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ABSTRACT

In this short note we want to explicitly state that there is a growing
research activity in the field of information aggregation via midpoint

theory and its applications to decision making.
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1. A RECENT RESEARCH ACTIVITY IN AGGREGATION OF INFORMATION AND
METRIC MIDPOINT THEORY

In the last twenty years the interest in mathematical theory of aggregation and fu-

sion of information has grown a lot owing to the wide range of applications of this
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theory to practice problems. In several realms of applied science, the scientific
community has the need of using simultaneously different kinds of information
coming from several sources in order to infer a conclusion or working decision.
There are many used techniques for merging the information and obtaining, thus,
a meaningful and useful fused data. The decision of which aggregation method
must be used depends on the nature of the problem under consideration. However,
in most practical cases such fusion methods are based on aggregation operators
on some numerical values, i.e. the aim of the fusion process is to obtain a repre-
sentative number from a finite sequence of numerical data. In the aforementioned
cases, the input information presents some kind of imprecision and for this reason
it is represented as fuzzy sets. Moreover, in such problems it is necessary to make
comparisons between the numerical values generated by the information described
by the fuzzy sets. This is done by means of a sort of similarity measured by a
distance defined on fuzzy sets. Hence, numerical operators aggregating distances
between fuzzy sets as incoming data play a distinguished role in applied problems.
In fact, in the last years, several works have dealt with the aggregation of distances
on fuzzy sets because of its applicability, among others, to medicine, multiple at-
tribute decision problems and biology. In particular, A. Pradera, E. Trillas and E.
Castineira have studied intensely the general problem of merging data represented
by means of fuzzy relations (distances and indistinguishability operators) in [8, 9].
Several general techniques for merging a finite number of distances on fuzzy sets
are introduced and studied by J. Casasnovas and F. Rossell6 in [1]. Specifically
they analysed the aggregation operators given by the weighted maximum, the
weighted sum and by the weighted Euclidean norm in order to apply some of their
properties to the comparison of biological sequences. A related work, by the same

authors, with applications to diagnosis problems in medicine can be found in [2].

Recently, J.J. Nieto and A. Torres gave some applications of the aggregation of
distances (using the weighted sum as numerical aggregation operator) on fuzzy
sets to the study of real medical data in [7]. These applications are based on
the notion of segment joining two given fuzzy sets and on the notion of set of
midpoints between fuzzy sets. A few results obtained by Nieto and Torres have

been generalized in turn by Casasnovas and Rossell6 in [1, 2].
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Asymmetric distances and other related structures provide efficient tools in some
fields of Computer Science and in Bioinformatics. Metric tools based on asym-
metric distances have been introduced and developed, for instance, in [11, 10, 4, 5]
with the aim of providing an efficient framework in asymptotic complexity analysis
of algorithms and in logic programming. In [12, 13, 14], it has proved a natural
correspondence between similarity measures on biological (nucleotide or protein)
sequences and asymmetric distances, giving practice applications to search in DNA
and protein datasets. Nowadays, the numerous applications of asymmetric dis-
tances to the aforementioned areas of science have promoted an unceasing research
activity. Motivated by such facts, on the one hand, Casasnovas and O. Valero and,
on the other hand, P. Tirado and Valero, obtained in [3, 15] a version of several
results by Casasnovas and Rossell6 ([1, 2]) about midpoints and segments of fuzzy
sets for the case of merging asymmetric distances by means of the weighted sum
and weighted maximum aggregation operators. Concretely, the asymmetric up-
per Hamming distance and the asymmetric weighted maximum distance between
fuzzy sets were defined, and then an explicit description, in the spirit of Casasno-
vas and Rosselld, of the set of segments and midpoints was provided. Besides, a
relationship between the description of the segments and midpoint sets obtained
for the classical weighted Hamming distance and the weighted maximum distance
and their asymmetric counterparts was obtained, since the classical aforesaid dis-
tances can be obtained from the asymmetric ones by means of easy symmetrization
techniques. In addition, an application of the developed theory obtained in the
asymmetric framework was given to the asymptotic complexity analysis of algo-
rithms. Specifically, it was proved formally that, for the Largetwo algorithm, the
asymptotic complexity class of the average running time is a midpoint between
the asymptotic complexity class of the running time of computing of the best and

the worst case.

Recently, in [6] S. Massanet and Valero, inspired by the fact that the aforemen-
tioned study of segments and midpoint sets was done considering (asymmetric)
distances obtained via the aggregation of a collection of a finite family of another
(asymmetric) distances, provided a general framework for the study of midpoint

sets for asymmetric distances through aggregation theory. In particular, they gave
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a description of those properties that an aggregation function must satisfy to char-
acterize the segment and midpoint set for an asymmetric distance generated by
means of the fusion of a collection of asymmetric distances in terms of the segments

and midpoint sets for each of the asymmetric distances that are merged.

Instead of the exposed research activity, nowadays there are many challenges and
questions that can be addressed in order to improve the mathematical methods
for decision making in the problems that arise in a natural way, among others
fields, in Engeenering, Medicine and Economics. Of course in this research line,
Mathematics and the aforesaid applied sciences continually feedback each other
in such a way that the former provides formal methods for solving the practi-
cal problems under consideration and the latter inspire the development of new
mathematical theories. Therefore, it would be very positive that multidisciplinary
research groups will focus their efforts on combining generalized metric structures
and information fusion to solve practical problems and thus to maximize the profit

of both, Science and Society.
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