cooperation (C8)
	VI
	(5/2,3,7/2)



	Redundancy (C9)
	AI
	(7/2,4,9/2)



	Risk management (C10)
	AI
	(7/2,4,9/2)
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Table 8. Criteria assessment scales.






Table 8. Criteria assessment scales.





	
Criteria

	
Subcriteria

	
Assessment Scale






	
Service price

	
/

	
Assessment grades A–C




	
(A)—4PL can provide service with a total cost of up to EUR 16.000




	
(B)—4PL can provide service with a total cost of up to EUR 20.000




	
(C)—4PL can provide service with a total cost of over EUR 20.000




	
Service time

	
/

	
Assessment grades A–D




	
(A)—service time is up to 10 days




	
(B)—service time is up to 14 days




	
(C)—service time is up to 30 days




	
(D)—service time is over 30 days




	
Service quality

	
Percentage of errors

Cost of damage

On-time delivery

	
Assessment grades A–E




	
(A)—0–5% of errors with no damages and 95–100% of on-time delivery




	
(B)—6–10% of errors with minimal damages and 85–94% of on-time delivery




	
(C)—11–15% of errors with medium damages and 75–84% of on-time delivery




	
(D)—16–20% of errors with large damages and 65–74% of on-time delivery




	
(E)—more than 20% of errors with severe damages and less than 65% of on-time delivery




	
IT capabilities

	
/

	
Assessment grades A–E




	
(A)—4PL offers step-by-step tracking updates from ship-out to successful delivery




	
(B)—4PL offers a tracking ID to monitor shipment if the parcel is already on the way




	
(C)—4PL offers to track an ID number to monitor in the courier website to track the parcel




	
(D)—4PL offers a contact number to monitor where the parcel is




	
(E)—4PL does not offer any tracking monitoring system




	
Supply chain design

	
Number of offices in the world

Number of countries in which 4PL operates

	
Assessment grades A–C




	
(A)—4PL has over 2000 offices and operates in more than 200 countries




	
(B)—4PL has 1500–2000 offices and operates in 150–200 countries




	
(C)—4PL has up to 1500 offices and operates in fewer than 150 countries




	
Safety stock inventory

	
/

	
Assessment grades A–D




	
(A)—4PL with his 3PL partners has more than 20 million m2 of warehouse capacity




	
(B)—4PL with his 3PL partners has 15–20 million m2 of warehouse capacity




	
(C)—4PL with his 3PL partners has 10–15 million m2 of warehouse capacity




	
(D)—4PL with his 3PL partners has up to 10 million m2 of warehouse capacity




	
Flexibility

	
The number of different types of goods a 4PL can ship

Response time

Resource capacity

	
Assessment grades A–D




	
(A)—4PL can ship 15 or more types of goods, responds rapidly, and has capacity in over 95% of cases




	
(B)—4PL can ship 13–15 types of goods, responds on time, and has capacity in 80–95% of cases




	
(C)—4PL can ship 10–12 types of goods, responds slightly later, and has capacity in 65–80% of cases




	
(D)—4PL can ship fewer than 10 types of goods, responds very slowly, and has capacity in 50–65% of cases




	
Cooperation

	
Cooperation quality

Number of years working with 4PL

	
Assessment grades A–D




	
(A)—company is working jointly with 4PL for over 5 years




	
(B)—company is in harmony with 4PL and is working for 3–5 years




	
(C)—company is flexible with 4PL and is working for 1–3 years




	
(D)—company only shares information with 4PL and is working less than 1 year




	
Redundancy

	
/

	
The number of 3PL companies certain 4PL is working with




	
Risk management

	
/

	
The number of quality standards 4PL has
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Table 9. Equivalence rules for each criterion.






Table 9. Equivalence rules for each criterion.





