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Abstract: This study is useful for railway operators as it enables them to verify their decisions against
the results of the application of the techniques of strategic planning and multi-criteria analysis.
It gives railway stakeholders concise, objective and unbiased information so that they can then
make decisions and also allows them to determine the strengths and sensitivity, of the best solution
found. This paper presents a methodology for the assessment of the policies of railway operators
using Strengths—Weakness—Opportunities—Threats (SWOT) criteria and the Sequential Interactive
Modelling for Urban Systems (SIMUS) method. The methodology of the research consists of two
stages. In the first stage, the alternatives of the policies for the railway operator are formulated; the
criteria in the SWOT group are defined; and the values of the criteria are determined for each of the
alternatives. In the second stage, the SIMUS method is applied to rank the alternatives and assess the
criteria in the SWOT groups. The criteria are interpreted as objectives and linear optimizations are
performed. A comparison between the desired values for each objective of the SWOT criteria and the
optimum values of the objective functions obtained by SIMUS was made. The methodology was
applied to the Bulgarian railway network. Three policies for railway operation were studied. The
total number of 17 railway policies criteria in the SWOT group were defined and assessed—three
strengths criteria, seven weaknesses criteria, three opportunities criteria and four threats criteria. The
results indicated that the best strategy is A3 (some reconstruction of the railway infrastructure and
new rolling stock on some lines), with the highest score of 3.76, followed by A2 (new rolling stock on
some lines), with a score of 2.71. The status-quo strategy (A1) has a very low score of 0.43, that the
current situation or status-quo cannot be supported. The weights of both strengths and opportunities
are both of the same importance with a weight of 0.180. It was found out that the clusters Weakness
and Threats are dominant with weights of 0.4 and 0.24 respectively. The results show that the weights
are all practically the same, about 0.06, and therefore, no discrimination by importance is possible.
The methodology makes it possible to consider the alternatives simultaneously, and in this way, the
results will reflect the effect of one criterion on all others, and permit us to quantify the differences
between expected and real results.

Keywords: Sequential Interactive Modelling for Urban Systems (SIMUS); Strengths—Weakness—
Opportunities-Threats (SWOT); Multi-Criteria Decision Making (MCDM); multi-criteria analysis;
transport policy; railway transport

1. Introduction

The present work attempts to determine the status of the railway network, regarding
its actual conditions and needs.

The Strengths—Weakness-Opportunities—Threats (SWOT) method is a useful proce-
dure to determine strategies, and Multi-Criteria Decision Making (MCDM) is an adequate
mechanism to select alternatives or projects subject to different types of criteria. There
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are papers published where both methods have been used jointly; in this sense, SWOT
identifying strategies and MCDM determine the best strategy. This paper, even when
using both procedures jointly, employs only the SWOT factors, that is Strengths—-Weakness—
Opportunities and Threats, the first two as internal or exogenous factors and the last two
as external or endogenous factors, which constitute the criteria This approach is different
from the normal procedure where the strategies are subject to a set of criteria.

This is not only a procedural novelty, but what is important about it is that using
SWOT factors, the result, obtained by MCDM, incorporates something valuable, which
is the analysis of the current situation, made by managers, as well as future decisions, to
address a complex railway problem. In this case, performance factors are real, obtained
from railway archives and statistics. These factors are not subjective, since they are based
on the daily operation of the railway, and thus incorporate the goals of the management.

It is important to determine quantitatively how much an improvement in one of these
factors affects the others, and how this is related to the needs of the company and the
necessity to get the best service, compared with other railways networks in European
countries. Consequently, using numbers for performance factors is not enough: those
numbers must somehow incorporate the opinion, suggestions, results from discussions,
etc., from stakeholders. This is the reason why we can consider this proposed procedure
to be different from others as it uses SWOT factors as criteria to evaluate policies in an
MCDM method.

The objective of this paper is to develop a methodology that can help to determine
the impact of one factor on the others, and how they are related in their influence. This
information is needed for the management to have balanced information of the railway
status, i.e., which sectors need maximum improvement and which need to have lesser
degrees of development or service.

The hypothesis of this research is that a suitable transport policy can be successfully
identified using the SWOT group criteria and Sequential Interactive Modelling for Urban
Systems (SIMUS) method which presents the criteria as objectives and uses the linear pro-
gramming method. The ranking of alternatives is performed taking into account multiple
objectives. The linear optimization models for each objective are solved consistently [1-3].
The research questions consist of the following issues: how to eliminate subjectivism
when assessing the SWOT group criteria; how to assess the current situation as well as
future consequences.

The aim of this research is to increase the level of decision making by integrating the
advantages of SWOT analysis with the advantages of the SIMUS method; to assess the
SWOT criteria and alternatives of strategic planning; to help transport managers in their
decisions on the analysis, comparison and the selection of a suitable strategy.

The application of a novel SWOT-SIMUS approach in this paper is presented in the
railway transport system. The importance of rail transport as a service is that it is an
ecological means of transport with a low carbon footprint as compared to road transport.

The case of the Bulgarian railway network is presented. The current situation shows
that the average technical speed of passenger trains is one of the lowest in Europe, which
is the reason for the low quality of the service offered. The low quality and capabilities of
rolling stock hinder the innovative development of railway infrastructure. A significant
proportion of the rolling stock operated on the national railway infrastructure is obsolete
and needs to be renewed and modernized. The existing structure of trains by type could
be improved through the implementation of new types of trains. The alternatives for the
improvement of the Bulgarian railway transport are presented and the best one is selected
on the basis of the proposed approach.

The advantages of the novel SWOT-SIMUS approach are as follows: it does not
use expert assessments to evaluate the criteria and rank the alternatives; it uses linear
optimization for each objective which allows us to determine the score of each objective;
it gives a ranking of the alternatives; the multi-criteria and multi-objective approaches to
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decision making are combined to increase the adequacy of the results; it also allows for the
weights of the criteria to be determined if the decision-maker wants to analyse them.
This paper is structured as follows. Section 2 shows the literature review; Section 3
presents the material and methods and explains the proposed new SWOT-SIMUS approach.
Section 4 shows the obtained results for the Bulgarian railway network and discussion.

2. Literature Review

Some authors consider only the problem with the formulation of the SWOT factors and
their assignment to the relevant group as strengths, opportunities, threats, and weaknesses.
The weights of the criteria in these cases are not determined. The application of SWOT
analysis is presented in [4]. The SWOT analysis of railway freight transport is conducted
in [5]. In [6] a SWOT analysis of China’s High-speed Rail was made. The strengths,
opportunities, threats, and weaknesses were formulated. The SWOT analysis was used
to develop city public transport strategies [7]. The SWOT analysis was applied to spatial
planning in the field of environmental resources management [8]. The railway sector
performance with 130 companies in Turkey was studied. The authors have elaborated
methodology to determine the most influenced factors on companies” competitiveness
performances based on four approaches SWOT Analysis [9]. The data for analysis were
collected based on questionnaires. The different approaches have different dimensions, but
it was found that the results given are similar. The SWOT analysis was also applied to study
the development strategy of automobile reverse logistics [10]; to analyse the underground
pedestrian systems [11].

