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Abstract

:

With the effects of the COVID-19 pandemic, the e-commerce trend is driving faster, significantly impacting supply chains around the world. Thus, the importance of logistics and supply chain functions has been amplified in almost every business that ships physical goods. In Vietnam, the logistics service sector has seen rapid expansion. Since more and more businesses are seeking third-party logistics (3PL) providers to outsource the logistics functions, this article aims to offer decision-makers an integrated and consistent model for evaluating and selecting the most efficient 3PLs. To this end, the authors exploit a hybrid multi-criteria method which is fuzzy analytic hierarchy process (FAHP) and fuzzy vlsekriterijumska optimizacija i kompromisno resenje (FVIKOR) while examining the most influential and conflicting criteria regarding economic, service level, environmental, social, and risk aspects. Fuzzy information in the natural decision-making process is considered, linguistic variables are used to mitigate the uncertain levels in the criteria weights. First, FAHP (the weighting method) is adopted to evaluate and calculate each criterion’s relative significant fuzzy weight. FVIKOR (the compromised ranking method) is then used to rank the alternatives. The combination of FAHP and FVIKOR methods provides more accurate ranking results. As a result, reliability and delivery time, voice of customer, logistics cost, network management, and quality of service are the most impactful factors to the logistics outsourcing problem. Eventually, the optimized 3PLs were determined that fully meet the criteria of sustainable development. The developed integrated model offers the complete and robust 3PLs evaluation and selection process and can also be a powerful decision support tool for other industries.
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1. Introduction


In today’s diverse and fast-paced world, there are numerous ways for companies to achieve competitive advantages through the outsourcing of logistics and supply chain practices. Manufacturers, distribution firms, and those with supply chains have all been shown to benefit from outsourcing to third-party logistics (3PL) providers. 3PL refers to the process by which a manufacturer outsources logistics and distribution functions. Inventory management, cross-docking, door-to-door distribution, and product packaging are all facilities that a 3PL business provides [1]. Globalization has aided in the establishment of a global network of industrial activities. The demand for 3PL services is expected to rise in order to keep it thriving. The reach of 3PL services is expected to expand over the forecast period, as supply chain efficiency improvements in terms of cost and reliability can be achieved with the aid of 3PL companies’ managerial and information technology expertise. Numerous critical factors have stimulated the growth of the 3PL market, such as the increase in trading activities due to globalization, fueled by dynamic business markets and global economic growth. Various trade-related practices are complex to tackle, but they are on the rise as a result of globalization. Thus, 3PL companies help companies to keep track of and control these activities. Another top impacting factor is the rise in focus of manufacturers and retailers on core competencies. Manufacturers or retailers find it challenging to deal with all affairs based on their abilities while maintaining core competencies in the industry [2]. 3PLs essentially give them the ability to focus on their primary functions, core businesses, and sub-contracting activities, such as logistics, which they have less expertise at, therefore providing a steadfast platform for outsourcing all or parts of the supply chain functions. For instance, 3PL companies can make better use of transportation assets to foster respective specialization in production and distribution by balancing the needs of multiple client shippers through transportation and distribution functions, leading to economies of scale. Furthermore, if a company lacks the technological capability to achieve its objectives, it is pivotal to outsource to 3PLs.



The growth of the 3PL service market has been accelerated due to the resonance of the e-commerce boom and increased reverse logistics operations. Faster, more reliable delivery, high inventory turnover, and inventory staged in forwarding locations near customers are all part of the e-commerce trend. There has been a massive influx of third-party logistics (3PL) companies to help sustain this incredibly complicated supply chain, offering a wide variety of services. 3PLs are often contacted for assistance with omnichannel e-commerce fulfillment, warehouse, and delivery facilities, while 3PLs invest in technology both to serve their clients and for their own use. The role of e-commerce has been further amplified and accelerated due to the present global crisis: the COVID-19 pandemic [3]. Since the outbreak of COVID-19, many shoppers are opting to buy online versus traveling to a physical store. The pandemic has also forced businesses to adapt to a fully digitalized business model to reach their consumer base. This boost in e-commerce creates challenges to supply chain operations, mainly last-mile delivery. Last-mile fulfillment is one of the most challenging and expensive aspects of a supply chain to manage [4]. Consumers are becoming more accustomed to receiving services that are both fast and efficient. For shippers, the final-mile highlights key factors and complex challenges as part of the overall transportation space [5]. On the pulse of adapting to growth in the logistics industry, e-commerce is seeing many of these market changes far before the consumer experiences them. In this respect, 3PLs have tailored to new distribution models, suitable warehouse locations, expansion of transportation modes, and increased visibility demand for shippers. As a matter of fact, a lot of companies are turning to 3PL providers for retooling their supply chain, with a significant minority (12.4%) of organizations plan to increase the use of 3PLs in the wake of COVID-19, according to a recent survey by the Business Continuity Institute [6].



Based on the above discussions, choosing a third-party logistics provider (3PL) is a huge decision, thus a significant problem for any firm. Evaluation and selection of appropriate 3PL is an indispensable part of building sustainable supply chain partnerships. The noted fact is that supply chain management and logistics services done well are viable strategies in an e-commerce business or any business succeeding. The process of selecting 3PL providers begins with the development of decision criteria for defining and assessing potential candidates that can satisfy the firm’s service needs [7]. Industry experts give the assessment information of the potential alternatives within this context considering the chosen criteria such as quality, cost, capacity, flexibility time, delivery capability, and benefits and risks of the outsourcing decision. Moreover, it is necessary to find 3PLs that have made significant investments in state-of-the-art technologies. For instance, the 3PL provider should have the technology solution to sync warehousing inventory with the ordering system and platform, providing real-time information on availability. That type of visibility can help with tracking, ordering, and forecasting. On top of developing core businesses that maintain competition in supply chains and meet global needs in the economic environment, large firms are focusing on creating sustainable supply chains. In respect of that, social and environmental factors have become significant for creating a more green and resilient supply chain. Global warming and recent economic disasters have necessitated a greater need for more sustainable logistics services [8].



Owing to the characteristics of multifaceted decision-making problems, 3PL selection can be regarded as a complicated multi-criteria decision-making (MCDM) problem due to the availability of quantitative, qualitative, and multiple criteria in the natural decision-making process. Given the abovementioned importance of sustainable 3PL providers, there is sparse research to date that the 3PL selection problem developing countries, especially in Vietnam, according to our literature review. In Vietnam, logistics services’ growth rate reaches 16–20% per year [9]. However, the logistics service industry’s competitiveness is still low, and logistics costs are still very high at a rate of 20–25% of Vietnam’s GDP. Within this context, the 3PL solution can help reduce costs, boost sales, and build brand identity given Vietnam’s size and diversity. According to Armstrong and Associates, the revenue of the 3PL market in Vietnam achieved a USD 4.1 billion in 2019 [10], ranking the third in Southeast Asia, just behind Indonesia (18.6) and Thailand (6.0). The remarkable growth of the 3PL market has come from the development of the e-commerce industry. In fact, the demand for 3PL is expected to escalate, as manufacturers and retailers aim to focus on their core businesses. Hence, they tend to outsource logistics services. As a result, evaluating and selecting optimized 3PL providers is an indispensable part of any firm’s long-term strategies.



To this end, this article aims to provide a comprehensive and coherent evaluation model for assessing and ranking 3PL providers, more specifically, to solve the problem in Vietnam. A two-stage multi-criteria optimization model is presented for this purpose. Additionally, we consider the fuzziness in the decision data and group decision-making process to use linguistic variables in the AHP and VIKOR methods. Thus, in the first stage, FAHP is applied to evaluate and calculate each criterion’s relative significant fuzzy weight. The fuzzy numbers in triangular forms were used to convert the qualitative content and ambiguity of parameters in the real-world decision-making process, which are generally represented in linguistic terms. According to the well-developed 3PL evaluation and selection literature, the authors define the list of criteria including economic, service level, environmental, social, and risk are dominant decision-making factors in 3PL selection. In detail, the list of 15 criteria is categorized as follows: economic (logistics cost, financial stability, IT and R&D systems, network management), service level (quality of service, reliability and delivery time, flexibility and responsiveness), environmental (environmental pollution, ecological laws, green operation), social (health and safety, voice of customer, reputation), and risk (operational risk, financial risk). In the second stage, FVIKOR is developed to rank multiple alternatives based on the compromise solution approach that provides a maximum “group utility of the majority” and the minimum “individual regret of the opponent”. Eventually, the author considered an empirical case study of 10 Vietnamese 3PL companies into the evaluation and selection process by using the prescribed approach.



One of the innovations of this study is to determine the best 3PL providers in Vietnam while considering the most influential and conflicting criteria in recent times, which has almost been missed in the literature. Methodologically, a combination of FAHP and FVIKOR has been done for the first time to solve the problem. In terms of applications, the developed integrated model can assist management stakeholders to better understand the entire process of 3PL assessment and selection from the standpoint of sustainability. Uncertain and vague judgments during the evaluation process were also addressed with linguistics terms and fuzzy theory to enhance the robust results. As a result, the evolved approach offers a complete, accurate, and effective decision-making method for the 3PL evaluation and selection.