	
Criteria

	
Equivalence Rules






	
Service price (C1)

	
A ↔ {(Excellent, 1)}




	
B ↔ {(Good, 0.5), (Fair, 0.5)}




	
C ↔ {(Poor, 0.7), (Very poor, 0.3)}




	
Service time (C2)

	
A ↔ {(Excellent, 1)}




	
B ↔ {(Good, 0.6), (Fair, 0.4)}




	
C ↔ {(Fair, 0.2), (Poor, 0.6), (Very poor, 0.2)}




	
D ↔ {(Very poor, 1)}




	
Service quality (C3)

	
A ↔ {(Excellent, 1)}




	
B ↔ {(Excellent, 0.3), Good (0.6), (Fair, 0.1)}




	
C ↔ {(Good, 0.2), (Fair, 0.6), (Poor, 0.2)}




	
D ↔ {(Poor, 0.7), (Very poor, 0.3)}




	
IT capabilities (C4)

	
A ↔ {(Excellent, 1)}




	
B ↔ {(Excellent, 0.6), (Good, 0.4)}




	
C ↔ {(Good, 0.7), (Fair, 0.3)}




	
D ↔ {(Fair, 0.6), (Poor, 0.4)}




	
E ↔ {(Poor, 0.8), (Very poor, 0.2)}




	
Supply chain design (C5)

	
A ↔ {(Excellent, 0.9), (Good, 0.1)}




	
B ↔ {(Good, 0.7), (Fair, 0.3)}




	
C ↔ {(Poor, 0.6), (Very poor, 0.4)}




	
Safety stock inventory (C6)

	
A ↔ {(Excellent, 1)}




	
B ↔ {(Excellent, 0.2), Good (0.6), (Fair, 0.2)}




	
C ↔ {(Good, 0.3), (Fair, 0.5), (Poor, 0.2)}




	
D ↔ {(Poor, 0.5), (Very poor, 0.5)}




	
Flexibility (C7)

	
A ↔ {(Excellent, 1)}




	
B ↔ {(Excellent, 0.4), Good (0.4), (Fair, 0.2)}




	
C ↔ {(Good, 0.3), (Fair, 0.5), (Poor, 0.2)}




	
D ↔ {(Poor, 0.8), (Very poor, 0.2)}




	
Cooperation (C8)

	
A ↔ {(Excellent, 1)}




	
B ↔ {(Excellent, 0.3), (Good, 0.7)}




	
C ↔ {(Good, 0.3), (Fair, 0.4), (Poor, 0.3)}




	
D ↔ {(Poor, 0.5), (Very poor, 0.5)}




	
Redundancy (C9)

	
≥9 ↔ Excellent




	
7 ↔ Good




	
5 ↔ Fair




	
4 ↔ Poor




	
3 ↔ Very poor




	
Risk management (C10)

	
≥10 ↔ Excellent




	
8 ↔ Good




	
6 ↔ Fair




	
4 ↔ Poor




	
<4 ↔ Very poor
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Table 10. Original assessment results.






Table 10. Original assessment results.





	Criteria/Alternative
	Alternative 1
	Alternative 2
	Alternative 3
	Alternative 4
	Alternative 5





	Service price (C1)
	{(B, 0.7), (C, 0.3)}
	{(B, 0.9), (C, 0.1)}
	{(A, 0.8), (B, 0.2)}
	{(A, 0.4), (B, 0.6)}
	{(A, 0.5), (B, 0.5)}



	Service time (C2)
	{(A, 0.3), (B, 0.7)}
	{(A, 0.5), (B, 0.5)}
	{(A, 0.9), (B, 0.1)}
	{(A, 0.7), (B, 0.3)}
	{(A, 1)}



	Service quality (C3)
	{(A, 1)}
	{(A, 0.8), (B, 0.2)}
	{(A, 1)}
	{(A, 0.8), (B, 0.1)}
	{(A, 1)}



	IT capabilities (C4)
	{(B, 1)}
	{(A, 1)}
	{(A, 1)}
	{(B, 1)}
	{(C, 1)}



	Supply chain design (C5)
	{(C, 1)}
	{(B, 1)}
	{(A, 1)}
	{(A, 1)}
	{(A, 1)}



	Safety stock inventory (C6)
	{(D, 1)}
	{(D, 1)}
	{(C, 1)}
	{(A, 1)}
	{(D, 1)}



	Flexibility (C7)
	{(D, 1)}
	{(A, 1)}
	{(C, 1)}
	{(C, 1)}
	{(B, 1)}



	Cooperation (C8)
	{(A, 1)}
	{(A, 1)}
	{(B, 1)}
	{(D, 1)}
	{(C, 1)}



	Redundancy (C9)
	9
	7
	4
	3
	5



	Risk management (C10)
	10
	5
	8
	4
	6
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Table 11. Transformed assessment results.