Some authors integrated the SWOT analysis with the Quantitative Strategic Planning
Matrix (QSPM) approach. This approach has been applied to investigate ecotourism
development [12]. The model of sustainable urban development based on SWOT analysis
and quantitative strategic planning matrix (QSPM) was performed in [13]. A large number
of SWOT criteria were introduced. Eleven strengths criteria, nine weaknesses criteria,
fourteen opportunities criteria and ten threats criteria were listed and assessed through the
expert method with scores from 1 to 5. The SWOT strategies were evaluated and the most
attractive one was selected.

Some of the researchers combined the SWOT analysis with methods of multi-criteria
analysis. Many researchers combined SWOT analysis and Analytic Hierarchy Process
(AHP) or Analytic Network Process (ANP) methods. The combination of the AHP method
and SWOT analysis was applied to study the strategy of development of railway transport
in West Africa [14]. The authors formulated sub-criteria in each SWOT group. A total of
fourteen sub-criteria was studied. The weights of the sub-criteria were determined by using
AHP. The extension of SWOT analysis, named TOWS analysis, was used to determine the
relationships between the internal and external factors. Four different relationships, such
as SO, WO, ST, and WT were analysed through a combination of sub-criteria from these
groups. So, different strategies were formulated. The air, rail, water, truck, and intermodal
modes were studied to determine the transport strategy for Cape Breton Island [15]. A
SWOT matrix was formed, and SWOT factors in each group were defined. The authors
selected 20 factors (out of 55) to make a decision. The factors were ranked by using two
methods and expert assessment (multifactor process, and AHP method). The weights
were determined as average values of both methods. Finally, the transport strategies
were ranked. A hybrid “three-stage” SWOT model was elaborated in [16]. The model
was experimented with for the Worldwide Express Mail Service in China. The AHP
method was applied to evaluate the factors in each SWOT group and the priorities. The
strategic quadrilateral model and the gravity center were used to represent the market
position. The effective strategy was determined taking into account the maximum and
sub-maximum sub-array techniques. In [17], the authors used a combination of the AHP
method and SWOT analysis with the purpose to prepare an external analysis evaluation.
The SWOT matrix was applied to identify the opportunities and threats for the company.
The Long-Distance Passenger Transportation on a Highway Network was analysed by
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using the SWOT-AHP model [18]. Five strengths criteria, four weaknesses criteria, three
opportunities criteria and three threats criteria were defined and assessed by the AHP
method. The logistics strategy factors in terms of Strengths, Weaknesses, Opportunities
and Threats were defined and assessed in [19]. The combination of SWOT and AHP
methods was used. In each SWOT group were introduced three criteria. Their weights
were determined by applying the AHP method. In [20] the authors used a combination
of the AHP and SWOT methods to investigate urban planning. The best strategy for the
development of Urmia City was chosen. The tourism sector in Turkey was evaluated
through a combination of the SWOT and AHP methods. Four strengths criteria, five
weaknesses criteria, five opportunities criteria and five threats criteria were defined. The
weights of criteria were determined through the AHP method [21]. The SWOT alternatives
were examined. The combination of Analytic Network Process (ANP) and SWOT were
applied for ranking the energy automobile industry in China [22]; for evaluating natural
gas strategies [23].

In order to improve the decision-making process, another group of authors integrated
more multi-criteria methods with SWOT analysis. The SWOT analysis was combined
with the Decision-Making Trial and Evaluation Laboratory (DEMATEL), analytic network
process (ANP), and TOPSIS and VIKOR methods [24]. The DEMATEL method was used
to determine the relationship between the criteria in the SWOT group. The weights of
criteria were calculated by using the ANP method. The strategies were prioritized with the
TOPSIS method, and compared through the VIKOR method. The SWOT analysis was also
combined with ANP and VIKOR methods in [25].

Some authors used fuzzy sets and fuzzy multicriteria methods to take into account
the uncertainty of the processes. In these cases, some research combined fuzzy variants
of the AHP method with SWOT analysis. The SWOT analysis was integrated with the
neutrosophic (N-AHP) approach for Strategic Planning [26]. The triangular neutrosophic
numbers were used. In [27] there was proposed a new combined model including the
SWOT analysis and intuitionistic fuzzy AHP (IF-AHP) methods to determine the weights
of the criteria in the SWOT groups. The model was applied in reverse logistics. Six
strengths criteria, five weaknesses criteria, five opportunities criteria and five threats
criteria were defined and assessed through the IF-AHP method. An integrated approach
based on axiomatic fuzzy set (AFS) theory, analytic hierarchy process (AHP), simple
additive weighting (SAW) and SWOT analysis was proposed in strategic planning [28]. A
case study of the tourism industry was presented. The SWOT group criteria included four
strengths criteria, four weaknesses criteria, three opportunities criteria and four threats
criteria. Six alternatives were evaluated.

A hybrid approach based on Fuzzy AHP, Fuzzy TOPSIS methods and SWOT analysis
was applied in [29] to assess alternative railway lines. The criteria in the SWOT group were
determined through Focus Group Discussion. The combination of AHP and fuzzy TOPSIS
with SWOT analysis was also demonstrated in [30]. The most appropriate strategic plan
for energy cooperation was proposed, by evaluating four alternatives identified from the
SWOT analysis. The methodology was used for the case of Morocco and Egypt. In [31] the
authors applied the integration of the AHP method, fuzzy TOPSIS and SWOT analysis to
evaluate the electricity supply chain. The total number of 48 criteria in the SWOT group
were studied and ranked—12 strengths criteria, 15 weaknesses criteria, 12 opportunities
criteria and 9 threats criteria. The SWOT analysis was integrated with the Fuzzy Preference
Ranking Organization Method for Enrichment Evaluations (F-PROMETHEE) method for
the selection of the optimal toll collection system [32]. The alternatives were analysed based
on the SWOT analysis according to their strengths, weaknesses, opportunities and threats.
Five groups of criteria and sub-criteria in each group were defined and assessed through
fuzzy numbers and pair-wise comparison. The alternatives were ranked according to the
PROMETHEE method. The city’s transportation system strategies were evaluated and
prioritized based on SWOT analysis and fuzzy complex proportional assessment (COPRAS)
method [33]. The authors defined six strengths criteria, eight weaknesses criteria, four
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opportunities and four threats criteria. Based on SWOT analysis, the strategies of transport
development were proposed and evaluated using the economic, environmental, and social
indices of the COPRAS method.

