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Abstract. This study elaborates a methodology for choosing a transport strategy based on the selection of 
the optimal route and type of transport. The research examines carriage by containers and includes two ways 
of transportation: by container block trains and by trucks. The methodology consists of three steps. The first 
step defines the determination of alternatives routes and criteria for assessment. Eight criteria have been 
studied: environmental protection; economic criteria; additional transportation fare; the duration of 
transportation; transhipment operations; security; reliability; stability. In the second step three approaches 
have been used and compared to determine the weights of the criteria: the Shannon entropy method, which 
is based on information from data, expert assessments by means of the Analytic hierarchy process (AHP) 
method and the Decision Making Trial and Evaluation Laboratory (DEMATEL) method. The third step 
determines the optimal solution based on the Compromise programming method. The methodology is 
approbated for routes from the railway and road network of Bulgaria. The results show that the criteria with 
the greatest impact are: the economic criteria; the duration of transportation and environmental protection. 
It was found out that the technologies that include rail transport are the best variant of transportation. The 
presented methodology could be used for choosing transportation for other destinations in the transport 
network. 

1 Introduction  

Different factors influence the choice of route and type of 
transport. For transport companies it is important that 
carriage is carried out with minimal transport costs. For 
transport users it is important to carry out the transport 
operations with the minimum delivery time, and 
minimum reloading operations. Considering the policy of 
the European Union, transport should be carried out with 
minimal environmental pollution. It can be summed up 
that, apart from the operating costs which are of major 
importance for selecting a route and the type of 
transportation, additional criteria such as environmental, 
technological and other ones also have impact.  

Different authors have studied the factors of 
transportation. As key indicators in transport have been 
established the following factors: transport cost, transport 
time, flexibility, reliability, quality and sustainability, 
[1, 2]. In [3] the environmental aspects of transport have 
been considered. In [4] has been studied the problems for 
establishment of freight intermodal terminals. In [5] a 
model has been developed to optimize the collection and 
delivery of parcels on routes in an urban environment. The 
methods of multi-criteria analysis have been applied to 
assess the weights of the criteria and to choose the best 
alternatives. Some of methods use priority (AHP method), 
outranking techniques (PROMETHEE method), distance 
function and mathematical programming (Compromise 
programming), or mixed solutions. The multi-criteria 

decision making approach Analytic Hierarchy Process 
(AHP) is applied in many studies. In [6] it has been 
applied for best routes prioritization and selection. The 
authors examine criteria costs, time, risk of freight 
damaged, risk of infrastructure and equipment, risk of 
other factors for multimodal routes selection and they 
elaborate a decision support system using AHP Method 
and Zero-One Goal Programming. In [7] the AHP method 
is used to choose the best alternative route. The criteria: 
risk of explosion or spill, risk of road accidents, 
consequences of an incident, travel time and travel cost 
have been considered. By using the AHP method in [8, 9] 
are examined the factors: distance, terrain, road condition, 
convenience, safety and accessibility in the route 
selection. In [10] four groups of main criteria – 
environmental, economic, technological and social have 
been determined to assess the transportation with 
intermodal transport. The Decision Making Trial and 
Evaluation Laboratory (DEMATEL) multi-criteria 
method was used two determine the weights of the criteria 
and also to study the mutual influences of the criteria. It 
has been used in transport to evaluate criteria for tourism 
marketing [11]; in supply chain management [12]. In [13] 
a three-phase model for selection of the route of a road 
train has been presented. The criteria that have been 
studied are criteria of the road, criteria related to the 
throughput of the road, criteria related to the convenience 
of travel. The PROMETHEE method has been used to 
evaluate the alternatives of route selection in [14]. 
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Study [15] elaborates a methodology for determining 
optimal routes for dangerous goods transportation by 
means of the compromise programming approach. The 
case study is carried out for the transportation on the road 
network of Hong Kong. The studied criteria are travel 
time, probability of an incident, road users at risk, off-road 
population at risk, people with special needs at risk, 
negative impact on the economy: industrial, commercial 
and transport facilities at risk. The Compromise 
programming method has been applied also for research 
in air transport management [16], in water transportation 
[17] for economic research [18], to assess ecosystems 
[19]. This method is suitable for application when the 
criteria have a different type of optimization. 

It can be said that the methods of multi-criteria 
analysis are appropriate for choosing the best alternative 
of transportation. 

