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Abstract

:

When carrying out construction work, identifying the best contractor is a critical component of the project life cycle in the construction industry. The investor must use effective and efficient strategies to create a competitive bidding environment in public projects. The research presented in this paper was conducted to demonstrate the competitive nature of public procurements, where contractors compete to present the best bid and win the contract. To award the contract, the best offer must be selected. Based on different strategies and multi-criteria decision-making approaches this study proposes a method for identifying the most suitable strategy out of eight bidding strategies on four different lots, resulting in the most suitable one for landslide rehabilitation in the Brčko district. The results reveal the optimal approach to follow to minimize time and financial losses in the case of landslide rehabilitation during periods of market instability. Such research findings validate the efficiency of the bidding strategies-based decision-making support. The proposed method allows for compromise on both the completion date and the lowest bid made by the winning contractor.
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1. Introduction


Through the 2030 Agenda for Sustainable Development [1], the 17 Sustainable Development Goals (SDGs) are both a direct and indirect call to action for all economies [2]. The ninth of Agenda’s 17 SDGs focuses on creating a resilient infrastructure [3] by creating high-quality, dependable, sustainable, and resilient regional and transnational infrastructure to support economic growth and human well-being with a focus on equitable and affordable access for all. The eleventh SDG of the Agenda continues the narrative by emphasizing the importance of reducing the number of deaths and people caused by disasters, including water-related disasters [4], among other issues.



With a focus on SDG 9 and SDG 11, infrastructure services for communities are essential both during and immediately following different emergencies. Making sure that the supporting infrastructure is dependable even when disrupted is necessary to guarantee that basic resources such as food, water, and energy, as well as shelter, health services, and access to information and communication technologies, are available [5].



In the case of public procurement for landslide rehabilitation in four different lots of the Brčko district, knowledge of the risks that the landslide exposed to the community and of the potential solutions to address these involved a variety of stakeholders. As the process of deciding on a contractor is a fundamental part of the project life cycle in the construction industry, the investor must use effective and efficient strategies to create a competitive bidding environment in public projects. Due to the urgency of landslide rehabilitation and the economy’s periodic instabilities, investors must conduct thorough analyses and assessments to meet public procurement construction demands.



Since its initial inception in 1944, there have been numerous applications of game theory as a multi-criteria tool in a variety of fields such as public policy, economics, law, business, computer science, and engineering. The most likely or ideal outcomes can be determined by modeling and analyzing the strategic relationships, circumstances, and interactions between stakeholders [6]. Making assumptions about the game’s subject matter, i.e., constructor selection, the players’ strategies, and the gains and losses associated with each party’s attributes, is necessary to create a game [7,8].



In order to address various selection issues, this paper delves into different publications to discover how various strategies could be used as a multi-criteria decision-making (MCDM) tool. Twenty of these publications are presented below, in order of the publishing year and lead author’s name (Figure 1).



The contribution and originality of this paper, which focuses on selecting a contractor in public procurement for landslide rehabilitation, is to investigate how bidding strategies might influence the selection of the ideal contractor among 11 candidates for landslide rehabilitation in the Brčko district by utilizing eight different strategies across four different lots. This paper demonstrates how different strategies can be used in conjunction with multi-criteria decision-making (MCDM) methods to select a strategy that will result in winning the contract.



The benefit of this approach is that it can be used to select a successful strategy in other public procurements. A winning strategy can be selected, and a contract can be obtained using bidding strategies and MCDM methodologies. It is important to note that this strategy’s primary disadvantage lies in the fact that it is impossible to predict the strategy that the competitors will adopt; instead, it must be assumed. A strategy that will enable a win over competitors will not be chosen if the assumption is incorrect. That is why rational decision-making, as used in this study, is necessary.



Following Section 1 this research paper consists of four other sections, namely: Section 2, Section 3, Section 4, and Section 5. Through Section 2, the example of Brčko district’s LOT 1–4 will be addressed with a detailed multi-attributive border approximation area comparison (MABAC) approach. The selected strategies for the constructors to follow will be presented in Section 3. This research will conclude with Section 4 and Section 5 which offer limitations and instructions for future research.




