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Abstract—Maulti-criteria decision analysis (MCDA) methods
have become increasingly popular in decision-making.
Numerous methods in this field were developed to solve real-
world decision problems including various engineering and
scientific areas. Unfortunately, the proper use of each method
is difficult due to the dispersion of the domain knowledge and
lack of knowledge databases in this area.

The paper presents research focused on knowledge
management aspects in MCDA domain. In order to achieve a
high level of practicality on different levels of decision making,
the ontology as a form of conceptualization is implemented.

1. INTRODUCTION

Together with the development of operational research,
as an alternative approach evolution of MCDA
methods has been observed. This applies both in theoretical
studies that result in the continuous development of existing
methodologies and techniques, and in the emergence of new
methods as well as the application layer covering new areas
of application methods in business practice.

In each case of individual specification of environmental
decision-making situations, the selection of a multi-criteria
method should be carried out with great care [1], and the
recommendations of selection techniques for modeling and
aggregation of preference should be carried out with the
following considerations:

staking into account a detailed specification of the
discussed problems and pending issues, including their
complex and multi-level character,

*an intuitive dialogue with the decision-maker and the
user at the stage of formulating and implementing the
assessment process with the subjective linguistic
approach implemented,

* possible use of imprecise preference information by the
evaluators, including variability of the assessment,

e the possibility of missing a situation assessment and
incomparability of decision variants for multiple forms
of preferential information with the deterministic, not
deterministic, ordinal or fuzzy character.
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The natural consequence of various areas of application
of multi-criteria methods is the need for the development of
dedicated approaches adjusted to the specifics of the
problem. This is confirmed by a detailed analysis of the
literature, where research in various scientific disciplines is
effectively carried out using a number of multi-criteria
methods [13] [11]. Combined with a variety of specific
decision problems discussed by the authors of studies in this
field, the natural direction of research can be an attempt to
systematize the knowledge in this area. An additional
prerequisite for undertaking research in this area is a large
heterogeneity of domain knowledge including available
scientific publications and the existing decision support
systems.

In the literature, attempts to develop models of
knowledge representation of MCDA problems and methods
areas can be observed. For example, the article [6] presents
an ontology designed to describe the structure of decision-
making problems. It is a component of the support for the
group decision-making processes. On the other hand, in [§]
an ontological representation of the multi-criteria method of
AHP and a set of inference rules were developed. In this
way, clearly defined and formalized concepts related to the
method of AHP and knowledge reusing allowed
implementation in the form of ontologies. Earlier studies of
systematized knowledge about various aspects of decision-
making are presented [9][10]. One of the approaches is
based on using ontology knowledge model integrating
knowledge about decision-making process [9]. It includes
such elements as the decision-making situation, the decision
problem, a set of alternatives and evaluation criteria, rules,
preferences and decision-makers. Then the developed model
was verified within the problem of decision-making for the
ERP system selection. The proposed approach was later
extended by ontology components based on a generalized
approach to formalization of methods of decision support
[10]. The proposed ontologies focused on knowledge that
makes it possible to structure knowledge about the decision
problem. However, they take the problem of systematization
of knowledge about the various methods of multi-criteria
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decision support only to a small extent. Characterized
ontologies do not include knowledge about the
characteristics of the different MCDA methods and their
environmental context and use cases [7].

The purpose of this article is to develop a ontology based
knowledge model of MCDA methods. Taking into account
the contemporary standards of knowledge engineering, it is
justified to implement a repository of knowledge in the form
of ontologies. In order to build the first stage of such a
solution, literature related to MCDA methods was reviewed
and analyzed. This formed the basis of the development of a
taxonomy and ontology. Ontology as a proposed form of the
conceptualization can be used as a source of knowledge that
can be used repeatedly. The study was divided into two
parts: a discussion of the literature and the development of a
taxonomy of MCDA methods together with the ontology of
MCDA methods. The article ends with the author's
practical ontology verification using competency questions.

II. METHODS OF MULTI-CRITERIA DECISION SUPPORT

Research on MCDA area led to the development of two
main groups of methods and directions. They differ
significantly from each other both in the approach to the
decision situation and in the way of choosing the best
alternative . These are approaches based on utility theory
and outranking relations [4]. An approach based on utility
theory is derived from the American MCDA school . Two
kinds of relationships between alternatives are identified:
indifference (a; 1 aj) and preference (a, P aj) of one

alternative over another. The methods in this group exclude
non-comparability of the decision variants and assume
transitivity of preference [4]. Among the methods based on
utility theory main approaches include: MAUT (Multi-
Attribute Utility Theory), AHP (Analytic Hierarchy
Process), and UTA (Additive Utility Theory). These
methods usually do not take into account the uncertainty,
vagueness and ambiguity that can occur in the data [4].
Methods based on outranking relations are derived from the
European MCDA school and the outranking relationship is
characterized by the lack of transitivity between pairs of
decision variants.. These methods mainly include methods
from ELECTRE family (ELimination Et Choin Traduisant
la REalite) and PROMETHEE (Preference Ranking
Organization Method for Enrichment Evaluations).
Methods from this group frequently extend a set of basic
preferential situations with the result that includes
indifference of decision variants (a; / aj), weak preference

one variant over another (a; Q aj), the strict preference of a
variant of the decision-making relative to the other (a, P aj),
and incomparability between data variations (a; R aj) [18].

