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Abstract. The paper presents the application of the Multiple Criteria Decision 
Aiding (MCDA) methodology for the decision problems arising in mass transit 
systems (MTS-s). Three categories of problems are considered, i.e. : evaluation of 
the MTS development scenarios, ranking of the maintenance work contractors for 
the MTS renovation project, selection of the transportation mode for the MTS. 
All of them are formulated in terms of multiobjective ranking problems and 
solved by the following MCDA methods: Electre, Oreste, Mappac, AHP and 
UTA. The comprehensive comparison of the methods is carried out and their 
suitability for solving the MTS decision problems is discussed. 

1. Introduction 
MTS is a complex operational system that carries passengers by certain transportation 
modes from their origins to their destinations on fixed routes and according to a predefined 
timetable [3]. The system operates in a dynamically changing environment and it has to 
satisfy the expectations and requirements of different stakeholders. Based on the model 
proposed by J. śak [14] one can distinguish the following groups of interests in MTS: 
passengers, operator (including management team and employees), local authorities, other 
road users and local communities (residents) . In many real life situations the interests of 
those groups have a contradictory character and a compromise solution must be found to 
satisfy them, at least partially. 

The decision problems that arise in MTS-s may have different character, including: 
strategic, tactical and operational one. The municipal authorities that are responsible for 
developing transportation policy for a certain metropolitan area face different categories of 
strategic, long-term decision problems, such as: pricing policy, development and redesign 
of MTS or mode selection for the system. The management team of the operator 
(transportation company) deals with many operational and tactical problems such as: 
timetable adjustment, fleet and network maintenance or daily assignment of tasks to 
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drivers. In some cases the decision problems of crucial importance are handled by several 
decision makers (DM-s ) and a group decision making process is carried out. In the analysis 
of the above mentioned decision problems different economical, technical, social and 
environmental aspects must be taken into account. Thus, the common feature of all the 
above mentioned decision problems is their multiobjective character resulting from the 
complexity of MTS and contradictory interests of different stakeholders. 

This research focuses on the analysis of different multiobjective ranking methods, 
including: Electre [10,11], Oreste [9], Mappac [8], AHP [12] and UTA [5] that are applied 
to solve complex decision problems in MTS. Three categories of problems have been 
considered, i.e.: evaluation of the MTS development scenarios, ranking of the maintenance 
work contractors for the MTS renovation project and selection of the transportation mode 
for the MTS. A thorough analysis of the applied multiobjective ranking methods is 
performed. 

2. MCDA methodology and the characteristics of selected 
multiobjective ranking methods 

Multiple criteria decision aiding (MCDA) is a dynamically developing field which aims at 
giving the DM some tools and methods in order to enable him/her to advance in solving 
complex decision problems where several - often contradictory - points of view must be 
taken into account [10,13]. In contrast to the classical techniques of operations research, 
multicriteria methods do not yield "objectively best" solutions, because in reality there are 
no solutions that are the best simultaneously, from all points of view. MCDA focuses, 
instead, on the compromise solutions, that take into account both DM's preferences and the 
trade-offs between criteria. 

The multiobjective decision problem is a situation in which having defined a set of 
actions (decisions, variants) A and a consistent family of criteria F the DM tends to [13]:  

• define a subset of A which is the best with respect to F (choice problem),  
• divide A into subsets according to certain norms (sorting problem)  
• rank A from the best to the worst (ranking problem).  

These three categories of multiobjective decision problems are solved by different 
categories of MCDA methods. In this paper the ranking problems are considered. 

The majority of specialists agree that MCDA methods can be divided into three groups;  
• methods of American inspiration, based on the utility function (e.g. AHP  [12], 

UTA [5]) that aggregate different criteria (points of view) into one global criterion, 
called utility function; those methods eliminate incomparability between variants;  

• the methods of European (French) inspiration, based on the outranking relation (e.g. 
Electre [11], Promethee[2], Oreste [9]), that take into account the incomparability 
between variants, 

• interactive methods (e.g. GDF [4], STEM [1], LBS[6]), that are based on the "trial 
and error" approach in each iteration of the solution search procedure; those 
methods are characterized by phases of computation alternating with phases of 
decision making. 
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There are methods that do not fall into any of the above mentioned categories, including 
Mappac[8], which is designed as a methodological combination of multiattribute, utility 
theory - MAUT [7] and outranking theory OT [10, 11]. 