2. Materials and Methods


The Department of Public Safety (Department) in Brčko district has launched a public procurement for landslide rehabilitation at four locations. The estimated value of this landslide rehabilitation is 80,000, 45,000, 23,000, and 800 euros, respectively. The Department starts a mini-tendering process based on a framework agreement to determine which supplier is the most favorable. The Department has 11 bidders at its disposal who are eligible to participate in this public procurement process based on the framework agreement, and each vendor competes with the others to win a contract for the execution of the works. In this process, the price is determined by applying the best available economic offer rather than using an electronic auction. The cost of the work makes up 95% of the basis for the creation of the ranking list of contractors when determining the most acceptable economic offer, while the deadline for the execution of the work makes up 5%. The lowest price is used to determine the offer that is most advantageous economically, and the percentage of other offers that differ from it is calculated. The same process is applied when determining how much other offers deviate from the lowest deadline for the completion of the work; this time, the lowest deadline is taken. Based on this, a percentage is calculated to determine the most acceptable economic offer. Based on these two factors, the best supplier is the one with the highest percentage.



The Department has established a minimum and maximum number of days that should apply to each lot in terms of the deadline for the completion of the works, namely: LOT 1 to 20 working days, LOT 2 and LOT 3 to 15 working days, and LOT 4 to 10 working days. Bidders will be penalized 1% of the contract’s total value per day, up to a maximum of 10%, if the work is not finished on schedule. In order to give the bidders a better understanding of the actual situation surrounding those landslides, the Department added the clause of a mandatory field visit into the contract.



This case study is viewed from the perspective of one of the bidders and his decision to select the best strategy for obtaining the contract. It should be noted that the bidder estimated his costs for the rehabilitation of these landslides to be 60,000, 35,000, 18,000, and 600 euros during the tour of the sites. The bidder’s estimate for the deadline for the execution of these works is 25 working days for LOT 1, 18 working days for LOT 2, 15 working days for LOT 3, and 5 working days for LOT 4. The bidder has several strategies at his disposal, namely:




	
Selection of the value based on the bidder’s estimated value and selection of the maximum deadline for the execution of the works;



	
Selection of a value slightly above the bidder’s estimated value and selection of a realistic deadline for the execution of works;



	
Selection according to the assessment of the estimated value of the landslide rehabilitation and the maximum deadline for the execution of the works;



	
Selecting a little below the estimated value of the landslide and a realistic deadline for the execution of the works;



	
Selection of the middle price that is between the value estimated by the contractor and the bidder and the realistic deadline for the execution of the works;



	
Selection of the actual cost price and the maximum deadline for the execution of works;



	
Selection of the minimum price and a realistic deadline for the execution of works;



	
Selection below the actual price and the minimum deadline for the execution of works.








In addition to these strategies, contractors have access to other strategies that fall in the middle of these options, but as there is no e-auction in this case, a prospective bidder must select one of the predetermined strategies. The aforementioned strategies were investigated using bidding strategies and MCDM methods.



The phases used by the research methodology are as follows (Figure 2):



Phase 1. Developing and accessing strategies. As this phase progresses, strategies for each lot were developed in accordance with the bidders’ strategies, and the indicators required for evaluating these strategies were calculated in the MCDM environment. The selection of criteria was required before evaluating a strategy [29,30,31]. Given that the value of the work and the delivery date are considered when conducting mini-tendering, it makes sense to consider these two factors when assessing strategies. Since the costs of the works are the same for all of the strategies, the criterion is profit, which represents the difference between the value and the costs of the works. Additionally, it is important to evaluate the possibility of risk in order to determine the appropriate penalty for the late completion of the work. The works are expected to take 25, 18, 15, and 5 days to complete, depending on the lot. The risk is lower if a deadline is offered that is above this estimate, and higher if it is below this estimate. In this manner, this criterion is formed. The likelihood of a potential bidder winning the mini-tender is the final and most important criterion used to select contractors. Lower chances of landing the contract are associated with higher values and longer deadlines for the completion of the work, and vice versa. Which presents the basis for this criterion? From all of the above, the following criteria were selected: the value of the works (C1—Value), the deadline for the completion of the works (C2—Deadline), profit (C3—Profit), the risk for the completion of the works (C4—Risk), and the probability of winning the contract (C5—Win). The type of criterion, whether cost- or benefit-related, as well as whether it should be maximized or minimized, must then be determined. The above stands to reason when considering the cost, profit, and probability of winning the contract; however, in the case of the bidder’s execution deadline, a longer deadline is preferable given that he would avoid incurring penalties.



