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INTRODUCTION
Computer support for the practitioner in choosing

the optimal drug therapy in accordance with the indi-
vidual characteristics of the user is a very important
task. The main reason is the large number of medical
errors (ranked third in mortality) [1] caused by both
subjective and objective factors. This is due to the huge
amount of active substances, their trade names, indi-
cations, and contraindications, which must be taken
into account when prescribing therapy. In addition,
the choice of therapy, dosage, and duration of intake
must be taken not only on the basis of the patient’s
diagnosis, but also considering his complaints, the
results of objective, laboratory, and instrumental stud-
ies, and life history. This amount of information goes
beyond the cognitive capabilities of a person, which
leads to an excessive complication of the process of
making the right decisions. The aggressive policy of
pharmaceutical companies should also be noted, as a
result of which more doctors use an irrationally large
number of drugs on one patient [2]. The only effective
solution that can significantly improve this situation is
the introduction of systems that use artificial intelli-
gence technologies in their work into the healthcare
system and clinical medicine [3]. These systems com-
bine all available data, clinical, biological, and genetic,
and create optimal patient-oriented solutions [4].

The development of such systems is a knowledge-
intensive process that requires large expenditures of
time, intellectual, as well as financial resources. A huge
number of nosologies make it impossible to create and
maintain a separate system for each disease (or group
of diseases). It is also obvious that a doctor will not be
able to use many disparate implementations of this
class of system in his daily practice. One of the possible

approaches to solving these problems is the creation of
specialized software shells, systems focused on solving
a certain class of problems and containing both a set of
ready-made solutions and tools for automating the
creation of information and software components for
their solution.

The goal of this study was to describe the principles
of creating a specialized shell for building intelligent
medical systems for prescribing drug treatment, the
requirements for it, and the algorithm for its opera-
tion.

1. ANALYSIS AND CLASSIFICATION
OF EXISTING SYSTEMS FOR SUPPORT
OF A DOCTOR IN THE PRESCRIPTION

OF DRUG THERAPY

The systems that assist doctors in prescribing treat-
ment can be divided into three main classes: knowl-
edge-based systems, machine learning-based systems,
and medical information systems (MISs).

The most famous solutions, which are considered
the prototype of subsequent intelligent systems in
medicine, are MYCIN and ONCOCIN. The MYCIN
system is designed to assist specialists in diagnosing
certain infectious diseases and recommending the
required amount of an antibiotic depending on the
patient’s body weight; ONCOCIN solves the problem
of decision support in the treatment of patients receiv-
ing chemotherapy. Also, known solution is the
AAPHelp expert system, which is designed to find the
cause of severe pain and make a decision about the
need for surgical intervention and the CASNET sys-
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tem for diagnosing and choosing a strategy for treating
glaucoma.

Since the emergence of the first expert system, a
huge number of different treatment prescribing sys-
tems have been developed. Thus, among the modern
developments, we can note the following: the SPELTA
system [5] for the treatment of speech and language
disorders; RTP-DSS [6] for selection of a radiation
therapy regimen; IndiGO (Archimedes) for the for-
mation of individualized protocols for the diagnosis
and treatment of diseases in cardiology, endocrinol-
ogy, as well as a number of other systems [7–13].

The well-known advantages of such systems are
assistance to doctors in the selection of therapy and
the ability to generate explanations; the disadvantages
are orientation to a certain group of diseases, which
limits their use, especially in case of combined pathol-
ogy [14]. Moreover, in real conditions, it becomes
necessary to use a variety of heterogeneous systems
(for various nosologies), which are usually incompati-
ble and not interrelated. Another disadvantage of such
systems is the implementation of their knowledge and
data bases, which does not allow domain  specialists in
medicine field to carry out maintenance without an IT
specialist [15].

A typical representative of the second class of sys-
tems (based on machine learning methods) is the IBM
Watson system [16]. Its implementation required the
use of a huge training sample, which made it possible
to prescribe treatment for oncological diseases. Cur-
rently, this area of research is actively developing and
models, methods, and systems that help doctors pre-
scribe treatment for various classes of diseases have
been proposed [17–21].

