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ENSEMBLE LEARNING ALGORITHMS IN PATTERN
RECOGNITION TASKS

Abstract. There has been growing interest in pattern recognition tasks
in the last decade. This is determined by the prevalence of the problems that is
being solved in recognizing images and characters, scene analysis, technical
and medical diagnostics, signal identification, analysis of expert data, speech
recognition, creation of expert and artificial intelligence systems.

The article is devoted to the topic of collective decision-making models
in automated intellectual systems. The application of such models for pattern
recognition problems is being considered. What is meant by the term
«collective recognition» is the task of using multiple classifiers, each of which
will decide on the class of one entity with the subsequent coordination of their
decisions with the help of a certain algorithm.

Key words: pattern recognition, group decisions, collective analysis,
intellectual systems.

skoksk

Anparnma.  JKakplHIa — MAaTeHTTEpAl  TaHy  CUSAKTBI  OaFbITKa
KBI3BIFYIIIBUIBIK ~ apThIT  KeJe[l. DByl TeXHUKANBIK JKOHE MEIUIIMHAIBIK
JIMarHOCTUKA, CUTHAJIJIBI COMKECTCHIIPY, capanTaMalbIK JEpeKTepli Tajijaay,
ceiyieyli TaHy, capanTaMalblK KYHe MEH >KacaH bl MHTEJUICKT KYUECIH Kypy
CHSIKTBI KBI3MET cajajiapblHa YJTiHI TaHy MpoOJieMalapblHbIH TapalyblHa
OailIaHBICTHI.

Makana  aBTOMATTaHIBIPBUIFAH  WHTEJUIGKTyal[bl  JKyHdenepue
YKBIMJIBIK TIEINM KaObuImay MOJENIH KOJJaHyFa apHaiFaH. ATaiFaH
MoJenaepAin OeiiHenepi TaHy KYMBICTapblHAa KOJJIAHBUTYBI KapacThIPbLUIFaH.
YXKpIMABIK ~ OellHe  TaHy  JKYMBICTApbIHBIH  acTapblHIa  KOINTereH
KJIaccu(UKATOPIApAbIH KOJJAHBUIYbl TYCIHITT JKaThIp, OHBIH JpKaiChICHI
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KEeHOIp anropuTM KOMETIMEH KE3€KTI KeJCIM apKbUIbl Oip TYJIFaIbl KJIachl
TypaJibl HIeIiM KaObUTIaliIbl.

Kint ce3mep: OcitHenepai TaHy, Y)KBIMIBIK IICIIIMICP, YKBIMIIBIK

TalAay, HHTEIUICKTYaJ bl JKyHeep.
sk

AHHoTauusi. B rmocnenHee Bpemst cymiecTByeT Bce  Oolee
BO3PACTAIOIIMN HMHTEpPEC K TaKOMY HaIlpaBICHHWIO, KaK paclo3HaBaHUE
o0pa3oB. Ot10 00yciaoBIeHO OOJNBLION PacHpPOCTPAHHEHOCTHIO  3a7ay
pacrio3HaBaHusl 00pa30B B TaKUX O0IACTSAX AEATEIBHOCTH, KAK TEXHUYECKas U
MEIUIIMHCKAs ~ UAarHOCTHKA, HICHTU(QHIMPOBAHWUE CUTHAIOB,  aHAIHM3
9KCIEPTHBIX JaHHBIX, PACMIO3HABAHUE PEYH, CO3TaHUE IKCIIEPTHONW CHCTEMBI U
CHCTEMBI UCKYCCTBEHHOT'O MHTEJIEKTA.

CraThsl TIOCBSIIIICHA TEME HCIIOJIB30BAHHUS MOJEICH KOJUIEKTUBHOTO
NPUHSITUSL PEIICHUH B aBTOMAaTU3UPOBAHHBIX MHTEIUICKTYaJIbHBIX CHCTEMaXx.
PaccmarpuBaeTcsi NpUMEHEHHE [aHHBIX MOJENEH Ui PpelIeHUs 3aaad
pacrio3HaBaHusi ~ 00pa3oB. I[lon  KONJIEKTHBHBIM  paclo3HaBaHHEM
NoJpa3yMeBacTCsl 3a/ada MCIOJIb30BaHUS MHOMKECTBA KJIaCCH(UKATOPOB,
KaXIblii M3 KOTOPBIX MPUHUMAET pEIICeHHE O KJacce OAHOM CYITHOCTH C
MOCJICTYIONUM COTIIACOBAaHHEM PEUICHUH C IIOMOIIBIO HEKOTOPOTO aJlTOPUTMA.

