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Abstract 

Capable of Multi-Scale Decision Making (MCDM), it improves all areas of decision-making engineering from design 

production, but is also highly applicable to applications in high-tech market areas. Very small gains in material performance. 

The full potential of MCDM systems is realized by performance, while complex material selection considers the material, 

process and form of the problems. Therefore, it is necessary to expand the range of MCDM methods to conceptualize 

experience in developing a wide range of engineering applications and material selection. It is important to deal with and 

deal with uncertainty in order to effectively address current practical design issues and data controls, as well as product 

selection and effective application of MCDM. Design. Products with highly advanced materials and designed properties, 

especially composites and so on Functional materials are a significant part of starting to use MCDM. With the current 

emphasis on material design and modeling, it is desirable to incorporate a wide range of analytical capabilities into future 

versions of computer simulation software.  

Keywords: Multi-Criteria Decision-Making, Decision Making, VIKOR, Analytic Hierarchy Process 

 

Introduction 
MCDM is the process of determining the best solution to problems that are criteria that commonly occur in everyday life. 

Decision making is the selective process of finding a decision, gathering information, and Evaluating alternative outcomes. 

Using a step-by-step decision-making process is more about Organizing relevant information and defining alternatives. 

Deliberately, think and help make decisions. VIKOR stands for "Serbian Optimization and Compromise Solution". It has 

been adapted to information sources with various formats. His Ph.D. D. developed the basic ideas of VIKOR in the research 

paper and published an application. Multiple criteria Decision Making (MCDM) or Multi-Scale Analysis Analysis (MCDA) 

is a subdivision of functional research that explicitly evaluates many conflicting criteria in decision making (in everyday life 

and in organizations such as business, government and medicine). Multigriteria analysis generally allows for a comparative 

and mathematical tool that combines different alternatives or scenarios. Compares by criteria, often contradicts, and performs 

complex analyzes and analyzes systematically Results using a mathematical and psychoanalytic hierarchical process (AHP). 

Developed by Thomas L ... Provides AHP with a rational framework for the desired effect by measuring its criteria and 

alternative options, and how to relate those components to the overall goal. Analytic Hierarchy, commonly known as AHP is 

a powerful and simple way to make decisions. V It is commonly used for project priority and selection.Your strategy as a set 

of weight criteria AHP helps to achieve goals. 

 
Multi-Criteria Decision-Making 

[60] ANP is the most common form of AHP. Therefore, the results of the assessment obtained by ANP are close to the actual 

practice. ANP was used for MCDM to provide controls of the hierarchical structure. It was used for project selection product 

planning, strategic decision making and optimal planning. ANP is strong, and this kind The advantage of ANP over the 

complex MCDM The problem is, it converts to quantitative and standard data types Not only that, it is interdependent and 

overcomes the problem of feedback. between criteria. ANP method (1) The following three to evaluate the decision-making 

problem Steps include network hierarchical structure; (2) calculating the weight of the factors at each step; And (3) calculate 

the weight of the entire hierarchical structure. [67] The next step in resolving the supplier rating issue is to follow the 

WASPAS AL upgrade. Section 2.3 introduces the structure and step-by-step process of WASPAS. First, a normal decision 

panel is required. To obtain the default result matrix, equations 7 and 8 Should be used for both advantages and 

disadvantages. For this job, all conditions are other benefits His pride and consumption of resources were estimated at the 

