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1. Introduction 

In 1991 L. Z a d e h [37] introduces the idea of Soft computing as an example of a 
new kind of artificial intelligence. Soft computing is a fusion of methodologies, 
intended to solve real problems in complicated dynamical and undetermined 
systems with variable and uncertain parameters. Soft computing is a multidiscipline 
scientific area and it consists in computational instruments and techniques used in 
fuzzy logic, artificial neural networks, genetic algorithms and some aspects of the 
machine learning [5, 37]. The principal aim of Soft computing is to exploit the 
tolerance for imprecision and uncertainty to achieve tractability, robustness and low 
solution cost [37, 38], i.e. the general model for Soft computing is the human mind. 
The exploitation of the tolerance for imprecision and uncertainty underlies the 
remarkable human ability to make rational decisions in an environment of 
imprecision and uncertainty. The use of Soft computing and especially its basic 
element – fuzzy logic in the conception and design of intelligent systems increases 
MIQ (Machine Intelligence Quotient) of consumer products and industrial systems 
[37, 1]. The principal contribution of fuzzy logic is a methodology for computing 
with words. The words are less precise than numbers by their nature, but the use of 
words serves two main purposes: a) as a way of dealing with information which is 
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not precise enough to justify the use of numbers; b) exploiting the tolerance for 
imprecision when precise information is available or can be obtained at a cost.  

The term fuzzy logic [6] is used in two different senses. In a narrow sense, it is 
a logical system that aims at a formalization of approximate reasoning. In a broad 
sense, fuzzy logic is almost synonymous with fuzzy set theory. The growing 
tendency is to use the term fuzzy logic in its broad sense [37]. A concept that plays 
a central role in the applications of fuzzy logic is that of a linguistic variable [38]. 
One way to formalize the term linguistic variable is the usage of the term fuzzy 
variable [34]. The values of the fuzzy variable are the fuzzy numbers. 

2.  Soft computing in IIT − BAS 

The scientific investigations in the Institute of Information Technologies (IIT) of 
the Bulgarian Academy of Sciences (BAS) connected with Soft computing are 
directed toward the multicriteria decision making, especially to the application of 
the fuzzy sets theory in multicriteria Decision Support Systems (DSS). The fuzzy 
decision making system is modelled on the base of given system behaviour 
established in advance but the fuzzy system has to be in condition to bear 
resemblance to its conduct. The fuzzy modelling has the following characteristics:  

– the fuzzy modelling has to use as much as possible the expert and decision-
maker’s knowledge in the investigated area; 

– if the input and output data are known, the application of standard 
techniques for the system identification is possible. 

The models based on the fuzzy logic use the following advantages: 
– the fuzzy logic is easy for interpretation – the used mathematical 

conceptions are comparably easy; 
– the fuzzy logic is flexible – new rules and functions can be added without 

constructing a new model; 
– the fuzzy logic is tolerant to imprecision and uncertainty of the information 

– the results from inexact and vague data can be worked out; 
– the fuzzy logic can model non-linear functions with arbitrary complexity; 
– a fuzzy system can be constructed on the base of the experts experience; 
– the fuzzy logic can be combined with standard control techniques – the 

fuzzy systems are not obligatory to substitute the standard control techniques, they 
simplify their fulfilment in many cases; 

– the fuzzy logic is based on  the natural language – it is based on the human 
communications. 

The fuzzy decisions are intelligent tools [7] to assist decision makers in:  
– to assess the consequences of decision made in an environment of 

imprecision, uncertainty and partial truth; 
– to examine the set of alternatives very quickly and find the value of the 

inputs to achieve a desired level of output;  
– to use with human interaction and feedback to achieve a capability to learn 

and adapt through time. 
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It is obvious that the decision making in real complex systems is very 
complicated, very vague and very inexact. That’s why it is necessary to use fuzzy 
logic based techniques in decision making models. 

The following projects are devoted to problems of this area: 
– “Models with uncertain information in multicriteria DSS” with the National 

Science Fund of the Ministry of Education and Science, 2003-2006. 
– “Investigations of models for decision making in fuzzy environment” with 

Bulgarian Academy of Sciences, 2006-2009; 
– Several projects to the Bulgarian innovation fond. 
The purpose of these projects is directed towards researching and developing 

of the models for decision making support in multicriteria problems under 
uncertainties from fuzzy type. The models simulate (approximate) human decision 
making by means of applying the fuzzy set theory. Multicriteria fuzzy decision 
making problems are considered in cases of fuzziness present in initial information 
and at the stages of the problem’s solutions, as well.  These projects are developed 
to the algorithms and programs. 

The multicriteria decision making models are based on: 
– a finite set of alternatives, among which a decision maker has to choose 

(choice problem) or to rank (ranking problem) or to part (cluster problem); 
– a finite set of judges or criteria on the base of which the alternatives are  

evaluated; 
– a criteria importance, i.e. weights of the criteria. 
The alternatives in decision making problems are usually evaluated from 

different points of views that correspond to particular criteria. In real-life situations, 
evaluations are neither certain nor precise. There are three main sources of 
uncertainty [35]: 

– imprecision, because of the difficulty of determining the scores of 
alternatives on particular criteria; 

– interdetermination, since the method of evaluation results from a relatively 
arbitrary choice from several possible definitions; 

– uncertainty, since the values involved vary in time. 
The criteria can be quantitative and qualitative ones. Usually quantitative 

criteria are assessed by means of precise numerical values. The qualitative criteria 
are presented in qualitative terms by means of linguistic variables. 