KawueBble ci0Ba: pacrno3HaBaHHEe OOpa3oB, TPYIOBBIE PELICHHUS,
KOJIJICKTHBHBIN aHAJIN3, HHTEJUIEKTYaIbHbBIC CUCTEMBI.

Introduction

The current degree of technological and scientific progress requires a
focused development of computer vision systems as an important mechanism
of providing effective interaction between machinery and humans. One of the
most important areas of computer vision is pattern recognition. Successful
solution of pattern recognition tasks is necessary to develop systems capable of
intelligently evaluating the environment and doing certain actions.

There has been growing interest in pattern recognition tasks in the last
decade. This is determined by the prevalence of the problems that is being
solved in recognizing images and characters, scene analysis, technical and
medical diagnostics, signal identification, analysis of expert data, speech
recognition, creation of expert and artificial intelligence systems.

Basic theoretical and practical issues of this area are reflected in
scientific and practical works of domestic and foreign experts, such as M.Z.
Zgurovsky, G.S. Osipov, V.P. Gladun, V.I. Donskoy, O.P. Kuznetsov, V.F.
Khoroshevsky et al [1].

Fundamental work in the theory of pattern recognition and
classification associated with the names of such foreign scientists as J. von
Neumann, K. Pearson, A. Wald, F. Rosenblatt. A great contribution to the
development of recognition and classification theory was made by Soviet
scientists Yzerman M.A., Braverman E.M., Rozonoer L.I. (the method of
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potential functions), Vapnik V.N., Chervonenkis A.Y. (statistical pattern
recognition theory, «generalized portrait» approach), Ivakhnenko A.G. (group
method of data handling), Zhuravlev J.1., Galushkin A.L. [2].

An important requirement for the classification algorithms is resilience
to changes in the classified set of objects. Nowadays, among specialists,
collective classifiers are becoming more popular as a tool to improve the
efficiency of pattern recognition [3]. Its essence consists in the fact that the
final decision is taken on the basis of individual classifiers’ partial decisions
"integration". In classification problems, the group method is the synthesis of
the results obtained from different algorithms applied to a given initial
information, or selecting the optimal algorithms of the given set [4]. When
solving practical recognition problems, a user is interested in algorithms,
providing near-optimal solution of applied problem. Given a set of different
recognition models and means for collective decision-making, certain
guarantees of success can be obtained [5].

Collective recognition

What is meant by the term “collective recognition” is the task of using
multiple classifiers (committee, ensemble, etc.), each of which will decide on
the class of one entity with the subsequent coordination of their decisions with
the help of a certain algorithm. An important condition for the efficient
formation of the committee is to comply with the necessary balance between
accuracy and diversity of committee members. Committee diversity is the
degree of errors noncorrelatedness between committee members, which
demonstrated a significant impact (including experimentally). In particular, the
advantage of combining 3 classifiers, each of which had an accuracy at the rate
of 67% and a low rate of errors correlation, compared with the same
association with the accuracy of members = 95% had been demonstrated.

An important factor in the efficiency of a committee is members' votes
combining scheme. There are various voting schemes, the choice of which
depends on the feature space, classifiers models, etc. In this study, the most
universal schemes are shown, for which the winner is the class:

1) the maximum — with a maximum response of the committee members;
2) averaging — with the highest average response of the committee members;
3) a majority — with the largest number of votes of the members [6].

The following algorithms for constructing collective decisions exist:
Bayesian method, competence areas, decision-making patterns, Woods’
dynamic method, complex committee methods, logical correction, convex
stabilizer, and a generalized polynomial and algebraic corrector. Generally,
using collective algorithms strategy can improve the prediction accuracy due to
mutual compensation of an algorithm’s disadvantages for the benefits of
others.

