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Abstract—One of the base elements of any knowledge
ecosystem is a software agent. The agent receives data
about the internal events of the ecosystem, interprets data
and executes commands that affect the environment. The
paper proposes an option for the implementation of the
specialized Knowledge Discovery agent (KD-agent). The
input for the agent is the a priori dictionary of features
and the training set. As the outcome of the agent activity
previously unknown patterns are revealed and can be
interpreted within the subject domain. The effectiveness
of the proposed approach is demonstrated on the example
of model data analysis.
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I. INTRODUCTION

The knowledge ecosystem is a complex adaptive sys-
tem including a database, a knowledge base and ex-
perts [1]. The development and implementation of such
systems is one of the priority courses of information
technologies growth and usage [2], [3].

The knowledge ecosystem is intended to provide high-
quality interaction between objects for the effective im-
plementation of the decision-making process. Typically,
it includes technological core, critical interdependencies,
knowledge agents and performative actions [1].

Knowledge agents receive and interpret data about
internal ecosystem events and execute commands that
have impact on the environment. The most important
agents’ properties are autonomy, social ability, reactivity
and pro-activity [4].

The paper describes the process of constructing a
specialized intelligent Knowledge Discovery agent (KD-
agent). The agent’s input data are the a priori dictionary
of features and the training set. In automatic mode,
the agent performs data analysis on which a set of
informative ensembles of features are formed ensuring
the separation of classes. The results of the practical
usage of KD-agent on the example of model data analysis
are described.
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II. KNOWLEDGE DISCOVERY IN DATABASES

The development of novel and application of existing
data mining methods and technologies is a promising
avenue of knowledge ecosystems development and use.

The ongoing progress in the development of artificial
intelligence technologies is largely due to the wide
implementation of machine learning methods based on
identifying empirical patterns in datasets [5].

During the learning process an intellectual system is
provided with a set of positive and negative examples
related by a previously unknown pattern. As a result
of learning, a decision rule (algorithm) used to split
the presented examples into positive and negative is
generated [6].

Thus, machine learning methods traditionally con-
struct practically useful algorithms (decision rules) that
implicitly express empirical patterns. For example, the
result of the Supervised Learning is a classification
algorithm that is a certain practically useful “black box”.
This result, unfortunately, defies any interpretation within
the subject domain.

Knowledge Discovery in Databases (KDD) is a pro-
cess of discovering in the initial datasets a previously
unknown, useful and interpretable patterns, which are
further necessary for effective decision-making [7]. How-
ever, as it’s shown above, machine learning methods do
not fully satisfy all the KDD requirements. They do not
allow to interpret the discovered patterns.

Formally, the KDD process includes five major stages
and can be represented as follows (Fig. 1):
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where DW and TD — data warehouse and a target
dataset respectively; TS — training set; DM — Data
Mining procedure; Ps — resulting set of patterns; K -
— knowledge; S1 (Stage 1) — the stage of formulating
the goal and objectives of the KDD process and the
formation of a target dataset on which the search for
patterns will be carried out; S2 (Stage 2) — the stage
of data preprocessing and formation of a training set; S3



(Stage 3) — execution of the Data Mining procedure;
S4 (Stage 4) -— building class patterns; S5 (Stage 5) -—
patterns interpretation in terms of the subject domain.
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Figure 1. Patterns detection circuit.

Thus, the KDD process begins with the selection of
an alphabet of classes, a set of observed features and
the construction of an a priori dictionary of features
(PDF). Each observed object is then represented as a
vector of features from the PDF and, as an outcome,
the training set is formed. Further, using the training
set, estimates of informative value are calculated for
all possible combinations (ensembles) of features from
the PDF (in terms of the correct division of the pre-set
classes).

After that, domains of classes (class patterns) for each
combination of features are constructed. And on the re-
sults of the analysis of the mutual placement of patterns,
the informativeness of the corresponding ensembles of
features are estimated.

Therefore, as a result of the KDD process implemen-
tation, we are acquiring knowledge in the form of the
informative significance of ensembles of features from
the PDF. The knowledge thus acquired can be interpreted
in terms of the subject domain, since each feature in any
combination carries a specific semantic load.

III. KNOWLEDGE DISCOVERY VS SUPERVISED
LEARNING

As noted previously, a classification algorithm (deci-
sion rule) is constructed on the basis of the results of the
Supervised Learning procedure performance.

Traditionally, the learning process is reduced to the
construction of decision rules that deliver the extremum
of some functional. Therefore, decision rules families,
generally, are selected a priori with accuracy up to
parameters. In the learning process, specific values of
the parameters which provide the extremum of the pre-
set functional are determined.

It is considered that the dictionary of features is used
not only for constructing a training set. It also defines
a feature space in which the decision surfaces between
classes are built.
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On the basis of Machine Learning methods, it is pos-
sible to solve many applied problems that quite recently
were considered non-trivial. In particular, impressive re-
sults have been obtained using the technology of artificial
neural networks.