Phase 2. Ranking the strategies. After the strategies were developed and evaluated, and the weights of the criteria were determined, the best strategy had to be selected. The weighting of the criteria was determined in such a way that the decision-maker could determine the importance of each criterion, each expressed as a percentage. These percentages were then transformed into weight coefficients that represent their rational numbers. Since it is debatable which strategy of the competitors to use, it is impossible to say with absolute certainty which of the strategies would be successful. As a result, it is imperative to assess strategic alternatives and select the best strategy in order to outperform the competition and win the contract. The goal, however, was to select the one with the best indicators, which would be accomplished using Pamučar and Ćirović’s [32] MABAC method. The selection of the MABAC method was motivated by its limited utilization within game theory in previous studies, despite its widespread application in other domains. Importantly, the MABAC method aligns with conventional MCDM approaches and can be effectively employed across various fields. A notable advantage of this method lies in its normalization technique, which accommodates negative data values without necessitating preliminary data adjustments. In contrast, alternative normalization approaches require data correction prior to normalization. Since some criteria values are negative, it is necessary to choose a complex linear normalization. The MABAC method is a rational choice since it employs the aforementioned normalization, as opposed to other methods that must be modified to be used in this setting. The purpose of the MABAC method is to rank the alternatives in accordance with their deviation from the average value [33,34], by following six steps [2,35,36].



Step 1. Formation of the initial decision matrix, which consists of the values of the strategies according to the observed criteria.


  X =           A 1         A 2       ⋮       A m       [       C 1       C 2     …     C n         x  11        x  12      ⋯     x  1 n          x  21        x  22      …     x  2 n        ⋮   ⋮   ⋱   ⋮       x  m 1        x  m 2      ⋯     x  m n        ]   



(1)







Step 2. Normalization of the initial decision matrix. The expressions for calculating the normalization were as follows:



For the benefit criteria


   n  i j   =    x  i j   −  x i −     x i +  −  x i −     



(2)







For the cost criteria


   n  i j   =    x  i j   −  x i +     x i −  −  x i +     



(3)




where    x i +    represents the highest value of the alternative for a certain criterion, while    x i −    represents the lowest value of the alternative for a certain criterion.



Step 3. Calculation of indicators of the weighted matrix (V) elements. Here, the normalized data were multiplied with the corresponding weight increased by that weight:


   V  i j   =  w i  ·  n  i j   +  w i   



(4)







Step 4. Determination of border approximate area matrix (G). In this step, the matrix G was calculated using the geometric mean formula:


  G =    (    ∏   j = 1  m    v ˜   i j    )    1 / m    



(5)







Step 5. Calculating the distance of the elements of the weighted matrix (V) from the value of the approximate border area matrix (G). In this step, the deviation of matrix V from matrix G was calculated:


  Q = V − G  



(6)







Step 6. Ranking alternatives. The alternatives were ranked according to the MABAC method’s value, with the best alternative having the greatest MABAC method value:


   S i  =   ∑   j = 1  n   Q  i j   ,   j = 1 , 2 , … , n ,   i = 1 , 2 , … m  



(7)







Using the MABAC method, a ranking of strategies was formed and the strategy that shows the best results was chosen.



Based on the aforementioned steps, it can be inferred that the MABAC method is characterized by its user-friendly nature. As a result, this method has garnered successful applications across diverse domains, as demonstrated in Ebadi Torkayesh’s [37] paper. Notably, within the realm of game theory, the MABAC method has been employed on two occasions to date.




3. Results


The contractor should keep in mind that there were a total of 11 competitors who were essential to carrying out this work when deciding which of the aforementioned strategies to use. The contractor had to make an effort to minimize the number of competitors before deciding on a strategy for a specific lot. A planned outing on the site was used to carry out this task. Each bidder chose whether or not to participate in site visits, even though the contractor required a site visit. A bidder was not obligated to submit an offer if he went to the site visits, but if he did not, the offer would not be accepted. The prospective bidder was able to determine how many rivals have arrived this way, allowing him to determine the approach he would take to win the contract. There were six bidders who visited the site in question, although there was a likelihood that a few more would do so afterward. It was anticipated that a total of eight bidders would take part in the game. Based on this, the LOT 1 strategy was developed (Table 1).



