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Abstract 

 

Everyday decision making requires consideration of 

various influencing factors. Important tools for solving and 

supporting such problems are MCDM models, most often in 

combination with uncertainty theory or other approaches. 

The aim of this paper is to emphasize the rapid 

development of this field and its importance for solving 

professional problems showed on examples in field of 

transportat and logistics. The significance of such 

integrated models has been manifested through few 

examples in which the MCDM methods (FUCOM, 

MARCOS, Fuzzy PIPRECIA, Fuzzy FUCOM, Fuzzy EDAS) 

have integrated with other approaches such is SERVQUAL 

model, Delphi method, SWOT/TOWS analysis, DEA, PCA, 

ABC analysis. These integrated approaches can be useful 

for decision-making because it can helps: to reduce costs in 

company, to increase quality of logistics services, to have 

possibility for determination the quality and efficiency of 

the company, to chose the best strategy for own business, to 

clearly shows which road to choose, to be applicable in 

small and medium enterprises (SMEs) that make these and 

similar decisions, to can adjust their business policies to 

the results of the model and achieve better business results. 

 

Key words: decision-making, transport, logistics, 

integrated model 

1 INTRODUCTION 

In today's modern society, constant progress is required, both 

from a scientific and professional characterEvery day the 

question is how to improve something, how to rationalize, 

how to increase efficiency, which methodology to apply, 

etc.? Transport and logistics, whether viewed separately or 

together, represent examples of areas where daily 

improvement is needed. Due to its comprehensiveness, 

logistics in one way includes transport, which, according to 

most authors, is one of the basic logistics subsystems. As 

such filed, logistics requires constant application, but also the 

development of new approaches that will contribute to the 

overall optimization of its processes and activities. Since 

many individual tools cannot adequately respond to the set 

needs and requirements, integrated models are created. Such 

models use the advantages of individual methods and 

approaches in some phases of rationalization and 

optimization. In this way, adequate decision-making and 

increased efficiency are achieved.  

The aim of this paper is to present different methods and 

approaches that have been integrated into original models in 

the previous three years and applied in the field of transport 

and logistics. The presented models refer to decision-making 

in transport, storage systems, and when performing 

operations in the transshipment subsystem. 

The paper is structured through a total of four chapters. In 

addition to the introductory remarks presented in the first 

chapter, a brief overview of the specific methods and 

approaches integrated into the second chapter is given. An 

essential part of the paper is the third chapter, which briefly 

presents the results of the application of various integrated 

models. Examples are given: making decisions related to the 

implementation of strategies in the transport company, 

measuring the efficiency of forklifts in the warehousing 

system of the production company, determining the 

conditions for implementing information technology in the 

warehousing system, classification of stocks in the 

warehousing system, determining quality in reverse logistics 

and company of express delivery. The fourth chapter 

summarizes the results of this brief review. 

2 METHODS 

This part of the paper presents the methods and approaches 

that are the subject of this review paper. Figure 1 shows the 

complete structure of the methodology, which is broken 

down according to the applicability criteria.  

 

Fig. 1. Integration of different methods and approaches 

Figure 1 shows a total of 12 methods and approaches that 

are integrated into different models. First, the multi-criteria 

decision-making (MCDM) methods are presented, and 

which belong to methods for determining the criteria 

weights. Those are Delphi, FUCOM (FUll COonsistency 

Method) [1], fuzzy form of that method and fuzzy 

PIPRECIA (PIvot Pairwise RElative Criteria Importance 

Assessment) [2]. Then, the MCDM methods used to rank 

variant solutions are presented: MARCOS (Measurement of 
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alternatives and ranking according to COmpromise 

solution) [3] and fuzzy EDAS (Evaluation based on 

Distance from Average Solution) [4]. In addition, these 

methods are integrated with several other approaches: 

SWOT (Strengths, Weaknesses, Opportunities and 

Threats), [5] TOWS (Threats, Opportunities, Weaknesses 

and Strengths) [5], DEA (Data Envelopment Analysis) 

[6,7], PCA (principal component analysis) [8] and 

SERVQUAL (Service quality) model [9,10,11]. Thus, an 

overview of a total of 12 different methods is given.  

3 INTEGRATED MODELS 

This part of the paper presents examples of creating 

different models through the integration of previously 

presented methods and approaches. 