The main disadvantages of systems of this type are
that their successful training requires a large number of
well-formalized case records, which is almost impos-
sible to provide in real conditions (the process of
searching for a training sample, formalizing case
records and preparing data is very long, expensive, and
laborious), the lack of opportunity for generation of
explanations: on the basis of what criteria a particular
treatment was prescribed, as well as a focus on one or
several nosologies.

The third category includes all kinds of information
and reference systems; they are often also called com-
puter-interpreted clinical guidelines. Representatives
of this class include Aarogya, Caresoft Hospital Infor-
mation System, Medstar HIS, MMI Mediface, Clini-
cal Rules, Droice Labs, ISABEL, and Litmusdx
[22, 23]. Such systems are based on various databases
and medical reference books and use various formal-
isms for presentation (XML, frame-based models,
task-network models, OWL-based, etc.) [24–28].
SCIENTIFIC AND TECHNICAL IN
They have limited functionality and, in fact, are a ref-
erence system that helps to check the compatibility of
drugs, possible dosages, nosologies for which the drug
is used, tell the doctor the treatment protocol accord-
ing to the reference book, without considering the
patient’s personal data reflecting the real clinical pic-
ture.

Analysis of existing systems in the field of treatment
prescription support has shown that there are no soft-
ware solutions focused on a wide range of diseases that
help a doctor to prescribe treatment considering the
patient’s personal characteristics, which makes it
important and relevant to create a software shell for
creating decision support systems focused on a wide
range of diseases.

2. BASIC REQUIREMENTS
AND PRINCIPLES OF CREATION

Let us highlight the following basic requirements
for the formation of a specialized software shell (here-
inafter referred to as the system) for the prescription of
drug treatment:

(1) The system must be expandable, not dependent
on a specific disease (or a group of them) or an area of
medicine.

This requirement is key, because it is clear that it is
impossible to develop and maintain many disparate
systems. Moreover, a doctor whose decision-making
must be assisted by such systems cannot and must not
use many different systems.

(2) Knowledge in the system must be formed and
modified in the process of operation by a domain
expert (or by groups of experts) based on her own
experience in treating diseases (copyrighted tech-
niques, if it is permissible in a medical institution), or
in accordance with clinical guidelines (protocols)
adopted in the country.

This requirement imposes, first, a condition on the
form of representation of knowledge about treatment
(it must be understandable by experts), and secondly,
on the tools (editors) for its creation and maintenance
(they must shield the user from the peculiarities of the
languages of knowledge representation and have an
intuitive interface).

(3) Tools for creating knowledge bases, as well as
ready-made decision support systems must be avail-
able to the wide professional community without the
need for additional installation on user computers.

(4) The system must prescribe treatment consider-
ing the personal characteristics of a patient, generating
detailed justifications for decisions.

One of the solutions to meet these requirements is
to use the ontological approach, which, as noted in
FORMATION PROCESSING  Vol. 48  No. 5  2021
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Fig. 1. The conceptual architecture of the custom shell.
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[29], has become the de facto standard in the develop-
ment of systems based on knowledge bases. In the
presence of appropriate editors (driven by ontology), it
will ensure the comprehensibility of the formation of
knowledge, the possibility of implementing a single
(unified) ontology-oriented solver, as well as the for-
mation of a detailed explanation. To meet requirement
3, the system must be implemented as a cloud service.

3. THE ARCHITECTURE OF A SPECIALIZED 
INTELLIGENT SHELL

FOR PRESCRIPTION OF DRUG THERAPY

The intelligent shell for prescription of drug ther-
apy includes information and software components
(Fig. 1). Information components include ontologies,
as well as databases and knowledge bases generated on
their basis, and software includes knowledge and data
editors, as well as a problem solver.

The shell implementation tool is the IACPaaS plat-
form (https://iacpaas.dvo.ru) [30]. It supports the cre-
ation of knowledge base systems based on a two-tier
ontological approach. Its fundamental features and
differences from other approaches to the formation of
ontological knowledge bases are as follows:

– Explicit separation of the ontology from the
knowledge base formed on its basis, i.e., the ontology
does not contain domain knowledge. In this case, the
knowledge base formed as a separate information
resource is formed in terms of ontology. This is an
SCIENTIFIC AND TECHNICAL INFORMATION PROCE
extremely important property for the creation of
shells, since one ontology can be used as a basis to
form many different knowledge bases separated from
each other and a single solver, which is independent of
a specific content (knowledge base). In fact, the
knowledge ontology acts as a formal parameter of the
solver, while the knowledge base acts as its actual
parameter. Undoubtedly, the creation of the ontology
is a separate, complex creative process; the success of
the product as a whole depends on the quality of its
creation.