This paper aims to propose an approach for selecting 
a route and type of transportation for carriage of 
containers between two points by taking into account 
multiple factors relevant for transport and by using the 
Compromise programming method. This proposal is 
motivated by the fact that Compromise programming is a 
mathematical decision support model to obtain scores of 
alternatives by minimizing the weighted distances to an 
ideal point.  

2 Methodology  

The methodology for selection of a route and the type of 
transportation includes the following steps, Fig.1. 

 

Fig. 1. Scheme of the methodology. 

Step 1: Selection of alternatives variants of 
transportation. The carriage options including rail and 
road transport are examined in this research. The set of 
alternatives is: ܣ ൌ ሼ1ܣ, …,2ܣ , ,݆ܣ … ,  .ሽ݉ܣ

Step 2: Definition of quantitative and qualitative 
criteria for the assessment of alternatives routes for 
railway and road transport of containers. The set of 
criteria is: ܨ ൌ ሼ1ܨ, …,2ܨ , ,݅ܨ … ,  .ሽ݊ܣ

The following criteria are studied in the research: 
• F1: Carbon dioxide emissions, g;  
• F2: Economic Criteria. This includes transport costs and 

infrastructure charges, BGN; 
• F3: Presence of additional transportation fare, coeff.;  
• F4: The duration of transportation, h; 
• F5: Presence of transhipment operations, coeff.;  
• F6: Security, coeff.;  
• F7: Reliability, coeff.; 
• F8: Stability, coeff. 

Criteria F1, F2 and F4 are quantitative and values need 
to be set for them. Criteria F3, F5, F6 and F7 are 
qualitative. They have to be set with “1” and “0”. The 
value is “1” if the answer is “yes”, and “0”, otherwise. 

The study proposes five sets to define the criteria 
weights:  
• Set 1: Shannon Entropy method 

 ாܹ ൌ ሼݓாଵ,ݓாଶ, … ,ா௜ݓ, … ,  ா௡ሽ,  (1)ݓ

where ݓா௜ are the weights determined by using Shannon 
entropy method; 
• Set 2: DEMATEL Method 

 ஽ܹ ൌ ሼݓ஽ଵ,ݓ஽ଶ,… ,஽௜ݓ, … ,  ஽௡ሽ, (2)ݓ

where ݓ஽௜ are the weights determined by using 
DEMATEL method; 
• Set 3: AHP Method 

 ஺ܹு௉ ൌ ሼݓ஺ு௉ଵ, …,஺ு௉ଶݓ ,஺ு௉௜ݓ, … ,  ஺ு௉௡ሽ, (3)ݓ

where ݓ஺ு௉௜ are the weights determined by using AHP 
method; 
• Set 4: Equal weights: 

 ாܹொ ൌ ൛ݓாொଵ,ݓாொଶ, … ,ாொ௜ݓ, … ,  ாொ௡ൟ.  (4)ݓ

The values of equal weights are determined as: 

ாொଵݓ  ൌ ாொଶݓ ൌ ⋯ ൌ ாொ௜ݓ ൌ ⋯ ൌ ாொ௡ݓ ൌ
ଵ

௡
 . (5) 

• Set 5: Average values by set 1, 2 and 3: 

 ஺ܹ௏ ൌ ሼݓ஺௏ଵ, ,஺௏ଶݓ … ,஺௏௜ݓ, … ,  ஺௏௡ሽ.  (6)ݓ

 The average value of each weight is determined as 
follow: 

஺௏,௜ݓ   ൌ
௪ಶ,೔ା௪ವ,೔ା௪ಲಹು,೔

ଷ
. (7) 

The Shannon Entropy method allows us to determine 
the weights of criteria based of the information of the data, 
[20-22]. In this case the received results are not 
subjective. Both multi-criteria methods AHP and 
DEMATEL use expert’s assessment to evaluate the 
criteria. AHP method applies Saaty’s scale for pairwise 
comparison of criteria, the DEMATEL method uses 
another scale to assess the influence between criteria. The 
determined weights are dependent on the opinion of the 
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experts. The case with equal weights permits us to 
investigate the changes in rating the alternatives. This 
approach is identical with the case where the weights of 
criteria are not taken into account. The average value of 
the weights given by the Shannon entropy method, 
DEMTEL method and AHP method permits to reduce 
subjectivism when making a decision. 

The application of these sets of weights assessment 
makes it possible to do a sensitivity analysis of the results. 

Step 3: Ranking the alternative variants of the 
transportation by using Compromise programming. 
Choice of optimal variant of transportation.  
 Compromise programming is a distance method of 
multi-criteria analysis based on mathematical 
programming. This method is appropriate when it is 
necessary to decide on contradictory criteria (minimum 
and maximum optimization).  