The remnant of this paper is outlined as follows. Conducted research on outsourcing for logistics are reviewed and the gaps addressed by the current study are examined in the next section. Section 3 summarizes the materials and methods used in the research. Section 4 presents the result analysis of a case study in Vietnam. The paper is concluded in Section 5 by providing managerial insights and contributions of the research.




2. Literature Review


Recent literature review on the 3PL industry concerned sustainable development with approaches where the economic, environmental, and social dimensions of a business are harmonized. For example, Raut et al. [11] emphasized that ecological, social, and economic dimensions must be considered to obtain well-rounded sustainable 3PLs. The authors proposed a hybrid MCDM model using the data envelopment analysis (DEA) and analytic network process (ANP) to help decision makers assess and obtain the optimized 3PLs from the environmental sustainability perspective. Findings showed that better transportation planning, inventory and warehouse management, lower inventory costs, and sustainable supply chain activities are all aided by eco-friendly transportation and 3PLs. In addition to investigating the economic effect (pricing policies) regarding the activities of 3 PLs, Jamali and Rasti-Barzoki [12] simultaneously considered two significant sustainable indicators: green transport by lowering carbon emissions and consumer satisfaction by providing product time. In this research, the effects of the 3PLs in the sustainable supply chain were investigated using a game-theoretical approach. The term “green logistics outsourcing” is more than just a buzzword since today, organizations aim to minimize simultaneously the negative economic impacts of logistics policies and social factors such as pollution’s effects on the environment. In light of this, Vazifehdan and Darestani [13] presented a combinational approach using the quality function deployment (QFD), fuzzy ANP, and superiority and inferiority ranking (SIR) methods to provide an assessing and ranking model for outsourcing green logistics. The proposed model was illustrated for a case study in the petrochemical industry, where the strategic outsourcing of green logistics is undoubtedly indispensable.



Approaches to logistics outsourcing are summarized in the latest review paper of Aguezzoul [14], in which the author classified the methodologies into five groups: MCDM techniques, statistical approaches, artificial intelligence, mathematical programming, and hybrid methods. According to the current systematic review, MCDM techniques are the most widely cited, and most of them combined with techniques from the same category or with other methods. However, most of the studies conducted on 3PLs are empirical and focus majorly on the benefits and risks of the outsourcing decision. Raut et al. [11] pointed out that there is limited literature that has used MCDM methods to analyze environment sustainability issues for 3PL assessment and selection, especially in developing countries context. Table 1 presents a literature review on the 3PL sector in terms of problem characteristics, approaches, and applied areas in the past decade, as well as indicating the gap proposed by the current study. As can be seen, the main MCDM methods used in the case of logistics outsourcing problems, which are analytic hierarchy process (AHP) [15,16,17,18], analytic network process (ANP) [11,13,19], VIKOR [19], technique for order preference by similarity to ideal solution (TOPSIS) [16,17,20,21,22], data envelopment analysis [11,22,23,24], and other MCDM methods [25,26].



It is noteworthy that when choosing MCDM methods, it is prudent to select methods of normalization and other parameters, as each method and combination brings different results [27]. Among well-known weighting methods, AHP has been the most commonly used due to its popularity and applicability. For ranking methods, TOPSIS and VIKOR techniques, based on the distance from the ideal solution, have become very popular in the field [28]. In the last few decades, fuzzy TOPSIS was used in a very broad spectrum of areas, with implementations in the defense industry [29]. Group decision-making is a vital point of a fuzzy TOPSIS technique, where multiple experts influence the final decision. Meanwhile, the VIKOR method of compromise ranking determines a compromise solution, providing a maximum “group utility” for the “majority” and a minimum of an individual regret for the “opponent”. For VIKOR, rankings obtained using any normalization methods could be even reversed in comparison to rankings obtained using VIKOR without normalization, while the TOPSIS method’s normalized values by vector normalization may be dependent on the evaluation unit.



In this paper, the authors propose an integrated approach of fuzzy analytic hierarchy process (FAHP), and fuzzy vlsekriterijumska optimizacija i kompromisno resenje (FVIKOR) for the 3PL selection problem. The AHP method is a multicriteria method of analysis based on an additive weighting process, in which several relevant attributes are represented through their relative importance [30,31,32]. The pairwise comparison method in the AHP is a powerful procedure to identify the importance of different factors to the objective. Its understandability in theory, simplicity in application, and robustness of its outcomes have been proven in practice and validated by a diverse range of decision-making problems. However, the shortcoming of the AHP method is that it does not take into account the uncertainty associated with the mapping of human judgment to a number by natural language. To solve this, the fuzzy AHP based on the fuzzy interval arithmetic with triangular fuzzy numbers has been integrated into many studies. For rankings, VIKOR method simultaneously ranks multiple alternatives based on the compromise solution approach that provides a maximum “group utility of the majority” as well as the minimum “individual regret of the opponent” [33]. Owing to the fuzziness in the decision data and group decision-making process, linguistic variables are also utilized in the VIKOR model to assess the weights of all criteria and the ratings of each alternative with respect to each criterion.



Thus, the authors aim to fill the gap in the existing literature by solving a case study of evaluating and selecting 10 potential 3PL providers in Vietnam. The main contributions of this paper are as follows: (1) a combined model using the FAHP and FVIKOR methods is devoted to the emerging research topic of sustainability in the 3PL selection problem; (2) a case study of assessing 10 potential 3PL providers in Vietnam is used to test the quality of the model; (3) the results reflect that the gap of applying the proposed method in the field of the 3PL industry is successfully addressed, and the integrated framework can be a powerful decision support tool for the evaluation and selection problem in any area.




3. Materials and Methods


3.1. Research Flowchart


The evaluation and selection of 3PLs can be analyzed as a multiple-criteria decision-making problem (MCDM), considering qualitative and quantitative multiple factors. Based on the generalized framework for multi-criteria method selection [34,35], this paper proposes a hybrid multi-criteria optimization model to evaluate and select logistics providers, i.e., in decision-making units (DMUs). Figure 1 presents a flowchart of the research including two stages. In the first stage, FAHP is used to evaluate and calculate the relative significant fuzzy weight of each criterion. The list of criteria which are based on reviewing the recent relevant studies and expert interviews is presented in Table 2. It shows that economic, service level, environmental, social, and risk are dominant decision-making factors in 3PL selection. Besides economic aspects, 3PL services provider is supposed to increase customer satisfaction by timely delivering and maintaining high service level. However, in a rapidly evolving market environment where the focus is on green and sustainable supply chain management, fulfilling cost, time, and quality requirements is no longer sufficient. Social factors and environmental sustainability in the supply chain have recently received increasing attention. Thus, environmental, social, and economic dimensions must be examined to identify a well-rounded sustainable 3PL that can enhance supply chain performance. Consequently, the list of 15 criteria is defined including economic (logistics cost, financial stability, IT and R&D systems, network management), service level (quality of service, reliability and delivery time, flexibility and responsiveness), environmental (environmental pollution, environmental laws, green operation), social (health and safety, voice of customer, reputation), and risk (operational risk, financial risk). In the second stage, FVIKOR is developed to assess identified ranking and choose the optimal alternative of 3PL.




3.2. Fuzzy AHP


Zadeh [59] proposed the fuzzy set theory to deal with uncertainty MCDM problems. A triangular fuzzy number (TFN) is defined as     a , b , c     which represents lower bound, middle value and upper bound, as shown in Figure 2, and Equation (1).


  μ    x  F ˜     =             x − a   /   b − a   ,     a ≤ x ≤ b                 c − x   /   c − b   ,     b ≤ x ≤ c               0 ,     o t h e r w i s e            



(1)







The representative of each level of membership function is presented, Equation (2).


   F ˜  = (  F  l  y    ,  F  r  y    ) =   a +   b − a   y ,   c +   b − c   y   , y   ∈   0 ,   1    



(2)




where    F  l  y    ,    F  r  y      are two sides of the fuzzy number.



The fuzzy analytical hierarchy process (FAHP), an extension of AHP, overcomes the drawbacks of AHP and solves many MCDM problems under fuzzy conditions. Table 3 shows the linguistic expression for the fuzzy scale and allocated TFN. The procedures of FAHP are presented below [60,61].



Step 1: Suppose that a decision group has  K  experts. An integrated fuzzy pairwise comparison matrix can be formulated using the geometrical aggregation, as Equation (3).





   D ˜       1      f 12   ˜    ⋯      f  1 n    ˜         f 21   ˜    1   ⋯      f  2 n    ˜      ⋯   ⋯   ⋯   ⋯        f  n 1    ˜       f  n 2    ˜    ⋯   1      =      1      f 12   ˜    ⋯      f  1 n    ˜      1 /    f 21   ˜    1   ⋯      f  2 n    ˜      ⋯   ⋯   ⋯   ⋯     1 /    f  n 1    ˜       f  n 2    ˜    ⋯   1       



(3)




where      f  i j    ˜  =         9 ˜   − 1   ,   8 ˜   − 1   ,   7 ˜   − 1   ,   6 ˜   − 1   ,   5 ˜   − 1   ,   4 ˜   − 1   ,   3 ˜   − 1   ,   2 ˜   − 1   ,   1 ˜   − 1   ,  1 ˜  ,  2 ˜  ,  3 ˜  ,  4 ˜  ,  5 ˜  ,  6 ˜  ,  7 ˜  ,  8 ˜  ,  9 ˜    s u c h   t h a t   i ≠ j       1   s u c h   t h a t   i = j        .