At present, neural network technologies allow to
provide not only a high-level quality of learning, but
also include for a nearly autonomous execution of the
Supervised Learning procedure. However, application
of artificial neural networks, as well as other Machine
Learning methods, is limited to developing a classifica-
tion algorithm. It turns out that a useful result of the
entire resource-intensive process of training set preparing
(about 80% of all costs) and processing is precisely the
classifier. The classifier in fact is a “black box” that is
not possible to further interpretation.

Thus, the main objective of machine learning methods
is to build classification algorithms. In fact, this is a
weak side of the approach. Although as an outcome it
is succeed to learn how to separate class patterns, but at
the same time there is no information of any kind about
the properties of classes themselves.

An alternative to the data analysis of the training set
can be an approach based on the idea of extracting
some subsets from the a priori dictionary of features
that would provide the separation of classes in a given
feature subspace. Actually, features and their various
combinations have varying informativity extent charac-
terizing the properties of classes. Suppose the a priori
dictionary contains n features. Obviously, 2n-1 of all
possible combinations (ensembles) of features can be
constructed [8]. If in such a set of combinations there
is an ensemble by which the classes are well separating
in a given feature subspace, then it can be stated that:

1) previously unknown patterns of classes properties
are discovered;
these patterns can be interpreted in the subject
domain terms;
based on the revealed properties, the problem of
constructing a classifier becomes trivial.

2)

3)

To detect the described ensembles, it is proposed,
initially, to build the domains of classes based on the
data of the training set. Thereafter, in the corresponding
feature subspace, we can calculate the estimates of their
mutual placement.

Essentially, the process described above implements a
typical procedure of knowledge discovery in dataset. On
its basis, it is proposed to build an intelligent KD-agent
that gets as an input a priori dictionary of features and
a training set. Such KD-agent will automatically process
the data and form the discovered patterns.

IV. FUNCTIONING OF KD-AGENT

Within the classical for Machine Learning approach, the
following statement of classification problem is adopted:



Let the objects descriptions X and the acceptable answers
Y for objects classification are given. Suppose there is an
unknown target dependency yx : X — Y, which values
X" {(z1,y1)y.--, (Tm,Yym)} are known only for the
training set objects.

It is necessary to construct an algorithm a : X — Y
that would approximate this target dependency not only on the
objects of the finite set, but also on the entire set X [9].

The solution to this problem is typically carried out in two
stages. First, a certain family of algorithms is specified up to
parameters. Then, in the learning process, the values of the
parameters are determined that provide the extremum of the
preselected functional.

The selection of algorithms model (family) A = {a
X — Y} is a non-trivial problem. Such a choice requires the
participation of a qualified specialist. It means that learning
is only carried out in an automated, but not automatic mode.
Another serious disadvantage is that the resulting algorithm
a: X — Y is a “black box” whose outcomes cannot be
interpreted.

The application of the learning approach described above
(alternative) avoids the mentioned disadvantages. The following
modification of the problem statement is proposed:

Let the objects descriptions X and the acceptable answers
of objects classification Y are given. There is an unknown
target dependency yx X — Y, which values X™
{(z1,91)s-- -, (@m,Ym)} are only known for the training set
objects.

It is required to find feature subspaces where class patterns
do not intersect.

Let the training set X™ = {(z1,y1),..., (Tm,ym)} be
formed on the basis of the dictionary of features F'
{fi,-.., fu}. Let V.= {v1,...,v4} denote the set of all pos-
sible combinations (ensembles) of features from F'. Obviously,
V contains ¢ = Y 1 | C, = 2" — 1 subsets.

The algorithm of constructing feature subspaces V™
{vi,...,vi}, where class patterns do not intersect is as fol-
lows:

Step 1. In the set V, n combinations V' = {v]",... v} 1,
that contain one feature are being selected. For each individual
feature, class patterns are built and their mutual placement is
estimated. If the patterns do not intersect, then the feature
is included in the resulting set V*. The combinations that
contain this feature are excluded from the set V. If the patterns
intersect, then the feature is excluded from V.

Step 2. Let V2 {vf\‘,...,vﬁ} denote by the subset
obtained as a result of the set V' transformation at the previous
step. For each individual combination from V2, class patterns
are built and their mutual placement is estimated.

If the patterns do not intersect, then the combination of
features is included in the resulting set V*. And all elements
that contain this combination are being excluded from V.

If the patterns intersect, then the combination is excluded
from V2. The process is repeated until V2 becomes empty.

As a result of the analysis of all elements from V'
{v1,...,v4} (possible combinations of features from the dic-
tionary F' = {f1,...,fn}) aset V* = {vf,..., v} will be
constructed, where 0 <t < q.

On the basis of each separate ensemble-combination v; €
V™, we formulate a previously unknown, empirically revealed
pattern: in the feature space of the subset v; the classes do
not intersect. It should be noted that within a specific applied
problem, each combination of features v; can be interpreted
by a subject domain expert.

So, as an input, the KD-agent receives an a priory dictionary
of features F' = {fi,...,fn} and the training set X™ =
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{(z1,y1)s---, (Tm,ym )} Based on the above algorithm, agent
forms the set V* = {v],..., v}, where 0 < ¢t < ¢ (Fig. 2).