– Ontologies, knowledge/data bases are repre-
sented by semantic networks, which, according to
[31], provides an effective display of the conceptual
system of a person.

– The developed language for describing ontolo-
gies [32] allows one not only to specify the structure
and terminology of the domain, but also, using lan-
guage specifiers and delimiters, to determine the rules
for generating target knowledge bases and ontological
agreements that must be met during their construc-
tion.

4. THE INFORMATION COMPONENTS 
OF THE DEVELOPED SHELL

To achieve this goal, the following information
components were developed [33, 34]: an ontology of
knowledge about the treatment of diseases, which
allows describing various models and schemes of drug
SSING  Vol. 48  No. 5  2021



318 GRIBOVA et al.

Fig. 2. A fragment of the ontology of the knowledge base on the treatment of diseases hosted on the IACPaaS cloud platform.

Disease * {LIST}
ICD codes

(+ 'set') (all)

(+ 'set') (all)
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(+ 'set') (new-clone)

(= 'copy') (ref-new)
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* ([=] 'copymm') (ref-new)

([=] 'copymm') (ref-new)

 * (= 'copy') (ref-new)

([=] 'copymm') (ref-new)

Recommendations
Therapy model {LIST}
Condition of the therapy model
Type of therapy {LIST}

Condition for this Type of therapy
Goal of therapy {List}

Conditions for defining this goal of therapy
Signs determining the goal of therapy
Scheme of therapy
therapy considering the patient’s personal data, fea-
tures of the clinical picture of a disease, drug compat-
ibility; ontology of a pharmacological reference book;
an ontology of a base of medical terminology and
observations; and an ontology of the patient’s personal
medical electronic record. Based on these ontologies,
information resources have been created that make it
possible to form modern knowledge about the treat-
ment of a disease regardless of the clinical section of
medicine and open the possibility of implementing
treatment programs considering the patient’s personal
data.

The ontology of knowledge about the treatment of
diseases makes it possible to form knowledge of the
treatment of a specific disease or a certain group of
diseases that have common pathogenetic principles,
an etiological component, or clinically important
symptomatic manifestations. To implement this idea,
the following nodes are provided in the ontology.

Disease is a section of the ontology that defines the
name of the pathological process and combines all the
elements of knowledge about its treatment. The struc-
ture of the section contains the following vertices: ICD
codes determine the code according to ICD-10; Rec-
ommendations are a generalized list of basic rules for
correcting lifestyle during treatment; the Therapy
Model is a logically complete concept of the principles
and scope of therapy for a given pathological process,
including the Type, Purpose, and Regimen of Therapy.
The key element of the ontology is a complexly struc-
tured block of conditions that accompanies each sec-
tion of the ontology and allows one to describe in a
formal representation the necessary clinical criteria
that determine the conditions for its application in the
treatment of a given disease (Fig. 2).

The type of therapy is a term that unites an entire
class of concepts that directly describes the type of
therapy itself: etiotropic, pathogenetic, symptomatic,
empirical, and other types of therapy.
SCIENTIFIC AND TECHNICAL IN
The purpose of therapy is a class of concepts that
characterize the goal of the treatment being carried
out: hemostatic therapy, antiemetic therapy, antipru-
ritic, detoxification, or mucolytic therapy. The signs
that determine the purpose of therapy are the descrip-
tion of clinical data that allow recognizing the achieve-
ment of the purposes of therapy.

The therapy regimen is a term that defines the list of
active substances, their combinations, and the mode
of administration and dosage of drugs for the optimal
treatment of the disease. This section of the ontology
is structured as follows: The conditions for the use of a
given group of drugs, the group of alternatively used
drugs, and drugs used in a complex manner.

The group of alternatively used drugs contains the
following vertices: active substance and jointly used
drugs. Active substance is a list of drugs, from which
one drug with the best characteristics for a specific
clinical case is selected. Jointly used drugs are a group
of drugs that must be used jointly to achieve a clinical
result.