All the methods taken into consideration in this paper are multiobjective ranking 
methods. Two of them: AHP and UTA, based on utility function represent American school 
of MCDA. Two others : Electre and Oreste, based on the outranking relation are typical 
representatives of the European (French) school of MCDA. Another method: Mappac is 
situated on the border line between those two schools. 

The AHP (analytic hierarchy process) method is a multiobjective analytical tool that 
decomposes a complex decision problem into a hierarchical tree [12]. Although AHP is 
based on MAUT it utilizes a non - traditional logic of problem decomposition. The AHP 
algorithm is composed of 4 phases [12]: construction of the hierarchical structure of the 
decision problem, definition of the preferential information (relative weights ) and 
calculation of the absolute weights, coherence analysis, construction of the final ranking. 
All variants are ranked based on their utilities. 

The UTA(utility additive ) method belongs to the MAUT- based tools, too. It can be 
applied to solve the multiobjective ranking and choice problems. All the variants are 
evaluated by an additive utility function. The method searches for the "optimal" shape of 
the function, i.e. such a shape that reflects DM's preferences in the best way [5]. The UTA 
method algorithm is composed of 4 phases [5]: definition of variants and a consistent 
family of criteria , selection and ranking of the subset of representative variants, 
construction of the utility function, final ranking of all variants. 

Electre is a multiobjective ranking method based on the outranking relation. The 
method utilizes the extended model of DM's local preferences, that includes: indifference, 
weak preference, strong preference and incomparability [10, 11]. The Electre method 
algorithm is composed of 3 phases [11]: construction of the evaluation matrix ( variants and 
criteria), calculation of the outranking relation and exploitation of the outranking relation. 
The final ranking has a graphical form and is based on the outranking matrix which 
includes the following relations between variants: indifference-I, preference-P, anti-
preference-P* and incomparability-R. 

The Oreste method is a universal multiobjective ranking method based on the 
outranking relation. The Oreste method algorithm is composed of 3 phases [9]: definition of 
the input data (variants, criteria), construction of the global complete preorder of variants, 
and construction of the global partial preorder of variants with the application of 
indifference and conflict analysis. The final ranking of variants has a graphical character 
and corresponds to the final matrix constructed with the application of indifference (I), 
preference (P) and incomparability (R) relations. 

The Mappac method is a multiobjective ranking method utilizing the elements of both 
MAUT [7] and OT [10,11]. The method constructs two complete preorders of variants, 
which common part constitutes the final ranking. The Mappac method algorithm is 
composed of 3 phases: definition of input data (variants, criteria), pairwaise comparison of 
variants for each pair of criteria resulting in the definition of indifference (I) and preference 
(P) relations and aggregation of preferences – constructing the final ranking. 
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3. Definition of the decision problems 
Three multiobjective ranking problems of strategic and tactical character are considered, 
i.e.: evaluation of the MTS development scenarios – problem I, ranking of the maintenance 
work, contractors for the MTS renovations project – problem II and selection of the 
transportation mode for the MTS – problem III. They represent classical and universal 
categories of decision problems that must be solved in MTS-s. All of them are formulated 
in terms of multiobjective ranking problems.  

3.1. Evaluation of the MTS development scenarios 
The decision problem consists in [16] the selection of the most favorable development 
scenario of MTS in a medium sized metropolitan area. Different economical and social 
aspects as well as the expectations and requirements of different stakeholders, including 
passengers and operator, must be taken into account. The specific characteristic of the 
decision problem is that the group DM - municipal authorities - do not want to express their 
subjective preferences with respect to MTS. They want to make final decision based on the 
interests expressed by passengers and operator. 

3.2. Ranking of the maintenance work contractors for MTS renovation 
project 

In this problem [15] a group of maintenance work contractors who submitted their 
proposals for an open bid announced by municipal authorities in a large city is evaluated. 
The bid was announced for a renovation and maintenance of an overbridge with the 
adjacent intersection in the city central location. Each contractor had 1 month to visit the 
site, make the evaluation of the technical condition of the considered elements, estimate the 
scope of maintenance/repair work and finally submit the proposal. The comprehensiveness 
of the project implied that all the proposals were submitted by consortiums of several 
companies, including one leading - general contractor and two to three subcontractors. The 
general contractor was responsible for the whole project. That is why its market position, 
reputation and experience were taken into consideration. 

