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Abstract: Modeling with reusable knowledge components on the basis of classification task for knowledge systems for
medical diagnostics is considered. New problem solving method (method of feature set analysis) for classification task is
proposed. It works faster than the known method of potential candidates pruning (from the CommonKADS methodology) for

the domain with the number of attributes over 40.
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1. Introduction

Despite the global introduction of computer technologies
in different branches of medicine, primarily, for audit and
registration, visual interpretation of the examination and
archived data, the need for computer program use in
differential diagnostics is quite apparent. Half a century ago
different methods of computational diagnostics became
common (were introduced into common use): most salient
out of the methods used was computer processing of the
patient data for analysis of clinical signs (manifestations) of
the disease.

Among computerized methods which are in common use
at present are differential tables, discriminant analysis and

the method that has become highly prospective recently, viz.

indicator diagnostics. One of the latest methods of
conducting medical diagnostics is the Feature-set Analysis
method developed by the author in the process of solving
the problem of dental alloy biocompatibility.

A significant obstacle on the way of information tech-
nologies development in medicine is irrational syste-
matization of the clinical materials obtained over the last
decades. Heuristic nature of medical knowledge (uncer-
tainty), ambiguity, and presence of contradictions makes
the process of detection, systematization and modelling of
the clinical data rather complicated. Analytical work in this
direction done by experts has a huge potential in the sense
of improvement of the quality of diagnosis.

That is why the prospective and profitable task lies in

systematization and inordering (putting in order) of know-
ledge for medical diagnostics along with the development
of new ones, particularly, reusable knowledge components.
These are comparison and forming of relevant mappings
that are of research interest: problem—task—PSM (problem
solving method) and developing the necessary ontologies
for common reuse and modelling and for knowledge
systems construction as well.

Diagnostics is the core phase in the medical care because
selection of the right treatment is based on it. But that
knowledge is gained by medical professionals over decades.
The line of the DentExp systems was developed for the
problem of dental alloy biocompatibility in orthopedic
dentistry, and reusable components and models developed
during the work under these systems could be used for
(medical) diagnostics within different problems and do-
mains. Among the successful developments in the field of
medical diagnostics the examples of classical systems
MYCIN, INTERNIST and PUFF can be given, as well as a
more up-to-day one — ESAGIL (esagil.org), on the terrains
of Ukraine and former NIS — MODIS/MOJUC,
CLASS/KJIACC [1], in the related domain with orthopedic
dentistry the examples of the systems for diagnosis of the
pain syndrome in temporomandibular joint dysfunction
suggested by V. Onyshchenko, A. Mirza [2] and the
diagnosis for dentitions by L. Leportskaya [3]. Original
system to diagnose periodontal disease was presented by
Brazilian researchers D. Deschamps, A. M. de Rocha
Fernandes [4]. We also can provide the examples of a
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computer program for audit and analysis of patient

dentitions before and after treatment suggested by N. Dydyk,

Y. Zablotskyy, M. Gzegotskyy [5], computerized clinical

DSS DART (J. Rudin [6]) for detection of oral pathologies

and clinical DSS in dental implantology by A. Polaskova et

al. [7] in the Czech Republic.

This paper describes the model for medical diagnostics
aimed at classification using reusable knowledge com-
ponents (RKCs) such as ontologies, problem-solving
methods (PSMs) and generic tasks, which are used in the
development of modern knowledge systems. We consider
in it:

1) how medical diagnostics is modelled by the task of
classification and what RKCs in medical diagnostics
with the task of classification are used for;

2) conceptual model of medical diagnostics, which
became the basis for further work on knowledge
system development;

3) what model of diagnostics is used for our modelling of
medical diagnostics with the classification task;

4) generic model of RKCs and PSM of Feature-set
Analysis, which is the core reusable knowledge com-
ponent and could be used further in solving different
problems.

As the conclusion of the work on medical diagnostics for
determining the biocompatibility of dental alloys we pre-
sent the example of diagnostics in knowledge system Dent-
Exp developed on the basis of RKCs and the classification
task.

2. Model Problem

As model problem in our case there was chosen the
problem of determining dental alloy biocompatibility in
orthopedic stomatology. This problem has high represent-
tativeness (the nature of diagnostics in the problem is
interdisciplinary, and generalizations made on the basis of
this problem could be applied for diagnostics in general)
and, thus, provides wide room for conclusions.

