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Abstract—This paper analyzes the results of the experi-
mental research of automated knowledge base construction
for dynamic intelligent systems, in particular dynamic inte-
grated expert systems on the basis of the so-called original
combined knowledge acquisition method with temporal
extensions.

The focus of this work is on some aspects of the
application and development of technologies of knowledge
acquisition from various sources (experts, NL-texts, data
bases) in order to create new applied intellectual technolo-
gies that can be used, for example, in the field of health-
care (personalized medicine, "smart' hospital, etc.). The
paper describes general description of basic technologies of
knowledge acquisition from various sources, features of the
combined knowledge acquisition method and means of its
implementation, features of a language experiment and the
knowledge acquisition from a temporal database. Analysis
of experimental results of software modeling is given.

Keywords—artificial intelligence, intelligent systems, au-
tomated temporal knowledge acquisition, temporal infer-
ence.

I. INTRODUCTION

An important place among the priority directions of
the development and use of artificial intelligence (AI)
technology, determined by Decree of the President of
the Russian Federation (No. 490), is given to the devel-
opment of software that uses such basic Al technologies
as: technologies of knowledge acquisition from various
sources and intellectual analysis of Big Data; technolo-
gies of forecasting and decision support; technologies
of planning and multi-agent control of targeted behavior
in unstructured environments; technologies of processing
natural languages (NL), etc.

Nowadays, based on these basic technologies, it is
necessary to develop applied Al technologies that will be
used in various fields of life, production and economics.
A particular role among the basic Al technologies is
currently given to automated technologies of knowledge
acquisition from various sources, such as experts, NL-
texts and databases, which can be effectively used to
create new applied technologies, for example , in the field
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of healthcare (personalized medicine, «smart» hospital,
etc.) and other problem domains. In this regard, the focus
of research and development in recent years (domestic
and foreign) turned out to be issues related to solving
a set of scientific and technical problems of obtaining,
presenting and processing of temporal knowledge for
building dynamic intelligent systems, in particular, dy-
namic integrated expert systems [1], [2], used to solve
a wide class of unformalized and formalized tasks of
various practical significance and complexity. The aim of
this work is to discuss some new results in this domain
in the context of the development of a problem-oriented
methodology of IES construction for static and dynamic
problem domains.

II. GENERAL DESCRIPTION OF BASIC TECHNOLOGIES
OF KNOWLEDGE ACQUISITION FROM VARIOUS
SOURCES

As shown in [1], [2], the problems of obtaining
knowledge from sources of knowledge of various typolo-
gies (experts, NL-texts, DB), as well as the issues of
creating effective technologies of automated knowledge
acquisition are still in the focus of modern intellectual
systems developers’ attention, in particular, the most
popular integrated expert systems (IES) with scalable
architecture and extensible functionality [1].

The analysis conducted in [3]-[5] has shown that
the most acute problem of knowledge acquisition arises
when solving complex practical problems in such areas
as energy, space, ecology, etc., as well as in the social
field, for example, in the field of healthcare, where
significant amounts of data have been accumulated, for
which various Big Data technologies are used today [6],
and when building knowledge bases (KBs) in intelligent
systems such as the IES, several experts or groups of
experts are required, which significantly increases the
cost and time parameters of system development in the
absence of automated means to support the process of



obtaining knowledge from the expert / experts, who are
the main knowledge source.

Currently, the typology of knowledge sources is
no longer limited only to experts because significant
amounts of expert knowledge are accumulated in the
NL-texts and in the information accumulated in the
databases (DB) of modern business information systems.
Problems of obtaining (revealing) knowledge from NL-
texts are related to the rapidly advancing technology Text
Mining [7], [8], and various methods and algorithms of
automated knowledge acquisition from DB are included
in the technology Data Mining / Deep Data Mining,
Knowledge Discovery in Databases (KDD), etc. [9]-[12].
Success of Text Mining technology is connected with
different aspects of application of textual methods of
obtaining knowledge from NL-texts, which have received
the greatest development in three types of modern web-
oriented NL-systems - information retrieval, information
extraction and understanding of NL-text (Text / Message
Understanding) [2], [5].