 

3.1. Integration of Fuzzy PIPRECIA, FUCOM, 

MARCOS methods with SWOT/TOWS 

analysis in transport 

In this example [5,12] the integration of several methods 

into one original model for decision making in the field of 

transport is shown. Figure 2 shows the complete research 

flow and integration of different methods into the original 

model.  

 

Fig. 2. Integration of fuzzy PIPRECIA, FUCOM, MARCOS 

methods with SWOT/TOWS 

The first phase represents data collection from a particular 

transport company. It describes the current situation in the 

transport company and determines its internal strengths and 

weaknesses as well as external opportunities and threats. 

The data is the basis for the SWOT analysis. After this in 

the second phase, the Fuzzy PIPRECIA method ranked 

elements of the SWOT. The third phase, the cross-SWOT 

analysis helps to form the TOWS matrix and to define 

strategies for transport company. This phase defines the 

criteria to evaluate the strategies. The FUCOM method 

helps to rank the criteria in descending order of importance 

and finally to assess their significance in the fourth phase. 

The MARCOS approach helps to evaluate strategies in the 

fifth stage. [12] 

After completing the SWOT analysis and applying the 

fuzzy PIPRECIA method for determining the weights of all 

its elements, the results presented in Figure 3 were 

obtained. 

 

Fig. 3. Results of Integration of fuzzy PIPRECIA and 

SWOT analysis 

Figure 3 shows the elements ranked by importance. First, 

the ranking of strengths, weaknesses, opportunities and 

threats as a group of elements was performed. In this case, 

strengths have the highest value (0,337), that means that the 

strengths are ranked first by importance. Weaknesses are in 

second place (0.274), while threats (0.231) and 

opportunities (0.188) are in third and fourth place 

respectively. Therefore, strengths and weaknesses are more 

important for a company as internal factors with influence 

on its business than external factors, ie opportunities and 

threats. The results shows that the first element - a modern 

trucks and the ability to respond to all requests is ranked as 

the first element. Second by importance is brand 

recognition, an element that, like the first, is in the group of 

elements that make the strengths of the company. The 

lowest ranked element in this group is cost optimization, 

and in the overall ranking of the elements it takes 14th 

place.  

The worst ranked element in this group is workers' failures, 

while it takes 18th place in the overall ranking of the 

elements. The highest ranking element from the group of 

elements that make opportunities from the environment of 

the company is business expansion, and in the overall 

ranking of all elements it takes 7th place. The worst ranked 

element in this group is EU funds, and it takes 22nd place 

in the overall ranking. Within the group of elements that 

make threats from the environment, the highest ranked 

element is fluctuation of labor, and the worst ranked 

element is unexpected problems from the ground, which 

also takes the worst 23rd position in the overall ranking of 

the elements. [12] 

The TOWS matrix formed after the ranking of the criteria 

represents the business strategies of the transport company. 

Figure 4 shows the strategies (TOWS matrix) created by the 

cross-SWOT analysis. 
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Fig. 4. TOWS matrix which represent strategies for 

transport company 

The previously defined strategies are the basis to assess the 

general strategy of the transport company’s development: 

[5] 

1. Expanding business based on years of experience and 

brand, 

2. Applying for European funds, 

3. Cost rationalisation, 

4. Driver evaluation and rewards program, 

5. Increasing the volume of domestic transport using the 

benefits of infrastructure growth and development. 

The following criteria (Fig. 5) set was the basis to evaluate 

the strategies. 

 

Fig. 5. Criteria for evaluation of strategies 

After applying the FUCOM method to determine the 

criteria weights presented in Figure 5, the following results 

were obtained: C1=0.170, C2=0.196, C3=0.255, C4=0.128, 

C5=0.134, C6=0.116. The most important criterion is the 

investment costs required to implement a particular 

strategy. After that, the MARCOS method was applied, 

which shows that the fourth strategy driver evaluation and 

rewards program is the closest to the current realization.  

A TOWS matrix was formed based on the cross SWOT 

matrix. In this way, the business strategies of the transport 

company are determined, among which the management 

should choose the best one. During the study, the authors 

developed a decision model. The results show that the best 

strategy that the transport company can choose at this 

moment is A4 - Driver Valuation and Reward Program, 

whose value of the utility function equals to 0.716. This 

strategy does not involve the engagement of additional 

resources and does not require much time to implement. 