2.1 Determining the weights of the criteria using 
Shannon entropy 

The information entropy for each criterion ܨ௝ is 
determined as follows, [20-22]: 

௝ܧ  ൌ െ݇∑ ௜௝݌
௡
௜ୀଵ  ௜௝; (8)݌݈݊

 ݇ ൌ 1/݈݊݊; (9) 

 0 ൑ ௝ܧ ൑ 1, (10) 

where: ݇ is a constant; ݌௜௝ – the normalized values of 
decision matrix ሺݔ௜௝ሻ	௠௫௡, ݅ ൌ 1,… , ݊ – number of 
criteria, ݆ ൌ 1,…݉ – the number of alternatives. 

The decision matrix ሺݔ௜௝ሻ௠௫௡ is formed according to 
the data of the criteria for the studied alternatives. 

The normalized values are determined as follows:  

௜௝݌   ൌ
௫೔ೕ

∑ ௫೔ೕ
೙
೔సభ

. (11) 

To determine the weights of the criteria it is necessary 
to calculate parameter ௝݀ for each alternative as follows:  

 	 ௝݀ ൌ 1 െ  ௝. (12)ܧ

The weights of the criteria are determined as follows:  

௝ݓ  ൌ
ௗೕ

∑ ௗೕ
೘
ೕసభ

; (13) 

  0 ൑ ௝ݓ ൑ 1;   (14) 

  ∑ ௝ݓ ൌ 1௠
௝ୀଵ .  (15) 

2.2 Determining the weights of the criteria 
through the AHP Method  

The AHP method is a multi-criteria decision approach. 
It is based on a pairwise comparison between criteria 
using a standardized comparison scale of nine levels 
named Saaty’s scale. The comparison scale is shown in 
Table 1, [23]. 

 

Table 1. Saaty’s scale for AHP score. 

Importance Score 
Equal 1 
Moderate 3 
Strong or essential 5 
Very strong 7 
Extreme 9 
Values for intermediate comparison 2, 4, 6, 8 

By using the AHP method is formed the A (n, n) 
evaluation square matrix based on the pairwise 
comparison on n criteria using Saaty’s scale. For the 
matrix elements are used the following dependencies: 

  ܽ௜௜ ൌ 1;	ܽ௜௝ ് 0; 	ܽ௝௜ ് 0; ௝ܽ௜ ൌ 1/ܽ௜௝.  (16) 

To determine the weights of the criteria it is necessary 
to normalize the evaluation matrix. 

The weights of the criteria are determined according 
to the following equation: 

ܹ	ܣ   ൌ  ܹ,  (17)	௠௔௫ߣ

where ܹ ൌ ሼݓଵ,…  ௡ሽ் is the normalized rightݓ,
eigenvector; ߣ௠௔௫ – the largest eigenvalue of the 
evaluation square matrix A: 

௠௔௫ߣ   ൌ ∑ ൣ൫∑ ܽ௜௝
௡
௝ୀଵ ൯. ௜൧ݓ

௡
௜ୀଵ .  (18) 

With the AHP method the results are mathematically 
validated using the consistency ratio ܴܥ.  

ܴܥ   ൌ ܫܴ/ܫܥ ൑ 0,1	,  (19) 

where: ܫܥ is the consistency index; ܴܫ – a random index. 
The random matrix is given by [20].  

The consistency index is: 

ܫܥ   ൌ
ఒ೘ೌೣି௡

௡ିଵ
. (20) 

If the condition (19) is met, the results are considered 
to be satisfactory. If the condition (19) is not met, it is 
necessary to make some revisions of scores.  

2.3 Determining the weights of criteria by using 
DEMATEL Method 

The DEMATEL method is a multi-criteria decision 
approach which determines the weights of the criteria and 
also the mutual influences of the criteria. 

The procedure of the DEMATEL method includes the 
following, [24]: determination of the perception matrix; 
calculation of the average normalized perception matrix 
and the total relation matrix; determination of the 
normalized degree of influence of each criterion; 
calculation of the threshold value to obtain a cause and 
effect relationship diagram. 

The scale of evaluation of criteria consists of the 
following scores: 0 – no influence; 1 – low influence; 2 – 
medium influence; 3 – high influence; 4 – very high 
influence. This scale is used by each of the experts who 
evaluate the direct influence between any two factors and 
thus a perception matrix is created. The diagonal elements 
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of the perception matrix for ݅ ൌ ݆, are set to zero. When 
the scores of each expert are obtained, the average 
perception matrix A is formed as the average values of 
experts’ assessments.  