An integrated SWOT-FUZZY PIPRECIA model was formed to analyse and improve
logistics performances [34]. The transport of goods was studied. The internal and external
factors were determined. The authors listed six strengths factors, six weaknesses factors,
five opportunities factors and six threats factors. The criteria evaluation was performed
using a linguistic scale and fuzzy triangle numbers. The ranking of SWOT group criteria
was performed. A complex model for strategic planning for a holding car manufacturer
company was elaborated in [35] on the basis of a fuzzy quantitative strategic planning
matrix (FQSPM) and SWOT analysis. The FQSPM method was applied to assess the un-
certainty of the criteria. A large number of SWOT criteria were analysed. Their number
was reduced on the basis of their weights using Gap analysis with fuzzy data ranking.
Five alternatives were compared. The evaluation of the performance of the alternatives
and the selection of the best one was made through a comparison using several fuzzy
multi-criteria methods—ARAS-F, COPRAS-F, Fuzzy MOORA, and Fuzzy TOPSIS methods.
In [36] the authors combined three methods, SWOT analysis, Hesitant Fuzzy Linguistic
Analytic Hierarchical Process (HFL-AHP) and Hesitant Fuzzy Linguistic Multi-Attributive
Border Approximation Area Comparison (HFL-MABAC) to prioritize health tourism strate-
gies. The authors defined twenty-four criteria for SWOT analysis and eight alternatives.
The hesitant fuzzy linguistic approach was used to take into account the uncertainty of
the process.

Some authors combined the SWOT approach with mathematical optimization [37,38].
The fuzzy SWOT analysis and fuzzy linear programming were used together for supplier
selection [37]. The weights of criteria in the SWOT groups were determined using linguistic
variables and expert assessment. The fuzzy linear mathematical model was elaborated to
determine the quantity from each supplier. The weights were used as an input to the model.
Another model for supplier selection was elaborated on in [38]. The authors combined the
SWOT analysis and integer linear programming (ILP). The experts assessed the criteria in
the SWOT groups. The weights of criteria were calculated based on Shannon entropy. The
results were applied as input for the ILP model to select a supplier. It can be concluded
that in the cases of combination of SWOT analysis with mathematical optimization, the
expert evaluation was also used to determine the weights of the criteria, which increases
the subjectivity of decision-making.

Some authors applied a combination of SWOT analysis and political, economic, social,
technological, legal and environmental (PESTLE) analysis to identify both the internal and
external factors that have an impact on the studied system. In [39], the SWOT/PESTLE
analysis was used to determine the factors that have a positive or negative effect on the
adoption and successful implementation of a port energy management system. In [40] a
SWOT/PESTLE analysis was utilized to show different policies and initiatives, related to
e-mobility, renewable energies and information and communication technology, collected
from five European regions. The Drain Water Heat Recovery Units in Poland were studied
using a SWOT /PESTLE analysis [41].

The common denominator in all cited studies is the evaluation of the SWOT criteria; the
subjective approach by using expert assessments; the application of the multi-criteria approach.

SIMUS is a multi-criteria method that does not use experts and evaluation scales. It is
based on the linear programming method and this is its main advantage. The criteria are
considered as objectives. The difference between this study and related research is in the
absence of subjectivity, which is a novelty in this field.

3. Materials and Methods
Figure 1 shows the scheme of the methodology.
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Figure 1. Scheme of the methodology.

The methodology of the research consists of two stages:

- Inthefirst stage, the alternatives for the policies of the railway operator are formulated;
the criteria in the SWOT group are defined; the values of the criteria are determined
for each alternative. In this stage, the decision matrix is formed. It should be noted
that the alternatives are not SWOT strategies which are pairs of factors, for example,
Strength—-Opportunities strategy or another.

- In the second stage, the SIMUS method is applied to rank the alternatives and assess
the criteria in the SWOT groups. A comparison is made of the desired values for
each objective of the SWOT criteria and the optimum values of the objective functions
obtained by SIMUS.

3.1. Determination of the Alternatives

The alternatives in this research represent strategies of the railway operator about the
policies for railway transport. The case for the Bulgarian railway is considered as follows:
there are three alternatives, or strategies, the first of which is to maintain the state of affairs
as it is; the second, to replace the rolling stock only on some lines of the network, which is
a partial improvement; the third, partial improvement on some lines with replacement of
some of the rolling stock and also partial improvement of the railway infrastructure.

The characteristics of the alternatives are presented as follows:

Al—Maintain the current situation in the railway service, or status quo. In this alter-
native, nothing is done. Only some sections are rehabilitated to increase speed according
to [42].

A2—New rolling stock on some lines. It means a staged update of rolling stocks.
At the moment the government has decided to purchase new rolling stock (locomotives
and electric multiple units) The delivery of new locomotives is part of BDZ'’s (Bulgarian
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State Railways) plans for modernization and improvement of the railway service. With
the purchase of new rolling stock, the goal is to replace 50% of the rolling stock by 2024.
BDZ already has three new locomotives, which run on trains on the Sofia—Burgas—Sofia,
Sofia—Varna-Sofia and Sofia-Svilengrad-Sofia routes. It is planned that up to 16 new
electric multiple units will serve fast intercity trains for trips over 3 h along the main
Bulgarian railways.

A3—Some reconstruction of the railway infrastructure and new rolling stock on
several lines. It means the rehabilitation of the railway lines financed under [42], and it is
currently underway.

3.2. Defining the Criteria in SWOT Groups

The definition of the criteria depends on the transport policy assessment. It is nec-
essary to define the criteria in the SWOT groups that are related to the capabilities of the
transport operator and the requirements of passengers for transport. The main criteria to
evaluate the transport plan in railway transport are defined in [43] as follows: transport
satisfaction, trains/day; operating costs, EUR/day; the average number of train stops;
reliability; average operational speed, km/h; directness. The main criteria for evaluation
of the transport plan by railway and road transport in parallel routes were defined as
follows: environmental criteria refer to the carbon dioxide and pollutant emissions during
transportation; economic criteria include operational costs, fares, infrastructure charges,
ticket price; technological criteria including the time spent travelling in hours, possibility of
transportation from door to door, duration of transshipment operations; and social criteria
refer to comfort, safety and reliability [43]. The criteria in the SWOT groups are defined
taking into account the criteria defined in [43] related to railway planning.

In this study the SWOT criteria can be defined as quantitative and qualitative. The
quantitative criteria are set with their values for each of the studied alternatives. The
quality criteria are set in the following ways: with a scale for evaluating the performance of
the respective criterion or by using the answer “yes” or “no”. In the first case, the following
rating scale is selected: 0, 1, 2 or 3. The value “0” indicates non-fulfilment of the respective
indicator; a value of “1”, “2” or “3” means low, medium or high performance respectively.
In the second case, if the answer is “yes”—*1"is written, otherwise—"0".

