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Identifying appropriate project delivery systems for wastewater treatment plants (PDSWTPs) plays an important role for wastewater industry decision makers. This study aims to develop a PDSWTP selection model to deal with the related-indicators case by combining the advantages of Pythagorean fuzzy sets and Bonferroni mean operators. The works of this study are as follows: 1) the case with related indicators is innovatively considered as specific to the water industry, and Bonferroni mean operator and Pythagorean fuzzy sets are introduced to PDSWTP selection, which can handle complexity and fuzziness for the actual application. 2) Pythagorean fuzzy weighted Bonferroni mean (PFWBM) and Pythagorean fuzzy weighted geometry Bonferroni mean (PFWGBM) operators are used to aggregate all related indicators in PDSWTP selection, and taking full advantage of PFWBM and PFWGBM operators, a selection framework for PDSWTPs is constructed. 3) To show the robustness, the PDSWTP selection results were given with different parameters in the proposed operators. Finally, a practice example is created, and the results shown are effective and applicable.
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1 INTRODUCTION
With the continuous development of current environmental protection plans, the wastewater treatment plant has been widely used as an efficient treatment means in the whole wastewater treatment project. In recent years, wastewater treatment plants in the world have faced challenges due to standard upgrading and transformation since the new standards and requirements were introduced. From the American Society of Civil Engineers (ASCE) infrastructure report, many pipes older than 75 years need to be replaced or repaired, which will cost about $1 trillion. Additionally, there are more than 14,748 wastewater treatment plants that need to be upgraded to the current standard. This work will cost about $271 billion (ASCE, 2017; Shrestha and Batista, 2021). A recent ASCE report stated that the water infrastructure has large deficits (ASCE, 2020). Then, there is an important problem to face: how to carry out the project under such a huge funding gap. And how to execute the work to achieve sustainable development of the wastewater treatment plant project. Furthermore, this kind of project with repair, reconstruction, and expansion is a typically complex project, which requires a high-level team to make the project successful (Andary et al., 2020). And then, what kind of cooperation mode adopted in the process of cooperation can guarantee the sustainable development of the project, especially in the case of financial difficulties. The project delivery system (PDS) is a common cooperation model in the construction industry. With the progression of society, decision-makers now choose to use alternative PDSs to build projects, though the current design bid construction is the most widely used PDS in the construction industry.
Naturally, a critical problem is selecting an appropriate PDS, which can not only save time and money but can also reduce the quality of the project in times of economic hardship (Culp, 2011). The relationship among project participants has been defined in existing studies and determines how the project will be delivered by the contractor to the owner (ASCE, 1988; Chen et al., 2011). Commonly, the design-bid-build (DBB), design-build (DB), public-private partnership (PPP), and engineering procurement construction (EPC) systems are the main types of PDSs in the practical construction industry. And different PDSs have their own advantages and disadvantages. Obviously, selecting a more suitable PDS in the water industry is important for decision-makers, which may increase their chances of success for projects. This study will apply the PDSs DBB, DB, PPP, and EPC to the water industry.
Recently, there have been many research papers on selecting appropriate PDSs (Su et al., 2019; Ibrahim et al., 2020; Zhu et al., 2020; Ahmed and El-Sayegh, 2022), and the evaluation values information characterizing the indicators are mainly described by the fuzzy set theory (Jana et al., 2019a; Li et al., 2022). Liu and Liu (2019) used a fuzzy ordered weighted geometric averaging operator to aggregate decision-making information under a fuzzy environment, and then selected an appropriate PDS type. An et al. (2018) considered decision-making information based on an interval-valued intuitionistic fuzzy set, and then developed a group decision-making framework to select their favorite PDS for owners. For the complex decision-making information with many experts for PDS selection, Khanzadi et al. (2016) presented a decision-making approach through combining the advantages of the analytic hierarchy process method (AHP) and triangular fuzzy sets in characterizing decision-making information. Under a Pythagorean fuzzy environment, through extending TOPSIS, Su et al. (2019) established an improved TOPSIS PDS selection method, in which the evaluation values information was characterized by Pythagorean fuzzy numbers (PFNs). The existing research has given a broad theoretical foundation for PDS selection in the complex construction environment. However, the existing research has not considered certain internal relationships among decision information in decision-making problems. To summarize, few studies considering the existence of relevance among indicators when handling PDS selection have appeared in existing research, which is a study gap in the PDS selection problem. In other words, the existing methods for selecting PDSs will give a distorted result more or less.