The problem consists in selection of appropriate dental
materials in prostheses, so that there was no intolerance
between them and the patient. The problem includes 18
available (formulated by experts) diagnoses, among which
6 are disorders — primary diagnosis and the subject of
examination, and 12 coexistent diseases form the subject of
differential diagnostics with primary diagnoses-disorders.

For diagnosis determining values approximately 60
attributes (from the values of age and sex to the state of
dentitions) are used. Statistical, direct preliminary and
complete clinical diagnoses are consequently determined in
the problem (for the data scope considered when a par-
ticular diagnosis is determined). For determining statistical
diagnosis registration data are used (age, sex and the place
of residence), for determining preliminary diagnosis the
data of complaints, anamnesis and survey given in the form
suitable for information processing are used. For
determining clinical diagnosis 3-5 out of 14 allowed tests in

the problem domain also are used.

Researches were conducted on the basis of primary
Ukrainian dental centers: in Kyiv, Lviv, Ternopil and
Ivano-Frankivsk. Application of these methods and Dent-
Exp knowledge system, presented in this paper, greatly
helped to improve duration of examination and quality of
decision- making, this being mentioned in section 5.

3. Medical Diagnostics with the
Classification Task

Medical diagnostics can be carried out by different tasks,
particularly by the task of classification.

Consider the problem of classification for this purpose.
When medical diagnostics is modeled with classification
the solution is determined by a certain correct class or
classes (diseases) with a characteristic set of features of the
object (the information that was identified or received
about the object of investigation). Diseases are interpreted
as independent from domain classes when independent
from problem domain reusable knowledge components are
used. Such way of solution is typical for professionals with
a 5-10-year experience. Specifically for our task there was
developed a solution method (described in detail below)
which was called by the author as the Feature-Set Analysis
method.

The input for such a problem is information about the
object, while the output of it is the corresponding class or
classes. The problem operates on the basis of the following
terminology: object, a certain object for which the corres-
ponding category has to be found, class, a certain class
which consists of a group of objects with similar charac-
teristics; attribute, the object’s feature that can be traced or
deduced; feature, a pair of attribute-value(s) characteristic
of a certain object.

where O — a certain object (entity) of the domain, 4 — its attributes, V' —
attribute values, R — a certain relation in the domain (in this case they are
modeled by the production rules) and — D the corresponding diagnosis

Figure 1. 5-component structure of medical diagnosis
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For the problem of medical diagnostics the approach
formulated by the author in 2002 has been applied in the
work of our group at LNU at the stage of development of one
of the early versions of ES DentExp [8] in orthopedic
dentistry.

If the correct diagnosis d is from our set of diagnoses D,
then certain parameters-attributes can be traced out of the set
of the ones allowed within our domain, each with the cor-
responding values. In the tasks of diagnostics at each séance
(stage) any attribute (with some exceptions) acquires only
one value (out of the set of possible ones), that is there is
uniqueness and agreement of the data.

This model was applied during certain steps taken to pass
the decision modeled by the classification tasks.

The problem operates the following sets: D — possible
diagnoses, .A — the set of all possible attributes, for each of
them the set of their values is found, V — all possible
attribute values, F — the data we operate at each séance of
diagnostics within the set of all possible ones FA —
diagnoses-hypotheses (forecasted diagnoses), FH, FH(D;)
— all the forecasted findings and findings of certain dia-
gnosis, FO, FO(D;) — all the observed findings and the
findings of certain diagnosis data, a(F) — all attributes of
the séance and correspondingly forecasted a(FH) and
observed a(FO) ones.

Condact =

Erxomination

e

Basic exapination

Diagnostics can be depicted in the form of a 5-component
network (pentaplet), Fig.1 above.

3.1. Conceptual Model of Medical Diagnostics

Conceptual model was built in the process of analysis of
domain and the problem. It is used with benefit on later
stages of development. Figure 2 presents it, in the Table 1
below are only some of its components are given, which are
core relations in our domain.

4. Reusable Knowledge Components
and KSs Based on them

4.1. Modern KSs and Common KADS

Three core concepts in the field of knowledge engineering
and modern knowledge systems absorbed almost a 40-year
experience of development of KSs — tasks, problem-solving
methods (PSMs) and ontologies of knowledge engineering
and development of similar systems [12]. Tasks are cor-
responding to the generic strategy for solving problems
PSMs are responsible for the decision-making process in the
system, and onfologies make up the basis of static know-
ledge of the system, in particular knowledge bases.