Step 2: Fuzzy geometric mean of each criteria is computed by Equation (4).


     r i   ˜  =       ∏   j = 1  n     f  i j    ˜      1 / n   s u c h   t h a t   i = 1 ,   2 ,   … , n  



(4)




where      r i   ˜    is the fuzzy geometric mean, and      f  i j    ˜    is fuzzy comparison value from group of decision-maker with respect to the    i  t h     dimension over the    j  t h     criterion.



Step 3: The fuzzy weight of each criteria is computed by Equation (5).


     w i   ˜  =    r i   ˜   ×         r 1   ˜   +     r 2   ˜   +  …  +     r n   ˜      − 1    



(5)







Step 4: Defuzzify the fuzzy weight using the average weight criteria    M i   , as can be seen in Equation (6).


   M i  =      w 1   ˜   +     w 2   ˜   +  …  +     w n   ˜   n   



(6)







Step 5: The normalized weight criteria    N i    is computed by Equation (7).


   N i  =    M i      ∑   i = 1  n   M i     



(7)








3.3. Fuzzy VIKOR


The compromise ranking method VIKOR (visekriterijumska optimizacija i kompromisno resenje) is introduced as an applicable method to deal with MCDM problems that have non-commensurable and conflicting criteria. The fuzzy VIKOR (FVIKOR), an extension of VIKOR under uncertain environments, uses linguistic expressions to evaluate the performance ratings of alternatives by criteria and to mitigate the uncertain levels in the criteria weights. The FVIKOR procedures are presented below [62].



Step 1: Define the fuzzy weights of criteria.



In this study, the fuzzy weights of criteria are calculated from the FAHP model.



Step 2: Build the performance fuzzy decision matrix according to the linguistic variable values in Table 4, Equations (8) and (9).





   M ˜  =         x ˜   11         x ˜   12      ⋯      x ˜   1 n           x ˜   21         x ˜   22      ⋯      x ˜   2 n        ⋮   ⋮   ⋮   ⋯        x ˜   m 1         x ˜   m 2      ⋮      x ˜   m n           s u c h   t h a t   i = 1 ,   2 , … , m ;   j = 1 ,   2 , … , n  



(8)






    x ˜   i j   =  1 k      x ˜   i j  1   +    x ˜   i j  2   +  …  +    x ˜   i j  k     



(9)




where     x ˜   i j  k    represents fuzzy performance rating of alternative    A j    with respect to criteria    C i    by    k  t h     expert, and     x ˜   i j  k  =    a  i j  k  ,  b  i j  k  ,  c  i j  k     . Suppose there are  n  alternatives to be evaluated with respect to  m  criteria in FVIKOR model.



Step 3: Identify the fuzzy best value     f ˜  i +  =    a i +  ,  b i +  ,  c i +      and fuzzy worst value     f ˜  i −  =    a i −  ,  b i −  ,  c i −      for all criteria, as can be seen in Equations (10) and (11).


    f ˜  i +  =   m a x  j      x ˜   i j   ,   f ˜  i −  =   m i n  j      x ˜   i j     f o r   s e t   o f   b e n e f i t   c r i t e r i a  



(10)






    f ˜  i +  =   m i n  j      x ˜   i j   ,   f ˜  i −  =   m a x  j      x ˜   i j     f o r   s e t   o f   c o s t   c r i t e r i a  



(11)







Step 4: Calculate the normalized fuzzy difference     d ˜   i j     between fuzzy performance rating     x ˜   i j     and fuzzy best value     f ˜  i +   , or fuzzy worst value     f ˜  i −   , Equations (12) and (13).


    d ˜   i j   =     f ˜  i +  −   x ˜   i j     /    c i +  −  a i −      f o r   s e t   o f   b e n e f i t   c r i t e r i a  



(12)






    d ˜   i j   =     x ˜   i j   −   f ˜  i +    /    c i −  −  a i +      f o r   s e t   o f   c o s t   c r i t e r i a  



(13)







Step 5: Calculate the separation     S ˜  j  =    S j a  ,  S j b  ,  S j c      of alternative    A j    from the fuzzy best value     f ˜  i +   , as well as calculate the separation     R ˜  j  =    R j a  ,  R j b  ,  R j c      of alternative    A j    from the fuzzy worst value     f ˜  i −   , as can be seen in Equations (14) and (15).


    S ˜  j  =   ∑   i = 1  n      w ˜  i   ×    d ˜   i j      



(14)






    R ˜  j  =   m a x  i      w ˜  i   ×    d ˜   i j      



(15)




where     w ˜  i    represents the fuzzy weights of each criterion.



Step 6: Calculate the worse group score values     Q ˜  j  =    a j  ,  b j  ,  c j     , according to Equations (16)–(18) below.


    S ˜  +  =   m i n  j      S ˜  j  ,  S  − , c   =   m a x  j     S j c   



(16)






    R ˜  +  =   m i n  j      R ˜  j  ,  R  − , c   =   m a x  j     R j c   



(17)






    Q ˜  j  = v     S ˜  j  −   S ˜  +    /    S  − , c   −  S  + , a      +    1 − v       R ˜  j  −   R ˜  +    /    R  − , c   −  R  + , a      



(18)




where  v  represents the strategy of “the maximum utility”, which can be varied from 0 to 1, while     1 − v     represents the strategy of “the individual regret”. In this paper, the value of  v  is considered to be 0.5 (  v = 0.5  ).



Step 7: Defuzzify triangular fuzzy number of the worse group score values     Q ˜  j    into the crisp values. Rank the alternatives, sorting the values   S ,   R ,   Q   in ascending order. Normally, the set of compromised solutions is proposed based on the ranking order of   S ,   R ,   Q  . In this study, the authors used the  Q  ranking list [63]. The compromised solution approach (i.e., the feasible solution that is the closest to the ideal solution) to 3PL evaluation and selection is acceptable for all decision-makers because it provides a maximum “group utility of the majority” as well as the minimum “individual regret of the opponent”.





4. Result Analysis


4.1. Empirical Case Study


The logistics industry in Vietnam was recently confronted with a number of obstacles, including a lack of skilled workers, unfavorable institutions and regulations, complicated administrative processes, and high logistics costs [64]. Third-party logistics (3PL) are a well-liked method to outsource logistic functions, especially for small and medium-sized businesses. The strategic selection of 3PL can help the companies to reduce costs, boost sales, and build brand identity with other competitors [65,66]. For performance evaluation of the 3PL sector in Vietnam based on certain influential and conflicting criteria, the authors aim to offer a fuzzy MCDM framework as well as collecting experts’ judgment. In this paper, a team of 10 experts who were working in the logistics industry for the past ten years was interviewed to assess the relative importance of criteria in the 3PL outsourcing problem. More specifically, in an empirical case study, 10 potential 3PL providers (DMUs) in Vietnam are evaluated and ranked so that the most efficient one is determined.



To this end, FAHP is used to evaluate and calculate the relative significant fuzzy weight of each criterion. Figure 3 presents the decision hierarchy for choosing the logistics providers including five main criteria and 15 criteria, which are economic (logistics cost, financial stability, IT and R&D systems, network management), service level (quality of service, reliability and delivery time, flexibility and responsiveness), environmental (environmental pollution, environmental laws, green operation), social (health and safety, voice of customer, reputation), and risk (operational risk, financial risk). In the case study of the Vietnamese logistics industry, the experts from the relevant research area were consulted to assess the effect of these criteria on the 3PL selection.




4.2. FAHP Result


In order to check the consistency ratio in applying FAHP model, an example of the calculation of the five main criteria is presented in the following FAHP procedure, which are economic (C1), service level (C2), environmental (C3), social (C4), risk (C5). The initial comparison matrix and the integrated fuzzy comparison matrix of FAHP model are shown in Table 5 and Table 6, respectively.



In order to verify the consistency ratio (CR) of the performance rating score, the linguistics terms (triangular fuzzy number) are transferred to the crisp value using pessimistic value (lower bound) and optimistic value (upper bound) values of the fuzzy comparison matrix [67,68]. The non-fuzzy comparison matrix of the main criteria is presented in Table 7.



In order to get the priority vector of the five main criteria of FAHP model, the normalized pairwise comparison matrix is computed by dividing each number in a column of the matrix by its column sum. Then, the priority vector is identified by averaging the row entries in the normalized matrix, as can be seen in Table 8.



The largest eigenvector (   λ  m a x    ) is computed to determine the consistency index (CI), the random index (RI), and the consistency ratio (CR), as below.


        0.4821     0.4487     0.2689     0.4531     0.5900       0.1245     0.1158     0.1964     0.1602     0.0738       0.1245     0.0410     0.0694     0.0327     0.0539       0.0984     0.0669     0.1964     0.0925     0.0738       0.1705     0.1705     0.1705     0.1705     0.1705       ×       0.4486       0.1341       0.0643       0.10561       0.2474       =       2.4341       0.7021       0.3287       0.5439       1.3330        










        2.4341       0.7021       0.3287       0.5439       1.3330       /       0.4486       0.1341       0.0643       0.10561       0.2474       =       5.4266       5.2348       5.1137       5.1514       5.3872        











There are five main criteria. Therefore, we get   n = 5  . Consequently,    λ  m a x     and CI are computed as below.