Table 11. Transformed assessment results.





	Criteria/Alternative
	Alternative 1
	Alternative 2
	Alternative 3
	Alternative 4
	Alternative 5





	Service price (C1)
	{(Good, 0.35), (Fair, 0.35), (Poor, 0.21), (Very poor, 0.09)}
	{(Good, 0.45), (Fair, 0.45), (Poor, 0.07), (Very poor, 0.03)}
	{(Excellent, 0.8), (Good, 0.1), (Fair, 0.1)}
	{(Excellent, 0.4), (Good, 0.3), (Fair, 0.3)}
	{(Excellent, 0.5), (Good, 0.25), (Fair, 0.25)}



	Service time (C2)
	{(Excellent, 0.3), (Good, 0.42), (Fair, 0.28)}
	{(Excellent, 0.5), (Good, 0.3), (Fair, 0.2)}
	{(Excellent, 0.9), (Good, 0.06), (Fair, 0.04)}
	{(Excellent, 0.7), (Good, 0.18), (Fair, 0.12)}
	{(Excellent, 1)}



	Service quality (C3)
	{(Excellent, 1)}
	{(Excellent, 0.86), (Good, 0.12), (Fair, 0.02)}
	{(Excellent, 1)}
	{(Excellent, 0.83), (Good, 0.06), (Fair, 0.01), (H, 0.1)}
	{(Excellent, 1)}



	IT capabilities (C4)
	{(Excellent, 0.6), (Good, 0.4)}
	{(Excellent, 1)}
	{(Excellent, 1)}
	{(Excellent, 0.6), (Good, 0.4)}
	{(Good, 0.7), (Fair, 0.3)}



	Supply chain design (C5)
	{(Poor, 0.6), (Very poor, 0.4)}
	{(Good, 0.7), (Fair, 0.3)}
	{(Excellent, 0.9), (Good, 0.1)}
	{(Excellent, 0.9), (Good, 0.1)}
	{(Excellent, 0.9), (Good, 0.1)}



	Safety stock inventory (C6)
	{(Poor, 0.5), (Very poor, 0.5)}
	{(Poor, 0.5), (Very poor, 0.5)}
	{(Good, 0.3), (Fair, 0.5), (Poor, 0.2)}
	{(Excellent, 1)}
	{(Poor, 0.5), (Very poor, 0.5)}



	Flexibility (C7)
	{(Poor, 0.8), (Very poor, 0.2)}
	{(Excellent, 1)}
	{(Good, 0.3), (Fair, 0.5), (Poor, 0.2)}
	{(Good, 0.3), (Fair, 0.5), (Poor, 0.2)}
	{(Excellent, 0.4), Good (0.4), (Fair, 0.2)}



	Cooperation (C8)
	{(Excellent, 1)}
	{(Excellent, 1)}
	{(Excellent, 0.3), (Good, 0.7)}
	{(Poor, 0.5), (Very poor, 0.5)}
	{(Good, 0.3), (Fair, 0.4), (Poor, 0.3)}



	Redundancy (C9)
	{(Excellent, 1)}
	{(Good, 1)}
	{(Poor, 1)}
	{(Very poor, 1)}
	{(Fair, 1)}



	Risk management (C10)
	{(Excellent, 1)}
	{(Fair, 0.5), (Poor, 0.5)}
	{(Good, 1)}
	{(Poor, 1)}
	{(Fair, 1)}
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Table 12. Utility intervals.






Table 12. Utility intervals.