The average normalized perception matrix ܦ௡௫௡	is 
calculated as: 

ܦ   ൌ  (21) ,ܵ/ܣ

where ܣ is the average perception matrix; ܵ – the major 
value of the sum of each column ݆ of the matrix ܣ and the 
sum of each row ݅ of the matrix ܣ.  

The values of each element in matrix ܦ are between 
zero and one. 

The total relation matrix ௡ܶ௫௡	is determined with this 
method as follows: 

  ܶ ൌ ܫሺܦ െ  ሻିଵ, (22)ܦ

 where ܫ is an ݊݊ݔ identity matrix. 
For each criterion the normalized degree of influence 

is determined as follows: 

  ݁௜ ൌ
௥೔ା௖೔

∑ ሺ௥೔ା௖೔ሻ
೙
೔సభ

	100,%, (23) 

where ݎ௜, ܿ௜ are the elements of vector R and vector C. 
The degree of influence corresponds to the weights of 

the criteria. 
Vector C represents the sum of the columns of the ܶ 

matrix: 

 ܴ ൌ 	 ሾݎ௜ሿ௡௫ଵ ൌ ൣ∑ ௜௝ݐ
௡
௝ୀଵ ൧

௡௫ଵ
; (24) 

ܥ  ൌ ൣ ௝ܿ൧ଵ௫௡
ᇱ

ൌ ൣ∑ ௜௝ݐ
௡
௜ୀଵ ൧

ଵ௫௡
, (25) 

where ݎ௜ is the sum of the i-th row in matrix ܶ;	 ௝ܿ 	– the 
sum of the ݆-th column in matrix ܶ	; ′ – symbol meaning 
the transposed matrix.  

The elements of vector ܴ present both the direct and 
indirect effects by the ݅-th criterion on the other criteria. 
The elements of vector	ܥ show both direct and indirect 
effects by criterion ݆ from the other.  

With the DEMATEL method we determine a 
threshold value that serves to determine the relationships 
between the criteria in the considered system. The 
threshold value ݒ	is determined as an average value of the 
elements of matrix ܶ, [25]: 

ݒ  ൌ
∑ ∑ ൣ௧೔ೕ൧

೙
ೕసభ

೙
೔సభ

ே
, (26) 

where ܰ is the total number of elements in matrix ܶ. 
After determining the values of the threshold value all 

elements of matrix T are compared with its value. The 
elements that are smaller or are equal to the threshold 
value ݒ, are set to zero. The elements that are larger than 
the threshold value ݒ, retain their value.  

2.4 Ranking the alternative variants of trans-
porttation by using Compromise programming 

In this research prioritization of the alternatives is made 
using the Compromise programming (CP) method. This 

method defines the best/suitable solution as the one set of 
efficient solutions whose point is at the smallest distance 
from an ideal point. The objective is to obtain a solution 
that is as close as possible to some ideal solution. The 
criterion of optimization is, [19]: 

௣ܮ݊݅݉   ൌ ൤∑ ௝ݓ
௣. ฬ

௫ೕ
∗ି௫ೕ

ெೕି௠ೕ
ฬ
௣

௠
௝ୀଵ ൨

ଵ ௣ൗ

;  (27) 

 	∑ ௝ݓ
௠
௝ୀଵ ൌ 1;  (28) 

௝ݓ   ∈ ሼ0,1ሽ;  (29) 

 1 ൑ ݌ ൏ ∞,  (30) 

where ܮ௣ is a metric for alternative; ݔ௝ – value of criterion 
݆ for alternative ܯ ;ܣ௝ – the maximum value of criterion j 
in set ܰ; ௝݉ – the minimum value of criterion ݆ in set ܰ; 
௝ݔ
∗ – ideal value of criterion j; ݓ௝ is the weight of the 

criterion j; ݌ – parameter. The parameter ݌ name also 
balancing factor and use to present the attitude of the 
decision-maker to the optimal solution.  

The values of parameter ݌ give a different measure of 
the distance from an efficient point to the reference point. 
The calculation with different values of parameter p 
permits us to have a perfect compensation among the 
objectives. When p = 1 is the so-called street-block 
distance, or Manhattan distance. The Manhattan distance 
between two points presents a grid found on a strictly 
horizontal and/or vertical path. When p = 2, it represents 
the Euclidean distance. The Euclidean distance is a 
diagonal of the horizontal and vertical components. When 
p = ∞, it is Tchebyshev distance, and corresponds to min-
max problem. 

