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Abstract 
 

This paper presents a methodology for route selecting in the planning and 
designing of railway alignment based on the Multi Criterion Decision 
Process. The proposed methodology provides usage of Multi-Criteria 
Analysis, examines the advantages and disadvantages of the considered 
methods, and explains how their common applications relate to their relative 
strengths and weaknesses. Final result of the Multi-Criteria Analysis is 
selection of the most suitable route in accordance with the adopted criterion 
and existing constraints. The developed methodology is based on three 
different methods for Multi-Criteria Analysis, notably Weighted Sum Model 

 WSM, AHP method (Analytic Hierarchy Process) and VIKOR method. 
Evaluation is performed for railway alignment of two alternatives on the 
Corridor 10, on the section from station Dracevo (Skopje) and station Veles. 
The results confirm pertinence and usefulness of Multi  Criteria Analysis. 
 

Keywords: planning and designing, railway alignment, alternative 
selection, multi criterion decision making, Weighted Sum Model, Analytic 
Hierarchy Process, VIKOR method.



 
 

INTRODUCTION  

Multi-Criterion Decision Analysis, or MCDA, is a valuable tool that 
we can apply to make many complex decisions.  It is most applicable to 
solving problems that are characterized as a choice among several 
alternatives. It has all the characteristics of a useful decision support tool: It 
helps to focus on what is important, is logical and consistent, and is easy to 
use. Generally, when the transport infrastructure project is selecting the 
usual procedure is to search for a solution by considering various variants. 
The most frequently applied selection methods in the first stage of the 
project development are based on the technical and socio -economic criteria 
and the usage of multi-criterion analysis. In the case when the multi-criterion 
decision-making is applied, the results of the technical and socio-economic 
analysis (specific costs) are treated as one of the criterion. 
The developed methodology is based on usage of three different methods for 
multiple criterion decision making, Weighted Sum Model  WSM, AHP 
method (Analytic Hierarchy Process) and VIKOR method. The assessment 
and selection of a new railway alignment through MCDA concern the 
railway section between station Dracevo (Skopje) and station in Veles. 
The following criteria are adopted for successful application of these 
methods in practice: 

- Investment costs for construction, 
- Management and maintenance cost, 
- Capacity of railway line for each alignment, 
- Duration of construction works, 
- Environmental impact. 

In the table below are shown all criteria that are taken into account for 
making multi - criterion analysis, and each criterion is expressed in his 
natural scale. 

Table 1. Considered criteria expressed in natural scale

 

 
 
 

Alternative 

Criterion 
Construction 
Investments 

Cost management 
and maintenance 

of the rout 

Capacity Duration of 
construction 

work 

Impact of the 
environment 

*10 ) *103) (trains) (points) (points) 
- - + + + 

160_24d 653 591 32.7 20 50 
120_24s 530 585 31.1 30 55 

 



 
 

WEIGHTED SUM MODEL  WSM 
 

In decision theory, the weighted sum model (WSM) is the best known and 
simplest multi  criterion decision analysis method for evaluating a number 
of alternatives. It is very important to state here that it is applicable only 
when all the data are expressed in exactly the same unit. 

Since the criteria are given in their natural scale, it is necessary to make their 
normalization, i.e. transformation of matrix with natural measurements into 
zero matrix. In the zero matrix it is important to define if the criterion is best 
rated with maximum or minimum value, i.e. to ascertain whether to make 
maximization or minimization of criterion. The weight coefficients for each 
criterion should be also adopted. The zero multi - criterion matrix is shown 
in the following table: 

Table 2. Zero multi  criterion matrix 

 

Since the zero multi - criterion matrix has been determined, the next step is 
to calculate the global sum for each alternative and select an optimal 
alternative solution: 

Alignment alternative 160_24d = 0.81*32.50% + 0.99*18.00% + 

1.00*22.50% + 0.67*14.00% + 0.91*13.00% = 0.88 

Alignment alternative 120_24s = 1.00*32.50% + 1.00*18.00% + 

0.60*22.50% + 1.00*14.00% + 1.00*13.00% = 0.99 

Following the calculations for each alternative, it is evident that alternative 
120_24s has higher global sum than alternative 160_24d, which means that 
alternative 120_24s is higher ranked alternative, i.e. according to the terms 
of considered criteria and adopted weight coefficients, it is recommend the 
choice of variant 120_24d in the process of further design stage. 
 
 

 

Alternative 

Criterion 
Construction 
Investments 

Cost management and 
maintenance of the 

rout 

Capacity Duration of 
construction 

work 

Impact of the 
environment 

- - + + + 
160_24d 0.81 0.99 1.00 0.67 0.91 
120_24s 1.00 1.00 0.95 1.00 1.00 

coefficient 32.50% 18.00% 22.50% 14.00% 13.00% 
 



 
 

ANALYTIC HIERARCHY PROCESS 
 

Analytic Hierarchy Process (AHP) is a structured technique for organizing 
and analyzing complex decisions, based on mathematics and psychology. It 
was developed by Thomas L. Satty in the 1970s and has been extensively 
studied and refined since then. 