3.3. Selection of the transportation mode for MTS 
Another decision problem consists in the evaluation of 12-meter city buses produced by 
different manufacturers. All of them submitted their proposals for an open bid announced 
by municipal authorities in a large city. The selected bus must satisfy both passengers' and 
operator's expectations. It should guarantee a high level of riding and rational utilization 
costs at the same time. A comprehensive analysis of all vehicles is required. 
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4. Solution procedure 
In all the above mentioned cases the solution procedure has been divided into the following 
stages: analysis of the stakeholders' expectations - survey research, interviews, definition of 
the consistent family of criteria, generation of the variants, evaluation of the variants - 
construction of the evaluation table (each variant measured on each criterion), definition of 
the stakeholders' and / or DM's preference models, computational experiments -generation 
of final rankings. The solution procedure is briefly characterized in table 1. 

DECISION PROBLEMS  I II III 

Characteristics Evaluation of MTS 
development scenarios 

Ranking of 
maintenance work 
contractors for MTS 
renovations project 

Selection of the 
transportation mode 

for MTS 

Variants 
4 development scenarios 
of MTS generated by a 
simulation software 

8 maintenance work 
contractors, open bid 

participants 

10 city buses (12-
meter) produced by 

different 
manufacturers 

Criteria 

Waiting time, Riding 
time, Walking time, 
Road and situational 
safety, Timeliness, 

Reliability, Possibility of 
collisions, Transferring 
frequency, Comfort of 

travel, Financial 
efficiency, Investment 

profitability. 

Cost of contract, 
Experience, 

Timeliness and 
Flexibility of the 

constructor, Quality 
of work 

Price, Capacity (seats 
&overall), Fuel 

consumption, Comfort 
of travel, Safety, 

Reliability, Vehicles 
dynamics, Mileage to 
OR, Turning diameter 

Decision makers Municipal authorities 
(city board) Open bid commission Open bid commission 

Stakeholders Passengers, operator 
Passengers operator 
municipal authorities, 
local residents, road 

users 
Passengers operator, 
municipal authorities. 

Applied methods Electre, AHP, UTA Electre, Oreste, 
Mappac, AHP Electre, Mappac, UTA 

Table 1. Characteristics of the analyzed decision problems 

5. Computational results. Comparison of the analyzed methods 
The following aspects have been taken into account in the evaluation of the analyzed 
methods: universality and suitability for application in MTS, computational efficiency, 
modeling of DM's preferences, reliability and utility of final rankings. 
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This analysis is carried out based on the comments, evaluations and suggestions given 
by different groups of DM-s and stakeholders during the decision making processes in the 
above mentioned cases while applying the analyzed methods. Altogether 50 opinions were 
collected, including 18 for problem I, 9 for problem II, and 23 for problem III. This resulted 
in the following numbers of opinions about particular methods: Electre - 50, Oreste - 9, 
Mappac -32, AHP - 27 and UTA - 41. The author's comments are also included. 

5.1. Universality and suitability for application in MTS 
All the methods proved to be easily applied in solving different categories of ranking 
decision problems arising in MTS. In the DM’s opinions (92% of positive answers) they 
can be very easily or easily customized to specific transportation problems. In general, they 
are more useful when the number of variants considered increases and the evaluation 
process becomes more difficult. There is no limitation on the number of variants and 
criteria in any of the method. However, the general MCDA rule suggests that the number of 
criteria should be equal to 7 ± 2. On the one hand this guarantees completeness of 
evaluation; on the other hand eliminates negative psychological aspects of the decision 
making process, strictly linked with the high number of analyzed criteria. 

5.2. Computational efficiency 
All the methods proved to be computationally very efficient (88% of positive answers). 
Since they are based on the matrix computation the results for the small instances (8 or 10 x 
12,5 or 10 criteria, respectively) were generated very fast. The computational time ranged 
from 1-6 seconds. It was the shortest for problem II solved by AHP and Electre methods 
and the longest for problem III solved by UTA method. In general, computational 
efficiency in not a differentional factor for MCDA ranking methods applied in MTS-s. 