If there were no other bidders, strategy 1 would be the best solution. However, with this strategy, the likelihood of winning the contract was the lowest, as was the risk that the work would not be completed on time. This is because competitors are most interested in this landslide since its rehabilitation is the most alluring because it generates the highest possible profit. Since the offer should be less than rival offers, the likelihood of winning the contract for the job rises when the offer’s value was reduced. The winning bidder would ultimately be determined by the bids of other bidders, so none of the strategies can assure that a particular bidder would be awarded the contract. There would be no opportunity for analysis and interpretation when conducting an e-auction, as all bidders would use strategy 1 and lower their offers as needed. This issue, where there is no possibility to conduct an e-auction, is a common one in public procurement. After evaluating the strategies and values with the potential supplier based on the observed criteria, it was necessary to determine how important these criteria were for the bidder, and the weights of these criteria had to therefore be determined. This weight was determined as a percentage and depended on the bidder’s preferences since there was only one bidder and a limited number of criteria. The observed bidder rated the probability of winning the contract as the most crucial criterion, giving it a 40% weighting. The profit came in second with a 25% weighting, followed by the risk associated with the completion of the works with a 15% weighting, and value and deadline are both given 10% weightings. These weightings were obtained through direct estimation. Subsequently, the selected contractor was presented with these criteria and tasked with allocating percentages in such a way that their cumulative value equaled 100%. Based on this requirement, the percentages were selected and subsequently adjusted to ensure they corresponded to rational values. As a result, the total sum of these weights equated to one (1). Importantly, it should be noted that, on this occasion, no other methods were utilized to determine the criterion weights; instead, they were directly assigned.



Ranking the strategies is necessary in order to select the one that would be most acceptable to the bidder given the weights of the criteria that have been established [37,38]. The MABAC method was used to rank the strategies due to the normalization it provides. Contrary to some other normalizations, this normalization permitted the use of negative data values. As a result, the next step in strategy selection was to normalize the data for the observed strategies (Table 2). In this case, only criterion C4 used the cost criteria formula (Expression (3)), whereas the other criteria used benefit normalization (Expression (2)).



After normalizing the data for the strategies, the weighting of the criteria (Expression (4)) and the determination of the border approximate area matrix (Expression (5)) were performed. Next, it was calculated how far the data deviated from the G matrix. The final ranking of the strategies was formed based on this deviation. According to the study results (Table 3), the most effective strategy was number 6, which chose the least profitable option and the longest possible deadline for the work. In this way, the bidder selected strategy S6 if he wanted to win the contract without taking any chances. It was interesting that S1, the strategy with the highest profit and longest execution time, was ranked second. Although this approach was rated the best across all four criteria, it was the least likely to result in winning the contract. Thus, it was rejected as the best strategy. The S8 strategy, which had a minimum delivery time and a value that was below its cost, received the lowest ranking.



These calculations led to the conclusion that when selecting strategies, a compromise had to be made as no single strategy could have the highest profits or the highest probability of winning a contract. If probability and risk were not considered, bidders would select the strategy that maximized their profit. These findings demonstrated how the market economy operates. In scenarios where there were more competitors, it was necessary to compromise for an offer with the lowest profit possible. The bidder’s chances of winning the contract were reduced if he chose a higher profit margin, and as a result of the offer being less than the estimated value, the Department was able to save €15,000.



The aforementioned approach was common in lots where profit potential was the greatest. The same applied to evaluating strategies when submitting an offer for LOT 2. The estimated value of the works in LOT 2 was less than the costs to perform them, and the works could not be finished in the minimum amount of time required. The risk evaluation for the execution period and the likelihood of winning the contract were thus comparable to those for LOT 1. Following the formation of the initial decision-making matrix for the selection of strategies for LOT 2 (Table 4), these strategies were ranked using the MABAC method in the same manner as for LOT 1.



The obtained results (Table 5) were similar to those of LOT 1 since the implementation of these strategies was constrained by the same limitations, and strategy S6 was chosen as the best strategy for making an offer. Bidders were therefore aiming for a low-profit margin and a realistic deadline for completing the work. The results show that strategy S1 improved its performance and came very close to being better than strategy S6. This is due to the fact that, with this strategy, profit was maximized and there was no risk in meeting the work deadlines. However, with seven other bidders vying for the position, the likelihood of winning the contract was low. The eighth and final ranking strategy in this case, S8, was predicated on the notion that there was a risk during the completion of the work and a high risk of potential contractual penalties.