Users of the AHP first decompose their decision problem into a hierarchy of 
more easily comprehended sub  problems, each of which can be analysed 
independently. The elements of the hierarchy can relate to any aspect of the 
decision problem  tangible or intangible, carefully measured or roughly 
estimated, well or poorly understood  anything at all that applies to the 
decision at hand. Once the hierarchy is build, the decision makers 
systematically evaluate its various elements by comparing them to each 
other two at a time, with respect to their impact on an element above them in 
the hierarchy. The four successive steps for application of AHP of the 
mentioned railway project are followings: 

Step 1. Calculate the selected criterion for assessing project 
performance. 

Table 3. Criterion in natural scale 

 

Step 2. Analysis of individual criterion and determining their 
weight coefficients 

 

 

 

 

 

Alternative 

Criterion 
Construction 
Investments 

Cost management 
and maintenance 

of the rout 

Capacity Duration of 
construction 

work 

Impact of the 
environment 

*10 ) *103) (trains) (points) (points) 
- - + + + 

160_24d 653 591 32.7 20 50 
120_24s 530 585 31.1 30 55 

 



 
 

Table 4. Table of Saaty 

 

The analysis is done for each criterion separately, depending on the value 
that has given appropriate criterion for alternatives. For this analysis is very 
important to determine whether the observed criterion is most favourable 
when it has maximum or minimum value, ie to determine whether it is 
necessary the criterion to be maximized or minimized. 

- K1  Investment for the construction 

Table 5. Comparison matrix for K1 

Alternative 160_24d 120_24s SUM 
Average 

value 
160_24d 1.00 0.20 1.20 0.17 
120_24s 5.00 1.00 6.00 0.83 

 6.00 1.20 7.20 1.00 

- K2  Management and maintenance costs 

Table 6. Comparison matrix for K 

Alternative 160_24d 120_24s SUM Average 
value 

160_24d 1.00 3.00 4.00 0.75 
120_24s 0.33 1.00 1.33 0.25 

 1.33 4.00 5.33 1.00 

 

 



 
 

- K3  Capacity 

 

Table 7. Comparison matrix for K3 

Alternative 160_24d 120_24s SUM Average 
value 

160_24d 1.00 5.00 6.00 0.83 
120_24s 0.20 1.00 1.20 0.17 

 1.20 6.00 7.20 1.00 

- K4  Duration of construction work 

Table 8. Comparison matrix for K4 

Alternative 160_24d 120_24s SUM Average 
value 

160_24d 1.00 2.00 3.00 0.67 
120_24s 0.50 1.00 1.50 0.33 

 1.50 3.00 4.50 1.00 

- K5  Impact on the environment 

Table 9. Comparison matrix for K5 

Alternative 160_24d 120_24s SUM Average 
value 

160_24d 1.00 2.00 3.00 0.67 
120_24s 0.50 1.00 1.50 0.33 

 1.50 3.00 4.50 1.00 

Step 3. Creating comparison matrix 

Considering the defined purpose, for each pair of criterion should be 
submitted value of importance of one criterion over another in the evaluation 
matrix (comparison). 

 

 

 

 

 

 



 
 

Weight coefficients on the level of criterion 
Table 10. Sorting matrix 

Comparison 
of criterion 

     SUM 
Average 
Value 

 1.00 5.00 3.00 7.00 7.00 23.00 0.430 

 0.20 1.00 3.00 3.00 4.00 11.20 0.209 

 0.33 0.33 1.00 3.00 7.00 11.67 0.218 

 0.14 0.33 0.33 1.00 4.00 5.81 0.109 

 0.14 0.25 0.14 0.25 1.00 1.79 0.033 
. 

Table 11. Normalized sorting matrix 

Normalization 

Comparison 
of criterion 

     SUM 
Weight 

coefficient 

 0.55 0.72 0.40 0.49 0.30 2.47 0.494 

 0.11 0.14 0.40 0.21 0.17 1.04 0.208 

 0.18 0.05 0.13 0.21 0.30 0.88 0.176 

 0.08 0.05 0.04 0.07 0.17 0.42 0.083 

 0.08 0.04 0.02 0.02 0.04 0.19 0.039 
1.00 1.00 1.00 1.00 1.00 5.00 1.000 

Step 4. Calculation with combined weighted with weight coefficients. 

The combined weighted with weight coefficients is done by taking the 
weight ratios of each criterion provided in table 11 and the weight 
coefficients obtained for each criterion separately with his comparison 
in terms of both alternatives, which are presented in the above tables 
and graphs. The final score and ranking are calculated according 
following steps: weighting criterion obtained for each criterion 
separately in the analysis of two alternative solutions. Finally 
weighted coefficients are summed and the final results are calculated, 
based of which can be done ranking of alternative solutions. 

 

 

 

 



 
 

Table 12. Final score 

 

 

From the performed calculations by AHP method, it is evident that 
alternative 120_24s is better solution than alternative 160_24d. 