Battle of Sirteria. shows the default result matrix. After that, the weight should reach the default supplier matrix. As 

mentioned earlier, in the WASPAS algorithm, the weighed default result panel is made up of two concepts of the MCDM - 

the weighed sum method and the weighed method. Those formulas become equations 7 and 8 Have been introduced. The 

weighted default supplier matrix is in the picture. [4] The formation of multiple criteria results, as described, is directly 

characterized by a set of multiple criteria. Many refined MCDM Methods have been developed, and the quality and The 

amount of additional information they need, the method of use, the user-friendliness, the sensitivity tools used and so on 

differ from each other in the mathematical properties they verify. Vinke briefly outlines the overall separation of several 

criterion Diversity application theory results in three components: transient modes and interactive modes. The multi-criterion 
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results presented a study of the history and recent status of support organizations. Wang et al. Many dimensions of the 

consistency goal And due to the complexity of socio-economic and biophysical systems, MCDM methods have become 

increasingly popular in sustainability decision making. [5] The processes of the hybrid MCDM model are summarized 

shown in Figure 1. The objectives of combining these methods for evaluating factor analysis, DEMATEL method, 

ambiguous measurement, ambiguous integration, AHP method and e-learning performance will be explained as follows. 

Excluded MCDM methods, ambiguous measurement and ambiguous integration, Pro was used to assess the multi-

dimensional problem. [6] This paper proposes a MCDM-based way to deal with assessing grouping results monetary danger 

investigation. Test review to assess the way to deal with assessing six grouping calculations, eleven right sizes and three 

MCDM strategies Selects (see Figure 1). This segment gives data on the proposed assessment approach, grouping 

calculations, execution measures, and MCDM techniques. Three monetary dangers for producing 2-way grouping results 

estimated utilizing eleven execution rules Six bunches chose for the data set Using calculations is the initial step. The 

subsequent advance is to sort the grouping calculations utilizing three MCDM techniques (i.e., TOPSIS, DEA and VIKOR), 

which make execution strides as data sources. Each MCDM framework creates a positioning of grouping calculations for 

each dataset. Three MCDM strategies are chosen for positioning grouping calculations since appraisals acknowledged by 

different MCDM techniques More solid than those created by a MCDM framework. The last advance is to suggest a high-

positioning bunching calculation through MCDM techniques to leaders. [27] Therefore, aIntegrated MCDM technique 

DEMATEL and ANP methods are proposed in this paper to address this. Difficulty in overcoming the problem of 

interdependence and feedback between criteria and alternatives. Furthermore, this study uses the DEMATEL method to 

measure the influence of these criteria, and ANP to gain comparative significance This is considered to be the basis of 

natural supermetrics for calculating weights. In addition, an empirical study has demonstrated that the proposed method is 

more appropriate. Furthermore, we use the concept of best point by setting the desired / desired positions to indicate the gap 

between relevant vendor performance. And the desired / desired dimensions of each criterion. [33] The advancement of 

MCDM has moved the concentration from positioning and choosing options in contrast to further developing their 

exhibition. More seasoned models can distinguish holes between contending choices. The reasonable technique is to limit the 

hole to accomplish a recent fad, an aspiring position. For instance, in the event that activities for estimating execution esteem 

are from zero to ten) the most noticeably awful worth and the ten (10) want level. We can in this way investigate elective 

ways of decreasing the hole dependent on the persuasive organization correspondence chart. It is recently made The model 

permits leaders to feel the hole between the flows. More seasoned models can recognize holes between contending choices. 

A recent fad, The most sensible procedure is to lessen the hole to come to an optimistic position. For instance, in the event 

that the actions for estimating execution esteem are from zero to ten, then, at that point, the most exceedingly awful worth 

and the ten (10) want condition. An option in contrast to restricting the hole dependent on the powerful organization 

association map We can along these lines investigate the ways. This recently made model permits leaders to feel the hole 

between the flows 

 

Decision Making 
[16] However, if there are consumers not aware The relationship between certain characteristics and benefits themselves or 

in their homes, the value of the property will not be reflected. Again, This method focuses on obtaining economic values 

assets and it is difficult identify certain Environmental and social factors. Also, the amount of data that needs to be 

collectedhedonics modeling is enormous. Many Due to conflicting factors, multi-dimensional decision making (MCDM) 

methods are considered to be the most suitable for this problem and they are used as a basis. Are standard. Home Appraisal. 