In this study, the following criteria in the SWOT groups (clusters) are proposed:

3.2.1. Internal to the Railway

Strengths (S), in the network, with the following criteria:

S1—Ecological transport with low CO; emissions. The values of CO, emissions are
determined according to the electricity generated for railway traction. The electric-multiple
unit trains have lower energy consumption, which allows for a reduction of the emissions
with approximately the same number of trains on the lines. Naturally, power consumption
increases proportionally to the speed increment; consequently, the goal of this criterion is
to minimize electric consumption.

52—Security in the network. The values of this criterion are 1 or 2, which shows the
level of security. The current situation (A1) has a value of 1, while A2 and A3 have a value
of 2, taking into account that the new rolling stock and the reconstructions on railway
infrastructure increase the level of security of transport. The objective of this criterion is to
maximize security.

53—Reliability of the network. This criterion is assessed as 1, 2 and 3. Al is valued as 1.
A2 is assigned 2, considering that the renovation of rolling stock increases the reliability of
transport. The value of 3 is appropriate A3 because it offers increased reliability—on the
one hand by the rolling stock and on the other by the railway. The objective of this criterion
is to maximize reliability.

Weakness (W), with the following criteria:

W1—Weak position in the transport market. This criterion can have values of 1, 2 or 3.
Al is assessed as 1. The position of railway transport on the market of transport services
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improves, with the improvement of the condition of the rolling stock and railway infras-
tructure, as quality, comfort, safety and reliability of transport increase. Value 2 denotes
improving the market position of the railway due to rolling stock renewal. Value 3 shows
an increase in the railway market position. The objective of this criterion is maximization.

W2—Low frequency of transportation (pair trains/day). This criterion shows the
possibilities of the rail operator to meet the needs of passengers for transport. The number
of trains increases when the railway infrastructure is improved. The objective of this
criterion is maximization.

W3—Low operating speed (km/h). The operating speed is determined as an average
of all fast and high-speed trains in the railway network. The operating speed includes the
train speed and the duration of the stops at the stations along the route. In the current
situation (A1), the operating speed is low, because many sections of the railway have a low
permissible speed. The increase of the operational speed is achieved with the reconstruction
of the infrastructure. The renovation of rolling stock allows for the reduction of downtime
due to accidents, technical failures, and an insufficient number of locomotives. The value
of this criterion increases when there are conditions for some trains to run at high speed.
The objective of this criterion is maximization.

W4—High operating costs (EUR/day). Operating costs depend on the number of
trains. Costs for investment in rolling stock, as well as for reconstruction are not taken into
account. The objective of this criterion is minimization.

W5—Few direct trains. This means services between the start and endpoints with a
reduced number of intermediate stops. This criterion may have the following values: 0 or 1.
The current situation (A1) is characterized by two categories: Fast trains with mandatory
reservation, which serve big administrative and transportation centres. Fast trains which
do not require mandatory reservation and also serve additional municipal centres. The
value of this criterion for the current situation (A1) is 0. The introduction of direct express
intercity trains, which have reduced stops in only a few places along the route, increases
the directness of the journey and reduces travel time. The renewal of the rolling stock,
as well as the reconstruction of the infrastructure, increases directness, therefore, A2 and
A3 have a value of 1, which means direct express routes. The objective of this criterion
is maximization.

Wé6—Increased average number of stops. This refers to the average number of stops
per train, taking into account all fast and accelerated fast trains on the railway network.
Two aspects of this criterion must be considered. The first one is that the increased number
of stops provides a better frequency of service to the settlements. The second is that due
to the decrease in the number of stops, the operating speed increases, and the travel time
between the start and end point decreases. In addition, it should be borne in mind that
express intercity trains with a mandatory reservation must ensure the directness of travel,
i.e., reduced number of stops along the route. In this research, the objective of this criterion
is maximization as the reduced number of stops on express trains increases the directness
and speed of travel.

W7—Low comfort. Travel comfort is expressed by ensuring the convenience of
travelling in clean, renovated or renewed rolling stock. The values of this criterion are 0,
1 or 2; the higher the values the greater the comfort. The value of the criterion for Alis 0;
for A2is 1; and for A3 is 2, as increasing speed increases the stability of the journey. The
objective under this criterion is maximization.

3.2.2. External to the Railway

Opportunities (O), with the following criteria:

Ol1—Possibility of a European Rail Traffic Management System (ERTMS) system.
ERTMS is a new train signaling and traffic management system, created to assist interoper-
ability by using a unique signaling and communication standard throughout Europe. There
are three levels of the application of ERTMS. The new rolling stock and the reconstruction
of railway infrastructure to increase the maximum speeds allow for the application of a
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higher level of ERTMS—Ilevel 2. Currently, the level on the main lines of the Bulgarian
railway network is 1. This criterion may have the following values: 0 or 1. The objective of
this criterion is maximization.

O2—Increase the speed of trains. Increasing speed depends on the quality and
capabilities of the railway infrastructure. The values of this criterion are 0, 1 or 2. A high
value indicates high speed. The new rolling stock allows for increased speed when there
are no restrictions on the railway infrastructure. In this case, the value of the criterion is 1.
When, in addition to renewed rolling stock, there is also a reconstruction of the railway
infrastructure, the possibilities for high speeds increase significantly. The value of the
criterion is 2 for alternative A3. The objective under this criterion is maximization.

O3—Opportunities for additional services. The values of this criterion are 0 or 1. The
new rolling stock has equipment with modern information systems, and WI-FI networks
on the trains. The objective under this criterion is maximization.

Threats (T), with the following criteria:

T1—Delayed purchase of rolling stock. This means a delay in the scheduled purchas-
ing time due to financial and other reasons by the railway operator. The values of this
criterion are 0 or 1. The value of 1 indicates a lack of purchase of rolling stock or delay in
the purchase plan. The delayed purchase affects alternatives A2 and A3. Value 1 shows the
implementation of the new rolling stock in operation on the planned routes in the railway
network. Value 0 is set for the current situation (A1). The objective under this criterion
is minimization.

T2—Increasing the quality of road infrastructure. Improving the condition of road
infrastructure makes it possible to increase the speed of cars and buses in parallel routes
to railway transport. The current situation indicates priority use of road transport. The
possible values of this criterion are 0 or 1. Value 1 shows a preference for road operators.
The attractiveness of railway transport services increases when it offers comfortable, high-
speed and safe transport. Road infrastructure affects Al and A2. In these cases, the
railway infrastructure has to be competitive on parallel lines with road infrastructure.
Alternative A3 is competitive on parallel lines with road infrastructure because the railway
infrastructure was improved. The objective under this criterion is minimization.

T3—Increasing the speed of road transport. The increase in speed on motorways
successfully competes with the low speeds on rail transport in the current situation. The
values of this criterion are 0 or 1. The objective is minimization.