 

VIKOR method 
 

VIKOR method is a multi  criteria decision making or multi  criteria 
decision analysis method. It was originally developed by Serafim Opricovic 
to solve decision problems with conflicting and non commensurable 
(different units) criteria, assuming that compromise is acceptable for conflict 
resolution, the decision maker wants a solution that is the closest to the ideal, 
and the alternatives are evaluated according to all established criteria.  

 

 

 

 

 

 

 
CALCULATION WITH COMBINED WEIGHT WITH WEIGHT COEFFICIENTS 

Weight 1 0.494 0.208 0.176 0.083 0.039 

  

Investment 
costs 

Management 
and 

maintenance 
costs 

Capacity 
Duration of 
construction 

work 

Impact on the 
environment 

Weight 2 - - + + + 
  trains points points 

 160_24d  
                      
0.17    

                      
0.75    

                      
0.67    

                      
0.75    

                      
0.67    

 120_24s  
                      
0.83    

                      
0.25    

                      
0.33    

                      
0.25    

                      
0.33    

  

Investment 
costs 

Management 
and 

maintenance 
costs 

Capacity 
Duration of 
construction 

work 

Impact on the 
environment FINAL 

RESULT RANKING 
- - + + + 
  trains points points 

 160_24d  
                      
0.08    

                      
0.16    

                      
0.12    

                      
0.06    

                      
0.03    0.44 2 

 120_24s  
                      
0.41    

                      
0.05    

                      
0.06    

                      
0.02    

                      
0.01    0.56 1 

 



 
 

Table 13. Initial decision matrix 

Alternative 
Criteria 

1 
) 

2  
 

3 
(trains) 

4 

(points) 
5 

(points) 
160_24d 1.00 1.00 0.00 1.00 1.00 
120_24s 0.00 0.00 1.00 0.00 0.00 

fi* 530.00 585.00 32.7 30 55 

fi- 653.00 591.00 31.1 20 50 

Di -  123.00 -      6.00 1.6 10 5 

For further implementation of multi - criteria decision making is required 
that all criteria can be assigned relative weights or weight factors that 
determine their meaning. In this analysis to define the weighting method 
used for the simulation of structural preferences, so that for the values of the 
weight coefficients are proposed five scenarios: 

- Scenario I: All of the criteria have the same importance, so they 
have same weight ratio. 

- Scenario II: Priority is given to the economic and transport criteria, 
so that the heist value of weighting is given to the criteria K1, K2 
and K3, and lowest value of the criteria K4 and K5. 

- Scenario III: Priority is given to the economic aspect, so that the 
highest value of weighting is given to the criteria K1 and K2, and 
lowest to the criteria K4 and K5. 

- Scenario IV: Priority is given to traffic aspect and the highest value 
of weighting is given to criterion K3. 

- Scenario V: Priority is given to the environmental aspect, so the 
highest value of the weighting is given to the criteria K4 and K5. 

Table 14. Values of the weight coefficients for the proposed scenarios 

Weight 
Coefficients 

Scenarios 

SC1 SC2 SC3 SC4 SC5 
w1 1 3 3 2 2 
w2 1 3 3 2 2 
w3 1 3 2 3 2 
w4 1 2 2 2 3 
w5 1 2 1 1 3 



 
 

Based on fundamental relations of the program package VIKOR and adopted 
weight for strategy making, v=0.5 has been obtained the following final 
decision matrix and ranking: 

Table 15. Ranked list of alternative solutions for the route of the proposed scenarios 

Ranking Scenarios 

SC I SC II SC III SC IV SC V 

1 120_24s 
(0,5) 

120_24s 
(0) 

120_24s 
(0) 

120_24s 
(0,5) 

120_24s 
(0) 

2 160_24d 
(0,5) 

160_24d 
(1) 

160_24d 
(1) 

160_24d 
(0,5) 

160_24d 
(1) 

The results of the ranking show that alternative 120_24s is more favourable 
alternative solution for scenarios 2, 3 and 5, while scenarios 1 and 4 rang 
both alternatives as same. Summing the results we have come up with a 
solution that better solution is alternative 120_24s and it is proposed as a 
compromise solution. 

 

CONCLUSION 
 

The most popular methods employed in the process of decision making are 
multi criteria analysis (MCA) and cost  benefit analysis (CBA). The usage 
of MCA is appropriate in the first planning stage of project, named pre  
feasibility study, while the CBA is often used in the feasibility study and for 
final stage of decision making. The common particularity of each MCA 
method is that they apply weight coefficients for each criteria, which shall 
pose difficulties regarding independence of results coming from MCA. 

Finally this paper was intended to achieve several goals. First was described 
the application of multi  criteria analysis in making decision to select the 
best route for a railroad. Second, multi - criteria analysis were applied on a 
present case to choose the route for the rail using three different methods 
(Weight Sum Method, AHP method and VIKOR method). 

Based on the foregoing it can be concluded that multi  criteria analysis 
represent a flexible solution intended for users who can successfully use only 
with a specific definition of the appropriate criteria and alternatives. 
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