The worst-ranked plan is the A3 - Cost Rationalisation, 

whose value of the utility function equals to 0.405. 

According to these results, the management should 

establish a program to evaluate and reward drivers, to 

provide both rationalisation of costs and reduction of 

emissions in the operation of drivers. [5] 

3.2. Integration of PCA, DEA, FUCOM and 

MARCOS methods for efficiency analysis of 

the forklifts in warehousing systems 

In this example [7], the analysis of forklift efficiency was 

performed by integrating different approaches shown in 

Figure 6. 

 

Fig. 6. Integration of PCA, DEA, FUCOM and MARCOS 

methods for efficiency analysis of the forklifts 

Five input parameters (regular servicing costs, fuel costs, 

exceptional servicing costs, total number of all minor 

accidents and damage caused by forklifts) and one output 

parameter (number of operating hours) were first identified 

to assess efficiency of eight forklifts in a warehousing 

system. After application of DEA model forklifts 5, 6, 7 

and 8 have values less than 1, and are not considered 

further into the model since they are not efficient enough 

and do not contribute to the warehouse system like other 

forklifts. It is observed that the first four forklifts have 

efficiency values of 1, indicating them as efficient 

alternatives and the most efficient of these four forklifts 

will now be selected in the next phase using FUCOM-

MARCOS methods. [7] 

According to the results of FUCOM method, can be 

concluded that out of five criteria, criterion related to fuel 

costs is the most significant (C2). It is then subsequently 

followed by criterion C5 (number of operating hours) and 

C1 (regular servicing costs). The last two and least 

significant criteria are the criteria relating to the total 

number of all minor accidents and damage caused by the 

forklift (C4) and exceptional servicing costs (C3). Results 

of MARCOS method show that the most efficient forklift is 

A1, i.e. alternative 1. From Table 7, it is observed that 

utility function of forklift A1 is significantly higher than the 

obtained values of other forklifts. Forklift A2 is less 

efficient as compared to the forklift A1, and the next 

position in terms of efficiency is occupied by forklift A3. 

The least efficient among these four forklifts is forklift A4, 

i.e. alternative 4 due to its lowest utility function value. [7] 

PCA-DEA integration was performed in order to check the 

efficiency based on a smaller number of inputs thanks to 

the application of PCA. 



 

24 

The Eighth International Conference Transport and Logistics- til 2021 

 

 

Fig. 7. Results of application of PCA-DEA and reduced 

number of inputs 

By applying the PCA-DEA model (Fig. 7), the results the 

efficiency of forklifts V2-V4 does not change (1.000). In 

contrast, the efficiency of the first forklift V1 changes 

drastically because it gets inefficient and the lowest value. 

3.3. Integration of SWOT and fuzzy PIPRECIA of 

Assessment of conditions for implementing 

information technology in a warehouse system 

In this example [2], the original fuzzy PIPRECIA method 

was developed to evaluate the conditions for the 

implementation of barcode technology into the warehouse 

system. First, a SWOT analysis was defined based on the 

current situation and needs, which is shown in Figure 8. 

 

Fig. 8. SWOT analysis for implementing information 

technology in a warehouse system 

If the contribution from a practical aspect is observed, it can 

be emphasized that by assessing the conditions for the 

application of barcode technology in this part of the 

company, an adequate basis for increasing the efficiency of 

logistics operations is achieved. It is a company that has 

about one thousand employees and covers about one 

million square meters, including a large volume of exports 

and a large number of logistics operations and processes. 

[2] 

3.4. Integration of Delphi, FUCOM and 

SERVQUAL for measuring quality of logistics 

company 

Through the following example [9], an analysis of the 

quality of a logistics company dealing with fast delivery of 

goods was performed. The sample was conducted on 70 

customers of legal and private structure. The Delphi method 

was first applied in integration with FUCOM to determine 

the significance of the five basic dimensions of the 

SERVQUAL model shown in Figure 9. 