   λ  m a x   =   5.4266 + 5.2348 + 5.1137 + 5.1514 + 5.3872  5  = 5.2627  










  C I =    λ  m a x   − n   n − 1   =   5.2627 − 5   5 − 1   = 0.0657  








such that   n = 5 ,   we get   R I = 1.12  , and the consistency ratio (CR) is computed as below.


  C R =   C I   R I   =   0.0657   1.12   = 0.0586  











Based on the result,   C R = 0.0586 < 0.1  . Hence, the pairwise comparison matrix is consistent, and the result of the FAHP model is satisfactory. Then, other criteria are computed using the same procedure. The integrated fuzzy comparison matrix of all criteria is shown in Table A1 (Appendix A).



In this paper, the rating of each criterion for alternatives is described by the linguistic terms in triangular fuzzy numbers including pessimistic, most likely, and optimistic value. The concept of the fuzzy geometric mean is applied to calculate the relative significant fuzzy weights of all criteria, as can be seen in Table 9. From the results, the fuzzy weight of criteria logistics cost (C11) has the lowest weight (pessimistic value) at 0.0373, the middle weight (most likely value) of 0.0770, and the highest weight (optimistic value) of 0.1571. As the same concept, the fuzzy weight of criteria financial stability has the pessimistic weight at 0.0364, the most likely weight of 0.0736, and the most optimistic weight of 0.1449. Other criteria have the same explanation. These fuzzy preference weights will be used in FVIKOR model for ranking alternatives in the final stage.



Figure 4 shows the relatively significant level of criteria of the FAHP model. As can be seen, reliability and delivery time (C22), voice of customer (C42), logistics cost (C11), network management (C14), and quality of service (C21) have the most significant level, at 0.0928, 0.0914, 0.0905, 0.0899, and 0.0892, respectively. Among the criteria, the results recommend that in experts’ evaluation, reliability and delivery time (as a service level criterion) is a more impactful criterion than economic factors such as logistics cost and network management. Quality of service was also ranked high at the fifth. To elaborate, 3PL services, when optimized, can be beneficial for both carriers and shippers [69]. For instance, carriers can increase billable minutes by increasing network efficiency and optimize networks across multiple systems to roll out advanced and higher-margin services for customers. During COVID-19, more efficient shipping, high inventory turnover, and inventory staged in forwarding locations near consumers. Voice of customer (as of social criteria) is also positioned second in the expert ranking. This expounds that gaining information from customers provides a unique advantage that allows any business to best align value proposition, products, services, and delivery infrastructure to meet customer satisfaction [30]. IT and R&D systems received the sixth rank since technology drives the modern 3PL in recent times. To keep up with customer demand, modern 3PLs have evolved their services and integrated technology. Similarly, shippers are turning to technology-enabled 3PL providers to improve overall productivity and results. An end-to-end supply chain approach is provided by the convergence of technology and logistics.



Following the financial stability criterion (ranked seventh), it is exceptional that environmental laws and environmental pollution were also recommended to receive considerable attention when choosing 3PLs, according to experts’ judgments. This also indicates that environmental drivers were noteworthy by the practitioners as being one of the three pillars of sustainable development in this era [26]. Ecological sustainability has fast become an expected component of 3PL service offerings, necessitating the adaptation of operations and policies from a green perspective to minimize negative environmental externalities. However, for surviving, most businesses, especially in developing countries such as Vietnam, are focusing solely on manufacturing and economic sectors, and thus, little attention has been paid to sustainable development. Hence, it is imperative that 3PL companies commit themselves to environmental sustainability goals, especially to take in preparation for the bounce back post COVID-19 pandemic.




4.3. FVIKOR Result


In FVIKOR model, the rating of each alternative and the weight of each criterion are described by triangular linguistics terms (i.e., the fuzzy weights of criteria are obtained from FAHP model). The main concept of FVIKOR model is to rank multiple alternatives based on the compromise solution approach that provides a maximum “group utility of the majority” as well as the minimum “individual regret of the opponent” (i.e., the smaller the value of worse group score    Q j   , the better the alternative is). According to the process of FVIKOR, the top three potential third-party logistics (3PL) providers are shown in Table 10 and Figure 5, which are 3PL01, 3PL08, and 3PL02 ranked the first, second, and third with the worse group score of each alternative of 0.0375, 0.0425, and 0.0580, respectively. Note that the aggregated fuzzy decision matrix, and fuzzy best value and fuzzy worst value of FVIKOR model are presented in Table A2 and Table A3 (Appendix A).





5. Discussion and Conclusions


Logistics outsourcing to 3PL is a critical component for today’s businesses to lead supply chains toward sustainability. As the world becomes increasingly globalized, and consumer demand for fast and free shipping keeps climbing, so does the demand for 3PL services. Efficient and momentous decisions on outsourcing are vital to the performance of businesses in today’s competitive market. A complete transformation in business operations and logistical procedures caused by the COVID-19 pandemic indicates that processes have become more dynamic than before so that companies are being placed in a position to choose between the most critical tasks. The pandemic also reveals for many organizations that they have a lack of visibility in the further reaches of their supply chain [70]. Thus, one of the services that offers many potentials is outsourcing to 3PL providers, which must be placed at the forefront of any business with supply chain management. A 3PL having advanced technology along with an efficient and expert workforce will enhance businesses with their expertise and operational efficiency. In today’s context, it must be mentioned that green factors and policies have become increasingly important for businesses as public awareness of their environmental impact has grown. The environmental performance of a corporation is influenced by the environmental performance and image of its suppliers, in addition to the company’s internal environmental efforts.



Hence, this paper proposes a hybrid multi-criteria optimization model which can be employed for solving the logistics outsourcing problems to a third party in this era. The research procedure consists of two stages. First, FAHP is used to evaluate and calculate the relative significant fuzzy weight of each criterion. Knowing the well-developed status of 3PL evaluation and selection, the authors define the list of criteria including economic, service level, environmental, social, and risk as dominant decision-making factors in 3PL selection. Consequently, the list of 15 criteria is defined including economic (logistics cost, financial stability, IT and R&D systems, network management), service level (quality of service, reliability and delivery time, flexibility and responsiveness), environmental (environmental pollution, environmental laws, green operation), social (health and safety, voice of customer, reputation), and risk (operational risk, financial risk). In the second stage, FVIKOR is developed to rank the alternatives. The use of linguistic terms through the whole evaluation process can resolve the fuzzy and uncertain decision-making problem in nature [71]. Results from the AHP indicate that reliability and delivery time, voice of customer, logistics cost, network management, and quality of service are the most impactful factors when choosing providers in the Vietnam 3PL market. From the final ranking by FVIKOR, 3PL01 was identified as the most efficient logistics provider with a score of 0.0375.



Therefore, the contributions of the papers can be summarized as follows. First, this paper proposed a hybrid MCDM model by combining FAHP and FVIKOR models for the evaluation and selection of logistics providers based on multiple factors in economic, environmental, and social aspects. Second, the results of a case study of 10 potential logistics companies in Vietnam provide managerial insights into the logistics industry in Vietnam. Third, the authors expect that the results of the paper will reflect the current picture of Vietnamese logistics, especially in the COVID-19 pandemic. Therefore, this paper can be used as a useful guideline for government, investors, and policymakers in selecting and investing in the logistics industry toward sustainability.



It is proven through many applications of MCDM methods in several types of industries. The capabilities of these methods to be tailor-fitted according to the requirements of certain industries make them more applicable if may not all, to many kinds of industries. Future studies should consider new assessment factors with respect to the post-COVID-19 pandemic that can impact the process of evaluation and selection of logistics providers to enhance the robust results. Besides, other MCDM models, such as DEA, TOPSIS, PROMETHEE II, COPRAS, SWARA, etc., should be combined for ranking alternatives [72,73], and the accuracy and reliability of these rankings should be measured using a reference for ranking similarity coefficients (i.e., weighted Spearman’s rank correlation coefficient, rank similarity coefficient) [28,74].
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Table A1. The aggregated fuzzy comparison matrix of FAHP model.
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Criteria