[18] The OWA operator provides an integrated framework To make a decision in uncertainty, the Maximax, Maximine, 

Laplace and Harwich criteria are characterized by different OWA operator weights. To use the OWA operator to make a 

decision, determining its weight is an important issue that can be accomplished as follows. [19] In cases where there are 

significant differences between the weights of the MCDM methods, the decision makers will use the MCDM methods. Can 

be chosen arbitrarily because their rating is closer to a better rating than other methods. [20] Multi-level decision-making 

(MCDM) methods are used for a variety of energy issues, including energy planning and selection, energy resource 

allocation, energy policy and building. Energy management [18]. These issues range from complex multi-level decision 

making to solving problems such as profit or cost reduction [19]. According to Wang et al. [18], investment cost, CO2 

emissions, commonly used criteria are performance, operation and maintenance cost, land use, fuel cost and job creation. 

[39] For Energy Technical Assessment A literature review was conducted with the aim of reviewing the published criteria 

and indicators used. It To identify the most important criteria for comparing energy generation technologies Helps. Some 

authors read Stability Rating indicators for renewables or nuclei [29]. Other authors have been developing indicators for 

sustainability assessment to support decision-making in the electrical field. Table 1 provides a complete set of indicators. 

The long-term sustainability assessment of the energy technology site covers economic, environmental and social aspects. 

[44] In the case of multicrystal decision making (MCDM), if there are priorities between criteria, we Call it the MCDM 

problem. [45] The Integrated End Testing and Evaluation Laboratory (DEMATEL) used the Analysis hierarchy Method for 

selecting the best renewable energy option (ANP) for Turkey.Developed a system for selecting Renewable Energy 

Technologies for Pakistan. Created a priority system to improve renewable energy security in the Philippines. [55] 

Haralambopoulos and Polatidis [16] provided a compliance panel decision framework to support multidimensional analysis 

in renewable energy projects and used the PROMETHEE II technique as a ranking system. Beckley et al. [17] Introduced the 
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use of multicriteria decision method (MCDM)Used to evaluate the action plan for the use of renewable energy technologies 

at the regional level. [57] Decision making with multiple criteria The strong choice of green technologies takes into account 

multiple criteria. These criteria may be technology such as capacity requirements, spatial requirements, reliability and 

flexibility; Such as capital cost, operating cost and maintenance cost Economy; Environment such as carbon reduction and 

energy saving capacity; Community such as citizenship and security and job creation. These criteria may affect the decision 

maker’s goal and reflect different priorities, which may be referred to as weights in decision support systems. 

 

VIKOR 
[1] The VIKOR system was developed for various upgrades of complex systems. It determines the weight stability intervals 

of the compromise ranking list, the compromise solution and the optional consistency for the compromise solution obtained 

by the initial (given) weights. [7] Ranking classification algorithms generally study a number of criteria, such as accuracy, 

AUC, F-scale, and kappa statistics. Therefore, the algorithm can process the selection process into MCDM problems. This 

section describes the five selected MCDM methods (Top Size, Electric III, Gray Relational Analysis, and Malignancy. [13] 

Performance analysis is performed on the basis of selected evaluation criteria. The FAHP approach is first used to calculate 

performance appraisal weights, comparisons, and evaluations. , Three MCDM analysis tools SAW, TOPSIS and VIKOR are 

used to rank and improve banking performance and determine best practice. [30] Subsequently, the VIKOR method is used 

to integrate performance gaps with influential weights (DANP) from scales to dimensions and aggregates. Then, you can 

decide how to improve business performance. Research processes are explained. [32] The hybrid MCDM instruments used 

in this research are DEMATEL, DANP and VIKOR techniques. First, DEMATEL was used to confirm the effect of each 

criterion Explore the relevance of policy parameters, the environment and human Examine the impact of tourism policies on 

society.Then, of DEMATEL and ANP's new hybrid policy criteria DANP approach to weight calculation (Saathi, 1996) 

accepted. [40] The VIKOR system was first developed by Obrikovich DANP approach to weight calculation Complex 

systems. Serbian name: VIseKriterijumska Optimizacijai Compromise Resenje (meaning different criteria) optimization and 

compromise solution) (Opricovic& Tzeng, 20202). The VIKOR system, with its consistency and cardinal information, is 

easy to use and convenient for selection issues. [52] A comprehensive VIKOR method for selecting material for the femoral 

organ of a knee replacement in the medical field. Rao (2008) used an improved Suitable for engineering applications 