The estimated time for completing these works was equal to the minimum required time, so there was a change when selecting a strategy for Lot 3. As a result, the risk associated with the application of contractual penalties was reduced. Therefore, the risk of missing the deadline was lower than in the previous two analyses, ranging between 10 and 20% (Table 6).



The same outcome (Table 7) regarding the best strategy being S6 as with the prior lots was obtained, despite a few differences regarding the risk at the execution stage. This is because, with this lot, more bidders would make offers that are just slightly below the estimated value. As a result, strategies S1, S2, and S3 would not result in winning the contract because there was a low probability of employment with these strategies. With this lot, too, the bidder had to aim for the lowest possible profit while meeting a reasonable deadline for completion.



The strategies chosen for LOT 4 (Table 8) were distinct in that the work could be completed in less time than the specified minimum period and at a lower cost than the estimated value. In this case, all strategies had the same execution time frame and had the same risk. Additionally, given that there was little competition due to the low value of these works, the probability of winning the contract changed.



The MABAC method was used to select the strategy here, as it was with the other lots. Since all alternatives in criteria C2 and C4 had the same values after normalization, all alternatives in these criteria were assigned the value one (1), as each of these values was both the best and the worst at the same time. Given this information, these criteria were assigned the value of zero (0) when the MABAC method’s steps were followed. The results obtained in this manner (Table 9) revealed that the S4 strategy is the best for LOT 4, as it assumes that the value falls slightly below the estimated value and that the number of days for completion of works is kept to a minimum. This explains why the ranking of the strategies is different in this case.



These findings were obtained due to the fact that this lot’s profit margin was much lower than those of other lots, which will cause bidders to show less interest in it. To maximize the profit, the bids, if made, were slightly below the estimated value and similar to those of the observed bidder. The only issue was that it is impossible to predict how much the rivals would lower the offer, so we chose €50 as the estimated value instead.




4. Discussion


According to the law on public procurement [38], public procurement must be used by all public administration bodies. This law governs the procedures to be followed when conducting specific public procurements for public administration and in order to obtain the best offer from bidders, public procurements must be carried out [39]. The mini-tethering procedure was applied in this study, and the 11 final bidders were used in the process while the strategy selection process was observed through the eyes of one of the bidders. In this research, there were four different landslide lots that were open to all prospective bidders.



Since decisions are made based on strategies [40], they form the foundation of game theory. In this particular case, to select strategies, the fundamentals of game theory were applied. The bidder had access to a large number of strategies, but they were narrowed down to eight, and on lots 1–4, these specific strategies were put into practice. A multi-criteria decision-making approach known as MABAC was used in this research paper to select the best one of eight strategies. Based on the data for individual strategies, this method selected one of them as a potentially winning strategy. As it is impossible to predict which strategies will be successful, a certain amount of uncertainty must always be integrated into every decision, as it is impossible to predict what the competitor might do or even if all of them would make an offer [41]. This approach aims to reduce uncertainty and, as a result, identifies the strategy with the greatest likelihood of success.



The development of bidding strategies was motivated by these uncertainties [39]. In this case, the bidder had only one move, which was to select a single strategy for obtaining the offer, but as long as the call for bids was active, bid changes were accepted. Therefore, bidders in public procurements tried to gather as much information as possible, and with other bidders, they frequently attempted to reach an agreement on offers [42]. Since prices are determined by bidder agreement rather than supply and demand, these agreements distort the market economy [43]. As stipulated by this, expected offers would be lower if there were more independent bids [44]. In this example, the principles of the market economy and the law of supply and demand were applied [45], resulting in no agreement among the bidders, and the observed bidder having no knowledge of the bids of others.