It should be noted that for solving the problems of
knowledge acquisition from NL-texts, various methods
and approaches are currently used: machine learning of
neural networks [13]-[15], ontology construction and
search in the concept graph [16], Markov logic [17],
consideration the syntax and semantics of a particular
language [18], the use of a large body of problem-
oriented texts annotated using the TimeML language
[19], and the obtaining of temporal information from
time series [20], [21].

However each of the above-mentioned technologies
has emerged and developed independently and today
such autonomy and distribution does not allow to carry
out effective monitoring of such information resources
as KB, DB, and in recent years ontologies possessed by
intellectual systems, in particular, IES [2]. Moreover, at
present, except for the works [2]-[5], [12], [22], there is
practically no research in the field of creation of tools and
technologies of distributed knowledge acquisition from
various sources.

Experience of practical use of a number of applied
IESs, including the most complex dynamic IESs [2],
[31, [5], etc, developed on the basis of problem-oriented
methodology (author G.V. Rybina) [1] and supporting
its software - AT-TECHNOLOGY workbench, for such
problem domains (PD) as express-diagnostics of blood,
diagnostics of complex technical systems, design of
unique mechanical engineering objects, complex envi-
ronmental problems, etc., showed the effectiveness of
the joint use of three sources of knowledge - experts,
NL-texts and databases. For example, the analysis of
experimental data obtained in the course of creation of
KB of several applied IESs using the combined method
of knowledge acquisition (CKAM) [1]-[5], [12], [13],
which is an integral part of this methodology, has shown
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that the local use of the database as an additional source
of knowledge can supplement the volume of developed
BDs by 10-20 percent, depending on the specifics of PD.

Now on the basis of the problem-oriented method-
ology the intellectual program technology and the au-
tomated workplace of the knowledge engineer - the
complex AT-TECHNOLOGY on which basis, including
with use of three versions of means of support CKAM
(local, distributed, dynamic), more than 20 applied IES
for static PD are developed, and also prototypes of the
most difficult dynamic IES, i.e. the IES using dynamic
representations of a subject domain and solving dynamic
problems [1], [2] are created.

The modern stage of development of the technol-
ogy of knowledge acquisition from various sources in
the context of creation of a dynamic version of the
CKAM and its support tools, functioning as part of
the new generation of tools such as WorkBench - AT-
TECHNOLOGY complex - is associated with the au-
tomation of the processes of obtaining, presenting and
processing of temporal knowledge for the construction of
KB in dynamic IESs. Relevance of the research is related
to the fact that, despite the existence of a significant
number of approaches to the representation of temporal
dependencies in the context of automatic processing of
NL-texts, the issues of obtaining temporal knowledge
(both using manual techniques and automated methods)
for constructing temporal KB in dynamic intelligent
systems, in particular, in dynamic IES [5], are practically
not considered.

The aim of this work is to present new results of exper-
imental software modeling of the processes of temporal
knowledge acquisition for the automated construction of
KB in dynamic IES (for example, medical diagnostics).

III. FEATURES OF THE COMBINED KNOWLEDGE
ACQUISITION METHOD AND MEANS OF ITS
IMPLEMENTATION

The basic version of CKAM [1], [2], [12] and its
support facilities, created in the end of 1990s, are
constantly being developed and successfully used to
automate the processes of KB development in static
PD, forming the core of the automated workstation of
the knowledge engineer on the basis of the software
platform AT-TECHNOLOGY. Today a distributed variant
of computer knowledge acquisition is supported [12],
[13], which provides integration of three types of knowl-
edge sources (experts, NL-texts, DB) taking into account
their geographical distribution within the client-server
architecture. Proceeding from the context of this work,
we will focus only on those features of CKAM, which
are most important from the point of view of studying
the possibilities of CKAM development for the purpose
of automated construction of temporal databases for
dynamic IES.



The first peculiarity of CKAM is the way of organizing
the process of direct obtaining of knowledge from experts
by means of computer interviewing at all stages of the
life cycle of the IES construction on the basis of the
author’s approach "orientation to the model of solving a
typical problem" [1], according to which the controlling
knowledge about strategies (methods) of solving specific
classes of problems solved in a similar way is formed in
the form of some heuristic model of a typical problem [1]
(diagnostics, design, planning, etc.). Therefore, the pro-
cesses of obtaining knowledge are controlled by means
of sets of models for solving typical tasks, for which a
number of methods and approaches have been developed
and are constantly being developed, which allow to
create scenarios of dialogues with experts, reflecting both
the thematic structure of the dialog (i.e. the scheme of
solving a typical task [1], [2]) and the local structure
of the dialog (steps of the dialog [1], [2]), i.e. a set of
specific actions and reactions between the expert and the
system.