The Bonferroni mean operator proposed by Bonferroni (1950) can comprehensively consider the internal relationship among criteria, indicators, and decision information. Subsequently, there are many theoretical research papers on Pythagorean fuzzy and Bonferroni mean operators. Liang et al. (2019) developed Pythagorean fuzzy Bonferroni mean and weighted Pythagorean fuzzy Bonferroni mean operators, and some special properties and cases were also discussed. For the multi-criteria group decision-making problem with Pythagorean fuzzy sets, Liang et al. (2018) proposed two new aggregation operators, which were Pythagorean fuzzy partitioned geometric Bonferroni mean and weighted Pythagorean fuzzy partitioned geometric Bonferroni mean operators. To capture the correlations among Pythagorean fuzzy input arguments, Yang et al. (2019) proposed Pythagorean fuzzy weighted Bonferroni mean and Pythagorean fuzzy weighted geometric Bonferroni mean operators based on the generalized operational laws of Pythagorean fuzzy sets, which also obtain the properties and special cases of the presented operators. Based on the interaction operational laws of PFNs, Wang and Li (2020) developed Pythagorean fuzzy interaction power Bonferroni mean and weighted Pythagorean fuzzy interaction power Bonferroni mean operators. Combining partitioned Bonferroni mean and power average, Zhu et al. (2019) given a family of Pythagorean fuzzy aggregation operators, were able to characterize the decision-making information with Pythagorean fuzzy numbers, which included Pythagorean fuzzy interaction power Bonferroni mean, Pythagorean fuzzy interaction power partitioned geometric Bonferroni mean, and weighted forms of them. A family of hesitant Pythagorean fuzzy operators and their properties were constructed and studied respectively, which included hesitant Pythagorean fuzzy interaction Bonferroni mean, hesitant Pythagorean fuzzy interaction weighted Bonferroni mean, hesitant Pythagorean fuzzy interaction geometric Bonferroni mean, and hesitant Pythagorean fuzzy interaction weight geometric Bonferroni mean operators. Considering Shapley fuzzy measure, Nie et al. (2019) explored a Pythagorean fuzzy partitioned normalized weighted Bonferroni mean operator through combining partitioned Bonferroni mean and its normalized weighted operator.
Though the existing research has provided an abundance of theory support, the selection of a PDS has not been determined for a specific industry, and how to apply the existing abundance theory to the practical problem of PDS is another gap in the practical research. How to select suitable project delivery systems for wastewater treatment plants (PDSWTPs) under the influence of several factors is a vital problem that needs to be settled urgently. From a theoretical perspective, it is a classical multiple criteria decision-making problem. That is, the PDSWTP selection process should rank all the alternative PDSWTPs under different factors affecting PDSWTP selection. Based on these, the purpose of this study is to establish a PDSWTP selection model with the existence of the relevance among indicators under a Pythagorean fuzzy environment, and to solve industry-specific problems. And to achieve it, this study comprehensively applies the Pythagorean fuzzy set (PFS) theory and Bonferroni mean operator to PDSWTP selection.
The main contributions of this study consist of four aspects: 1) This study innovatively investigated the correlation among indicators for PDS selection in a specific wastewater treatment industry, where the Bonferroni mean operator was introduced to handle this kind of PDSWTP selection problem. 2) The Pythagorean fuzzy weighted Bonferroni mean (PFWBM) and Pythagorean fuzzy weighted geometric Bonferroni mean (PFWGBM) operators were applied to characterize the indicator-related PDSWTP selection, in which the evaluation values information affecting PDSWTP selection are described by Pythagorean fuzzy numbers. 3) Taking full use of the advantages of PFSs and the PFWBM operator, a decision making model was developed for PDSWTP selection, and 4) a case study verifying the application and feasibility of the proposed method for PDSWTPs was given.
2 PRELIMINARIES
This section presents the preliminaries including concepts and some corresponding operations for Pythagorean fuzzy sets, the Bonferroni mean operator, and weighted Bonferroni mean operator, which mainly consist of two parts: 1) the concept for the Pythagorean fuzzy number and its operations and 2) the definitions and the corresponding theorems on Bonferroni mean (BM), PFWBM, and PFWGBM operators. They are the preliminaries for establishing the PDSWTP selection method with related indicators.