T4—Decline in traffic. The reduction of traffic may be due to various reasons such
as pandemics, natural conditions and others. The reduction is not the same for different
modes of transport. The value of the traffic reduction depends on the conditions offered
by the carrier and the transport infrastructure. Passengers’ preferences for rail transport
in pandemic conditions are reduced in favor of car travel. The values of this criterion are
0 or 1. It is equal to 0 when the reduction in traffic does not affect the position of railway
transport on the transport market. The value of 1 applied otherwise. The objective here
is minimization.

3.3. SIMUS Method Application and Selecting the Best Strategy

The SIMUS method is based on Linear Programming, Weighted Sum and Outrank-
ing [1-3]. This approach considered the criteria as objectives in Linear optimization models.
The initial decision matrix is formed with alternatives in columns and criteria in rows, and
the normalization of the matrix is performed. Then, the linear optimization models are
formed taking each criterion as an objective, and the optimal scores for the alternatives
are determined. These scores are placed in an Efficient Result Matrix (ERM). This matrix
is considered to be a new decision matrix, composed of the optimal values. The SIMUS
procedure applies two different multi-criteria procedures to rank the alternatives. The first
is based on the Weighted Sum method and the second one uses an outranking approach
forming a new matrix, called Project Dominance Matrix (PDM), that determines the best
alternative. The results of both methods give the same ranking. This approach serves to
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validate the results. The SIMUS method also gives the marginal utilities for each criterion,
and allows us to determine the robustness of the solution.

Once defined the alternatives and the corresponding criteria are defined, it is necessary
to bear in mind that this MCDM analysis is not looking for optimality, because normally it
does not exist in multi-criteria problems, but to reach a compromise solution, i.e., a balance
between all demands established by the alternatives (strategies). The reason lies in the
fact that normally criteria or objectives are sometimes opposite, and because the method is
aimed at maximizing some, while minimizing others, as in the case of maximizing benefits,
and at the same time minimizing costs, consequently, an intermediate solution needs to
be found. This is a complex problem and there is a large array of mathematical methods
to solve it. In this work, the SIMUS method was chosen among them, since it allows for
modelling the scenario as close as possible, and this is of paramount importance because
if the modelling is imperfect, incomplete or biased, the result or the selection of the best
strategy is not reliable or credible.

4. Results and Discussion

This research includes the following technical limitations: infrastructure restrictions
on the maximum permitted train speed; restrictions on the maximum number of trains
on railway lines; limitations on the available number of rolling stock for train service;
restrictions for implementation of the rehabilitation of the sections of the railway lines,
according to the operational program transport. From the software point of view, there are
no limitations. It can work with hundreds of alternatives and criteria.

4.1. Determination of the Initial Decision Matrix. Performing the SIMUS Procedure

Table 1 presents the initial decision matrix (in the case of the Bulgarian railway
network) for the analysis and selection of a suitable policy for railway operators. It is
formed with alternatives in columns and criteria in rows.

Table 1. Initial Decision Matrix.

. Alternatives
Criteria
Al A2 A3

S1 28,370.00 23,511.00 25,225.00
S2 1.00 2.00 2.00
S3 1.00 2.00 3.00
W1 1.00 2.00 3.00
W2 37.00 38.00 38.00
W3 63.00 64.00 80.00
W4 52,615.00 50,807.00 51,957.00
W5 0.00 1.00 1.00
Wé6 16.19 15.45 15.45
W7 0.00 1.00 2.00
01 0.00 1.00 1.00
02 0.00 1.00 2.00
03 0.00 1.00 1.00
T1 0.00 1.00 1.00
T2 1.00 1.00 0.00
T3 1.00 1.00 0.00
T4 1.00 0.00 0.00

Alternative A1 presents the current situation and includes fast and accelerated fast
passenger trains. The accelerated fast trains have mandatory seat reservations and serve
major cities and transport nodes. The trains are composed of wagons. The average technical
speed of movement of passenger trains is one of the lowest in Europe. At a design speed
of 120-130 km/h, the movement of trains is achieved at 75-80 km /h, and in certain areas,
it is limited to 40-60 km/h in order to ensure traffic safety [44]. A significant part of the
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rolling stock does not meet European standards regarding comfort and quality. The existing
structure of trains by type could be improved through the implementation of new types
of trains.

Alternative A2 offers three categories of trains—fast trains, accelerated fast trains and
direct express trains. The direct express trains are intercity trains that have also mandatory
seat reservations and serve major transport and administrative centres. They have a lower
number of stops in comparison to accelerated fast trains. Express trains and accelerated
fast trains in alternatives A2 and A3 are composed of novel EMUs. As Alternatives A2
and A3 include fewer stops the value of criterion W6 decreases. The number of trains for
alternatives A2 and A3 increases due to the replacement of old rolling stock with new ones.
The new electric multiple unit trains (EMU) are characterized by lower electricity consump-
tion compared to trains composed of wagons and locomotives due to their lower mass.
The inclusion in the scheme of transport of a new generation of trains leads to a reduction
of electricity costs and, accordingly, of carbon dioxide emissions for the production of
electricity by the power plants. The increase in electricity consumption for alternative A3 is
due to the movement of trains with increased maximum speed 100-120 km in the direction
Sofia-Plovdiv-Burgas (this is part of the core TEN-T network). The introduction of novel
EMUs leads to a reduction of direct operating costs by 3.44% for A2, and upon completion
of the rehabilitation of the railway infrastructure by 1.25% for A3 (Table 1—criterion S1).

Figure 2 shows the scheme of the itineraries of the passenger trains in the Bulgarian
railway network.
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Figure 2. Scheme of the itineraries of the passenger trains.

The values of criteria W5, O1, O3, T1-T4 are determined using scale 0, 1. The values
of criteria S2, S3, W1, W7, O2 and O3 are determined using a scale of 0, 1, 2, 3.

The next step in the model is to form the normalized matrix. The normalization could
be performed in different ways. This study uses the Sum of All Values method. Table 2
shows the normalized matrix, the type of actions for each criterion, the type of the operator
for the restrictive conditions, the limits called “Right Hand Side” (RHS). The values of the
RHS are obtained from the left normalized values and the type of action. In the case of
minimum, RHS is equal to the minimum value of the row; in the case of maximum, the
RHS value is equal to the maximum value of the row in the normalized matrix. The type of
operator depends on the type of objective function. In the case of maximum, the operator
is “<”; in the case of minimum, the operator is “>".
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Table 2. Normalized Sum Matrix.
Alternatives
Criterion  Obijective Action Operator RHS
Al A2 A3
S1 71 0.37 0.30 0.33 Min > 0.30
S2 72 0.20 0.40 0.40 Max < 0.40
S3 73 0.17 0.33 0.50 Max < 0.50
W1 74 0.17 0.33 0.50 Max < 0.50
W2 Z5 0.33 0.34 0.34 Max < 0.34
W3 76 0.30 0.31 0.39 Max < 0.39
W4 77 0.34 0.33 0.33 Min > 0.33
W5 Z8 0.00 0.50 0.50 Max < 0.50
Weé6 79 0.34 0.33 0.33 Min > 0.33
W7 Z10 0.00 0.33 0.67 Max < 0.67
01 Z11 0.00 0.50 0.50 Max < 0.50
02 Z12 0.00 0.33 0.67 Max < 0.67
03 Z13 0.00 0.50 0.50 Max < 0.50
T1 714 0.00 0.50 0.50 Min > 0.00
T2 715 0.50 0.50 0.00 Min > 0.00
T3 716 0.50 0.50 0.00 Min > 0.00
T4 717 1.00 0.00 0.00 Min > 0.00