Due to the uniqueness of mini-tendering in public procurement procedures, this approach is novel and has not been used in practice earlier. Although there are approaches that are comparable to those in the book chapter by Halonen [46], multi-criteria analysis methods were not used in this approach. Determining the criteria to be used was necessary in order to evaluate the strategies that were chosen. Since bidders were selected based on the most economically acceptable offer based on the offer’s value and delivery deadlines, these two criteria were considered. In addition to these criteria, the profit was taken into account, which represents the difference between the value of the offer and the costs, as well as the risk for the completion of the work and the probability of winning the contract. Each bidder aimed to win the contract with the highest profit margin possible. To achieve this, he had to present the most competitive bid [47]. The issue that arose was the deadline for the work’s completion. Contractual penalties, which lowered the profit, were calculated for the bidder if the work was not finished by the deadline. He had to therefore consider the risk when determining the completion date for the work [48].



After the criteria was established, the strategies were assessed using these criteria. To select one of the strategies, the weights, or the importance of certain criteria for the bidder had to be defined first. The most important criterion for the bidder was the probability of winning the contract, followed by the possible profit. The criteria of the offer’s value and the deadline for completion of the works were rated as the least important to the bidder. Using the MABAC method, the strategies were ranked in order to determine which would produce the best outcomes and lead to winning the contract. The alternative data could have a negative value owing to the complex linear normalization [49] that the MABAC method uses as its foundation.



Based on the outcomes for the first three lots, a strategy was selected for the bidder to follow, named strategy S6, which called for the bidder to go with the lowest profit and a reasonable deadline for the completion of the works. With a realistic deadline for the completion of the works and a value that was less than the estimated value, strategy S4 was used in the case of the fourth lot. The contractor’s objective was to secure the lowest possible price for the work, which was accomplished by using the same strategy for the first three lots and a different strategy for Lot 4. On these grounds, the research presented in this paper demonstrated that the issues associated with selecting contractors in public procurement can be resolved by using different bidding strategies supported by MCDM techniques.




5. Conclusions


The purpose of this study was to demonstrate the feasibility of using bidding strategies in conjunction with MCDM methods in the context of public procurement. The peculiarity of this problem was that there were a limited number of players and that different strategies in the form of games were available to them. The observed bidder’s role was to win the contract or to provide the terms under which he would successfully complete the public procurement process, and eight strategies were put to use. Those strategies were evaluated using five criteria, and the MABAC method was employed to select the strategies that should lead to the bidder winning the contract in the case of the public procurement procedure for LOT 1–4, in the Brčko district. The findings demonstrated that the bidder must adopt the S6 strategy, follow the lower profit margin, and set a reasonable deadline for the completion of the work if he wants to win the contract. This strategy, however, can be used when there is a high level of interest from other bidders, as interest increases as more money circulates. If these are projects with a small profit and small value, bidders will choose a strategy of offering a value slightly below the estimated value and selecting a realistic deadline for the completion of the works (S4).



Following the public procurement procedure, it was demonstrated that all four strategies would opt for the best offer. Using these strategies, the contractor would outperform the competition in the landslide rehabilitation work. This analysis demonstrates that the utilization of bidding strategies in public procurement extends beyond its specific context and can be applied to other scenarios where outperforming competitors is a desired outcome. Deviating from established strategies could lead to varied outcomes for the contractor. Opting for a strategy that favors their own interests may result in the failure to secure the job, while selecting a less favorable strategy could secure the job but yield lower profits. This could be considered the primary advantage of applying MCDM techniques, since selecting a winning strategy would be challenging without them. This is because the possible number of scenarios and criteria increases the problem’s complexity. Future research must employ MCDM methods to select a strategy, but for these methods to be effective, game-theoretic approach must also be used, as it would be difficult to identify and evaluate the strategies without game theory.



The number of strategies implemented is one of the research’s limitations. However, given the circumstances, there could be a plethora of strategies that would only complicate the decision-making process. Eight strategies were chosen, and the process was subsequently simplified. Five criteria were chosen as a result of which the strategies were evaluated, and this represents yet another limitation of this research. This research also demonstrated how the implementation of specific MCDM methods could be constrained by the strategies’ values. However, this limitation is overcome by employing complex linear normalization, allowing other MCDM methods to be used.