5.3. Modeling of DM's preferences 
In the analyzed methods modeling of preferences is substantially different, as described 
below: 

• Electre method utilized weights of criteria to express the DM’s opinion about the 
importance of particular parameters and thresholds of indifference (q), preference 
(p) and veto (v) for each criterion to express the DM’s sensitivity on the changes of 
their values; 

• Oreste method utilizes preferential information in the form of complete preorder 
built with the application of indifference (I) and preference (P) relations; both 
variants and criteria are ranked in the same way; 

• Mappac method utilizes weights of criteria and normalized coefficients that 
represent minimum and maximum performance of variants for each criterion; 

• AHP method utilizes relative weights on each level of hierarchy, which means that 
pairwise comparisons are carried out to define relative importance (advantage) of 
one element (variant, criterion, subcriterion) against the others. 
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• UTA method utilizes a ranking of selected (reference) variants as the DM’s 
preference model. The variants are ranked by indifference (I) and preference (P) 
relations.  

The surveyed groups expressed the following opinions about the systems of preference 
modeling in different methods: 

• Electre and AHP methods preference models were appreciated positive opinions 
about Electre and AHP were expressed by 78% and 74% of the surveyed persons, 
respectively. DMs declared that those models are easy to understand, although there 
were some opinions suggesting that the meaning of veto threshold in Electre 
method in not very clear do DMs and that relative comparison between objects in 
AHP induces certain difficulties. 

• The reception of UTA and Oreste methods with respect to their preference models 
was less positive. In UTA and Mappac methods the respondents had some 
difficulties to rank variants and criteria using indifference (I) and preference (P) 
relations. They also criticized UTA for its limited applicability when the number of 
variants is relatively small. In problem I, for instance, the reference ranking was 
identical with the final ranking. The model of preferences proposed in Mappac was 
ambiguous for many respondents. 

The summary of the respondents’ evaluations of the preference models proposed by 
particular methods is presented in figure 1. 

Figure 1. The share of positive, neutral and negative opinions about models of 
preferences proposed in the analyzed methods. 

5.4. Reliability and utility of final rankings 
This feature was measured by the comparison of the final rankings generated by 
different methods and the expected final rankings suggested by each of the respondents. 
All respondents were asked to propose their own overall rankings based on the general 
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description of variants and their evaluations on particular criteria. The perfect and close to 
perfect match up to two (positions changed) was achieved in the following cases: 

• Electre method, problems I, II and III – 52% of answers; 
• AHP method, problems I and II – 56% of answers; 
• UTA method, problems I and III – 51% of answers; 
• Mappac method, problems II and III – 38% of answers; 
• Oreste method, problems II – 44% of answers 

The examples of final rankings for problem III are presented in figure 2. 
In additions, the following opinions gained substantial support: 
• the incomparability concept (Electre, Oreste) enriches the decision model (28%) but 

it also introduces some ambiguity (32%); 
• the graphical presentation of results is very useful (30%), however the most 

desirable would be a combination of numerical and graphical results (26%); in the 
author’s opinion some DM-s feel much more comfortable when they see numerical 
results and have a chance to evaluate the distance between variants; this is 
definitely an advantage of AHP and UTA methods; 

• for more complex decision problems (with many variants and incomparability) the 
graphical rankings are too complicated to interpret (19%). 

6. Conclusions 
This research was focused on the analysis of five MCDA methods applied to solve complex 
decision problems in MTS. The analysis was based on the opinions of DM-s and 
stakeholders who applied the methods in the decision making process. 

Based on the presented research the following conclusions can be drawn: 
• All the analyzed methods have universal character and can be applied to a wide 

spectrum of multiobjective ranking problems in MTS-s; their computational 
efficiency is very satisfactory.  

• Electre and AHP methods are the most reliable and users’ friendly MCDA methods; 
the models of preferences proposal in those methods and final rankings generated by 
them are highly appreciated; 

• UTA method is recommended for decision problems with a larger number of 
variants, while Electre, Oreste and Mappac methods should be applied to smaller 
instances; AHP method can be applied in both cases; 

• The concept of variants receives ambiguous evaluations; some respondents 
appreciate it as on enrichment of the decision model other find it misleading; 

• The ideal MCDA method should present final results both in graphical and 
numerical form. 
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