Amdulagarp ciical card

Is hept for

Add, examimation | Corsit of
Hame . .
ALre determired for * I recordsd i pr—— -
Examinafion reuls |[.-"'" ! | odservaion Lo nicl rece

Climical signs
Dretermiry:

Lesease

Depicte

Tecorded in

Figure 2. Conceptual model of medical diagnostics.

During the work on DentExp approaches to knowledge
engineering have been analyzed in the research field
(GT-TM [13,14], RLM [15], Protege [16], Expect [17],
CommonKADS [4], D3 [18], MIKE [19], VITAL [20],

GDM [21]), analysis of PSMs (their characteristics and their
other parameters have been studied) and ontologies (taking
into account key projects, types and categories of ontologies)
have been made as means of KSs development.
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Table 1. Primary relations in the domain of medical diagnostics

Relation Description

At the first visit of a patient to a dentist, the doctor conducts primary examination, where he/she

Doctor Conducts Examination

determines the complaints, anamnesis and survey and during the subsequent visit, the dentist

determines obtained additional tests results

Observation Consists of Examination Results

Examination results are coded appropriately to the values in their examination sections, the overall

clinical observation consists of the all examination results

Observation is compared with Clinical Signs .
diseases

Clinical Signs Describe Disease
Disease Defines Diagnosis

Findings obtained as a result of examination are compared with clinical signs of each (out of 18th)

Lately, diseases which has higher values of confidence are considered
Selected diseases are described in the terms of IDC-10

Dentist has a possibility to select one primary (from several — till three) the most probable diseases,

Doctor Determines Diagnosis
of the patient

if the system could not make certain decision or if the dentist wants to provide a specific diagnosis

Under the methodology of knowledge engineering Com-
monKADS (which was the main methodology for our re-
searches), the knowledge model of application is based on
three main levels: 1) the level of knowledge of the domain
(concepts, knowledge roles in domain, domain schemes,
knowledge bases); 2) the inference level (a detailed process
of decision-making expressed step by step: elementary
logical inferences, transfer functions, static and dynamic
knowledge roles); 3) the level of the task method: goals,
tasks, decomposition into (sub)methods, general represen-
tation using elementary logical inferences and transfer
functions.

The generic model of reusable knowledge components
based on the domain knowledge, logical inference and task
knowledge has also been formulated during the work on the
next versions of DentExp [9] knowledge system. Reusable
knowledge components have been developed for the task of
medical diagnostics: domain knowledge and ontology, as
well as logical inferences and PSM of Feature-set Analysis
[10] for the classification task have been implemented. The
reusable knowledge components have been filled in by the
information specific for the domain of dental alloys
biocompatability. The components have been provided in
the CML language of the CommonKADS methodology.

4.2. Generic Model of Reusable Knowledge Components

The level of domain knowledge is presented in the form
of:

DK=((C-¢, Ry, RT, DS, KB) (1)

where C.—~{c;} — a separate set of concepts of the domain
with the corresponding hierarchy (partial order) in it; R<z={r;}
— a separate set of relations with the corresponding
hierarchy in it (a partial order). And if for two relations
R;<iR,, that means that relation R; is of no more arity than
RZI

|a(R))|<|A(R>)|, and concepts and arity of relations satisfy
the following condition: 75 d(R;))<7H A(R,)), i.e. that the
domain of definition of the relation R; and its arity as well as
those subrelations included into R; are covered with the
relation R,;

RT={rt} — the set of rules defining certain expressions
between the concepts in Coc; KB={{ds},{kb}} — a set of

schemes of the domain ds; and corresponding to them know-
ledge bases kb; filled with actual examples, in particular
ran(dsl«): kb,

Knowledge of the level of logical inference consists of the
following components:

IK=(I, TF, KR, DS', M) )

where I={ei,,...,ei,} — a separate set of elementary logical
inferences: ei(in-KR,out-KR,,) applied to solve the task with
the corresponding input and output subsets of knowledge
roles; TF={tf;,....tf;} — a separate set of transfer functions in
our task tf(in—KR,out—KR,) with the corresponding
subsets of knowledge roles; KR=(DKR,SKR) — sets cor-
responding to dynamic and static knowledge roles applied in
our task; DSTIDS — a subset of domain schemes {ds,},
applied in our task; M={tdm,,...,tdm;} — a set of “task—do-
main” mappings of relations for connecting our task
knowledge roles with the schemes of our task:
tdmg:KR - DS’
Task knowledge are given in the following way:

TK=(T, TM, 1, TF, T;) 3)

where T — the task for which the model is built;
TM={tm,,...,tm,} — a set of methods to solve tasks and
subtasks; ={ei,,...,ei,} — a set of the above elementary
logical inferences of our task; TF={tf},....tf;,} — a set of our
transfer functions; 7-r — a certain hierarchy or taxonomy
imposed on the elements from the sets TM, I, TF.