Furthermore, couples of wvariants can be grouped to
determine the relationship connecting the two or three basic
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situations. With the occurrence of the grouped relationship,
it is 1impossible to distinguish, without additional
parameters, the basic relationship of the grouped situations.
Such situations are: “nonpreference” which are groups of
indifference and incomparability situations (a, N aj),

“preference” which are situations of weak and strict
preference (a; L aj), “guess preference” which combines

situations of indifference and weak preference (a; J al.), “K-

preference” which are groups of strict preferences and
situations of incomparability (a, K aj), and “outranking”

which contains the situations of indifference strong and
weak preference (a; S al.) [12]. Due to variations of the

relationship between the decision-making, two Dbasic
approaches can be distinguished to aggregate operational
performance variants : (1) aggregate to a single criterion (2)
aggregation by using the outranking relationship [12]. The
first operational approach excludes the incomparability
situation and contains only the most indifference
relationships and strict preference. It is strongly associated
with the American school of decision support. The second
approach takes into account incomparability and outranking
and is generally used in the methods derived from the
European MCDA school. Based on an analysis of the
literature, a complex set of available MCDA methods was
identified and the general characteristics of which are
shown in Table 1. The exact classification of methods along
with the characteristics is presented in the rest of the article
followed by a description of the process of building a
taxonomy of MCDA methods.

III. BUILDING TAXONOMY AND ONTOLOGY OF MULTI-CRITERIA
DECISION SUPPORT

Ontology is treated in the literature as a set of definitions
of the terms of the area and the relationship between them
[3]. It is also referred to as the specification
conceptualization providing a description of the concepts
and relationships that occur between them [2]. The use of
ontologies as a solution supporting the choice of an MCDA
method is designed to assist the user in selecting the right
solution for a given decision situation described using
specific criteria and parameters. The ontology should also
provide detailed information about the various methods for
multi-criteria decision support.

The first step in the construction of an ontology is to
develop a taxonomy of criteria describing the MCDA
methods. Identification and analysis were based on the
analysis of 25 MCDA methods for creation of a set of
criteria and sub-criteria characterizing the different
solutions. A total set was formed comprising four main
criteria (available binary relations, linear compensation
effect, the type of aggregation and the type of preferential
information) and 16 sub-criteria. This collection was also



JAROSLAW WATROBSKI, JAROSEAW JANKOWSKI: KNOWLEDGE MANAGEMENT IN MCDA DOMAIN

TABLE I. CHARACTERISTICS OF SELECTED METHODS OF MCDA

Method name Essence of the method Reference

AHP The problem is formulated in a hierarchical form. Overall rank is based on the collective aggregation [19]
of partial marks obtained in a paired comparisons in matrix.

Additive weight method Aggregation based on the inadditive function. Choosing the best alternative with the highest value of [20]
the global index obtained as the sum of the partial marks for all criteria.

EVAMIX Ranking of alternatives on the basis of global dominance index (ordinal indices and cardinal [21]
dominance).

Electre I The aim of the method is to determine the subset of variants containing the best alternative. The [22]
procedure is based on the construction of compliance and non-compliance tests, following the
structure of the outranking graph. Preferences modeling is done using the true criteria.

Electre 1T Extension of ELECTRE I method. The essential part is the use of two outranking relations :weak and [23]
strong.

Electre 111 Ranking of variants based on outranking relationship. Modeling preferences with pseudo criteria and [24]
weights.

Electre IS The method constitutes a development of ELECTRE I with additional modeling preferences based on [25]
pseudo criteria.

Electre IV Ranking of variants based on the relationship with outranking pseudo criteria. It does not apply [26]
weights to the criteria.

Electre TRI Sorting variants into categories based on outranking relationship. Modeling preferences with pseudo [1]
criteria.

MAUT Ranking of variants based on the aggregation of sub-additive utility function form. [27]

MAVT Ranking of variants based on the aggregation of multiplicative utility function. [27]

MELCHIOR The extension of the ELECTRE IV method. Ordinal relationship validity of the criteria is added. [28]

Maximin method The aim of the method is to choose the strongest variant of the weakest. [20]

Maximin fuzzy method The aim of the method is to choose the strongest variant of the weakest. Evaluation of alternatives has | [29]
the fuzzy form.

Methods of extracting the Methods reject criterion values successively above and below the predetermined value. [20]

minimum and maximum

values of the attribute

NAIADE Application of fuzzy measures distances and of paired comparison. Calculation of preferences as in [30]
PROMETHEE.

ORESTE Uses alternatives assessment and weighting of the criteria described only on an ordinal scale. [31]

PROMETHEE I The method constitutes a development of ELECTRE methods, but expanded the number of binary [32]
relations describing preferences to six.

PROMETHEE II Extension of PROMETHEE I by the global results for all variants. [32]

REGIME The method is based on a pairwise comparisons matrix. Scale {1,0,1} is used. The values of the [33]
scale correspond to the domination, equivalence and dominance.