The linear optimization models are performed by using the data in Table 2. For
example, the first optimization linear model is formed for the first objective Z1(criterion S1)
as follows:

Z1 = 0.37x1 + 0.30x3 + 0.33x3 — Min, 1)

where: x; represents the score of each alternative, i = 1,2, 3.
The restrictive conditions for the optimization model are formed by using the others
rows of the ERM matrix. For example, for criterion S2, the restrictive condition is:

020x7 + 0.40x5 + 0.40x3 < 0.40 @)

The restrictive conditions are formed successively using all other rows in the Nor-
malized Sum Matrix. The final restrictive condition for the first optimization model is
performed by criterion T4 (objective Z17) based on the data in the last row in the Normal-
ized Sum Matrix, as follows:

1.00x; + 0.00x, + 0.00x3 > 0.00 6)

For all variables:
0<x1,x,x3<1 4)

Similar optimization linear models are performed for all other criteria.

Table 3 shows the results of the linear optimization of each criterion. Each row
represents the values of the scores of the alternatives according to the optimization models
by applying each criterion as an objective function. The Efficient Results Matrix (ERM) is
formed. The values of the objective functions for each linear model (LHS) are given in the
last column of the table.
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Table 3. Efficient Results Matrix (ERM).

Alternatives iacti i
Criterion Objective Objective Function
Al A2 A3 Value (LHS)
S1 Z1 0.00 0.00 0.00 0.30
S2 72 0.00 0.00 0.00 0.40
S3 73 0.00 0.00 1.00 0.50
W1 74 0.00 0.00 1.00 0.50
W2 Z5 0.52 0.00 0.00 0.42
W3 Z6 0.00 0.00 1.00 0.39
W4 77 0.95 0.00 0.00 0.32
W5 Z8 0.00 1.00 0.00 0.50
W6 79 0.00 0.00 0.98 0.32
W7 Z10 0.00 0.00 1.00 0.67
01 711 0.00 0.00 0.00 0.50
02 712 0.00 0.00 1.00 0.67
O3 Z13 0.00 1.00 0.00 0.50
T1 Z14 0.97 0.00 0.00 0.00
T2 Z15 0.00 0.00 1.00 0.00
T3 716 0.00 0.00 1.00 0.00
T4 717 0.00 1.00 0.00 0.00

4.2. Preliminary Analysis

Table 4 shows a preliminary analysis and makes a comparison between the desired
values for each objective for SWOT criteria, which are identified as RHS, and the optimum
values of the objective functions obtained through SIMUS (LHS). The optimal values for
the criteria must not be confused with the lack of optimal values for the strategies. When
there is equality of the LHS and RHS, it means that the objective is satisfied 100%.

Table 4. Preliminary analysis.

Objective

Criterion Objective Option LHS RHS Satisfied? Comment
S1 Z1 Min 0.30 0.30 Yes The objective is satisfied 100%
52 z2 Max 0.40 0.40 Yes The objective is satisfied 100%
S3 z3 Max 0.50 0.50 Yes The objective is satisfied 100%
W1 Z4 Max 0.50 0.50 Yes The objective is satisfied 100%
The maximum value found is greater

w2 5 Max 042 0-34 No than the established value

W3 Z6 Max 0.39 0.39 Yes The objective is satisfied 100%

. The minimum value found is lower
wi z7 Min 032 0.3 No that the established one
W5 Z8 Max 0.50 0.50 Yes The objective is satisfied 100%

. The minimum value found is lower
we 29 mm 032 0.3 No than the minimum established
W7 Z10 Max 0.67 0.67 Yes The objective is satisfied 100%

01 711 Max 0.50 0.50 Yes The objective is satisfied 100%

02 712 Max 0.67 0.67 Yes The objective is satisfied 100%

03 Z13 Max 0.50 0.50 Yes The objective is satisfied 100%

T1 714 Min 0 0 Yes Purchasing of rolling stock does not
show any advance

. The minimum value found is greater
12 215 Min 0:50 0 Yes than the minimum established

. The minimum value found is greater
T3 716 Min 0.48 0 Yes than established
T4 717 Min 0 0 Yes No variation

In bold are very important objectives.
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Comparing the LHS and RHS columns, it can be seen that a series of criteria coincide
with the same series of objectives, regarding the mathematical symbol. For instance, S3,
calling for maximization, and with an LHS value of 0.50, must be less than or equal (<)
to RHS with also a value of 0.50. Other criteria, such as W2 show, also for maximization,
that LHS is less or equal than objective Z5. Another criterion such as W4, aimed for
minimization, has an LHS value of 0.32, whilst it is lower than the RHS values by 0.33.

However, it is worth noting that there is also a series of criteria that shows no coin-
cidence between LHS and RHS. While a coincidence indicates that the objective is 100%
satisfied, the opposite, a lack of coincidence, shows that it is not satisfied, either in deficit
or in excess. The last case appears to be contradictory, but it is not.

Assume that a criterion such as investment requires maximization, and whose LHS is
greater than RHS which is the maximum amount of funding available. Consequently, this
would indicate that the value of the objective surpasses the maximum amount of money
available, and thus, making the objective not feasible. This is the case of W2 (frequency
of trains), whose value is 0.42, and is thus larger than the objective which is 0.34. The
meaning is that at present, there are more frequencies than those recommended by the
software when this criterion is compared with others, with which it interacts in both
ways. For criterion W6 (average number of stops), it is the opposite, since it aims for
a minimum number of 0.33 and the computation shows 0.32. Remember that all these
values are normalized and then correspond to integer values in the initial decision matrix.
Consequently, the minimum desired number of stops determined by studies and surveys
is not satisfied. It can be seen how this procedure allows for the identification of facts
that perhaps were not considered at first sight, and that are also a consequence of the
interaction of the criteria. For instance, it shows that there could be a link between higher
frequency (W2) and operating costs (W4). Perhaps an analysis by stakeholders may show
the necessity to decrease frequency, to save in operating costs. It can be seen how this
procedure may pinpoint aspects that need to be examined.