Thus, the processes of knowledge acquiring from
experts and NL-texts are computer modeling, allowing in
the process of dialogue with experts to build and denote
all the components of the model of solving a typical
problem and form both fragments of the knowledge
field [1], [2] (intermediate representation of structured
knowledge used to verify information obtained from
various sources), and the corresponding fragments of KB.
To build an "action-response” scheme of partners, several
implementation techniques are used, in particular, the
"simulation of consultation" method, etc.

Expert interviewing processes are supported by a dia-
logue script interpreter, with each scenario corresponding
to a specific type of task. In addition, special screen
forms are provided for entering unreliable knowledge
[1] (uncertainty, inaccuracy, fuzziness) and connecting
the means of implementing the adaptive method of
repertoire grids [1] (for example, for the implementation
of procedures of differentiation of diagnoses in the case
of activation of the scenario for the task of medical
diagnosis). A specialized linguistic processor and a set
of dynamically updated dictionaries occupy an important
place in the software for supporting basic and distributed
CKAM (linguistic aspects of CKAM are described in
detail in [1], [2], [12]).

Another important feature of the CKAM is the integra-
tion of closely interrelated processes of expert computer
interviewing with methods of NL-texts processing (en-
tered both during the interview session and after the end,
in the form of expert interviewing protocols), as well as
methods of knowledge acquisition from the DB [1], [12],
[13].

In order to use temporal DB [9], [10] as an additional
source of knowledge, the basic functionality of the means
of supporting the distributed version of the CKAM has
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been significantly expanded by developing new algo-
rithms of knowledge acquisition from temporal DB and
means of integration of various sources of knowledge
(experts, NL-texts, DB) [1], [12], [13]. Instead of the
CART algorithm used in the local version of the basic
CKAM [13], the well-known Random Forest algorithm
[11] was implemented, modified to support the work with
temporal DB.

The essence of the modification was the use of mul-
tivariate feature space, one of which is a time stamp.
The ensemble of solution trees is constructed in accor-
dance with the basic algorithm; however, the calculation
of the value of the partition criterion has undergone
changes due to the use of the multidimensional space of
characters (the partition criterion will be the arithmetic
mean of the calculated values of information entropy).
In addition, unlike the decisive trees based on modified
CART and C4.5 algorithms [1], [12], [13], the tree
construction is performed until all the elements of the
sub-sample are processed without the application of the
branch cutting procedure. The solution tree algorithm is
executed as many times as necessary to minimize the
error of classification of objects from the test sample
(classification of objects is done by voting by analogy
with basic version of the Random Forest algorithm [11]).

Thus, the actual problem of the current stage of
research is the further evolution of the CKAM, in order
to develop methods and means of automated construc-
tion of temporal KB in dynamic IES. To date, models,
methods and software for representation and processing
of temporal knowledge have already been developed and
tested in the creation of several prototypes of dynamic
IES models [2]-[5], [14]. Below is a description of the
current results of the experimental program modeling of
the temporal version of the CKAM.

IV. FEATURES OF A LANGUAGE EXPERIMENT AND
THE KNOWLEDGE ACQUISITION FROM A TEMPORAL
DATABASE

For modeling of processes of direct knowledge acqui-
sition from experts and NL-texts (sublanguage of busi-
ness prose [1], [2]) the typical problem - medical diag-
nostics - was used, and as PD the complex diagnostics of
diseases of a mammary gland and diagnostics of traumas
of a knee joint was considered. Model dialogues were
conducted in the form of a "language experiment" [2],
[4], [5] related to the search for temporal information, i.e.
temporal relations both within each NL-proposal coming
from the expert and/or in neighboring sentences (taking
into account the current state of the local structure of the
dialog) and with the search for relations indicating the
time of text creation.

For these purposes, the dictionary of temporal lex-
emes developed on the basis of the works [15], [16], a
specialized linguistic processor and interviewing support



tools functioning as a part of the AT-TECHNOLOGY
complex were used. Scenarios and corresponding screen
forms were developed and tested with the help of model
dialogues.