The most popular value of solving Compromise 
programming is p = 2, as it is the shortest distance. 

The optimal alternative is the one with lowest value 
for the ܮ௣ metric. By this method this will be the best 
compromise solution because it is the solution nearest to 
the ideal point. 

4 Results end discussion 

4.1 Definition of the alternatives and criteria  

The methodology is approved for container transport 
by rail and road for direction Sofia – Varna in Bulgaria. 
Figures 2 and 3 show maps of the alternatives in railway 
and road network. 

This research studied the alternatives given in [14]: 
• A1: Freight block train: Iliyantsi-Gorna Oryahovitsa-

Varna; 
• A2: Freight block train: Iliantsi-Karlovo-Karnobat-

Varna; 
• A3: Road train: Route Sofia-Veliko Tarnovo-Varna; 
• A4: Road train: Route Sofia-Plovdiv-Burgas-Varna; 
• A5: Road train: Route Sofia-Plovdiv-Karnobat-

Shumen-Varna. 
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Fig. 2. Scheme of the alternatives - railway transport. 

 

Fig. 3. Scheme of the alternatives - road transport. 

The values of the quantitative criteria have to be 
determined for each alternative. This applies to the criteria 
of carbon dioxide emissions (F1), economical criteria 
(F2), travel time (F3). The qualitative criteria have to be 
set with “1” and “0”. The value is “1” if the answer is 
“yes”, and “0”, otherwise. 

Table 2 gives the values of the criteria. In order to 
compare the results, the criteria are set for one road train. 
The last row of Table 2 gives the type of optimization 
(minimum or maximum). The values of the carbon 
dioxide emissions, economic criteria and the duration of 
transportation are as in [14]. 

Table 2. Criteria values of Decision matrix. 

 ௜ F1 F2 F3 F4 F5 F6 F7 F8ܨ
 - - - - ௝ Co2, g/RT BGN/RT - hܣ
A1 238257 431 1 9,05 1 1 1 1 
A2 247250 413 1 8,57 1 1 1 1 
A3 442887 469 0 7,14 0 0 0 0 
A4 519180 544 0 8,12 0 0 0 0 
A5 545931 468 0 8,62 0 0 0 0 

type min min min min min max max max 

4.2 Determining the weights of the criteria 

Table 3 and Table 4 show the normalized decision matrix 
and results of the Shannon Entropy method. 

Table 3. Normalized values ݌௜௝	of decision matrix. 

 ௝ F1 F2 F3 F4 F5 F6 F7 F8ܣ
A1 0,12 0,25 0,50 0,22 0,50 0,50 0,50 0,50 
A2 0,12 0,24 0,50 0,21 0,50 0,50 0,50 0,50 
A3 0,22 0,24 0,00 0,17 0,00 0,00 0,00 0,00 
A4 0,26 0,28 0,00 0,20 0,00 0,00 0,00 0,00 
A5 0,27 0,24 0,00 0,21 0,00 0,00 0,00 0,00 

Table 4. Parameters of Shannon entropy method. 

 F1 F2 F3 F4 F5 F6 F7 F8 ݅ܨ
 ௝ 0,32 0,43 0,69 0,30 0,69 0,69 0,69 0,69ܧ

௝݀ 0,68 0,57 0,31 0,70 0,31 0,31 0,31 0,31 
 ௝ 0,20 0,16 0,09 0,20 0,09 0,09 0,09 0,09ݓ

The scores of the AHP method are presented in 
Table 5. In the study the assessments have been made by 
five experts who gave a general assessment. The last 
column of the table shows the weights of the criteria using 
the AHP method. In the last row of the table is the value 
of the consistency ratio. It can be seen that according to 
formula (19) the experts’ assessments are satisfactory, 
(CR = 0,06; CR < 0,1). 

Table 5. Prioritization Matrix resulting from using the  
AHP method. 

 ௝ݓ ௜ F1 F2 F3 F4 F5 F6 F7 F8ܨ
F1 1 1/3 3 1 1 1 1 1 0,10 
F2 3 1 5 5 5 2 2 2 0,32 
F3 1/3 1/5 1 1 4 1 1 1 0,11 
F4 1 1/5 1 1 5 1 2 2 0,14 
F5 1 1/5 1/4 1/5 1 1 1 1 0,06 
F6 1 1/2 1 1 1 1 2 1 0,11 
F7 1 1/2 1 1/2 1 1/2 1 1 0,08 
F8 1 1/2 1 1/2 1 1 1 1 0,08 

CR=0,06 

Table 6 presents the average matrix of the experts’ 
scores resulting from using the DEMATEL method. In the 
study the assessments have been given by five experts. 
They are given independently of each other. Table 7 and 
Table 8 show the average normalized matrix and total 
relation matrix. 