In conclusion the model of modern knowledge systems
can be presented in the form of the structure as follows:

KS:<<P9g;T;OP,g+aOT>s<[PSM,T] s
IK;Opsum 1501 ),(DK,Op), AK) 4)

The first compound component determines the problem
and goals of the application, the task with which the problem
is solved and the corresponding ontologies; the second
compound element defines the knowledge of PSMs and the
knowledge of the task, knowledge of logical inferences and
the corresponding ontologies; the third compound element
determines the knowledge of the domain and its ontologies;
the last component defines specific architectural decisions in
the system design.



International Journal of Intelligent Information Systems 2014; 3(3): 19-26 23

5. Medical Diagnostics and Reusable
Knowledge Components in our
Problem in Detailed View

5.1. Domain Knowledge
Further on there are the key components of ontology in
the domain developed and represented in Protege

(protege.stanford.edu):

Patient, registration data, complaints, anamnesis, survey,
additional tests (examinations),

Examination — the main relation in the domain, it
consists of the basic examination (complaints, anamnesis
and observation) and some certain (mainly three to five)

% DentalfHoyintollerance Protége 348

fFleh Ge\Projects\ Protege’\DentalAllovintollerance.ppry Protégé Files {.pont and .pins) = = =2

additional examination/tests out of 14 possible ones,

Examination results: this is the data obtained as the result
of examination (tests),

Observation: this is the findings doctors observed with the
patient. Actually, these are the results of examination
prepared for being compared with clinical signs,

Clinical symptoms: these are the signs of each of 18 (for
our problem) types of diseases (disorders or coexisting
diseases). They are divided into clinical symptoms under the
main examination (complaints, anamnesis, observation) and
additional examinations/tests,

Differential diagnostics: this is the process of outlining
the most credible or primary diagnosis out of the several
possible ones,
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Figure 3. Domain ontology in Protege.

Disease: formulation of the disease in the terms of
IDC-10. In our domain, 18 types of diagnosis hould be
distinguished, six of which are disorders (diseased condi-
tions relating to usage of dental prostheses), while 12 co-
existing diseases — complications (two for each disorder)
constitute the subject of differential diagnostics with the
main disease-disorder. The concomitant diseases are similar
in their clinical symptoms of the basic examination to the
disorder but are caused by other reasons,

Diagnosis which is divided into statistical (inference from
registration data), (direct) preliminary (based on the results
of the basic examination) and (complete) clinical one (diag-
nosis after differential diagnostics on the basis of the data of
several, mainly three to five additional tests, out of 14
possible ones),

Ambulatory card: ambulatory card, or disease history
consists of clinical records containing the data on the
patients’ condition,

Clinical record: the data about the patient based on the
doctor’s observations, his prescriptions and information on
the treatment applied as well as its results in the ambulatory
card.

5.2. Problem-Solving Method and Task Knowledge

Here we have the representation of the process of
decision-making for medical diagnostics based on the
classification task in CML-notation, used in CommonKADS
[11]. This problem-solving method was called Feature-Set
Analysis method.
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Figure 4. Feature-set analysis method with UML-like notation in Common KADS

5.3. Method Description

Search for solutions from the data is applied in our task of
medical diagnostics that uses the classification task with
application of the method of Feature-Set Analysis. That is at
the first reasoning step GENERATE out of the input
information we generate the list of possible candidate so-
Iutions. Candidate diagnoses, the quality measure of which
exceeds 0.18, are obtained there.

At the next reasoning step SPECIFY for each element of
the formed set of potential solutions we determine the set of
attributes (corresponding with the appropriate potential
classes- solutions) the value of which still has to be found
out or specified. With this in view more information is ga-
thered about the object (objects) of classification taking it
additionally from the outside. In our domain additional tests
are determined, for which the patient is referred to and the
data of which we obtain within some time (transfer function
OBTAIN). On the basis of the information obtained we
apply the model of diagnostics again refuting the potential
solutions which do not agree with the model, and accept the
one in which the quality measure also exceeds a certain
threshold set by the expert (reasoning step MATCH). In our
case it made up 0.4.

As a result we get the corresponding set of solutions
(which can be empty if the information obtained does not
agree with any class description).