The weights of the criteria can be real or fuzzy. 
The solution scheme of the multicriteria decision making problems basically 

consists of three phases [4, 17]: uniform, aggregation and exploitation phase. 
A. An uniform phase. It is required to make the information uniform, if the 

criteria are in different scales. One basic approach to make this is to use fuzzy 
relations over the set of alternatives as the main element of uniform representation. 
Therefore, some transformation functions are needed to define the relations between 
the couple of alternatives by each criterion. It is more realistic to use fuzzy relations 
because they have more convenient and adequate form for representing the 
relationship between alternatives then crisp relations. The fuzzy relations may 
model situations, whenever interactions between the alternatives are not exactly 
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determined. Besides that, they reflect the interests of the experts or the decision-
maker. These transformation functions define relations with different properties, for 
example similar or preference relations. A transformation function for this purpose 
is suggested in [11, 9], which gives as a result a membership degree of a couple of 
alternatives to a fuzzy preference relation. This relation possesses some properties 
useful to decide the problems of alternatives’ ordering. It is proved that the 
membership degrees vary small under small changes of the alternatives’ 
estimations.  

The qualitative criteria are presented in qualitative terms by means of 
linguistic variables [36], i.e. variables whose values are not numbers but words or 
sentences in a natural or artificial language. The linguistic variables are presented as 
fuzzy numbers in the first possibility. That’s why, the problem is how to compare 
the fuzzy numbers to obtain the corresponding fuzzy relation. Different methods for 
comparing or ordering fuzzy numbers exist. Some of them use a ranking function 
and other ones compute a comparison index for each pair of them. A new index for 
comparison and ordering of fuzzy numbers is suggested in [11, 12]. This index is 
based on the geometrical properties of the fuzzy numbers. It is tested on a group of 
selected examples and compared with the other well-known indexes. A method for 
comparison of sequences of fuzzy numbers and an algorithm for comparison of 
subsets (clusters) of similar, closed vectors of fuzzy numbers are presented as well. 

B. An aggregation phase of the performance values with respect to all criteria 
for obtaining a union performance value for the alternatives. A purposeful approach 
for uniting individual evaluations corresponding to an alternative is to use the 
aggregation procedures that realize the idea of compensation and compromise 
between conflicting criteria, when compensation is allowed. The aggregation 
operators may perform these procedures. There is a large range of operators, which 
can be advantageously used in the confluence of the criteria. The choice of an 
operator for specific application depends on various factors. Some choice has to be 
made according to, e.g.: 

– the mathematical model of the operators; 
– the properties of the operators for deciding problems of ranking or choice, 

or clustering of the alternatives’ set; 
– the sensitivity of the operators for small variations of their arguments. 
The dependence between the properties of the aggregated relation and the 

properties of the individual relations by each criterion for some operators is 
investigated in [8, 9, 10, 12, 13, 14, 19]. These dependences for each operator are 
represented in a table, which contains implications of the kind: if the initial relations 
possess given properties, then the aggregated relation possesses proved properties. 
Some of the most often used operators are presented and their properties are proved 
and presented in this table. It is shown how the properties of the aggregated fuzzy 
relation assist to solve the problems of choice or ranking of the alternatives. The 
obtained results from different aggregation operators are compared with other well-
known methods for multicriteria decision making. The sensitivity of the operators 
with respect to variations in their arguments is defined and computed in [16]. In 
[15] the aggregation of the sequences of fuzzy numbers, representing the 
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alternatives, is done through aggregation operators in such a way that the 
aggregated evaluations are fuzzy numbers, as well. The model is tested on the real 
example and compared with the results obtained from other well-known methods 
for multicriteria decision making. 

The other problem is connected with weighted aggregation which are very 
important in decision problems. Weighted transformations in aggregation operators 
are used for this purpose. The problems of preserving the fuzzy relations’ properties 
in applying these transformations are considered. The usage of the criteria’ weights 
in the cases when they are not presented in the aggregation operators’ formula is 
investigated in [18, 20, 21]. The problems, when the weights are presented as a 
fuzzy relation between the criteria importance [22, 24, 28] or fuzzy numbers [26] 
are considered. The models connected with weighting functions as a criteria 
importance, depending on the membership degrees of the fuzzy relations are 
suggested in [27, 29, 30]. The results of the weighted aggregations considered 
above are summarized in [23, 25, 26, 28, 30, 31]. Illustrative examples are given for 
comparison of the suggested models. 

C. An exploitation phase of the union performance value for obtaining a rank 
ordering, sorting or choosing the alternatives. The problems of choice of a subset 
from the “best” in some sense alternatives; ordering over the whole set of 
alternatives; partition the set of alternatives of the subsets from the similar, close 
ones, i.e. partition from clusters, have to be solved in this phase. The following 
results are obtained in this area. 

A method for comparison of fuzzy clusters is proposed in [11]. It gives a 
possibility to compare clusters from fuzzy numbers and orders these subsets in this 
way. The proposed algorithm is based on the results obtained in [32], where it is 
proved that the comparison between two fuzzy sets can be made on the base of 
comparison of only fuzzy sets’ scores without information lost. The proposed 
algorithm is tested on the example illustrating the decrease of the computations. 

Applications of the fuzzy logic in multicriteria problems for assessing the 
quality of an asset and making an investment decision are proposed in [2, 3, 33]. 

3. Open problems 

Some trends of investigations concerning the Soft computing in IIT – BAS are 
directed to: obtain fuzzy relations between the alternatives by the different criteria 
with defined properties; an adequate correspondence between linguistic variables 
and their mathematical values, i.e. the fuzzy numbers; a choice of adequate 
weighting coefficients of the criteria.  It is important to investigate the properties of 
the fuzzy relations determining the adequate aggregation operator or the methods of 
the information fusion, besides methods supporting the decision-maker in 
determining the parameters of the aggregation operators. These investigations have 
to be connected with algorithms and programs for solving the problems of fuzzy 
multicriteria decision-making.  
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