Table 6. Average matrix resulting from using the  
DEMATEL method. 

 F1 F2 F3 F4 F5 F6 F7 F8 ݅ܨ
F1 0,00 1,96 0,00 0,09 0,00 0,43 0,00 0,00 
F2 3,96 0,00 3,96 3,96 0,04 1,96 0,04 0,43 
F3 0,04 2,87 0,00 0,43 0,04 0,04 0,04 0,04 
F4 0,61 1,96 1,04 0,00 0,04 0,43 1,48 0,43 
F5 0,00 0,61 0,87 2,04 0,00 0,00 0,43 0,00 
F6 0,00 1,87 0,13 0,74 0,61 0,00 0,43 0,43 
F7 0,04 1,48 0,04 0,87 0,74 0,04 0,00 0,26 
F8 0,26 1,04 0,61 0,00 0,00 1,13 0,26 0,00 

Table 7. The average normalized matrix. 

 ௜ F1 F2 F3 F4 F5 F6 F7 F8ܨ
F1 0,000 0,136 0,000 0,006 0,000 0,030 0,000 0,000 
F2 0,276 0,000 0,276 0,276 0,003 0,136 0,003 0,030 
F3 0,003 0,200 0,000 0,030 0,003 0,003 0,003 0,003 
F4 0,042 0,136 0,073 0,000 0,003 0,030 0,103 0,030 
F5 0,000 0,042 0,061 0,142 0,000 0,000 0,030 0,000 
F6 0,000 0,130 0,009 0,052 0,042 0,000 0,030 0,030 
F7 0,003 0,103 0,003 0,061 0,052 0,003 0,000 0,018 
F8 0,018 0,073 0,042 0,000 0,000 0,079 0,018 0,000 

Table 8 presents the relation matrix. The number of 
elements of relation matrix is 64. The value of threshold 
value is determined by formula (26).  
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Table 8. Total relation matrix. 

 ௜ F1 F2 F3 F4 F5 F6 F7 F8ܨ
F1 0,050 0,171 0,053 0,059 0,004 0,058 0,009 0,009 
F2 0,350 0,204 0,364 0,361 0,016 0,191 0,049 0,055 
F3 0,077 0,250 0,078 0,106 0,007 0,044 0,017 0,016 
F4 0,106 0,214 0,141 0,076 0,013 0,069 0,115 0,044 
F5 0,036 0,101 0,103 0,178 0,005 0,022 0,050 0,010 
F6 0,056 0,183 0,073 0,116 0,047 0,034 0,046 0,041 
F7 0,049 0,146 0,056 0,113 0,055 0,030 0,015 0,027 
F8 0,053 0,118 0,080 0,043 0,006 0,099 0,026 0,009 

The values that are equal or greater than the threshold 
value (0,084=ݒ) are given in bold. This parameter serves 
to determine the relationships in the considered system. 

Table 9 shows the direct and indirect influence of 
criteria. The last column presents the weights of the 
criteria. 

Table 9. Direct and indirect impact of the criteria. 

Criterion  P R P+R P-R e% 
F1 0,412 0,777 1,190 -0,365 11% 
F2 1,590 1,387 2,977 0,202 28% 
F3 0,594 0,947 1,541 -0,353 14% 
F4 0,779 1,053 1,831 -0,274 17% 
F5 0,505 0,153 0,658 0,352 6% 
F6 0,596 0,546 1,142 0,049 10% 
F7 0,492 0,328 0,820 0,164 8% 
F8 0,434 0,210 0,644 0,224 6% 

The prioritization is: F2>F4>F3>F1>F6>F7>F5>F8. 
The biggest impact in selecting the route and type of 
transportation for carriage of containers is that of the 
economic criteria (F2=28%), the duration of 
transportation (F4=17%), additional transportation fare 
(F3=14%) and carbon dioxide emissions (F1=11%).  

Figures 4-7 present the cause and effect diagram for 
the criteria according to the results given in Table 8.  

 

Fig. 4. Cause and effect diagram for criterion F2. 

The relative importance of each criterion is presented 
by the values of (P+R). This impact is the same as the 
values of the criteria. Criteria F1, F3 and F4 are in the 
effect group. The values of (P-R) for these criteria are 
negative. Criteria F2, F5, F6, F7 and F8 are in the cause 
group. The values of (P-R) for these criteria are positive. 