2.1 Pythagorean Fuzzy Sets
This subsection gives some basic concepts, definitions, and operational laws of PFN, which are utilized in the following analysis.
Definition 1 (Yager and Abbasov, 2013) If [image: image] be a fixed set, then 
[image: image]
 is called a PFS on [image: image] , where [image: image] and [image: image] are the membership degree and non-membership degree of [image: image], respectively, that is, [image: image]: [image: image], [image: image]: [image: image], and [image: image], [image: image]. Furthermore, [image: image], [image: image] , denotes the hesitation degree of the element [image: image] to [image: image]. In particular, if [image: image] for [image: image], then [image: image] is the typical fuzzy set. For brevity, [image: image] indicates the PFN (Wei, 2017), and [image: image] , [image: image], and [image: image].
Definition 2 (Ren et al., 2016) Let [image: image] be a PFN, then score function [image: image] of the PFN [image: image] is defined as follows:
[image: image]
Definition 3 (Wei, 2017; Jana et al., 2019b) Let [image: image] be a PFN, then accuracy function [image: image] of the PFN [image: image] is defined as follows:
[image: image]
Generally, the larger the value of the score function, the larger the PFN. However, when the values of score functions between two PFNs are equal, the larger the value of the accuracy function and the larger the PFN. Therefore, we give the compared method for two PFNs.
Definition 4 (Ren et al., 2016) Let [image: image] and [image: image] be any two PFNs, then the comparison rules between the two [image: image] and [image: image] are:
1) If [image: image], then [image: image];
2) If [image: image], thenIf [image: image], then [image: image];
If [image: image], then [image: image].

Definition 5 (Reformat et al., 2014) Let [image: image], [image: image], and [image: image] be three PFNs, [image: image], and some basic operations of them are as follows:
(A1) [image: image]
(A2) [image: image]
(A3) [image: image]
(A4) [image: image];
(A5) [image: image] is the complement of [image: image], with [image: image].
And, Zhang and Xu (2014) also defined a Pythagorean fuzzy distance measure for PFNs.
Definition 6 (Zhang and Xu, 2014) Let [image: image] and [image: image] be two PFNs. Then, the distance between is defined as follows:
[image: image]
Definition 7 (Yager, 2014) Assume that [image: image]., [image: image] is a PFN set and [image: image] is the weight vector, where [image: image] and [image: image], then a Pythagorean fuzzy weighted aggregate (PFWA) operator is expressed as:
[image: image]
2.2 Pythagorean Fuzzy Weighted Bonferroni Mean Operator
Definition 8 (Bonferroni, 1950) Let [image: image] [image: image] be a collection of non-negative crisp numbers and [image: image], then a Bonferroni mean operator of dimension [image: image] is a mapping of BM: [image: image]. Such that,
[image: image]
The BM operator only considers the interrelation of aggregated parameters and ignores the self-importance of them. So, Zhou and He (2012) introduced a weighted Bonferroni mean operator with reducibility to overcome this shortcoming.
Definition 9 (Zhou and He, 2012) Let [image: image] [image: image] be a collection of non-negative crisp numbers and [image: image] and the weight vector of [image: image] be [image: image], satisfying [image: image] and [image: image], then a weighted Bonferroni mean (WBM) operator of dimension [image: image] is a mapping of WBM: [image: image]. Such that
[image: image]
Definition 10 (Yang et al., 2019) Let [image: image] [image: image] be a set of PFNs with the weighting vector [image: image] and [image: image], [image: image], then the Pythagorean fuzzy weighted Bonferroni mean (PFWBM) operator of dimension [image: image] is the mapping PFNWBM: [image: image], such that
[image: image]
where [image: image] is the set of all PFNs.
Based on the operations in Definition 5 and the aggregation form for WBM in Definition 9, the following theorem will be deduced.
Theorem 2.1 Let [image: image] [image: image] be a set of PFNs with the weighting vector [image: image] and [image: image], [image: image], and then the aggregated result by the PFWBM operator in Definition 7 can be expressed as:
[image: image]
Proof.
Since
[image: image]
[image: image]
[image: image]
[image: image]
So
[image: image]
Definition 11 (Xia et al., 2013) Let [image: image] [image: image] be a collection of non-negative crisp numbers and [image: image], then a geometric Bonferroni mean operator of dimension [image: image] is a mapping of GBM: [image: image]. Such that,
[image: image]
Similar to the BM operator, the GBM operator also ignored the weights of the aggregated arguments. Sun and Liu (2013) further improved the weighted geometric Bonferroni mean (WGBM) operator.