	
C11

	
C12

	
C13

	
C14






	
C11. Logistics cost

	
1.00

	
1.00

	
1.00

	
1.10

	
1.71

	
2.48

	
0.75

	
1.07

	
1.57

	
0.52

	
0.78

	
1.25




	
C12. Financial stability

	
0.40

	
0.58

	
0.91

	
1.00

	
1.00

	
1.00

	
0.80

	
1.20

	
1.71

	
0.75

	
1.15

	
1.66




	
C13. IT and R&D systems

	
0.64

	
0.93

	
1.34

	
0.58

	
0.84

	
1.25

	
1.00

	
1.00

	
1.00

	
1.27

	
1.99

	
2.78




	
C14. Network management

	
0.80

	
1.28

	
1.91

	
0.60

	
0.87

	
1.34

	
0.36

	
0.50

	
0.79

	
1.00

	
1.00

	
1.00




	
C21. Quality of service

	
0.50

	
0.73

	
1.12

	
0.58

	
0.84

	
1.25

	
0.51

	
0.75

	
1.16

	
0.29

	
0.41

	
0.65




	
C22. Reliability and delivery time

	
0.40

	
0.58

	
0.91

	
0.51

	
0.70

	
1.04

	
0.41

	
0.60

	
0.94

	
0.41

	
0.60

	
0.94




	
C23. Flexibility and responsiveness

	
0.40

	
0.58

	
0.91

	
0.51

	
0.70

	
1.04

	
0.41

	
0.60

	
0.94

	
0.41

	
0.60

	
0.94




	
C31. Environmental pollution

	
0.50

	
0.73

	
1.12

	
0.58

	
0.84

	
1.25

	
0.92

	
1.43

	
2.15

	
1.76

	
2.65

	
3.48




	
C32. Environmental laws

	
0.90

	
1.37

	
2.01

	
0.79

	
1.06

	
1.37

	
0.45

	
0.62

	
0.89

	
0.51

	
0.75

	
1.16




	
C33. Green operation

	
0.50

	
0.73

	
1.12

	
0.83

	
1.25

	
1.83

	
0.58

	
0.87

	
1.37

	
0.51

	
0.75

	
1.16




	
C41. Health and safety

	
0.90

	
1.37

	
2.01

	
0.36

	
0.47

	
0.71

	
0.50

	
0.66

	
0.89

	
0.51

	
0.75

	
1.16




	
C42. Voice of customer

	
0.50

	
0.73

	
1.12

	
0.83

	
1.25

	
1.83

	
0.92

	
1.43

	
2.15

	
0.92

	
1.43

	
2.15




	
C43. Reputation

	
0.50

	
0.73

	
1.12

	
0.83

	
1.25

	
1.83

	
0.92

	
1.43

	
2.15

	
0.51

	
0.75

	
1.16




	
C51. Operational risk

	
0.50

	
0.73

	
1.12

	
0.47

	
0.67

	
1.01

	
0.92

	
1.43

	
2.15

	
0.51

	
0.75

	
1.16




	
C52. Financial risk

	
0.90

	
1.37

	
2.01

	
0.47

	
0.67

	
1.01

	
0.51

	
0.75

	
1.16

	
0.29

	
0.41

	
0.65




	
Criteria

	
C21

	
C22

	
C23

	
C31




	
C11. Logistics cost

	
0.90

	
1.37

	
2.01

	
1.10

	
1.71

	
2.48

	
1.10

	
1.71

	
2.48

	
0.90

	
1.37

	
2.01




	
C12. Financial stability

	
0.80

	
1.20

	
1.71

	
0.96

	
1.43

	
1.97

	
0.96

	
1.43

	
1.97

	
0.80

	
1.20

	
1.71




	
C13. IT and R&D systems

	
0.86

	
1.34

	
1.97

	
1.06

	
1.66

	
2.42

	
1.06

	
1.66

	
2.42

	
0.46

	
0.70

	
1.08




	
C14. Network management

	
1.53

	
2.42

	
3.42

	
1.06

	
1.66

	
2.42

	
1.06

	
1.66

	
2.42

	
0.29

	
0.38

	
0.57




	
C21. Quality of service

	
1.00

	
1.00

	
1.00

	
0.90

	
1.37

	
2.01

	
0.93

	
1.41

	
2.06

	
2.53

	
3.40

	
4.21




	
C22. Reliability and delivery time

	
0.50

	
0.73

	
1.12

	
1.00

	
1.00

	
1.00

	
1.53

	
2.13

	
2.64

	
0.48

	
0.70

	
1.04




	
C23. Flexibility and responsiveness

	
0.49

	
0.71

	
1.07

	
0.38

	
0.47

	
0.65

	
1.00

	
1.00

	
1.00

	
1.53

	
2.42

	
3.42




	
C31. Environmental pollution

	
0.24

	
0.29

	
0.40

	
0.96

	
1.43

	
2.07

	
0.29

	
0.41

	
0.65

	
1.00

	
1.00

	
1.00




	
C32. Environmental laws

	
0.24

	
0.29

	
0.40

	
0.96

	
1.43

	
2.07

	
1.76

	
2.65

	
3.48

	
0.51

	
0.65

	
0.93




	
C33. Green operation

	
0.49

	
0.66

	
0.96

	
0.31

	
0.41

	
0.60

	
0.92

	
1.43

	
2.15

	
0.92

	
1.25

	
1.73




	
C41. Health and safety

	
0.49

	
0.66

	
0.96

	
0.31

	
0.41

	
0.60

	
0.51

	
0.75

	
1.16

	
0.51

	
0.65

	
0.93




	
C42. Voice of customer

	
1.15

	
1.73

	
2.41

	
0.34

	
0.47

	
0.73

	
0.51

	
0.75

	
1.16

	
0.92

	
1.25

	
1.73




	
C43. Reputation

	
0.49

	
0.66

	
0.96

	
0.41

	
0.52

	
0.68

	
0.51

	
0.75

	
1.16

	
0.29

	
0.39

	
0.58




	
C51. Operational risk

	
0.49

	
0.66

	
0.96

	
0.22

	
0.29

	
0.42

	
0.92

	
1.43

	
2.15

	
0.51

	
0.65

	
0.93




	
C52. Financial risk

	
0.81

	
1.10

	
1.46

	
0.33

	
0.45

	
0.68

	
0.92

	
1.43

	
2.15

	
0.92

	
1.25

	
1.73




	
Criteria

	
C32

	
C33

	
C41

	
C42




	
C11. Logistics cost

	
0.50

	
0.73

	
1.12

	
0.90

	
1.37

	
2.01

	
0.50

	
0.73

	
1.12

	
0.90

	
1.37

	
2.01




	
C12. Financial stability

	
0.73

	
0.94

	
1.27

	
0.55

	
0.80

	
1.21

	
1.41

	
2.13

	
2.78

	
0.55

	
0.80

	
1.21




	
C13. IT and R&D systems

	
1.13

	
1.62

	
2.23

	
0.73

	
1.15

	
1.71

	
1.13

	
1.52

	
2.00

	
0.46

	
0.70

	
1.08




	
C14. Network management

	
0.86

	
1.34

	
1.97

	
0.86

	
1.34

	
1.97

	
0.86

	
1.34

	
1.97

	
0.46

	
0.70

	
1.08




	
C21. Quality of service

	
2.53

	
3.40

	
4.21

	
1.04

	
1.52

	
2.06

	
1.04

	
1.52

	
2.06

	
0.42

	
0.58

	
0.87




	
C22. Reliability and delivery time

	
0.48

	
0.70

	
1.04

	
1.66

	
2.43

	
3.26

	
1.66

	
2.43

	
3.26

	
1.37

	
2.13

	
2.94




	
C23. Flexibility and responsiveness

	
0.29

	
0.38

	
0.57

	
0.46

	
0.70

	
1.08

	
0.86

	
1.34

	
1.97

	
0.86

	
1.34

	
1.97




	
C31. Environmental pollution

	
1.07

	
1.53

	
1.97

	
0.58

	
0.80

	
1.08

	
1.07

	
1.53

	
1.97

	
0.58

	
0.80

	
1.08




	
C32. Environmental laws

	
1.00

	
1.00

	
1.00

	
1.07

	
1.53

	
1.97

	
0.58

	
0.80

	
1.08

	
1.07

	
1.53

	
1.97




	
C33. Green operation

	
0.51

	
0.65

	
0.93

	
1.00

	
1.00

	
1.00

	
0.75

	
1.07

	
1.49

	
0.46

	
0.61

	
0.87




	
C41. Health and safety

	
0.92

	
1.25

	
1.73

	
0.67

	
0.93

	
1.34

	
1.00

	
1.00

	
1.00

	
0.40

	
0.51

	
0.73




	
C42. Voice of customer

	
0.51

	
0.65

	
0.93

	
1.15

	
1.64

	
2.15

	
1.37

	
1.97

	
2.48

	
1.00

	
1.00

	
1.00




	
C43. Reputation

	
0.40

	
0.55

	
0.81

	
0.67

	
0.93

	
1.34

	
1.15

	
1.64

	
2.15

	
0.67

	
0.93

	
1.34




	
C51. Operational risk

	
0.40

	
0.55

	
0.81

	
0.67

	
0.93

	
1.34

	
0.67

	
0.93

	
1.34

	
0.40

	
0.55

	
0.81




	
C52. Financial risk

	
0.67

	
0.93

	
1.34

	
1.15

	
1.64

	
2.15

	
0.67

	
0.93

	
1.34

	
0.27

	
0.35

	
0.51




	
Criteria

	
C43

	
C51

	
C52

	

	

	




	
C11. Logistics cost

	
0.90

	
1.37

	
2.01

	
0.90

	
1.37

	
2.01

	
0.50

	
0.73

	
1.12

	

	

	




	
C12. Financial stability

	
0.55

	
0.80

	
1.21

	
0.99

	
1.49

	
2.11

	
0.99

	
1.49

	
2.11

	

	

	




	
C13. IT and R&D systems

	
0.46

	
0.70

	
1.08

	
0.46

	
0.70

	
1.08

	
0.86

	
1.34

	
1.97

	