	
Criteria/Alternative

	
A1

	
A2

	
A3

	
A4

	
A5




	

	
umax

	
umin

	
umax

	
umin

	
umax

	
umin

	
umax

	
umin

	
umax

	
umin






	
Service price (C1)

	
0.49

	
0.49

	
0.83

	
0.83

	
0.925

	
0.925

	
0.775

	
0.775

	
0.8125

	
0.8125




	
Service time (C2)

	
0.755

	
0.755

	
0.825

	
0.825

	
0.965

	
0.965

	
0.895

	
0.895

	
1

	
1




	
Service quality (C3)

	
1

	
1

	
0.96

	
0.96

	
1

	
1

	
0.98

	
0.88

	
1

	
1




	
IT capabilities (C4)

	
0.9

	
0.9

	
1

	
1

	
1

	
1

	
0.9

	
0.9

	
0.675

	
0.675




	
Supply chain design (C5)

	
0.15

	
0.15

	
0.675

	
0.675

	
0.975

	
0.975

	
0.975

	
0.975

	
0.975

	
0.975




	
Safety stock inventory (C6)

	
0.125

	
0.125

	
0.125

	
0.125

	
0.525

	
0.525

	
1

	
1

	
0.125

	
0.125




	
Flexibility (C7)

	
0.2

	
0.2

	
1

	
1

	
0.525

	
0.525

	
0.525

	
0.525

	
0.8

	
0.8




	
Cooperation (C8)

	
1

	
1

	
1

	
1

	
0.825

	
0.825

	
0.125

	
0.125

	
0.5

	
0.5




	
Redundancy (C9)

	
1

	
1

	
0.75

	
0.75

	
0.25

	
0.25

	
0

	
0

	
0.5

	
0.5




	
Risk management (C10)

	
1

	
1

	
0.375

	
0.375

	
0.75

	
0.75

	
0.25

	
0.25

	
0.5

	
0.5











[image: Table] 





Table 13. Initial decision-making matrix.






Table 13. Initial decision-making matrix.


















	
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10





	Type
	min
	min
	max
	max
	max
	max
	max
	max
	max
	max



	Weight
	0.124
	0.124
	0.131
	0.147
	0.121
	0.107
	0.072
	0.050
	0.056
	0.069



	A1
	0.49
	0.755
	1
	0.9
	0.15
	0.125
	0.2
	1
	1
	1



	A2
	0.83
	0.825
	0.96
	1
	0.675
	0.125
	1
	1
	0.75
	0.375



	A3
	0.925
	0.965
	1
	1
	0.975
	0.525
	0.525
	0.825
	0.25
	0.75



	A4
	0.775
	0.895
	0.93
	0.9
	0.975
	1
	0.525
	0.125
	0
	0.25



	A5
	0.8125
	1
	1
	0.675
	0.975
	0.125
	0.8
	0.5
	0.5
	0.5
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Table 14. Normalized decision-making matrix.






Table 14. Normalized decision-making matrix.


















	
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10





	Weight
	0.124
	0.124
	0.131
	0.147
	0.121
	0.107
	0.072
	0.050
	0.056
	0.069



	A1
	1
	1
	1
	0.9
	0.15
	0.13
	0.2
	1
	1
	1



	A2
	0.59
	0.92
	0.96
	1
	0.69
	0.13
	1
	1
	0.75
	0.38



	A3
	0.53
	0.78
	1
	1
	1
	0.53
	0.53
	0.83
	0.25
	0.75



	A4
	0.63
	0.84
	0.93
	0.9
	1
	1
	0.53
	0.13
	0
	0.25



	A5
	0.60
	0.76
	1
	0.68
	1
	0.13
	0.8
	0.5
	0.5
	0.5
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Table 15. Determining the total relative importance based on WSM and WPM.






Table 15. Determining the total relative importance based on WSM and WPM.