Compromise ranking system to select object, two examples illustrated to illustrate the proposed model from that. The first is 

to select the material suitable for the metal dipole plate and the other is to select the material suitable for the high temperature 

environment. Four alternatives and four criteria. [65] The VIKOR technique is used to estimate the interval between 

compromises and alternatives. In summary, the structure of the appraisal consists of three main stages: (1) the creation of a 

network communication map (NRM) between the criteria of the DEMATEL technique, (2) the weighting of each criterion by 

the ANP based on the NRM, and (3) the ranking or upgrade of the alternative priorities for portfolios by VIKOR. [75] In this 

section, this The article presents a new obscure MCDM technique based on VIKOR, interval value and Euclidean distance 

obscure numbers. This method deals with complex decision making Often ambiguous processes: inaccurate, indefinite, 

subjective and ambiguous data and / or information. This method utilizes the key technique of ambiguous packages related to 

ambiguous information and / or orderly data because gap-value ambiguous packages can provide the flexibility to represent 

incorrect / ambiguous information as a result of data scarcity. [77] Third, we attach VIKOR to sort these weights, the 

effectiveness of the alternatives offered to the decision maker and the Identifying gaps for an alternative where each 

alternative is not yet available; Performance gaps of each criterion and dimension through future discovery and research This 

approach gives us a blueprint for how to improve each alternative by minimizing. 

 

Multiple Criteria 
[27] The DEMATEL method is based on the graph theory, which helps to better understand the causal relationships for 

planning a network relationship map, and to solve problems and solve problems by dividing A cause-and-effect Multiple 

criteria as a group.Enabled maps (also called maps) orientation maps Are more effective than because they represent the 

directed relationships of the subsystems. A digraph usually refers to a communication network or some dominant 

relationship between individuals. [83] This method seeks a multi-dimensional precedent Assessing risk aversion coefficients 

requires a minimal amount of data, which converts into a practical one. Access to any real farming system despite limited 

data. The paper is organized as follows: Part 2 Assessing risk aversion coefficients requires a minimal amount of data, which 

converts into a practical one. Access to any real farming system despite limited data. The paper is organized as follows: Part 

2An example of the many criteria for addition. Subsequently, the mathematical formulation required for the third type of 

sensitivity analysis was obtained in Section 3 and extended in Section 4. Sensitivity The analysis is designed in Section 5 of 

the explanatory problem to illustrate what is proposed. The results of this experiment are presented in Section 6 and 

discussed. 

 

Analytic Hierarchy Process 
[3] The AHP system should be an accurate measure of the difference in attribute preferences for consumers and the results of 

this approach will be better than others. For reasons, this study evaluates the custom weight of flight characteristics for 

customers using the AHP method. [11] However, in the process of using the AHP method, It is easy and humane for 

evaluators to estimate that "criterion A is more important than criterion B than the importance of policy A and policy B". 
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Seven to one ''. Therefore, Buckley [7] extended Satyrs AHP to allow evaluators Use ambiguous ratios instead of exact ratios 

to obtain the difficulty of assigning exact ratios when comparing the two criteria and obtain the ambiguous weight of the 

criteria by the geometric mean. Method. [23] AHP and ANP methods use a series of comparison procedures to obtain custom 

vectors from the matrix. SWARA The method is used due to its simplicity and low number of steps. However, there is no 

SWARA method like DEMATEL Ability to determine the consistency of the comparisons obtained. For this reason, the 

SWARA method is much less commonly used in the literature than the two previously mentioned methods (AHP and 