 

Fig. 9. SERVQUAL survey for quality determining in 

logistics company 

As can be seen, the original SERVQUAL questionnaire was 

developed which involves 25 items through five basic 

dimensions. It is based on the difference between 

observations and expectations with the application of 

certain statistical tests. Applying Delphi and FUCOM 

method, the results showed: the final values of weight 

coefficients of the dimension of reliability (D1=0.291), 

assurance (D2=0.259), tangibles (D3=0.130), empathy 

(D4=0.109), and responsiveness (D5=0.207). The Cronbach 

alpha coefficient was also calculated, which shows that the 

reliability of the created SERVQUAL questionnaire is at a 

high level. Of course, the calculation process was 

performed specifically for expectations, and especially for 

observations, so that in the end their difference could be 

determined. The results of the application of the integrated 

Delphi-FUCOM-SERVQUAL model in a logistics 

company are shown in Figure 10. 

 

Fig. 10. Results of Delphi-FUCOM-SERVQUAL for quality 

determining in logistics company 
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Generally, customers are satisfied with the quality of the 

logistics service of the express post company. For all 

dimensions except for the dimension of responsiveness, the 

result is positive. It can be noticed that the greatest 

satisfaction of customers was expressed for the dimension 

of reliability. [9] 

3.5. Integration of Delphi, FUCOM and 

SERVQUAL for measuring quality of reverse 

logistics 

The following study [10] presents a similar example of an 

integrated model applied in the field of reverse logistics. Of 

course, the created SERVQUAL questionnaire is different 

from the previous example and has a total of 21 items for 

expectations and observations (Figure 11). 

 

Fig. 11. SERVQUAL survey for quality determining of 

reverse logistics 

After applying Delphi and FUCOM methods the following 

results are obtained: The highest value was given to the 

responsiveness dimension (w=0.231), followed by the 

reliability dimension (w=0.211), assurance (w=0.197), 

tangibles (w=0.189), while the empathy dimension gained 

the least weight (w=0.172) [10]. Results of applied 

integrated model has shown on Figure 12. 

 

Fig. 12. Results of Delphi-FUCOM-SERVQUAL for quality 

determining of reverse logistics 

The results of the applied methodology showed that the 

quality in the field of reverse logistics in the research 

territory is not adequate in any of the dimensions. Such 

indicators are worrying and call for urgent measures to 

improve quality. 

3.6. Integration of Fuzzy FUCOM and ABC 

analysis for inventory classification 

Adequate inventory classification is one of the prerequisites 

for managing products related to warehousing activities. 

ABC analysis is indispensable in all storage systems, but the 

purpose is to apply as often as possible on the basis of several 

criteria. Therefore, in the following example [13], the 

integration of fuzzy FUCOM [14] and ABC analysis was 

performed [15]. Figure 13 shows the research flow of this 

study. 

 

Fig. 13. Research flow for inventory management 

It is important to note that the integration of fuzzy FUCOM 

and fuzzy EDAS methods for all purposes was created and 

a detailed presentation of the comparative analysis with the 

single-criteria ABC analysis is given in [13]. After the 

obtained results using fuzzy FUCOM and ABC analysis 

based on four criteria: quantity, unit price, annual 

procurement costs and demand for products, 19 products 

are classified in group A, 28 in group B, while 31 are 
classified in group C. A complete comparative analysis of 

different approaches with inventory classification is 

presented in Figure 14. 

 

Fig. 14. Comparative analysis of fuzzy FUCOM – ABC 

with other approaches 

In addition, the integration of the ABC-FUCOM-interval 

rough CoCoSо model was applied in another study [16] 

related to another warehouse system. In addition to 

inventory classification, the model has been successfully 

applied to select suppliers for each product group 

separately. 
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4 CONCLUSION 

Through this paper, a brief overview of the author's own 

studies was performed, in which different approaches were 

integrated in order to obtain better results. The given 

examples refer to the transport and warehousing subsystem, 

as two basic logistics subsystems. In addition to the above, 

the application of integrated MCDM models that are 

applied in the field of logistics for various purposes is 

inevitable. The application of recent methods such as 

FUCOM and MARCOS is very popular. In a study [17], 

this combination was used to evaluate drivers in a transport 

company. The same integration was applied in [18] for the 

selection of the distribution channel of final products. 

Similar integrations were performed in [19]. 

These integrated approaches can be useful for decision-

making because it can helps: to reduce costs in company, to 

increase quality of logistics services, to have possibility for 

determination the quality and efficiency of the company, to 

chose the best strategy for own business, to clearly shows 

which road to choose, to make right decisions for inventory 

management, to can adjust their business policies to the 

results of the model and achieve better business results. 
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