Now it is time to show how quality measures of belonging
to each separate class are calculated.

We apply the approach which we elaborated in 2001-2002
for very first versions of DentExp and continue to calculate
in later ones. We take into consideration the number of
correct values of features for particular diagnosis:

p(D)=|FOD)UFH (D)|/|FH (D)), &)
where FO(D)), FH (D,) are aforementioned characteristics
in the section 3.

At every step of determining diagnosis in our PSM we
calculate such a measure of confidence for particular dia-
gnoses.

In the following section we illustrate diagnostics in Dent-
Exp with the last by one screen for displaying appropriate
complete diagnoses for particular case.

6. Results: Diagnostics in DentExp.
Discussion

In Fig. 5 above we provide the screen for the last stage of
differential diagnostics in DentExp (in our case it is galvano-
-inflammation disorder).

Due to the introduction the system in the work of dental
centers the values of certainty of concluded diagnoses were
improved. Thus, after conducting this diagnostics for about
2,000 of patients in 4 dental centers, we can provide such
results in average: the result of medico-statistical diagnosis
was improved by 13%, the preliminary — by 17% and
clinical — by 21%, while the usage of the system in the
diagnostic process.

Also the duration of examinations was reduced by
20-25%.

As the result of improved quality of diagnosis, the costs
spent on treatment have also been reduced too. For patients,
who obtained appropriate diagnostics and treatment, the cost
of treatment was reduced by 10-15%.

Time spent on the design and development of KS with the
application of RKCs is significantly reduced. According to
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our estimates, it is reduced by approximately 30-50%.
Furthermore the quality of the end system has been impro-
ved, since proved decisions are used in the process of design
and development.

These results were obtained during the work on PhD
dissertations at LNU [12].
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Figure 5. DentExp output screen for defining appropriate diagnosis

In the field of medical diagnostics, there exist several
other proved methods, for instance, Cover-and-Differentiate,
Propose-and-Revise and Heuristic Classification. For
further references see [13-14]. Theoretically, it could be
interesting to compare such different approaches with the
one proposed in this work. Also, it is worth considering how
else we could appropriately describe the dynamic inner
nature of such kind of systems and the methods for valida-
tion and verification.

As some issues for further discussion I could mention the
development of semiautomatic knowledge engineering tool
for building complete KSs on the basis of classification task
with our research group at LNU or together with some
similar research groups working worldwide.

7. Conclusions

We present a reusable knowledge component way of
medical diagnostics based on the classification task. As a
model domain the domain of orthopedical dentistry with the
problem of biocompatability of dental alloys was chosen.
The following results were achieved:

1) the investigation of the task of classification for me-
dical diagnostics and what reusable knowledge com-
ponents are used for it, besides the model of medical
diagnostics;

2) the conceptual model for medical diagnostics were de-
veloped;

3) the PSM of Feature-Set Analysis for a class of prob-
lems was developed with the generic model of reusable

knowledge components;

4) the example of medical diagnostics in DentExp with
the usage of aforementioned concepts for the problem
of dental alloy biocompatibility was provided.

Acknowledgements

I would like to express my deep gratitude to Dr. Roman
Rykalyuk, Director of the Center of Information Tech-
nologies, and to all the collaborators of the Center for the
possibility to conduct research at this professionally promi-
nent center of Lviv National University of Ivan Franko.

References

[1] O. Larychev. Theory and methods of decision making and
also the Chronicle of events in magician countries. Moscow:
Logos, 2002 / O. JlapuueB. Teopust ¥ METOABI MPUHSATHS
pemreHunid, a Takke XpOHMKAa COOBITHH B BOJIIEOHBIX
crpanax. Mockaa: Jloroc, 2002.

[2] V. Onyshchenko, A.Mirza. “Use of computer technology in
diagnosis of the pain’s syndrome in temporomandibular joint
disfunction”. /Modern dentistry 3°2000, pp.70-73 /
Onumenko B.C., Mup3a A.W. [IpumeHeHre KOMIIBIOTEPHBIX
TEeXHONOTWil B  AMAarHocTuke  OOJEBOr0  CHHIPOMA
JUCHYHKIUT BHCOYHOHIKHEUEIIOCHOTO cycrasa.
Cospemennas cromaroiorus. — 2000. — Ne 3, C.70-73.

[3] L. Leportskaya.
orthodontics”. DENTART  3/1996,
Jlemoprckass CoBpeMEHHBIE — METOIBI
opromonTun. DentArt, 3/1996, C.10-13.