DEMATEL), as evidenced by BWM, which is increasingly used in the short term. Some authors see this. Adequate 

alternative to AHP. Small number compared to AHP Pair comparisons (2n - 3) are the main advantage. However, the degree 

of consistency of this method One can be up to, which in some cases reflects a high degree of subjectivity. [31] As proposed, 

AHP uses its ambiguous extension, ambiguous AHP, to prioritize machine tool selection criteria and weigh the most 

conclusive results in the presence of ambiguity. There are various ambiguous AHP applications in the literature that justify 

the problem using systematic approaches to select alternatives and ambiguous synthesis theory and hierarchical system 

analysis. [36] AHP A uses verbal quantity (quality), which naturally allows participantsCombine subjective expert research 

input, personal experience, expressed expert opinions and intuition. A key strength of AHP is the pair-wise comparison 

described in the case study, in which the influence of the components at a given level is measured to a minimum. After a 

matrix is formed, the relative weight of each element is obtained. [61] The rest of the paper is organized as follows. The 

proposed model is described in the "Proposed Model" section. Theoretical explanations for ambiguous AHP and ambiguous 

TOPSIS methods are provided in the subsections "Fuzzy AHP Process" and "Fuzzy TOPSIS" respectively.In the "Case 

Study" section, a real-world case is presented to prove the applicability of the proposed method to a medium-sized 

manufacturing company in Istanbul. [71] AHP (analysis hierarchical process), and LINMAP (linear programming techniques 

for multi-dimensional analysis options). The choice of method depends on the nature of the problem. Evaluating the best 

project is a complex and wide-ranging issue, so this issue requires more content And flexible approach. Since AHP was 

developed by Satyr, it is a very useful decision-making analytical tool for dealing with multiple criteria decision making. 

And has been used successfully for many construction industry end areas, however, in the use of the AHP method. 

 

Conclusion 
ANP is the most common form of AHP. Therefore, the results of the assessment obtained by ANP are close to the actual 

practice. MCDM to provide controls of hierarchical structure ANP used for. It was used for project selection product 

planning, strategic decision making and optimal planning. ANP is strong, therefore, very Appropriate approach to this type 

of complex MCDM problem, the benefits of ANP only for quantity and static data types Not suitable, but suitable for 

problem solving and feedback on criteria. However, if there are consumersWithout knowing the And some of their 

characteristics The relationship between benefits in themselves or in their homes, the value of the property Does not 

reflect.Again, this time Focuses on obtaining economic values for assets and some environmental and social factors can be 

difficult to identify. Also, the amount of data that needs to be collected Hedonic modeling is huge. Due to a number of 

conflicting factors, multi-criterion decision-making (MCDM) methods are considered the most appropriate for this problem, 

based on the standard housing assessment. Are used. The VIKOR system was developed for a variety of optimizations of 

complex systems. It determines the compromise ranking list, compromise solution and weight stability gaps The compromise 

solution obtained by the initial (given) weights is the preferred stability. [7] Ranking classification algorithms generally 

examine a number of criteria, such as accuracy, AUC, F-scale, and kappa statistics. Therefore, the algorithm can design the 

selection process into MCDM problems. This section is about five selected MCDM systems (Tipsy, Electro III, Gray 

Relational Analysis, Vigor) Provides an overview. Based on the DEMATEL method graph theory, Helps to plan and solve 

problems. Visually, we can divide several criteria into a cause-and-effect group, to better understand the causal relationships 

for planning a network relationship map. Operated maps (also called diagrams) are more effective than directional maps 

because they represent the directed relationships of the subsystems. A digraph is usually an information Communication can 

refer to a network or some dominant relationship between individuals. The AHP method must be accurateMeasuring the 

variance of the attribute preference for the consumer and the results of this approach are better than others. For reasons, this 

study evaluates the custom weight of aviation attributes for customers using the AHP method. [11] However, in the process 

of applying the AHP method, evaluators have noted the importance of "A and Policy B". It is easier and more humane to 

estimate that "criterion A is more important than criterion B" than is considered". 
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