Definition 12 (Sun and Liu, 2013) Let [image: image] [image: image] be a collection of non-negative crisp numbers, [image: image], and the weight vector of [image: image] [image: image] be [image: image] , with [image: image] and [image: image]. Then a weighted geometric Bonferroni mean (WGBM) operator of dimension [image: image] is a mapping of WGBM: [image: image]. Such that
[image: image]
Definition 13 (Yang et al., 2019) Let [image: image] [image: image] be a set of PFNs with the weighting vector [image: image] and [image: image], [image: image], then the Pythagorean fuzzy weighted geometric Bonferroni mean (PFWGBM) operator of dimension [image: image] is the mapping PFNWBM: [image: image], such that
[image: image]
where [image: image] is the set of all PFNs.
Based on the operations in Definition 5 and the aggregation form for WGBM in Definition 12, the following theorem will be deduced.
Theorem 2.2 Let [image: image] [image: image] be a set of PFNs with the weighting vector [image: image] and [image: image], [image: image], and then the aggregated result by the PFWGBM operator in Definition 7 can be expressed as:
[image: image]
Proof.
Since
[image: image]
[image: image]
[image: image]
[image: image]
So
[image: image]
3 PROJECT DELIVERY SYSTEMS FOR WASTEWATER TREATMENT PLANTS SELECTION METHOD BASED ON PYTHAGOREAN FUZZY WEIGHTED BONFERRONI MEAN AND PYTHAGOREAN FUZZY WEIGHTED GEOMETRY BONFERRONI MEAN
For a PDSWTP selection problem, the alternative PDSWTP selection set is [image: image], and the indicators set affecting PDSWTP selection is [image: image], where the weight vector of the indicator set is [image: image], with [image: image], and [image: image]. Also, it is assumed that [image: image] experts from the water industry, engineering industry, and other relevant industries give evaluation values information of each PDSWTP under different indicators, which are characterized by PFNs. If the PNF [image: image] denotes the evaluation value information of the [image: image] PDSWTP under the [image: image] indicator from the [image: image] expert, [image: image] and [image: image] denote membership and non-membership degrees, respectively. Thus, the evaluation values information matrix can be obtained as follows:
[image: image]
where [image: image] is the aggregate information of the all evaluation values information [image: image] from [image: image] experts.
3.1 Constructing the Decision-Making Indicator System for Project Delivery Systems for Wastewater Treatment Plants Selection
For a given PDS of the wastewater treatment plant project, the alternative PDSWTPs can be chosen from design-bid-build (DBB), design-build (DB), public-private partnership (PPP), and engineering procurement construction (EPC). Based on the existing research for the indictor system affecting PDSWTP selection, the indicators are shown in Figure 1 (Feghaly et al., 2020).
[image: Figure 1]FIGURE 1 | The criteria for selecting PDSs.
3.2 Aggregating the Evaluation Information From all Experts
From the PFWA operator in Definition 7, the evaluation information from all experts is aggregated and the comprehensive evaluation information for the PDSWTP selection is obtained. Therefore, the aggregate information of the [image: image] PDSWTP under the [image: image] indicator from [image: image] experts obtained by Eq. 4 is [image: image], where [image: image] is the weight of the [image: image] expert, [image: image], [image: image], and [image: image]. And the [image: image] can be obtained by different methods, such as, AHP, maximal deviation, etc. Moreover, the averaging weighting method is applied for convenience, that is, [image: image].
3.3 The Selection Procedure for the Alternative Project Delivery Systems for Wastewater Treatment Plants
For a given PDSWTP selection problem, various related industry experts are invited to evaluate PDSWTPs based on determined indicators affecting PDSWTP selection. As mentioned above, the alternative PDSWTP set is [image: image], the set of indicators is [image: image], and the weight vector of indicators is [image: image]. There are [image: image] experts who are invited to provide evaluation values information for the given PDSWTP selection problem, and the matrix [image: image] denotes evaluation values information from the [image: image] expert. According to the above illustration, we provide a selection process for selecting a suitable PDSWTP from all alternative PDSWTPs, as shown in Figure 2.