	
Total Relative Importance Based on WSM






	

	
C1

	
C2

	
C3

	
C4

	
C5

	
C6

	
C7

	
C8

	
C9

	
C10

	
Q(1)




	
A1

	
0.12

	
0.12

	
0.13

	
0.13

	
0.02

	
0.01

	
0.01

	
0.05

	
0.06

	
0.07

	
0.73




	
A2

	
0.07

	
0.11

	
0.13

	
0.15

	
0.08

	
0.01

	
0.07

	
0.05

	
0.04

	
0.03

	
0.75




	
A3

	
0.07

	
0.10

	
0.13

	
0.15

	
0.12

	
0.06

	
0.04

	
0.04

	
0.01

	
0.05

	
0.76




	
A4

	
0.08

	
0.10

	
0.12

	
0.13

	
0.12

	
0.11

	
0.04

	
0.01

	
0.00

	
0.02

	
0.73




	
A5

	
0.07

	
0.09

	
0.13

	
0.10

	
0.12

	
0.01

	
0.06

	
0.02

	
0.03

	
0.03

	
0.68




	
Total Relative Importance Based on WPM




	

	
C1

	
C2

	
C3

	
C4

	
C5

	
C6

	
C7

	
C8

	
C9

	
C10

	
Q(2)




	
A1

	
1.00

	
1.00

	
1.00

	
0.98

	
0.80

	
0.80

	
0.89

	
1.00

	
1.00

	
1.00

	
0.56




	
A2

	
0.94

	
0.99

	
0.99

	
1.00

	
0.96

	
0.80

	
1.00

	
1.00

	
0.98

	
0.93

	
0.65




	
A3

	
0.92

	
0.97

	
1.00

	
1.00

	
1.00

	
0.93

	
0.95

	
0.99

	
0.93

	
0.98

	
0.72




	
A4

	
0.94

	
0.98

	
0.99

	
0.98

	
1.00

	
1.00

	
0.95

	
0.90

	
0.00

	
0.91

	
0.00




	
A5

	
0.94

	
0.97

	
1.00

	
0.94

	
1.00

	
0.80

	
0.98

	
0.97

	
0.96

	
0.95

	
0.60
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Table 16. Final ranking of the alternatives for λ = 0.5.






Table 16. Final ranking of the alternatives for λ = 0.5.





	Alternative
	Q(1)
	Q(2)
	Q
	Final Rank





	A1
	0.73
	0.56
	0.646
	3



	A2
	0.75
	0.65
	0.697
	2



	A3
	0.76
	0.72
	0.740
	1



	A4
	0.73
	0.00
	0.363
	5



	A5
	0.68
	0.60
	0.637
	4










[image: Table] 





Table 17. Sensitivity analysis.






Table 17. Sensitivity analysis.





	

	
λ = 0

	
λ = 0.1

	
λ = 0.2

	
λ = 0.3

	
λ = 0.4

	
λ = 0.5

	
λ = 0.6

	
λ = 0.7

	
λ = 0.8

	
λ = 0.9

	
λ = 1






	
A1

	
0.560

	
0.577

	
0.594

	
0.612

	
0.629

	
0.646

	
0.663

	
0.680

	
0.698

	
0.715

	
0.732




	
A2

	
0.649

	
0.658

	
0.668

	
0.678

	
0.687

	
0.697

	
0.707

	
0.716

	
0.726

	
0.736

	
0.745




	
A3

	
0.718

	
0.723

	
0.727

	
0.731

	
0.736

	
0.740

	
0.745

	
0.749

	
0.753

	
0.758

	
0.762




	
A4

	
0.000

	
0.073

	
0.145

	
0.218

	
0.291

	
0.363

	
0.436

	
0.509

	
0.581

	
0.654

	
0.726




	
A5

	
0.597

	
0.605

	
0.613

	
0.621

	
0.629

	
0.637

	
0.645

	
0.653

	
0.661

	
0.669

	
0.677




	
Final ranking




	

	
λ = 0

	
λ = 0.1

	
λ = 0.2

	
λ = 0.3

	
λ = 0.4

	
λ = 0.5

	
λ = 0.6

	
λ = 0.7

	
λ = 0.8

	
λ = 0.9

	
λ = 1




	
A1

	
4

	
4

	
4

	
4

	
3

	
3

	
3

	
3

	
3

	
3

	
3




	
A2

	
2

	
2

	
2

	
2

	
2

	
2

	
2

	
2

	
2

	
2

	
2




	
A3

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
A4

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
5

	
4




	
A5

	
3

	
3

	
3

	
3

	
3

	
4

	
4

	
4

	
4

	
4

	
5
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