There are different approaches of partial decisions integration. In some
cases, it is proposed to use the majority vote method or label ranking method.
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In others — use schemes based on averaging or linear combination of the
posterior probabilities that are estimated by individual classifiers, or fuzzy
rules algorithms can be used. It is also proposed to carry out independent fitting
of the combined classifier, considering the partial decisions as the new
complex features. Approaches based on allocation of local areas in observation
space, in each of which only one partial classifier is "competent" to make a
decision, are also developing [3].

The essence of the collective decision-making task is to develop an
agreed collective decision on the order of preference of the observable objects
based on individual assessments of group members. The need to use multiple
classifiers and then combining their decisions explained in different ways,
depending on the problem definition. The main reasons of using multiple
classifiers’ coordinated combination of decisions are the following two ideas:
reducing complexity of a problem being solved (increasing computational
efficiency of a procedure).
increasing the decision-making competence (increasing accuracy rate) [7].

Despite the fact that one of the classifiers have superior properties
compared to other, sets of misclassified objects from different classifiers would
not necessarily overlap. For this reason, different classifiers may provide
different information about the classified object, which may be essential for
improving the system properties.

As different recognition algorithms manifest themselves in different
ways on the same sample of objects, then the question arises about the
synthetic decision rule that adaptively uses the strengths of these algorithms.
This decision rule is based on two-level recognition scheme. On the 1st level,
partial recognition algorithms work, the results of which are combined on the
2nd level in synthesis unit. The most common ways of such union based on
assigning areas of competence of a certain partial algorithm. The easiest way to
find the areas of competence is to partition the feature space. Then, for each of
the selected areas its own recognition algorithm is developed. Another method
is based on the use of formal analysis to determine local regions of feature
spaces as a surrounding area of recognizable objects, for which successful
functioning of any partial recognition algorithm is proved.

The general approach to the construction of the synthesis unit considers
the resulting performance of partial algorithms as initial indications for the
construction of a new generalized decision rule. In this case, all of the above
methods with intensional and extensional trends in pattern recognition can be
used.

Consider the collective decision-making block diagram (Fig. 1). The
decision rules collective is some finite subset {R} of all possible decision rules
set C, {R}, where C, {R} = {Rl};1=1, 2, ..., L, formed to develop collective
decision where Rl - I-th decision rule, Y1 — the decision on the output of 1-th
rule, C — a collective decision. Type of collective decision concretized by the
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type of a problem to be solved by the collective. Since this is a pattern
recognition problem, both collective and individual decisions made by
members of this collective, consist in classifying a certain situation or object X
to one of the classes or sets Kk, k=1, 2, ..., K.

The situation X is characterized by the vector of parameters or features:
P={pl,p2, .., pm, .., pM}.

Formally, the task of making a collective decision is stated as follows:
if the Y1, 1=1, 2, ..., L — the individual decisions made by members of the
collective — by the decision rules Rn =1, 2, ..., n, then the collective decision is
determined as a function of individual decisions:

C=F(YL, Y2, ..YL, X)),
where F — a collective decision making algorithm

Decision maker | Y1

R1
X . i
Data Decision maker | Y2 r C
preparation R2
Decision maker | Yn

Rn

Fig.1. Collective decision-making block diagram

Decision C in the recognition task consists in choosing the number of
one of the classes Kk, k =1, 2, ..., K, for each particular situation X, for which
rules Rl make different decisions:

Rl: XeKk, then YI (X);1=1,2,..,L; k=1,2, ., K.

A voting algorithm when the final decision is determined by the
majority of algorithms can serve as the most obvious approach. In practice,
such methods of decisions associations do not always show high quality
results, because the collective majority error may occur. The weights of
individual algorithms are fixed, i.e. the peculiarities of some specific situation
are not taken into account.

There are decision combining algorithms based on probabilistic
approaches, when selecting among the decisions of different algorithms, the
one that has the highest probability is selected. There are also matching
algorithms based on metaclassification, when generalization of decisions is
performed by special metaclassifier. The input data for it is the decisions of
base classifiers, which are interpreted as a set of features of the new feature
space.

Collective recognition is effective in these cases:

e decision is to be made by different algorithms;
e algorithms use different feature spaces or different data sources;
e algorithms trained with different training data;
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e dimension of the feature space is too large and/or it comprises the
features measured at different scales;
o feature space comprises the features of different levels of abstraction

(aggregation);

e specific requirements are set for the type I and type II errors (false

alarm and signal pass).