According to the results criterion F2 influenced 
criteria F1, F2, F3, F4 and F6; criterion F3 influenced 
criteria F2 and F4; criterion F4 influenced F1, F2, F3 and 
F7; criterion F5 influenced F2, F3 and F4; criterion F6 
influenced criteria F2 and F4; criterion F7 influenced F2 
and F4; criterion F8 influenced criterion F2. 

 

Fig. 5.The cause and effect diagram for criterion F3 and F4. 

 

Fig. 6. Cause and effect diagram for criterion F5. 

 

Fig.7. Cause and effect diagram for criterion F6, F7 and F8. 
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Table 10 and Figure 8 present a comparison of criteria 
weights given by using the different methods and also the 
average value according to formula (7). The results show 
that the average absolute error between the values 
obtained using the Shannon Entropy method and the 
average values is 3%; the average absolute error between 
the values obtained using the DEMATEL method and the 
average values is 1%, and the average absolute error 
between the values obtained using the AHP method and 
the average values is 2%. 

Table 10. Comparison of the weights of the criteria. 

Criteria F1 F2 F3 F4 F5 F6 F7 F8 
SHANNON 
ENTROPY 

0,20 0,16 0,09 0,20 0,09 0,09 0,09 0,09 

DEMATEL 0,11 0,28 0,14 0,17 0,06 0,10 0,08 0,06 
AHP 0,10 0,32 0,11 0,14 0,06 0,11 0,08 0,08 

AVERAGE 0,14 0,25 0,11 0,17 0,07 0,10 0,08 0,08 

 

Fig. 8. Weights of the criteria. 

4.3 Ranking the alternatives by using 
Compromise programming 

The study examines two values of parameter p (p = 1, and 
p = 2). For both types of transport the charges for the use 
of transport infrastructure are different. The charges for 
using road infrastructure in Bulgaria are lower than those 
in the European Union, and also they are lower as 
compared to the charges for railway infrastructure. In 
many European countries, tolls have also been introduced 
[26]. The government policy provides for heavy goods 
vehicles to be covered by a toll system. The price will be 
determined by several components – vehicle category, toll 
distance, road characteristic. Two variants have been 
studied to evaluate the impact of infrastructure charges in 
choosing transport technology. Variant 1 includes values 
of infrastructure charges in the current situation. Usage of 
weekly vignette 2 times a week it has been studied. 
Variant 2 is with toll charges. In the research have been 
used the value of toll charges 0,2 BGN/km, as at the time 
of the study is not known tariff tolls. For comparison with 
Poland tolls charges for vehicles with maximum 
permissible gross weight over 12 tons and Euro 5 
emission classes is 0,27 euro/km, [26]. 

Tables 11 and 12 present the results of optimization by 
using the Compromise programming method with 
parameter p = 1. Tables 13 and 14 show the results of 
optimization by Compromise programming method with 
parameter p = 2.  

 The results show that for parameter value p = 1, for 
four weights set (AHP, Shannon entropy, Equal weights 
and Average weights) the best technology is carriage by 
container block trains Sofia-Karlovo-Varna (alternative 
A2). According to the DEAMATEL method the best 
technology is carriage is by road trains via – Sofia-Veliko 
Tarnovo-Varna (alternative A3) route. The results for the 
variant with toll charges shows that the best technology is 
carriage of containers with block trains Sofia-Karlovo-
Varna (alternative A2). 

Table 11. Compromise programming (p=1), Vignette charges. 

Set 1 2 3 4 5 
 ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݆ܣ
A1 0,42 3 0,44 3 0,39 3 0,4 2 0,41 3 
A2 0,34 1 0,34 2 0,28 1 0,35 1 0,31 1 
A3 0,4 2 0,32 1 0,33 2 0,46 3 0,35 2 
A4 0,71 5 0,71 5 0,75 5 0,68 5 0,72 5 
A5 0,62 4 0,48 4 0,48 4 0,6 4 0,53 4 

1 – Shannon Entropy; 2 – DEMATEL; 
3 – AHP; 4 – Equal weights; 5 – Average weights;	

 rang of alternative – ݎ

Table 12. Compromise programming (p = 1), Toll charges. 