“Modern  diagnostics methods in
pp.10-13. / JL
JIUATHOCTHKH B

[4] D.Deschamps, A.M. de Rocha Fernandes. “An expert system
to diagnosis periodontal disease”. /6th Internet World
Congress for Biomedical Sciences, Poster #29,.
http://www.uclm.es/inabis2000/poster/files/029/session.htm

[5] N. Dydyk, Y. Zablotskyy, M. Gzegotskyy. “Computer
program for audit and analysis of patient dentitions before
and after of stomatologic care”, in Acta Medica Leopoliesia,
(3)2005, pp.131-137 / Juouxk H.M., 3abmousxmii S1.B.,
I'xeroupkuit M.M. IIporpamue 3abe3mneueHHst 1uist 00Ky Ta
aHayi3y cTaHy 3y0iB 1 3yOHUX PSiB MANi€HTIB IepeJ Ta Mics
cToMaroJiorignoro sikyBaHHs // Acta Medica Leopoliesia.—
2005.— Ne3.— C.131-137.

[6] J. Rudin. “DART (Diagnostic Aid and Resource Tool): a
computerized clinical decision support system for oral
pathology”. Compendium 1994, 15(11): pp. 1316, 1318,
1320 passim.

[71 A. Polaskova, J. Feberova, T. Dostalova, P. Kiiz, M.
Seydlova. “Clinical decision support system in dental
implantology”. MEFANET Journal 2013; 1(1): 11-14

[8] I Kardash. “Operation of DentExp intellectual medical
system in diagnostics of dental alloy intolerance” in
Collection of scientific works Computer technologies in
printing, Nu.15, 2006, pp.61-71. / Kapgam f.A. Pobora
iHTenekTyansHol  MeamuHoi cuctemd DentExp  mpu
MOCTAaHOBII  JarHO3y  JUIi  3ajJa4i  BCTAHOBJIEHHS
HECYMICHOCTI ~CTOMATOJIOTIYHMX MarepiamiB. //30ipHHK
HayKOBHX Ipallb ,,KoMm 1oTepHi TexHomorii apykapcrsa”, Ne
15,2006, C.61-71.



26

9]

[10]

Iaroslaw Kardash: Medical Diagnostics with the Classification Task

I. Kardash. “Java-version of DentExp intelligent medical
system with binary logic application”, in Materials of XIII
International conference on automatic control
(Automatics-2006), Vinnytsia, September 25-28, 2006,
pp-392-396. / Kapmamr SI.A. Java-Bepcis iHTeneKTyaabHOT

menuuHoi cuctemu DentExp 3  OiHapHOK — JIOTiKOTO.
//Matrepiamn~ XIII ~ Mibxnapoguoi  koHdepeHmii 3
aBTOMaru4HOro  ympaBminHsa  (ABromaruka-2006), M.

Binnnms, 25-28 Bepecus 2006 p., ¢.392-396.

I. Kardash. “Conceptual modelling and developing of
reusable knowledge components for intelligent systems in
medical diagnostics on the basis of CommonKADS
approach”, in Collection of Scientific Papers Information
Refinement and Search, 25(101), 2006, pp.26-33 / Kapmam
S1.A. KoHuenTyanbHe MOJICNIIOBaHHS Ta CTBOPEHHS [TIOBTOPHO
BKHBaHUX KOMIIOHCHT 3HaHb JUISl IHTEJICKTYaIbHUX CHCTEM Y
MeanuHii giaraocrrii Ha 6a3i metomonorii CommonKADS.
MixBizomMunii 30ipHUK HayKOBHX Ipallb ,,Binbip i 06pobka
iHdopmamnii”, Bumyck 25(101), 2006 p., C.26-33.

[11]

[12]

G. Schreiber et al. Knowledge Engineering and Management:
The CommonKADS Methodology. Cambridge: MIT Press,
2000.

I. Kardash. Expert systems development for medical
diagnostics on the basis of reusable knowledge components,
unpublished. — Manuscript. An undefended yet work for a
PhD sciences degree by speciality 05.13.06 — ,,Information
technologies”. — Lviv Polytechnic National University, Lviv,
Ukraine.

C. Duursma. Role-Limiting Methods withing
CommonKADS Library, 1996, electronic publication
http://arti.vub.ac.be/previous_projects/kads/CH/CH.html

W. Clancey. “Heuristic Classification”. TR KSL-85-5,
Stanford University, Department of Computer Science, 1985.