	

	




	
C14. Network management

	
0.86

	
1.34

	
1.97

	
0.86

	
1.34

	
1.97

	
1.53

	
2.42

	
3.42

	

	

	




	
C21. Quality of service

	
1.04

	
1.52

	
2.06

	
1.04

	
1.52

	
2.06

	
0.68

	
0.91

	
1.23

	

	

	




	
C22. Reliability and delivery time

	
1.47

	
1.93

	
2.43

	
2.38

	
3.48

	
4.53

	
1.47

	
2.22

	
3.03

	

	

	




	
C23. Flexibility and responsiveness

	
0.86

	
1.34

	
1.97

	
0.46

	
0.70

	
1.08

	
0.46

	
0.70

	
1.08

	

	

	




	
C31. Environmental pollution

	
1.71

	
2.59

	
3.42

	
1.07

	
1.53

	
1.97

	
0.58

	
0.80

	
1.08

	

	

	




	
C32. Environmental laws

	
1.23

	
1.83

	
2.48

	
1.23

	
1.83

	
2.48

	
0.75

	
1.07

	
1.49

	

	

	




	
C33. Green operation

	
0.75

	
1.07

	
1.49

	
0.75

	
1.07

	
1.49

	
0.46

	
0.61

	
0.87

	

	

	




	
C41. Health and safety

	
0.46

	
0.61

	
0.87

	
0.75

	
1.07

	
1.49

	
0.75

	
1.07

	
1.49

	

	

	




	
C42. Voice of customer

	
0.75

	
1.07

	
1.49

	
1.23

	
1.83

	
2.48

	
1.97

	
2.84

	
3.66

	

	

	




	
C43. Reputation

	
1.00

	
1.00

	
1.00

	
0.46

	
0.61

	
0.87

	
0.75

	
1.07

	
1.49

	

	

	




	
C51. Operational risk

	
1.15

	
1.64

	
2.15

	
1.00

	
1.00

	
1.00

	
0.46

	
0.61

	
0.87

	

	

	




	
C52. Financial risk

	
0.67

	
0.93

	
1.34

	
1.15

	
1.64

	
2.15

	
1.00

	
1.00

	
1.00
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Table A2. The aggregated fuzzy decision matrix of FVIKOR model.
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3PL

	
Logistics Cost

	
Financial Stability

	
IT and R&D Systems






	
3PL01

	
6.90

	
7.90

	
8.90

	
6.10

	
7.15

	
8.20

	
6.00

	
7.15

	
8.30




	
3PL02

	
5.40

	
6.50

	
7.60

	
4.70

	
5.75

	
6.80

	
2.90

	
4.10

	
5.30




	
3PL03

	
3.90

	
5.00

	
6.10

	
3.70

	
4.80

	
5.90

	
2.90

	
4.25

	
5.60




	
3PL04

	
1.90

	
3.10

	
4.30

	
1.90

	
3.10

	
4.30

	
1.90

	
3.10

	
4.30




	
3PL05

	
1.40

	
2.65

	
3.90

	
1.40

	
2.65

	
3.90

	
5.90

	
7.10

	
8.30




	
3PL06

	
5.80

	
6.95

	
8.10

	
1.30

	
2.30

	
3.30

	
1.30

	
2.30

	
3.30




	
3PL07

	
2.70

	
3.90

	
5.10

	
2.10

	
3.40

	
4.70

	
5.00

	
6.25

	
7.50




	
3PL08

	
5.00

	
6.10

	
7.20

	
4.90

	
6.00

	
7.10

	
5.00

	
6.10

	
7.20




	
3PL09

	
2.10

	
3.15

	
4.20

	
1.90

	
2.95

	
4.00

	
1.50

	
2.70

	
3.90




	
3PL10

	
3.90

	
5.00

	
6.10

	
3.70

	
4.80

	
5.90

	
2.90

	
4.25

	
5.60




	
3PL

	
Network Management

	
Quality of Service

	
Reliability and Delivery Time




	
3PL01

	
5.10

	
6.40

	
7.70

	
5.80

	
6.95

	
8.10

	
6.10

	
7.30

	
8.50




	
3PL02

	
5.30

	
6.30

	
7.30

	
3.50

	
4.55

	
5.60

	
4.10

	
5.15

	
6.20




	
3PL03

	
4.10

	
5.15

	
6.20

	
4.00

	
5.10

	
6.20

	
4.70

	
5.70

	
6.70




	
3PL04

	
1.90

	
3.10

	
4.30

	
1.90

	
3.10

	
4.30

	
1.90

	
3.10

	
4.30




	
3PL05

	
1.40

	
2.65

	
3.90

	
1.40

	
2.65

	
3.90

	
1.40

	
2.65

	
3.90




	
3PL06

	
1.30

	
2.30

	
3.30

	
1.30

	
2.30

	
3.30

	
1.10

	
2.10

	
3.10




	
3PL07

	
1.70

	
2.75

	
3.80

	
1.70

	
2.75

	
3.80

	
1.70

	
2.75

	
3.80




	
3PL08

	
4.40

	
5.65

	
6.90

	
5.10

	
6.20

	
7.30

	
5.00

	
6.10

	
7.20




	
3PL09

	
2.30

	
3.30

	
4.30

	
2.10

	
3.15

	
4.20

	
2.10

	
3.15

	
4.20




	
3PL10

	
4.10

	
5.15

	
6.20

	
4.00

	
5.10

	
6.20

	
3.90

	
5.00

	
6.10




	
3PL

	
Flexibility and Responsiveness

	
Environmental Pollution

	
Environmental Laws




	
3PL01

	
6.00

	
7.15

	
8.30

	
5.70

	
6.70

	
7.70

	
6.30

	
7.35

	
8.40




	
3PL02

	
4.10

	
5.15

	
6.20

	
3.90

	
5.15

	
6.40

	
4.20

	
5.25

	
6.30




	
3PL03

	
3.90

	
5.00

	
6.10

	
3.90

	
5.00

	
6.10

	
3.90

	
5.00

	
6.10




	
3PL04

	
1.90

	
3.10

	
4.30

	
1.90

	
3.10

	
4.30

	
2.00

	
3.25

	
4.50




	
3PL05

	
5.90

	
7.10

	
8.30

	
2.70

	
3.95

	
5.20

	
5.90

	
6.95

	
8.00




	
3PL06

	
1.10

	
2.10

	
3.10

	
3.90

	
5.15

	
6.40

	
1.50

	
2.60

	
3.70




	
3PL07

	
2.40

	
3.50

	
4.60

	
3.20

	
4.55

	
5.90

	
3.30

	
4.40

	
5.50




	
3PL08

	
5.00

	
6.10

	
7.20

	
5.00

	
6.10

	
7.20

	
5.00

	
6.10

	
7.20




	
3PL09

	
2.10

	
3.15

	
4.20

	
2.10

	
3.15

	
4.20

	
2.10

	
3.15

	
4.20




	
3PL10

	
3.90

	
5.00

	
6.10

	
3.90

	
5.00

	
6.10

	
3.90

	
5.00

	
6.10




	
3PL

	
Green Operation

	
Health and Safety

	
Voice of Customer




	
3PL01

	
6.20

	
7.45

	
8.70

	
5.00

	
6.10

	
7.20

	
5.00

	
6.10

	
7.20




	
3PL02

	
3.90

	
5.15

	
6.40

	
3.50

	
4.55

	
5.60

	
3.50

	
4.55

	
5.60




	
3PL03

	
3.90

	
5.00

	
6.10

	
3.90

	
5.00

	
6.10

	
3.90

	
5.00

	
6.10




	
3PL04

	
1.90

	
3.10

	
4.30

	
1.50

	
2.75

	
4.00

	
3.10

	
4.30

	
5.50




	
3PL05

	
6.40

	
7.60

	
8.80

	
5.60

	
6.80

	
8.00

	
5.60

	
6.80

	
8.00




	
3PL06

	
1.30

	
2.30

	
3.30

	
2.80

	
3.95

	
5.10

	
0.50

	
1.50

	
2.50




	
3PL07

	
4.80

	
6.05

	
7.30

	
3.90

	
5.10

	
6.30

	
5.00

	
6.25

	
7.50




	
3PL08

	
5.00

	
6.10

	
7.20

	
5.00

	
6.10

	
7.20

	
5.00

	
6.10

	
7.20




	
3PL09

	
2.10

	
3.15

	
4.20

	
2.10

	
3.15

	
4.20

	
2.10

	
3.15

	
4.20




	
3PL10

	
3.90

	
5.00

	
6.10

	
3.90

	
5.00

	
6.10

	
3.90

	
5.00

	
6.10




	
3PL

	
Reputation

	
Operational Risk

	
Financial Risk




	
3PL01

	
5.00

	
6.10

	
7.20

	
5.00

	
6.10

	
7.20

	
5.00

	
6.10

	
7.20




	
3PL02

	
4.50

	
5.55

	
6.60

	
3.50

	
4.55

	
5.60

	
3.70

	
4.85

	
6.00




	
3PL03

	
3.90

	
5.00

	
6.10

	
5.90

	
7.00

	
8.10

	
5.90

	
7.00

	
8.10




	
3PL04

	
1.90

	
3.10

	
4.30

	
1.90

	
3.10

	
4.30

	
3.10

	
4.30

	
5.50




	
3PL05

	
5.90

	
7.10

	
8.30

	
5.60

	
6.80

	
8.00

	
3.50

	
4.70

	
5.90




	
3PL06

	
2.20

	
3.20

	
4.20

	
6.90

	
7.90

	
8.90

	
6.30

	
7.40

	
8.50




	
3PL07

	
3.20

	
4.45

	
5.70

	
5.00

	
6.25

	
7.50

	
5.00

	
6.25

	
7.50




	
3PL08

	
5.00

	
6.10

	
7.20

	
5.00

	
6.10

	
7.20

	
5.00

	
6.10

	
7.20




	
3PL09

	
2.10

	
3.15

	
4.20

	
2.10

	
3.15

	
4.20

	
2.70

	
3.75

	
4.80




	
3PL10

	
3.90

	
5.00

	
6.10

	
3.90

	
5.00

	
6.10

	
4.50

	
5.60

	
6.70
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Table A3. Fuzzy best value (    f ˜  i +   ) and fuzzy worst (    f ˜  i −   ) value of FVIKOR model.