Set 1 2 3 4 5 
 ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݆ܣ
A1 0,39 2 0,4 2 0,34 2 0,39 2 0,38 2 
A2 0,33 1 0,33 1 0,27 1 0,35 1 0,31 1 
A3 0,47 3 0,48 3 0,49 3 0,52 3 0,48 3 
A4 0,7 5 0,71 5 0,75 5 0,68 5 0,72 5 
A5 0,69 4 0,7 4 0,64 4 0,66 4 0,66 4 

1 – Shannon Entropy; 2 – DEMATEL; 
3 – AHP; 4 – Equal weights; 5 – Average weights’; 

 rang of alternative – ݎ

Table 13. Compromise programming (p= 2), Vignette charges. 

Set 1 2 3 4 5 
 ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݆ܣ
A1 0,24 3 0,22 3 0,2 3 0,22 2 0,22 3 
A2 0,2 2 0,18 2 0,16 2 0,2 1 0,18 2 
A3 0,2 1 0,16 1 0,16 1 0,23 3 0,17 1 
A4 0,3 5 0,34 5 0,37 5 0,28 5 0,33 5 
A5 0,29 4 0,22 4 0,21 4 0,27 4 0,24 4 

1 – Shannon Entropy; 2 – DEMATEL; 
3 – AHP; 4 – Equal weights; 5- Average weights; 

 rang of alternative – ݎ

Table 14. Compromise programming (p=2), Toll charges. 

Set 1 2 3 4 5 
 ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݎ ݆ܮ ݆ܣ
A1 0,24 3 0,23 3 0,19 3 0,19 2 0,21 2 
A2 0,2 1 0,2 1 0,16 1 0,16 1 0,18 1 
A3 0,22 2 0,21 2 0,23 2 0,23 3 0,22 3 
A4 0,3 5 0,34 5 0,37 5 0,37 5 0,33 5 
A5 0,3 4 0,26 4 0,27 4 0,27 4 0,27 4 

1 – Shannon Entropy; 2 – DEMATEL; 
3 – AHP; 4 – Equal weights; 5- Average weights; 

 rang of alternative – ݎ

The results for the value of parameter p = 2 show that 
for four weights set (AHP, Shannon entropy, Equal 
weights and Average weights) the best technology is 
carriage by road trains on the Sofia-Veliko Tarnovo-
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Varna (alternative A3) route. In the case when the toll 
charges are introduced the best technology is 
transportation with container block trains Sofia-Karlovo-
Varna (alternative A2) for all weights sets. 

Using the equal weights gives the same results for the 
optimal solution. 

Figures 9 and 10 present the results of ranking the 
alternatives according to the type of road infrastructure 
charges. It can be seen that the prioritization of the 
alternatives according to the weights sets is similar. This 
is due to the small percentage difference in the results 
obtained for weights by using the various applied 
methods. 

It can be concluded that when the value of the 
parameter p = 1 is used, no difference is reported in the 
optimal solution for both variants of the type of road 
infrastructure charges. When value p=2, which represents 
the Euclidean distance, is applied there is a difference in 
the optimal solution for both studied variants.  

 

Fig. 9. Comparison of ranking of the alternatives, for the 
variant with vignette. 

 

 Fig. 10. Comparison of ranking of the alternatives, for the 
variant with toll charges. 

5 Conclusion 

• A methodology for selecting a route and a mode of 
transport between the initial and final points based on 
the Compromise programming method has been 
developed. The advantages of this method are the 
application of the type of optimization for each of the 
criteria, and usage of the minimum distance to the ideal 
solution as an optimization criterion. 

• Information and expert approaches for decision-making 
are used to determine the criteria weights. An approach 
is proposed to determine the weightings of the criteria 

by determining the average weight for each factor from 
the application of two experts and one information 
method. 

• The determination of average weights by combining 
expert and informative method allows us to reduce 
subjectivism when making a decision. This approach is 
recommended for use in determining the weights of the 
criteria. 

• The effect of the Compromise programming parameter 
p on the choice of an optimal alternative has been 
examined. It was found out that at the Manhattan 
distance (p = 1) the introduction of the toll charges does 
not affect the optimal solution. The results show that 
carriage with container block trains is the optimal 
transport technology. This is due to the fact that this 
distance is not the shortest to the ideal solution. At 
Euclidean distance (p = 2), the introduction of this 
charge affects the optimal solution. It is appropriate to 
use the Euclidean distance to make a decision. The 
results obtained at this distance are identical to those 
obtained in [14]. 

• The influence of the road infrastructure charges 
(vignette and toll) on the choice of route and mode of 
transport is studied. It has been established that the 
introduction of toll charges influences the choice of 
optimal transport technology. 
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