[image: Figure 2]FIGURE 2 | The selection process for PDSWTPs.
Step 1: Aggregate the evaluation information from all experts.
If the evaluation information matrix from the [image: image] expert is [image: image], then the aggregated evaluation information matrix is [image: image] using Definition 7, where [image: image] and [image: image].
Step 2: Normalize the evaluation values information.
Normalizing all indicators affecting PDSWTP selection to the same magnitude scale and type is of great importance. The evaluation value information is normalized using the following Equation.
[image: image]
Step 3: Obtain the comprehensive evaluation values of all alternative PDSWTPs applying PFWBM and PFWGBM operators.
[image: image]
[image: image]
where [image: image] is the weight vector of indicators, and [image: image], [image: image].
Step 4: Calculate the score functions and accuracy degree functions of the comprehensive evaluation values for all alternative PDSWTPs.
To compare the comprehensive evaluation values for all alternative PDSWTPs, the score functions and accrue degree functions of them are calculated, and the calculation method and compared rules are shown in Definition 4.
Step 5: Rank all alternative PDSWTPs according to the values of score functions, and select the best suitable PDSWTP.
According to the outcome of comparison in Step 4, the larger the comprehensive evaluation value, the better the alternative PDSWTP. Therefore, the most suitable PDSWTP is selected.
4 CASE STUDY
Due to the pressure of the current environment, the monitoring of river surface water is becoming more and more rigorous. And then, more wastewater treatment plants are facing upgrades, and more water environment treatment projects are also being carried out one after another. Now, in this case study, construction of a new concept wastewater treatment plant is planned in a county, which covers a total area of 150 Mu. The total investment of the project is 180 million Yuan. It is mainly responsible for the comprehensive treatment of domestic sewage within this area, sludge around the urban area, livestock manure, and other organic matter.
The project is expected to mainly include two parts: one is to build a new wastewater treatment plant with a wastewater treatment capacity of 40,000 tons per day, in which the treated water can meet the water quality requirements of a surface class IV water body; the other is to build a harmless and resource-based organic matter disposal center with a treatment capacity of 100 tons per day. The building area is a typical poverty-stricken county, and the annual financial revenue is less than 1 billion Yuan. In order to meet the relevant discharge standards of the river surface water and avoid being notified and fined by relevant departments, the county needs to seek financial and technical assistance.
Therefore, a suitable PDS achieving the sustainable development of this wastewater treatment plan project is required. Now, the owner needs to choose a satisfactory PDSWTP from four PDSWTPs, which include public-private partnership (PPP), engineering procurement construction (EPC), design build (DB), and design bid build (DBB). The PDSWTP selection is affected by several indicators, which are shown in Section 3.1. They are the level of design completed (LDC), procurement (Pr), project delivery schedule (PDSc), owner involvement, experience, and control (OEC), risk management, and allocation (RMA), project cost control and early cost estimate (PE), project complexity and innovation (PCI), maintainability and quality (MQ), staffing requirements and capabilities (SRC), funding, site, and impact on existing operations (FSI), sustainability goals and security (SGC), third-party involvement and community and stakeholder input (TCS), and adversarial relationships, construction claims, and potential for change during or after construction (ACP).
To ensure the reliability and availability of data, five experienced experts from the water and engineering industry, a scientific research institution, and a consulting firm are consulted. The work process generally includes the following procedure. 1) The owners introduces the content and goal of project, and the local capital situation. 2) The evaluation indicators and evaluation system are further explained for the whole project. 3) The collection and sort of all data are worked out, and experts discuss and provide their suggestions for this project.
4.1 An Illustration of the Proposed Methods
Using the selection procedure proposed in Section 3.3 to this given project, the four PDSWTPs (PPP, EPC, DBB, and DB) make up the alternative PDSWTP set [image: image] of delivery options which is the set [image: image] that denotes the set of ten indicators (i.e., LDC, Pr, PDSc, OEC, RMA, PE, PCI, MQ, SRC, FSI, SGC, TCS, ACP). We assume that [image: image] is the evaluation value from the [image: image] expert to delivery option [image: image] with respect to criteria [image: image], which is characterized by PFN (Ejegwa et al., 2021; Ejegwa et al., 2022); and [image: image] denotes the PFN evaluation matrix (Ejegwa and Jana, 2021) from the [image: image] expert. They are as follows:
[image: image]
[image: image]
[image: image]
[image: image]
According to the selection procedure for PDSWTPs, the steps are as follows:
Step 1: Construct Pythagorean fuzzy evaluation matrix through aggregating the evaluation information of five experts by Definition 5, and the weights of every expert are [image: image]. The Pythagorean fuzzy evaluation matrix is determined as follows:
[image: image]
Step 2: From Eqs. 7, 8, the comprehensively evaluation results obtained by PFWBM and PFWGBM with [image: image] are shown in Table 1.