Table A3. Fuzzy best value (    f ˜  i +   ) and fuzzy worst (    f ˜  i −   ) value of FVIKOR model.





	
Criteria

	
Fuzzy Best Value (    f ˜  i +   )

	
Fuzzy Worst Value (    f ˜  i −   )






	
C11. Logistics cost

	
6.90

	
7.90

	
8.90

	
1.40

	
2.65

	
3.90




	
C12. Financial stability

	
6.10

	
7.15

	
8.20

	
1.30

	
2.30

	
3.30




	
C13. IT and R&D systems

	
6.00

	
7.15

	
8.30

	
1.30

	
2.30

	
3.30




	
C14. Network management

	
5.30

	
6.40

	
7.70

	
1.30

	
2.30

	
3.30




	
C21. Quality of service

	
5.80

	
6.95

	
8.10

	
1.30

	
2.30

	
3.30




	
C22. Reliability and delivery time

	
6.10

	
7.30

	
8.50

	
1.10

	
2.10

	
3.10




	
C23. Flexibility and responsiveness

	
6.00

	
7.15

	
8.30

	
1.10

	
2.10

	
3.10




	
C31. Environmental pollution

	
1.90

	
3.10

	
4.20

	
5.70

	
6.70

	
7.70




	
C32. Environmental laws

	
6.30

	
7.35

	
8.40

	
1.50

	
2.60

	
3.70




	
C33. Green operation

	
6.40

	
7.60

	
8.80

	
1.30

	
2.30

	
3.30




	
C41. Health and safety

	
5.60

	
6.80

	
8.00

	
1.50

	
2.75

	
4.00




	
C42. Voice of customer

	
5.60

	
6.80

	
8.00

	
0.50

	
1.50

	
2.50




	
C43. Reputation

	
5.90

	
7.10

	
8.30

	
1.90

	
3.10

	
4.20




	
C51. Operational risk

	
6.90

	
7.90

	
8.90

	
1.90

	
3.10

	
4.20




	
C52. Financial risk

	
2.70

	
3.75

	
4.80

	
6.30

	
7.40

	
8.50
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Figure 1. Research flowchart. 






Figure 1. Research flowchart.



[image: Mathematics 09 00886 g001]







[image: Mathematics 09 00886 g002 550] 





Figure 2. The membership function of TFN. 
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Figure 3. The decision hierarchy for choosing logistics providers. 
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Figure 4. The relative significant level of criteria of FAHP model. 
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Figure 5. Alternatives ranking of FVIKOR model. 
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Table 1. The summary of method approaches applied in relevant studies.






Table 1. The summary of method approaches applied in relevant studies.





	No.
	Authors [Reference]
	Year
	Problems Solved
	Method Approaches
	Applied Areas





	1
	Hou and Su [15]
	2006
	Supplier selection
	AHP and web services-oriented
	Manufacturing industry in UK



	2
	Büyüközkan et al. [16]
	2008
	Strategic alliance in e-logistics partner
	Fuzzy AHP, fuzzy TOPSIS
	Electronic industry in Turkish



	3
	Kannan et al. [20]
	2009
	Outsourcing reverse logistics
	ISM, fuzzy TOPSIS
	Battery production in India



	4
	Liou and Chuang [19]
	2010
	Selection of outsourcing providers
	DEMATEL, ANP, VIKOR
	Airline industry in Taiwan



	5
	Perçin and Min [25]
	2013
	Optimal selection of logistics parties
	QFD, fuzzy linear regression
	Automobile industry in Turkey



	6
	Senthil et al. [17]
	2014
	Reverse logistics contractor evaluation
	AHP, fuzzy TOPSIS
	Plastics companies in India



	7
	Ayhan and Kilic [18]
	2015
	Supplier selection
	Fuzzy AHP, MILP
	Gear motor producers in Turkey



	8
	Igoulalene et al. [21]
	2015
	Strategic partners in supply chain
	Fuzzy TOPSIS, GP
	Supply chain management



	9
	Zarbakhshnia et al. [26]
	2018
	Reverse logistics providers evaluation
	Fuzzy SWARA, fuzzy COPRAS
	Automobile industry in Iran



	10
	Raut et al. [11]
	2018
	Evaluating and selecting logistics providers
	DEA, ANP
	Supply chain management



	11
	Rashidi and Cullinane [22]
	2019
	Sustainable sourcing strategy
	Fuzzy DEA, fuzzy TOPSIS
	Logistics industry in Sweden



	12
	Vazifehdan and Darestani [13]
	2019
	Assessing and ranking the outsourcing green logistics
	QFD, fuzzy ANP
	Petrochemical industry in Iran



	13
	Deng et al. [23]
	2020
	Performance evaluation index system
	PCA, DEA, Tobit regression
	China’s logistics industry



	14
	Davoudabadi et al. [24]
	2020
	Multiple green supplier selection
	Entropy, DEA, PCA
	Supply chain management



	15
	This paper
	2021
	Evaluation and selection of logistics providers
	DEA, fuzzy AHP, fuzzy TOPSIS
	Logistics service in Vietnam







Abbreviations: analytic hierarchy process (AHP), technique for order preference by similarity to ideal solution (TOPSIS), interpretive structural modeling (ISM), decision-making trial and evaluation laboratory (DEMATEL), analytical network process (ANP), vlsekriterijumska optimizacija i kompromisno resenje (VIKOR), quality function deployment (QFD), mixed integer linear programming (MILP), goal programming (GP), step-wise weight assessment ratio analysis (SWARA), complex proportional assessment of alternatives (COPRAS), data envelopment analysis (DEA), principal component analysis (PCA).
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Table 2. The list of criteria for 3PL selection and their definition.
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Main Criteria

	
Criteria

	
Goal

	
Definition

	
References






	
Economic (C1)

	
C11. Logistics cost

	
Min

	
It refers to total cost of outsourcing including transportation and warehousing cost, price, operating cost

	
[36,37,38,39,40,41,42]




	
C12. Financial stability

	
Max

	
It is related to financial statement, continuity of service, and regular upgrade of the logistics operation

	
[36,43,44,45,46]




	
C13. IT and R&D systems

	
Max

	
It includes innovative technology capabilities, information security, tracking and tracing ability

	
[36,47,48]




	
C14. Network management

	
Max

	
It is represented by location, market coverage, relationship, alliance strategy, international scope

	
[49,50,51,52,53]




	
Service level (C2)

	
C21. Quality of service

	
Max

	
It refers to quality control and inspection, commitment to continuous improvement

	
[36,37,38,39,40,41,42,54]




	
C22. Reliability and delivery time

	
Max

	
It refers to on-time performance, delivery speed, accuracy of transshipment, responsibility to customers

	
[36,37,38,39,40,41,42,54,55]




	
C23. Flexibility and responsiveness

	
Max

	
Ability to adapt to customer requirement change under circumstances, professionalism

	
[36,37,39,40,41,56]




	
Environmental (C3)

	
C31. Environmental pollution

	
Min

	
It includes exhaust emission volume, carbon emissions, traffic noise

	
[39,41,57]




	
C32. Environmental laws

	
Max

	
It refers to commitment in capitalizing on pollution reduction, total solid waste productivity

	
[39,41]




	
C33. Green operation

	
Max

	
It corresponds to green supply chain, green distribution, green packaging, green storage management

	
[39,42,57]




	
Social (C4)

	
C41. Health and safety

	
Max

	
It refers to occupational health and safety awareness, preventive action of working accidents

	
[39,40,41]




	
C42. Voice of customer

	
Max

	
A sound of customer’s feedback about quality of products and services

	
[39,40,42]




	
C43. Reputation

	
Max

	
It refers to reputation of providers, work experiences of logistics providers

	
[37,40,42]




	
Risk (C5)

	
C51. Operational risk

	
Min

	
It is related to failure and/or loss in internal process or systems, employee errors, security failure, legal issues

	
[39,40,58]




	
C52. Financial risk

	
Min

	
It refers to risk in cash flow including total logistics cost, resources, facilities, and financial transactions

	
[36,38]
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Table 3. Linguistic variable values in FAHP model.