In total, several hundred modeling sessions of in-
terviewing were implemented with the participation of
about 80 students who, according to the principle of
"doctor to himself", introduced lexemes (temporary pre-
texts, target pretexts, causal pretexts, particles, adverbs
of time, etc.) into the corresponding screen forms to
build fragments of the knowledge field. On the basis
of the experiments carried out, a set of modified sce-
narios describing the thematic and local structure of the
dialogue when solving a typical problem of medical
diagnostics was obtained, which made it possible to
implement the elements of the "through" technology
of direct acquisition and representation (in terms of an
extended language of knowledge representation [2]) of
fragments of temporal KB, ready to implement temporal
output on the production rules [2], [4], [17].

Thus, the use of a set of model dialogues made it
possible to experimentally determine which temporal
entities (markers) [5] can be detected on the basis of
algorithms and software of the temporal version of the
CKAM and significantly add to the current temporal
lexeme vocabulary.

Another complex of experiments was carried out with
the modified Random Forest algorithm, which is a part
of the CKAM and is the core of knowledge acquisition
from temporal DB. As an input to this algorithm, some
medical temporal DB containing data in a certain format
was used, and the set of medical data was exported to
the database under the control of SqLite 3, and then to
a separate table with the allocation of identifiers with
assigned classes. Thus, a table with objects is formed,
which contains their attributes at each moment of time,
and a table with classes. The Random Forest algorithm
builds an ensemble of trees according to this temporal
DB, where each committee tree allocates the classified
object to one of the classes, i.e. it votes, and wins the
class for which the largest number of trees voted. A
fragment of the knowledge field containing the rules of
tree voting in intervals and rules in the extended language
of knowledge representation is built on the trees.

The obtained from temporal DB fragment of knowl-
edge field is suitable for further verification and integra-
tion [1], [2], [12], [13] with fragments of the knowledge
field obtained as a result of expert interviewing sessions
(11, [2], [12], [13].

V. ANALYSIS OF EXPERIMENTAL RESULTS OF
SOFTWARE MODELING

Below are the results of experimental research of
algorithms and software tools for the formation and
verification of knowledge field elements with temporal
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Figure 1. The results of experiments to detect temporal markers (the
Oy axis is the percentage of detected markers of the total number, the
Ox axis is the number of temporal markers)

entities. For these purposes, modal dialogues were used
for medical ultrasound diagnostics and diagnostics of the
knee joint. Experiment scenarios were used, including:

* addition of new events and intervals to the model
dialogues, due to which the vocabulary of temporal
lexemes, previously not detected in experiments carried
out with the support of the algorithm for identifying
temporal markers, was replenished (positive testing);

* inclusion of events and intervals in the knowledge
fields without references and/or with incorrect values, to
test the reaction of means of supporting the verification
of the knowledge field to anomalies (negative testing);

* the use of synonymous events and intervals for sub-
sequent experimental research of means for combining
elements of the knowledge field obtained from sources
of various typologies.

Figure 1 shows some results in the form of statistical
data obtained as a result of "language experiments".

Figure 2 shows examples of pie charts that display the
quantitative result of these experiments.

Now the results of experiments are presented with
other sources of knowledge - temporal databases. The
experimental scenario included:

* registration of the temporal database in the dynamic
version of the AT-TECHNOLOGY workbench (registra-
tion means adding a file containing the temporal database
to the directory where the executable file is located);

e opening the database and reading data stored in
the database, namely: identifiers of objects, classes and
timestamps;

e creation of files with serialization of the ensemble
of trees, a description of the knowledge field in the
extended language of knowledge representation, as well
as a description of the knowledge field in the internal
representation.

It should be noted that the Random Forest algorithm
was tested on several temporal databases that have the
same structure, but a different number of objects, classes,
timestamps, and also with different formats of times-



Addition of new events and intervals to existing
model dialogs
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Figure 2. Pie charts with experimental results of addition new temporal
entities
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Figure 3. The name of the classifying attributes with possible variants
of their values (Class attribute: 0/1 (biopsy required / not necessary).
Number of objects: 140)

tamps. In addition, during testing, ensembles of 1, 50,
and 100 trees were built.