TABLE 1 | The comprehensive evaluation results using the PFWBM and PFWGBM operators.
[image: Table 1]Step 3: Using Eqs. 1, 2, the score functions of the comprehensive evaluation values for all alternative PDSWTPs are calculated as shown in Table 2.
TABLE 2 | The comprehensive evaluation results using PFWBM and PFWGBM operators.
[image: Table 2]Step 4: From the results obtained in steps 3 and 4, the ranking order using the PFWBM operator is [image: image], when [image: image], and the ranking order using the PFWGBM operator is [image: image]. The ranking results using the two operators are the same. According to the ranking orders, the PPP is the best suitable PDSWTP.
4.2 Sensitivity Analysis
This subsection will give a sensitivity analysis for the result of the proposed method based on the abovementioned results, since the results using the PFWBM and PFWGBM vary with the change of the parameters [image: image] and [image: image]. Firstly, the score function values of all alternatives obtained by the two operators can be calculated when the parameters [image: image] and [image: image] take different values. And the score function values of all alternatives are shown in Table 3.
TABLE 3 | The score function values with different parameters.
[image: Table 3]From the results in Table 3, the score function values of all alternatives increase with the increase of parameters. Therefore, the decision-maker can choose the appropriate values of parameters [image: image] and [image: image] according to their own risk preference. Subsequently, the ranking orders using PFWBM and PFWGBM operators can be obtained, as shown in Figure 3. It is obviously that the results using different methods are mostly the same. That is, the best suitable PDSWTP is PPP using PFWBM and also using PFWGBM. Other than that, only when the parameters take two cases: [image: image], [image: image] and [image: image], [image: image], the best system is EPC for the PFWGBM operator, which is shown as (g2) and (i2) in Figure 3. From Figure 3, the results obtained by PFWBM are all the same with different values of parameters [image: image] and [image: image], and PFWGBM operators are slightly different with the different values of [image: image] and [image: image]. Based on this, the robustness of the proposed method is verified well.
[image: Figure 3]FIGURE 3 | The ranking orders with different parameters.
4.3 Comparative Analysis and Discussions
This section gives a comparative analysis between the proposed methods and the existing methods to state the advantage of the proposed methods.
In the method developed by Yager (2014), two aggregation operators, including a Pythagorean fuzzy weighted aggregate (PFWA) operator and Pythagorean fuzzy weighted geometric (PFWG) operator, were employed to aggregate the evaluation information, and then to rank the alternatives using the score and accuracy functions. Ma and Xu (2016) defined symmetric Pythagorean fuzzy weighted averaging (SPFWA) and symmetric Pythagorean fuzzy weighted geometric (SPFWG) operators, and also ranked the alternatives using the score and accuracy functions. The following gives the comparative analysis only discussing the case where parameters of the proposed methods are all equal to 1, since the robustness of them with different values for [image: image] and [image: image], as shown in Section 4.1, is very stable. The ranking orders using different methods are shown in Table 4.
TABLE 4 | The ranking orders of all alternatives with different operators.
[image: Table 4]As shown in Table 4, the ranking results using PFWA, PFWG, and SPFWG are the same, that is, [image: image], while the results are all [image: image] using SPFWA, PFWBM ([image: image], [image: image]), and PFWGBM([image: image], [image: image]). Therefore, the results obtained by the four methods are mostly the same, and the best PDSWTP is the same using each method, though there is a slightly difference between the existing methods and the proposed method. The main reason for the difference is that the proposed methods can capture the interrelationship among all indicators, which is more applicable to practical problems.
Compared with the existing method, the proposed method, in which the evaluation information is characterized by Pythagorean fuzzy numbers, showed more accurate results in the selection process and simultaneously considered the relationship among all factors affecting PDSWTP selection, so as to capture the authenticity of the practical problem. Moreover, from the result obtained in this case study, PPP is a best choice among all PDSs, which is a more suitable mode in practice compared to other modes. It can overcome the financial difficulties through giving full play to the advantage of capital and technology in the private sector.