Additive fuzzy weight method The method is based on a fuzzy version of the additive weight method where weight and evaluation [34]
are modeled as fuzzy numbers.

Fuzzy methods of extracting Methods reject variants’ criterion values successively above and below the predetermined value. Take | [35]

the minimum and maximum the form of fuzzy evaluation.

values of the attribute

SMART Ranking of variants based on the aggregation of partial form of additive utility function. Global [36]
evaluations are calculated as a weighted average of partial evaluations.

TOPSIS Choice of the best option is based on the multidimensional evaluation of the distance from the ideal [20]
and opposite solutions.

UTA The model is additive utility function. Partial utilities are determined by using principles of ordinal [37]
regression.
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the basis for the construction of taxonomies of analyzed
solutions. Table 2 presents a summary of the criteria and
information about them by the various methods of multi-
criteria decision support.

Based on a defined set of criteria, sub-criteria, and
information about fulfilling them by selected solutions, the
taxonomy created solutions for specific MCDA methods.
This taxonomy is presented in the ontological form. This
task requires distinguishing the concept on the basis of
criteria and sub-criteria and establishing their hierarchy.

Figure 1 presents a graphical diagram of a set of criteria
and sub-criteria of the main built taxonomy. The taxonomy
provides a set of MCDA methods shown in Table 2, with a
set of differentiating criteria and a network of taxonomic
relationships between concepts (relations between the
different classes of instances). Using this taxonomy, there is
a possibility to select methods based on selected criteria.

A detailed analysis of taxonomic relationships reveals the
full features of the different MCDA methods. This is the
basis for a simple reusable but structured domain
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TABLE II. TAXONOMY OF SELECTED METHODS OF MCDA
Criterion Availeall;lgol;i:ary Linear ce(;rfrelgtensation Type of aggregation Type of preferential information
. Single | Outran| Mixe| Determin Cardi Non-' . | Ordin
Method name I|P|Q|R| S| No Total Partial criterion king d istic nal dete:'ilcmms al Fuzzy)|
AHP Y|Y Y Y Y Y Y
Additive weight method Y|Y Y Y Y Y
EVAMIX Y|Y Y Y Y Y Y
Electre I Y|Y Y Y Y Y Y
Electre 1T Y|Y Y Y Y Y Y
Electre 111 Y|Y Y Y Y Y Y
Electre IS Y|Y Y Y Y Y Y
Electre IV Y|Y Y Y Y Y Y
Electre TRI Y|Y Y Y Y Y Y
MAUT Y|Y Y Y Y Y
MAVT Y|Y Y Y Y Y
MELCHIOR Y|Y Y Y Y Y
Maximin Y|Y Y Y Y Y Y
Maximin fuzzy method Y| Y|Y Y Y Y Y Y Y Y
Methods of extracting the
minimum and maximum values| Y | Y Y Y Y Y Y
of the attribute
NAIADE Y|Y Y Y Y Y Y Y Y
ORESTE Y|Y Y Y Y Y Y
PROMETHEE I Y|Y Y Y Y Y Y Y
PROMETHEE II Y|Y Y Y Y Y Y
REGIME Y|Y Y Y Y Y
Additive fuzzy weight method |Y |Y | Y Y Y Y Y Y Y
Fuzzy methods of extracting the
minimum and maximum values| Y | Y | Y Y Y Y Y Y Y
of the attribute
SMART Y|Y Y Y Y Y
TOPSIS Y|Y Y Y Y Y
UTA Y|Y Y Y Y Y

knowledge area. Based on preset criteria a user can receive
detailed information about the satisfying method (methods)
with its specific taxonomic characteristics. An example set
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Fig 2. Graphical representation of competence query

compensation, aggregation using outranking relations, the
type of preferential information — order.

IV. CoNcLUSION

This article discusses the problem of the construction of a
taxonomy of MCDA methods and reference examples. The
paper presents characteristics of identified MCDA methods.
Based on the following analysis an identified set of criteria
and sub-criteria characterizing the different solutions was
presented. The results formed the basis for the construction
of taxonomic relationships between the different MCDA
methods and a complete taxonomy of MCDA methods and
their use cases.

The results confirmed the possibility of the
conceptualization of knowledge in the area of MCDA
methods. The use of the proposed taxonomy supports the
decision-maker’s correct choice of multi-criteria method
and allows for full domain knowledge about each one. It
should be noted that the standard used for the construction
of the ontology (OWL) ensures full compliance with current
international semantic standards. This allows further use of
the developed solution as well as its connection to other
ontologies in various fields within the rapidly growing trend
of knowledge engineering.

Further research should be supplemented by ontology of
reference cases of the application of each method in various
areas (management, logistics, environment, medicine, etc.)
and reference publications characterizing the different
MCDA methods. For ontology, additional multi-criteria
methods can be attached, as well as criteria characterizing

the various methods and the environmental context of their
use. It makes possible the greater use of the adequacy of the
reasoner and requests the use of various methods in decision
problems using SWRL language rules.
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