Table 4 is prepared on the ERM, where each objective combines with its option, Max
or Min, and LHS and RHS values. Out of the 17 objectives, there are 6 significant ones.
They are objectives Z5, 27, 79, Z14, Z15, Z16 and are in bold.

Objective Z5 refers to the frequency of trains, which naturally must be maximum. Ob-
serve that the computed value or LHS (0.42) is greater than the maximum value established
(0.34) in the original table. This means that the actual frequency is higher than expected,
which is obviously something positive for passengers, but possibly not so good for railway
finances, and possibly related to a strain on operating costs.

Objective Z7, operating costs, which naturally must be minimized, shows that the
railway is spending a little less (0.32) than the desired (0.33). This could be related to the
diminishing number of passengers or less funding available, or too high frequencies as
objective 5 shows. It is interesting to have a look at what statistics say. The reference [45],
shows a steady decline in the number of passengers, 2422 million passengers.km in 2006, to
1438 in 2017, with a slight recovery in 2018 and 2019 (1524 million passengers.km). That is,
these statistics may confirm the lower expenditure shown in operating costs in Table 1 due
to a lower number of passengers transported. As a matter of fact, and from the financial
point of view, [46] shows a set of five financial indicators as IRR and NPV for investment
in seven railway projects; four of them show negative returns, while IRR for capital, is the
only one that shows a maximum value of 0.03. This lack of investment incentive may lead
to not enough funding to have a reasonable operating cost level.

For objective Z9 (Average number of stops), interpreting the numbers from the table we
find that apparently the minimum number of stops is not reached. This can be interpreted
as positive or negative. Positive—as it means lower operating costs and increasing speed.
Negative—as it may produce a reduction in the number of passengers.

For objective Z14 (Delayed purchase of rolling stock), it shows that RHS = 0; it then
suggests that no long-term plans are in study to renovate the equipment, however, the
computed value of 0.50 suggests that this must be considered as very important and in a
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high value. This is confirmed by the study in [47] which says, about Bulgaria, that more
than 75% of all transport funding should be allocated for: 1—Public urban transport system;
2—Integrated regional and suburban public transport systems 3—Railways (infrastructure
and passenger rolling stock), 4—Intermodal infrastructure for shifting freight from road to
rail, 5—Bicycle lanes and paths, and 6—Traffic management systems. We believe that for
the development of the sustainable transport system in the country and for reversing the
current dangerous trends of the predominant use of road transport there is a need for a
new approach in transport investment.

For objective Z15 (Increasing Road quality), Bulgaria has about 20,000 km of paved
routes, which seems very high in a country of 7,300,000 inhabitants with only one major
city—Sofia, with about 1,300,000 people, and several low medium-size cities of about
350,000 inhabitants each. The territory of Bulgaria is not very large; it is about 111,000 km?
and ranks in 16th place among 51 European countries. This fact means that its density
is 266 people/km?, which is low, and decreasing. Thus, it would be worth examining
the occupancy rate of the wagons which is linked with criterion W1 in the transportation
market, and W4, operating cost. This objective is ambitious, and speaks very well of the
road infrastructure whose value of 0.50 is higher than the RHS value of 0 (or no plans).
Nevertheless, railways have the advantage of the larger quantity of passengers and freight
they can transport in comparison with busses, from the point of view of weight (and thus
road conservation), passengers’ comfort, fuel consumption and contamination.

Objective Z16 (Increasing speed of road transportation), with a value greater than
RHS, suggests the advantage of the road system.

Objective Z17 (Decline in traffic), shows no plans since RHS = 0, and then that whatever
plan comes is OK.

The results show that the areas that must be improved are related to service (speed,
number of stops, travel time, directness, costs, etc.) as well as those areas where it is
necessary to work together with the country road development program, due to the
competition between the two systems in those zones where the road and the rails run in
parallel. The case is interesting since Bulgaria has some highways with a maximum speed
of 140 km/h, while new rolling stock can reach 160 km/h.

4.3. Determination of the Weights of Criteria

The SIMIUS method does not use the weights of criteria for ranking the alternatives.
This method is based on Linear Programming (LP) and the use of the Simplex algorithm.
Linear Programming does not use any type of weights, and for that reason, they are not
needed in the SIMUS method. LP works following an iterative process until it finds the
optimal solution (if it exists). LP uses a vector procedure to establish a ranking between
criteria, and thus, for each iteration, every criterion gets a new significance. In this way,
the criteria significance is dependent on the set of alternatives to evaluate. It is a similar
concept to using Shannon entropy, to evaluate criteria weights. There is no subjectivity here,
everything is objective, and then, it does not matter who or how many decision-makers
intervene. The result is always the same, and based on the initial data.

In this study, the Efficient Results Matrix (ERM) is used to determine the weights
of criteria with the aim to assess the impact of the SWOT criteria. For this purpose, the
maximum of each row is determined. Table 5 presents the weights of the criteria for the
SWOT group determined by the proposed approach.
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Table 5. Weights of objectives using the SIMUS method.
SWOT Criteria Alternatives Max of  Normalized Weights
Al A2 A3 the Row Value SWOT
S1 0.00 1.00 0.00 1.00 0.060
S S2 0.00 1.00 0.00 1.00 0.060
S3 0.00 0.00 1.00 1.00 0.060 0.180
W1 0.00 0.00 1.00 1.00 0.060
w2 0.52 0.74 0.00 0.74 0.045
W3 0.00 0.00 1.00 1.00 0.060
w W4 0.95 0.00 0.00 0.95 0.057 0.401
W5 0.00 1.00 0.00 1.00 0.060
Wo6 0.00 0.00 0.98 0.98 0.059
W7 0.00 0.00 1.00 1.00 0.060
01 0.00 1.00 0.00 1.00 0.060
(@) 02 0.00 0.00 1.00 1.00 0.060 0.180
03 0.00 1.00 0.00 1.00 0.060
T1 0.97 0.00 0.00 0.97 0.058
T2 0.00 0.00 1.00 1.00 0.060
w T3 0.00 0.00 1.00 1.00 0.060 0.238
T4 0.00 1.00 0.00 1.00 0.060
Total 16.64 1.000 1.000

The global weights are calculated by dividing these values by the sum of the maximum
of the rows. Then, the weights of the SWOT groups are calculated. The results from the
different SWOT clusters clearly show that weaknesses and threats are prevalent in the
Bulgarian rail network. Both SWOT factors show sharp quantitative differences with their
counterparts, i.e., strength and opportunities, both with the same importance or weight
of 0.180, as shown in Table 5. However, this is also significant since it shows that both
favorable conditions exist in the network. Consequently, there is room for improvement. If
the criteria are considered, it can be seen that the weights in Table 5 are all practically the
same, about 0.060, and therefore, no discrimination by importance is possible. However,
observe that it is shown that although clusters Weakness and Threats are dominant, their
criteria have the same weights as those of Opportunities and Strength.