Future research must show the applicability of additional MCDM methods to these and other problems by applying the proposed normalization process, followed by using game theory to observe other public procurement processes. This will aid bidders in making decisions about the strategy they will use to win the contracts over their competitors.
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Figure 1. Combining different strategies and MCDM methods overview [9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28]. 
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Figure 2. Flow chart of research methodology. 
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Table 1. The initial decision-making matrix for the selection of strategies for LOT 1.
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Strategy

	
C1—Value

	
C2—Deadline

	
C3—Profit

	
C4—Risk

	
C5—Win




	
Max

	
Max

	
Max

	
Min

	
Max






	
Strategy 1 (S1)

	
90,000

	
30

	
30,000

	
10

	
10




	
Strategy 2 (S2)

	
85,000

	
25

	
25,000

	
25

	
15




	
Strategy 3 (S3)

	
80,000

	
30

	
20,000

	
10

	
20




	
Strategy 4 (S4)

	
75,000

	
25

	
15,000

	
25

	
35




	
Strategy 5 (S5)

	
70,000

	
25

	
10,000

	
25

	
55




	
Strategy 6 (S6)

	
65,000

	
30

	
5000

	
10

	
70




	
Strategy 7 (S7)

	
60,000

	
25

	
0

	
25

	
80




	
Strategy 8 (S8)

	
55,000

	
20

	
−5000

	
50

	
90
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Table 2. Normalized decision matrix for LOT 1.
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	Strategy
	C1
	C2
	C3
	C4
	C5





	S1
	1.0000
	1.0000
	1.0000
	1.0000
	0.0000



	S2
	0.8571
	0.5000
	0.8571
	0.6250
	0.0625



	S3
	0.7143
	1.0000
	0.7143
	1.0000
	0.1250



	S4
	0.5714
	0.5000
	0.5714
	0.6250
	0.3125



	S5
	0.4286
	0.5000
	0.4286
	0.6250
	0.5625



	S6
	0.2857
	1.0000
	0.2857
	1.0000
	0.7500



	S7
	0.1429
	0.5000
	0.1429
	0.6250
	0.8750



	S8
	0.0000
	0.0000
	0.0000
	0.0000
	1.0000



	w
	0.10
	0.10
	0.25
	0.15
	0.40
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Table 3. Ranking strategies for LOT 1.
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	Strategy
	C1
	C2
	C3
	C4
	C5
	Qi
	Rank





	S1
	0.0537
	0.0412
	0.1342
	0.0520
	−0.1661
	0.1150
	2



	S2
	0.0394
	−0.0088
	0.0985
	−0.0042
	−0.1411
	−0.0162
	6



	S3
	0.0251
	0.0412
	0.0628
	0.0520
	−0.1161
	0.0650
	3



	S4
	0.0108
	−0.0088
	0.0271
	−0.0042
	−0.0411
	−0.0162
	7



	S5
	−0.0035
	−0.0088
	−0.0086
	−0.0042
	0.0589
	0.0338
	5



	S6
	−0.0177
	0.0412
	−0.0444
	0.0520
	0.1339
	0.1650
	1



	S7
	−0.0320
	−0.0088
	−0.0801
	−0.0042
	0.1839
	0.0588
	4



	S8
	−0.0463
	−0.0588
	−0.1158
	−0.0980
	0.2339
	−0.0850
	8
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Table 4. The initial decision-making matrix for the selection of strategies for LOT 2.
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Strategy

	
C1—Value

	
C2—Deadline

	
C3—Profit

	
C4—Risk

	
C5—Win




	
Max

	
Max

	
Max

	
Min

	
Max






	
S1

	
51,000

	
25

	
16,000

	
10

	
10




	
S2

	
48,000

	
18

	
13,000

	
30

	
15




	
S3

	
45,000

	
25

	
10,000

	
10

	
20




	
S4

	
42,500

	
18

	
7500

	
30

	
35




	
S5

	
40,000

	
18

	
5000

	
30

	
55




	
S6

	
37,500

	
25

	
2500

	
10

	
65




	
S7

	
35,000

	
18

	
0

	
30

	
80




	
S8

	
32,500

	
15

	
−2500

	
60

	
95
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Table 5. Ranking strategies for LOT 2.
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	Strategy
	C1
	C2
	C3
	C4
	C5
	Qi
	Rank