Consider in more detail some of the features of
temporal databases used in experiments. The temporal
database is represented as a set of two tables (Objects,
Classes), in turn Objects (id, attrN, timestamp), where
id is the identifier column, attrN is the column with
the attributes of the object, timestamp is the column for
storing the timestamp, and Classes (id, class), where id
is the identifier column, class are the classes to which
objects can belong. Figure 3 shows a description of the
model temporal database fragment.

Figure 4 shows the example of mapping of a tempo-
ral database into elements of a knowledge field in an
extended language for representing knowledge.
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Figure 4. Mapping of the temporal database to the elements of the
knowledge field in the extended language of knowledge representation

VI. CONCLUSION

The developed methods, algorithms and technologies
of temporal knowledge acquisition from various sources
(experts, NL-texts, DB) are especially important for med-
ical PD, where significant volumes of temporal informa-
tion are accumulated even about one patient, including all
his previous conditions and diseases in a wide time range.
This is a crucial task, which is necessary to improve the
quality of healthcare in our country.
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TexHOI0rHsI MOJyYeHHs TEMIIOPAJIbHBIX
3HAHHI U3 PA3JUYHBIX HCTOYHHKOB:
SKCIEPUMEHTAJIbHOE HCCJIeI0BaHNe

KOMOHWHIPOBAHHOTO METO/Ia MPHOOPeTeHUsI
3HAHHHA

Priouna I'B., CriuapkoB A.A., BysiHos [1.P.

B naHHOli cTaThe aHAIM3UPYIOTCH PE3YJbTAThl SKCIEPUMEH-
TaJIbHOTO MCCJIEI0BaHUsI aBTOMATH3UPOBAHHO TEXHOJIOTUH T10-
cTpoeHus 0a3 3HAHWI AT JUHAMUYECKMX UHTEJUIEKTYaJbHBIX
CHCTEM, & UIMEHHO JMHAMHUYECKMX MHTEIPUPOBAHHBIX SKCIIEPT-
HBIX CHCTEM, Ha OCHOBE OPUIMHAILHOIO KOMOWHHPOBaHHOTO
MeToa PHOOPETEHNs 3HAHUI C TEMITOPAJIbHBIMH CYIITHOCTSIMH.

PaccmarpuBaeMsblii MeTOJ, ABJISIETCS HEOTHEMJIEMOIl YacThIO
3a/1a4HO-OPUEHTUPOBAHHO METOOIOT MU ITOCTPOEHHSI HHTETPH-
POBaHHBIX 9KCHEPTHbBIX CHCTEM, 00J1a/IAI0IINX MacIITaOupyeMOit
APXUTEKTYPOH M paciMpsieMoil ()Y HKIIMOHAIBHOCTBIO.

B ¢okyce BHUMaHMA JaHHOH pabOThl HAXOAATCA HEKOTOPbIE
ACHeKThl NMPMMEHEHUs] M Pa3BUTHsI TEXHOJOTHil H3BJICYCHHUS
3HAHMI1 U3 Pa3JIMUHBIX UCTOUHUKOB (9KcnepThl, ESI-TeKcThl, 6a3bl
JaHHBIX) C LEJIbI0 CO31aHMSI HOBBIX IPHKJIAHBIX HHTEJICKTyJlb-
HBIX TEXHOJIOTHH, KOTOPblE MOT'YT HCIIOJIb30BaThCS, HAIIPUMED,
B chepe 3ApaBoOXpaHeHHUs (IIepCOHATU3MPOBAHHAS MEAMLIMHA,
«yMHas» OOJNLHULA U P.).

IMpuBoguTcsa obmasg XapakTepUCTUKA Oa30BBIX TEXHOJIOTHI
U3BJICUCHHSI 3HAHUN M3 PA3IMYHbIX UCTOYHUKOB, OMUCHIBAIOTCS
0COOEHHOCTH KOMOMHHMPOBAHHOTO METOJa MPHOOPETEeHUs 3Ha-
HUI1 ¥ CPEJICTB €r0 peaIM3allii, a TAK)KE 0COOEHHOCTH 513bIKOBBIX
JKCIIEPUMEHTOB U PHOOPETEHNU 1 3HAHM# M3 TeMIOPAJIbHO# Ga3bl
JaHHbIX. [TpoaHaM3upoBaHbl pe3ybTaThl KCIEPHUMEHTAILHOTO

IpOrpaMMHOI'0 MOJAECJIMPOBAHUA.
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