From the perspective of engineering practice, the success of a project is often affected by many factors, and the relationships among them are complex. Specifically, the LDC is closely related to PDSc, the higher the level of LDC, the greater the impact on PDSc. And when the level of RMA is high, it can reasonably avoid the project risk and escort the project onto the right track, so as to ensure the timely delivery of the project. Additionally, when the accuracy of PE is higher, the potential of ACP may be reduced, which shows a strong relationship between PE and Pr. In fact, all criteria have a related correlation with SGC, since the change of each factor will lead to the difference of the sustainability and safety of the project. As such, the owner needs to invest more money to improve the project quality in order to promote the sustainability of the project, when MQ is extremely poor. And a high personnel demand and ability SRC, that is, a company that has high-tech talents, can greatly promote the success of the project, and so on. In short, the correlation between criteria should be considered in PDSWTP selection. Only considering the interrelation among all criteria can we highlight the accuracy of the selection result to the greatest extent, which avoids the occurrence of distortion or imprecision of the selection results.
5 CONCLUSION
PDSWTP selection plays an important role to effectively improve the construction management effect of wastewater treatment, and is affected by several factors such as the level of design completed, procurement, project delivery schedule, and so on. Commonly, the relationships among all indicators affecting PDSWTP selection are ignored in a practical situation. Based on this, this study aimed to investigate PDSWTP selection using existing theories.
To achieve this object, this study mainly focused on the characteristics and aggregation of fuzzy information in the actual PDSWTP selection process through combining the advantages of Pythagorean fuzzy sets and Bonferroni mean operators. Specifically, PFS can handle imprecise and ambiguous information and manage complex uncertainties in applications, and the Bonferroni mean operator can aggregate evaluation information of indicators with relevance in the selection process. Motivated by such considerations, in this line of the study, the Pythagorean fuzzy weighted Bonferroni mean operator and Pythagorean fuzzy weighted geometric Bonferroni mean operator were introduced, which could solve the PDSWTP selection problem.
The main contributions of this study are as follows: 1) Considering the existence of the relevance among all indicators affecting PDSWTP selection and the complexity and fuzziness of the actual selection process, this study innovatively introduced the Bonferroni mean operator and Pythagorean fuzzy to deal with PDSWTP selection problems. 2) To aggregate the evaluation information of all related indicators affecting PDSWTP selection, this study introduced the Pythagorean fuzzy weighted Bonferroni mean (PFWBM) and Pythagorean fuzzy geometry weighted Bonferroni mean (PFWGBM) operators using Pythagorean fuzzy sets theory and the Bonferroni mean operator. 3) A PDSWTP selection method based on the PFWBM and PFWGBM operators was established, which can deal with the related indicators for PDSWTP selection problem by taking advantage of PFSs and PFWMM operators. Finally, robust analysis of the PDSWTP selection was given through taking different the values of parameters [image: image] and [image: image], and by comparing the proposed method with PFWA, PFWG, SPFWA, and SPFWG operators, the best PDSWTP was the same from the ranking results. Moreover, a practice example of PDSWTP selection was given and showed the effectiveness and applicability of the proposed method.
Based on the above analysis, the advantages of the proposed methods are as follows: Firstly, the proposed methods, in which the evaluation values information was characterized by Pythagorean fuzzy sets, were more capable of representing evaluation values information with uncertainty, inconformity, and incompleteness. Second, the proposed method, which combined the Bonferroni mean operator and Pythagorean fuzzy sets theory, established a robust selection process to solve the PDSWTP selection problem. And the results obtained by the proposed method were more reliable. Compared with the existing methods, the proposed PDSWTP selection method considered the correlation among indicators, which extends the applied scope of the decision-making theory. Furthermore, the best suitable PDSWTP was PPP, which is more in line with the actual situation. Because the capital and technical resources were very scarce at the location of the project, the adoption of a PPP mode could give full play to the advantages of the capital and technical resources from the private sector, and promote the sustainability of the project, so as to better serve public and social services.
In future research, it is necessary to extend methods and theories to other MCDM problems, and more operator theories should be developed and extended to other fuzzy sets, such as supplier selection, risk assessment, and environment evaluation problems under an interval Pythagorean fuzzy set or triangle intuitionistic fuzzy set.
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