Table 3. Linguistic variable values in FAHP model.





	Level
	Linguistics Variables
	Corresponding TFNs





	1
	Equal importance
	(1, 1, 1)



	2
	Weak importance
	(1, 2, 3)



	3
	Not bad
	(2, 3, 4)



	4
	Preferable
	(3, 4, 5)



	5
	Importance
	(4, 5, 6)



	6
	Fairly importance
	(5, 6, 7)



	7
	Very important
	(6, 7, 8)



	8
	Absolute
	(7, 8, 9)



	9
	Perfect
	(8, 9, 10)
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Table 4. Linguistics variable values of alternatives.






Table 4. Linguistics variable values of alternatives.





	Linguistics Variables
	Corresponding TFNs





	Very poor (VP)
	(0, 1, 2)



	Poor (P)
	(1, 2, 3)



	Medium poor (MP)
	(2, 3.5, 5)



	Fair (F)
	(4, 5, 6)



	Medium good (MG)
	(5, 6.5, 8)



	Good (G)
	(7, 8, 9)



	Very good (VG)
	(8, 9, 10)
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Table 5. The initial comparison matrix of FAHP model.






Table 5. The initial comparison matrix of FAHP model.





	
Criteria

	
Linguistics Variables

	
Criteria




	
(8, 9, 10)

	
(7, 8, 9)

	
(6, 7, 8)

	
(5, 6, 7)

	
(4, 5, 6)

	
(3, 4, 5)

	
(2, 3, 4)

	
(1, 2, 3)

	
(1, 1, 1)

	
(1, 2, 3)

	
(2, 3, 4)

	
(3, 4, 5)

	
(4, 5, 6)

	
(5, 6, 7)

	
(6, 7, 8)

	
(7, 8, 9)

	
(8, 9, 10)






	
C1

	

	

	

	

	

	
x

	

	

	

	

	

	

	

	

	

	

	

	
C2




	
C1

	

	

	

	

	

	
x

	

	

	

	

	

	

	

	

	

	

	

	
C3




	
C1

	

	

	

	

	
x

	

	

	

	

	

	

	

	

	

	

	

	

	
C4




	
C1

	

	

	

	

	

	

	
x

	

	

	

	

	

	

	

	

	

	

	
C5




	
C2

	

	

	

	

	

	

	
x

	

	

	

	

	

	

	

	

	

	

	
C3




	
C2

	

	

	

	

	

	

	

	
x

	

	

	

	

	

	

	

	

	

	
C4




	
C2

	

	

	

	

	

	

	

	

	

	

	
x

	

	

	

	

	

	

	
C5




	
C3

	

	

	

	

	

	

	

	

	

	

	
x

	

	

	

	

	

	

	
C4




	
C3

	

	

	

	

	

	

	

	

	

	

	

	
x

	

	

	

	

	

	
C5




	
C4

	

	

	

	

	

	

	

	

	

	

	
x

	

	

	

	

	

	

	
C5











[image: Table] 





Table 6. The integrated fuzzy comparison matrix of FAHP model.






Table 6. The integrated fuzzy comparison matrix of FAHP model.





	Criteria
	Economic (C1)
	Service Level (C2)
	Environmental (C3)
	Social (C4)
	Risk (C5)





	Economic (C1)
	(1, 1, 1)
	(3, 4, 5)
	(3, 4, 5)
	(4, 5, 6)
	(2, 3, 4)



	Service level (C2)
	(1/5, 1/4, 1/3)
	(1, 1, 1)
	(2, 3, 4)
	(1, 2, 3)
	(1/4, 1/3, 1/2)



	Environmental (C3)
	(1/5, 1/4, 1/3)
	(1/4, 1/3, 1/2)
	(1, 1, 1)
	(1/4, 1/3, 1/2)
	(1/5, 1/4, 1/3)



	Social (C4)
	(1/6, 1/5, 1/4)
	(1/3, 1/2, 1)
	(2, 3, 4)
	(1, 1, 1)
	(1/4, 1/3, 1/2)



	Risk (C5)
	(1/4, 1/3, 1/2)
	(2, 3, 4)
	(3, 4, 5)
	(2, 3, 4)
	(1, 1, 1)
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Table 7. The non-fuzzy comparison matrix of FAHP model.






Table 7. The non-fuzzy comparison matrix of FAHP model.





	Criteria
	Economic (C1)
	Service Level (C2)
	Environmental (C3)
	Social (C4)
	Risk (C5)





	Economic (C1)
	1
	3.8730
	3.8730
	4.8990
	2.8284



	Service level (C2)
	0.2582
	1
	2.8284
	1.7321
	0.3536



	Environmental (C3)
	0.2582
	0.3536
	1
	0.3536
	0.2582



	Social (C4)
	0.2041
	0.5774
	2.8284
	1
	0.3536



	Risk (C5)
	0.3536
	2.8284
	3.8730
	2.8284
	1



	Total
	2.0741
	8.6323
	14.4028
	10.8130
	4.7937
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Table 8. The normalized comparison matrix of FAHP model.






Table 8. The normalized comparison matrix of FAHP model.





	Criteria
	Economic (C1)
	Service Level (C2)
	Environmental (C3)
	Social (C4)
	Risk (C5)
	Priority Vector





	Economic (C1)
	0.4821
	0.4487
	0.2689
	0.4531
	0.5900
	0.4486



	Service level (C2)
	0.1245
	0.1158
	0.1964
	0.1602
	0.0738
	0.1341



	Environmental (C3)
	0.1245
	0.0410
	0.0694
	0.0327
	0.0539
	0.0643



	Social (C4)
	0.0984
	0.0669
	0.1964
	0.0925
	0.0738
	0.1056



	Risk (C5)
	0.1705
	0.1705
	0.1705
	0.1705
	0.1705
	0.2474



	Sum
	1
	1
	1
	1
	1
	1










[image: Table] 





Table 9. The relative significant fuzzy weights of each criterion of FAHP model.






Table 9. The relative significant fuzzy weights of each criterion of FAHP model.





	
Criteria

	
Fuzzy Geometric Mean

	
Fuzzy Weights

	
Normalize






	
C11. Logistics cost

	
0.7974

	
1.1725

	
1.6943

	
0.0373

	
0.0770

	
0.1571

	
0.0778




	
C12. Financial stability

	
0.7791

	
1.1195

	
1.5630

	
0.0364

	
0.0736

	
0.1449

	
0.0731




	
C13. IT and R&D systems

	
0.7617

	
1.1156

	
1.5952

	
0.0356

	
0.0733

	
0.1479

	
0.0736




	
C14. Network management

	
0.7894

	
1.1672

	
1.6843

	
0.0369

	
0.0767

	
0.1561

	
0.0773




	
C21. Quality of service

	
0.8432

	
1.1782

	
1.6270

	
0.0394

	
0.0774

	
0.1508

	
0.0767




	
C22. Reliability and delivery time

	
0.8692

	
1.2248

	
1.6975

	
0.0406

	
0.0805

	
0.1574

	
0.0798




	
C23. Flexibility and responsiveness

	
0.5631

	
0.8017

	
1.1737

	
0.0263

	
0.0527

	
0.1088

	
0.0538




	
C31. Environmental pollution

	
0.7479

	
1.0453

	
1.4157

	
0.0350

	
0.0687

	
0.1312

	
0.0673




	
C32. Environmental laws

	
0.7817

	
1.0834

	
1.4583

	
0.0365

	
0.0712

	
0.1352

	
0.0696




	
C33. Green operation

	
0.6168

	
0.8484

	
1.2055

	
0.0288

	
0.0557

	
0.1118

	
0.0563




	
C41. Health and safety

	
0.5679

	
0.7634

	
1.0755

	
0.0265

	
0.0502

	
0.0997

	
0.0506




	
C42. Voice of customer

	
0.8536

	
1.2059

	
1.6729

	
0.0399

	
0.0792

	
0.1551

	
0.0786




	
C43. Reputation

	
0.5952

	
0.8176

	
1.1594

	
0.0278

	
0.0537

	
0.1075

	
0.0542




	
C51. Operational risk

	
0.5701

	
0.7798

	
1.1143

	
0.0266

	
0.0512

	
0.1033

	
0.0519




	
C52. Financial risk

	
0.6503

	
0.8968

	
1.2602

	
0.0304

	
0.0589

	
0.1168

	
0.0591
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Table 10. The worse group score of FVIKOR model.






Table 10. The worse group score of FVIKOR model.





	Alternatives
	Crisp    S j   
	Crisp    R j   
	Crisp    Q j   
	Ranking





	3PL01
	0.2822
	0.0610
	0.0375
	1



	3PL02
	0.4895
	0.0503
	0.0580
	3



	3PL03
	0.5242
	0.0510
	0.0693
	5



	3PL04
	0.7542
	0.0696
	0.1914
	9



	3PL05
	0.4950
	0.0753
	0.1409
	6



	3PL06
	0.8191
	0.0768
	0.2321
	10



	3PL07
	0.6296
	0.0695
	0.1578
	7



	3PL08
	0.3932
	0.0534
	0.0425
	2



	3PL09
	0.7494
	0.0686
	0.1869
	8



	3PL10
	0.5342
	0.0495
	0.0672
	4
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