4.4. Ranking of the Alternatives

The SIMUS algorithm produces an efficient matrix, where each of its rows is a Pareto
Efficient solution, and thus, optimal. From this matrix, which is a mapping of the original
matrix, SIMUS obtains two results. The first, following the Weighted sum procedure, and
the second, based on Outranking. Both results coincide in their rankings, and then they
mutually check their results.

The results obtained in the Efficient Results Matrix are applied to start the procedure
of ranking the alternatives. The normalization sum method was applied to the Efficient
Results Matrix. The results of the normalization are given in the first part of Table 6. The
second part presents the steps in obtaining the ranking. First, the sum of the column is
determined. Then, the participation factors, which indicate the number of satisfactions of
each alternative by each objective, are determined. The normalization of the participation
factor is carried out by dividing the number of criteria. The final score of the alternatives is
calculated by multiplying the sum of the columns by the normalized participation factor.
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Table 6. Normalized Efficient Results Matrix.

Alternatives
Criterion Objective

Al A2 A3
S1 Z1 0.00 1.00 0.00
S2 z2 0.00 1.00 0.00
S3 73 0.00 0.00 1.00
W1 Z4 0.00 0.00 1.00
W2 Z5 0.41 0.59 0.00
W3 Z6 0.00 0.00 1.00
W4 z7 1.00 0.00 0.00
W5 78 0.00 1.00 0.00
Wé6 79 0.00 0.00 1.00
W7 Z10 0.00 0.00 1.00
o1 Z11 0.00 1.00 0.00
(0] 712 0.00 0.00 1.00
03 Z13 0.00 1.00 0.00
T1 714 1.00 0.00 0.00
T2 Z15 0.00 0.00 1.00
T3 Z16 0.00 0.00 1.00
T4 717 0.00 1.00 0.00

Sum of Column (SC) 241 6.59 8

Participation Factor (PF) 3 7 8
Norm. Participation Factor (NPF) 0.18 0.41 0.47
Final Result (SC x PF) 0.43 2.71 3.76

ERM Ranking A3-A2-A1l

As can be seen, the best strategy is A3 (some reconstruction of railway infrastructures
and new rolling stock on some lines), with the highest score of 3.76, followed by A2 (new
rolling stock on some lines), with a score of 2.71. Note that the status-quo strategy has a very
low score of 0.43, and then, should be discarded, which is in line with stakeholders’ opinion.

The SIMUS Method uses the outranking approach to validate the results obtained
using ERM ranking. Table 7 presents the results of the outranking approach where a
new matrix is formed, called Project Dominance Matrix (PDM), that determines the best
alternative. The number of columns and the rows in PDM is equal to the number of
alternatives. The data of the ERM matrix are used. Starting from the highest value in the
first row the difference between values in the same row of normalized ERM is calculated.
The procedure is repeated with all the values. The net dominance is calculated as the
difference between row sum and column sum. The alternatives are ranked according to
the maximal value of the net dominance. It can be seen that the ranking formed using both
procedures is the same.

Table 7. Project Dominance Matrix (PDM) Subordinated projects—alternatives—options.

Dominant Net

Alternatives Al A2 A3 Row Sum Dominance
Al - 2.0 2.4 44 —-9.8
A2 6.2 - 6.6 12.8 2.8
A3 8.0 8.0 - 16.0 7.0

Column sum 14.2 10.0 9.0 - -

PDM
Ranking A3-AZ-Al

5. Conclusions

This paper proposes a methodology for the assessment of the policies of a railway
operator using SWOT criteria and the SIMUS method. The difference between this study
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and related research is in the elaborated approach where the SWOT criteria are presented
as objectives and the ranking of the alternatives of strategic planning is conducted without
the use of subjective expert evaluation.

This is a novel procedure but the important thing is that using SWOT factors the result,
obtained through the SIMUS method, incorporates something valuable—the analysis of
the current situation.

A methodology was suggested and applied to an actual case, and results obtained
are discussed to demonstrate that the procedure is able to determine the most convenient
strategy, but perhaps more importantly, to point out and quantify the strong and weak
points of the Bulgarian railway network, and determine the effects that one SWOT subfactor
may have on the others.

The results can be summarized as follows:

(1) The best strategy is A3 (some reconstruction of the railway infrastructures and new
rolling stock on some lines), with the highest score of 3.76, followed by A2 (new rolling
stock on some lines), with a score of 2.71. The status-quo strategy has a very low score
of 0.43, and then, should be discarded, which is in line with stakeholders” opinion.

(2) Theresults of the selection of the best alternative clearly show that the current situation
or status-quo cannot be supported; it needs improvement and suggests on what
sectors. This conclusion is really important since it confirms something that most
railway and research people already know. It is evident that a scenario like the
operation of railways is a very complex undertaking, where different factors are
combined to produce several and differentiated effects. This procedure allows for a
quantitative general evaluation of this complicated scenario.

(3) The results from the different clusters clearly show that weaknesses (0.4) and threats
(0.24) are prevalent in the Bulgarian rail network. Both SWOT factors show sharp
quantitative differences with their counterpart, i.e., strengths and opportunities, both
with the same importance or weight of 0.180. However, this is also significant since
it shows that both favorable conditions exist in the network. Consequently, there is
room for improvement.

(4) If the criteria in the SWOT groups are considered, the results show that the weights are
all practically the same, about 0.06, and therefore, no discrimination by importance is
possible. However, it is worth noting that although clusters Weaknesses and Threats
are dominant, their subfactors have the same weights as those of Opportunities
and Strengths.

The main contribution and advantages of this procedure are as follows: (1) All alter-
natives are independent, and therefore, their respective results are not linked, and thus
they are enclosed in their own areas. (2) The advantage of this procedure, using the Linear
programming method and the SIMUS method, is that the results are found to link the
four SWOT factors. (3) This real-life case makes it possible to consider the three strategies
simultaneously, and thus, the results incorporate the influences of one criterion or factor
on all others, and allows for quantification of the differences between the expected and
real results.

This study is useful because it gives railway stakeholders concise, objective and
unbiased information to enable them to take decisions. In addition, it makes it possible to
determine the strength, sensitivity-wise, of the best solution found. The results presented
in this paper could be useful for railway operators to identify the strong and weak points
of the Bulgarian railway network, to determine the effects that one SWOT subfactor may
have on the other, to determine the areas that must be improved, and to analyse whether
the current situation is appropriate or needs to be improved. The results presented are also
useful for the stakeholders, since they give not only values related to the best selection
of the alternative, but also because each of them can be justified. These results may help
stakeholders in obtaining international funding and credits for railway improvement.
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For further research, the proposed procedure could be extended with other strategic
analysis techniques to assess the policies for railway operators. The criteria for assessment
of the transport policy could be specified and expanded according to the studied areas.
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