There are three collective recognition strategies:
1) selection of the classifier, whose result determines the solution of a
recognition task (assuming that each classifier is an expert in a certain area of
feature space);
2) fusion of classifiers decisions (assuming that all classifiers are equally
competent in all feature space);
3) a combination of the above strategies.

Recognition methods using not one, but several concurrent decision
rules have already been mentioned. Each rule provides a partial decision. The
final decision is taken on the basis of these options with the help of a certain
generalization procedure. It is expedient to extend the group decision approach
to the case when more than one group of decision rules used, i.e. "collective" of
groups. The hierarchy of groups or collectives can be arbitrarily large. At each
level, partial decisions produced, according to them — the generalized decisions
of current level, which play the role of partial for the next level, etc. On the
basis of the foregoing, the following general scheme of the class of efficient
algorithms for solving pattern recognition problems with the help of the
collective decision rules is proposed. Algorithms of the class consists in
performing four consecutive steps [8]:

1) generating groups of decision rules;

2) obtaining partial decisions and evaluating competences of groups;
3) formation of a generalized decision;

4) expected error estimation.

For the rational use of the characteristics of different algorithms in
solving recognition problems, it is possible to combine different in nature
recognition algorithms into groups that make the classification decision on the
basis of rules adopted in the collective decision-making theory. Suppose that in
some situation X the decision taken is S. Then S = R(X), where R — decision
making algorithm in situation X. Suppose that there are L different algorithms
for solving the problem, i.e., SI = Rl (X), =1, 2, ..., L, where Sl — solution
obtained by the algorithm Rl. We define the set of algorithms {R} = {R1, R2,
..., Ri} as collective of algorithms for solving a problem (collective of decision
rules), if on the set of decisions Sl in any situation X a decision rule F is
determined, i.e. S = F (S1, S2, ..., SL, X). Algorithms Rlare called group
members, Sl - the solution of I-th member of the group, and S — collective
decision. The function F defines the method of generalization of individual
decisions into the collective S decisions. Therefore, the synthesis of F function,
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or a method of generalization, is the central point in organization of a
collective.

In the recognition tasks a situation X is a description of the object X,
i.e. its image, and the decision S — the pattern number that corresponds to the
image. Individual and collective decisions in the recognition task consist in
assigning a certain picture to one of the patterns. The most interesting groups
of recognition algorithms are those in which there is a dependence between
weight (influence rate) of each decision rule Rland the recognizable image. For
example, the weight of the decision rule Rl may be determined by the relation:
w0={5 Gres ¥

where Bl- competence area of RI.
The weights of decision rules are chosen so that:

for all possible values of X. Equation (3) means that the collective decision
determined by the decision of the decision rule Ri, whose areas of competence
belong to the image of the object X. This approach represents a two-level
recognition procedure. On the 1st level image belonging to a particular area of
competence is determined, and on the 2nd the decision rule, the competence of
which is maximum in the found area, comes into force. The decision of the rule
is identified with the decision of the whole group.

Conclusion

The rules of integration of partial independent classifier decisions are
examined in the article. Thus, the generalization of decisions is a special
problem in the field of pattern recognition and classification, which cannot be
reduced to a typical classification problem (with one classifier). It is subject to
further in-depth study, and its use in practice may lead to qualitatively better
properties of classification systems that use the concept of a combined set of
classifiers forming a collective decision.
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PARAMETERS OPTIMIZATION OF DECISION TREE AND KNN
ALGORITHMS FOR BREAST CANCER PREDICTION

Abstract. Throughout the 20th century, views about breast cancer have
drastically changed. Breast cancer is the most common cancer in women
worldwide, with nearly 1.7 million new cases diagnosed in 2012. This type of
cancer is the second most common cancer overall. There is lot of information
and data, which give opportunity for analyzing some processes, make some
researches in classification and in data mining fields, test some tools of
machine learning and make experiments for tuning main methods of supervised
learning. Main part of project is creating useful tool for predicting breast
cancer with high accuracy before getting ill or in initial stage of disease. This
work is fascinating because the goal is to implement a lot of tools for creating
web system, which can make effective prediction analysis. In other word, we
can anticipate the future for women diseases.

Key words: breast cancer, diseases prediction, machine learning
methods, scikit, Wisconsin Breast Cancer dataset.
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