	S1
	0.0553
	0.0521
	0.1382
	0.0539
	−0.1567
	0.1429
	2



	S2
	0.0391
	−0.0179
	0.0977
	−0.0061
	−0.1331
	−0.0203
	6



	S3
	0.0229
	0.0521
	0.0571
	0.0539
	−0.1096
	0.0765
	3



	S4
	0.0093
	−0.0179
	0.0234
	−0.0061
	−0.0390
	−0.0302
	7



	S5
	−0.0042
	−0.0179
	−0.0104
	−0.0061
	0.0551
	0.0166
	5



	S6
	−0.0177
	0.0521
	−0.0442
	0.0539
	0.1022
	0.1464
	1



	S7
	−0.0312
	−0.0179
	−0.0780
	−0.0061
	0.1727
	0.0396
	4



	S8
	−0.0447
	−0.0479
	−0.1118
	−0.0961
	0.2433
	−0.0571
	8
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Table 6. The initial decision-making matrix for the selection of strategies for LOT 3.
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Strategy

	
C1—Value

	
C2—Deadline

	
C3—Profit

	
C4—Risk

	
C5—Win




	
Max

	
Max

	
Max

	
Min

	
Max






	
S1

	
26,000

	
18

	
8000

	
10

	
10




	
S2

	
25,000

	
15

	
7000

	
20

	
15




	
S3

	
23,000

	
18

	
5000

	
10

	
25




	
S4

	
21,000

	
15

	
3000

	
20

	
50




	
S5

	
20,000

	
15

	
2000

	
20

	
60




	
S6

	
19,000

	
18

	
1000

	
10

	
70




	
S7

	
18,000

	
15

	
0

	
20

	
85




	
S8

	
16,500

	
15

	
−1500

	
20

	
95
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Table 7. Ranking strategies for LOT 3.
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	Strategy
	C1
	C2
	C3
	C4
	C5
	Qi
	Rank





	S1
	0.0557
	0.0703
	0.1392
	0.1055
	−0.1768
	0.1939
	2



	S2
	0.0451
	−0.0297
	0.1129
	−0.0445
	−0.1532
	−0.0694
	8



	S3
	0.0241
	0.0703
	0.0602
	0.1055
	−0.1062
	0.1540
	3



	S4
	0.0030
	−0.0297
	0.0076
	−0.0445
	0.0115
	−0.0521
	7



	S5
	−0.0075
	−0.0297
	−0.0187
	−0.0445
	0.0585
	−0.0419
	6



	S6
	−0.0180
	0.0703
	−0.0450
	0.1055
	0.1056
	0.2184
	1



	S7
	−0.0285
	−0.0297
	−0.0713
	−0.0445
	0.1762
	0.0021
	4



	S8
	−0.0443
	−0.0297
	−0.1108
	−0.0445
	0.2232
	−0.0061
	5
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Table 8. The initial decision-making matrix for the selection of strategies for LOT 4.
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Strategy

	
C1—Value

	
C2—Deadline

	
C3—Profit

	
C4—Risk

	
C5—Win




	
Max

	
Max

	
Max

	
Min

	
Max






	
S1

	
1000

	
10

	
400

	
5

	
10




	
S2

	
900

	
10

	
300

	
5

	
15




	
S3

	
800

	
10

	
200

	
5

	
40




	
S4

	
750

	
10

	
150

	
5

	
75




	
S5

	
700

	
10

	
100

	
5

	
80




	
S6

	
650

	
10

	
50

	
5

	
85




	
S7

	
600

	
10

	
0

	
5

	
90




	
S8

	
550

	
10

	
-50

	
5

	
95
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Table 9. Ranking strategies for LOT 4.
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	Strategy
	C1
	C2
	C3
	C4
	C5
	Qi
	Rank





	S1
	0.0603
	0.0000
	0.1509
	0.0000
	−0.2209
	−0.0096
	6



	S2
	0.0381
	0.0000
	0.0953
	0.0000
	−0.1973
	−0.0639
	8



	S3
	0.0159
	0.0000
	0.0398
	0.0000
	−0.0797
	−0.0240
	7



	S4
	0.0048
	0.0000
	0.0120
	0.0000
	0.0850
	0.1018
	1



	S5
	−0.0063
	0.0000
	−0.0158
	0.0000
	0.1085
	0.0864
	2



	S6
	−0.0174
	0.0000
	−0.0436
	0.0000
	0.1321
	0.0711
	3



	S7
	−0.0285
	0.0000
	−0.0713
	0.0000
	0.1556
	0.0557
	4



	S8
	−0.0397
	0.0000
	−0.0991
	0.0000
	0.1791
	0.0404
	5
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