Apriory dictionary of features +
Training Set

KD-agent

Discovered patterns

Figure 2. KD-agent workflow.

Let’s note that the so constructed KD-agent satisfies all ma-
jor characteristics subjecting to agents in multi-agent systems
(autonomy, local representations, decentralization).

V. APPLICATION OF THE KD-AGENT

Let’s demonstrate the efficiency of the KD-agent by the
example of analyzing the training set data aiming to reveal
hidden patterns.

Example. Let the given:

o number classes — even and odd;

e a priori dictionary of features F = {units, tens, hundreds,
thousands, tens of thousands, hundreds of thousands,
millions };

« training set of seven-bit integers, which contains 2000
even and 2000 odd numbers.

Table 1 shows the results of researching the intersection of
class patterns based on the feature units, where
20000 — 327, a;

20000

Table I shows that even numbers are lack of 1, 3, 5, 7, 9 in
the unit’s digit, and odd numbers are lack of 0, 2, 4, 6, 8. In
addition, the units feature provides an absolute separation of
the classes even and odd since the Intersection = 0%.

NE; = Number of even;
NO; = Number of odd;

NM5; + NNM5;, NM5; =0V NNM5; =0
0,NM5; >0ANNNMb5; >0

i

Intersection = * 100%

Table I
EXPERIMENT RESULTS FOR THE FEATURE UNITS

Digit | Number of even | Number of odd
0 405 0
1 0 415
2 408 0
3 0 398
4 373 0
5 0 383
6 423 0
7 0 404
8 391 0
9 0 400




Table 11
EXPERIMENT RESULTS FOR THE FEATURE TENS

Digit | Number of even | Number of odd
0 204 192
1 201 204
2 205 190
3 190 216
4 203 191
5 183 216
6 200 192
7 216 194
8 197 195
9 201 210

Table II shows the analysis results for the feature tens. It
could be seen therefore that this feature has no the property of
class separation since Intersection = 100.0%.

Table III presents the analysis results for the feature millions.
The table shows that this feature does not have the property of
class separation neither, since Intersection = 100.0%.

Table III
EXPERIMENT RESULTS FOR THE FEATURE MILLIONS

Digit | Number of even | Number of odd
0 201 211
1 212 211
2 193 187
3 174 190
4 189 191
5 210 181
6 208 204
7 196 210
8 218 212
9 199 203

Table IV shows the results of the analysis for all features
from the a priori dictionary.

Table IV
EXPERIMENT RESULTS FOR ALL FEATURES

Feature name Intercestion (%)

units 0.0

tens 100.0

hundreds 100.0

thousands 100.0

tens of thousands 100.0

hundreds of thousands 100.0

millions 100.0

Let’s note that the algorithm running time spent on solving
this problem was only 0.09 seconds.

VI. CONCLUSION

The paper presents the implementation variant of the
specialized knowledge discovery agent (KD-agent). The
input for such an agent is the a priori dictionary of
features and the training set. As the outcome of the KD-
agent activity previously unknown patterns are revealed
and can be interpreted by experts of the corresponding
subject domain. It is easy to see that the outcomes of the
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KD-agent’s work can be further used by other agents of
the ecosystem.

The effectiveness of the proposed approach is demon-
strated on the example of the model data analysis.
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CrnenuannzupoBannbiii KD-areHnr s
3KOCHCTEM 3HAHUMN

Kpacnonpommn B.B., Poguenko B.I'., Kapkanuna A.B.

OnHrM 13 0a30BBIX NMEMEHTOB JIO0OH 3SKOCHUCTEMBbI
3HaHW{ sBJIsETCS TNpPOrpaMMHBI areHT. Haxonsce B
Cpefie SKOCUCTEMBI, areHT IMOJyvaeT JaHHble O BHYT-
PEHHUX COOBITHSX, MHTEPIPETHPYET MX U BHIIOJHACT
KOMaH/Ibl, KOTOpble BO3JCHUCTBYIOT 3aTeM Ha cpeny. B
CTaTbe MpEeAJIaracTcsi BapUaHT pealn3alyy CIelai-
3upoBaHHOro knowledge discovery arenra (KD-arenra).
BxomHBIMM JaHHBIMH [JIs1 areHTa SIBJISIIOTCSL alpUOPHBLI
CJIOBaphb INPU3HAKOB U oOyualoiasi BbIOOpKa. B pe3yib-
Tare pabOTHl areHTa BBISBISIOTCS paHee HEU3BECTHbIC
3aKOHOMEPHOCTH, KOTOPBIE MOTYT OBITh POUHTEPIPETH-
POBaHbl SKCIEPTAMH-CIICLHAIICTAMH COOTBETCTBYIOIICH
npeaMeTHOI 001acTu. DhPEKTUBHOCTD MPEAIOKEHHOTO
TMOJIX0/ja AEMOHCTPUPYETCS Ha PUMEpPE aHaIM3a MOJEIIb-
HBIX JIaHHBIX.
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