Each drug is described by a group of terms that
define its clinical need: Prescription option, including
the elements: Dosage, Form of production, Method of
application, Frequency of use, Duration of use. In addi-
tion, the following information is indicated for each
drug: Control points for evaluating the effectiveness of
therapy, Control of expected side effects, Condition
for the active substance, and Trade names of the active
substance. Control points for evaluating the effectiveness
of therapy is an ontology term that allows monitoring
the use of an active substance. It includes descriptions
of the symptom(s) for monitoring treatment. Control
of expected side effects is an ontology term that defines
the safety of drug use and includes a feature that
describes a variant of a side/undesirable effect and the
frequency of its control (Fig. 3a).

Drugs used in a complex manner, this ontology sec-
tion allows one to describe knowledge about multi-
FORMATION PROCESSING  Vol. 48  No. 5  2021
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Fig. 3. A fragment of the ontology of the knowledge base on the treatment of diseases: (a) a group of alternatively used drugs; (b)
drugs used in a complex manner.

(+ 'set') (all)

(� 'seq’') (new)

� Group of alternatively used drugs {List}
� Active substance {List}

� Drugs used in a complex manner* {LIST}

� Jointly used drugs {List}

(= 'copy'

(а) (b)

� Condition on the active substance
� Trade names of the active substance
� Control points of assessing the effectiveness of therapy 
� Control of expected side effects

� Variant of prescription
� Series of therapy (grade: string)

(+ 'set') (new-clone)

* (� 'seqmm') (new

([=] 'copymm') (new
([=] 'copym

(= 'copy) (re
*(= 'copy) (re

*(= 'copy') (ref-new)
(= 'copy') (ref-new)

* ([=] 'copymm

* ([!] 'onemm') (all)

� Series of therapy (grade: string) * ([!] 'onemm') (all)

* (

Active substances (drugs) are used jointly
� Condition for the jointly used AS
� Control of expected side effects
� Duration of use
� Control points of assessing the effectiveness of therapy

� Active substance
* (

Drug
� Condition for using this group of drugs
� Control points of assessing the effectiveness of therapy

� Stage of therapy {List}
� Duration of the therapy stage

 � Active substance {LIST}
� Trade names of the active substance
� Control of expected side effects

� Regime of prescription
� Series of therapy (grade: string)

� Jointly used AS* {LIST}
Active substances (drugs) are used jointly

� Days of intake
� Control of expected side effects

� Active substance (+ 'set') (all)

(+ 'set') (all)

(+ 'set') (all)

(� 'seq')

(= 'copy) (re

([=] 'copym

* (=

(=

* (=

* ([!] 'onemm') (all)

Fig. 4. The structure of the ontology of the explanation of the prescribed treatment.
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component and multistage drug therapy, which is
based on the structure of drug description (Fig. 3b).

The ontology of an explanation of the prescribed
treatment describes the structure of the explanation of
the result of the system operation. The structure of the
SCIENTIFIC AND TECHNICAL INFORMATION PROCE
ontology is shown in Fig. 4. An explanation generated
from the ontology forms three main blocks:

• the prescribed treatment (a set of active sub-
stances with an indication of the form, dosage (daily
and course), as well as the explanation of what goals
SSING  Vol. 48  No. 5  2021
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Fig. 5. The ontology of a pharmacological reference book: (a) the main sections of the ontology; (b) the Application block of the
ontology.
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are achieved by the prescription of each of the active
substances).

• the nonprescribed treatment, a set of active sub-
stances rejected by the system with an indication of why
this active substance has not been prescribed for a given
patient (based on the analysis of his electronic record).

• a set of active substances, for the prescription of
which certain initial data from the electronic record
were not enough, for example, information about dis-
eases and the presence of allergies to medicines.

The ontology of a pharmacological reference book
includes elements that make it possible to describe the
drug directly in the form of an international nonpro-
prietary name (INN) or a fixed combination of INN,
as well as a section of specific pharmacological terms.
SCIENTIFIC AND TECHNICAL IN
The main sections of the ontology are presented in
Fig. 5a.

An important component of this ontology, which
distinguishes it from others, is a formal description of
the sets of possible signs and their values (ranges of
values), which are the patient’s complaints, the results
of laboratory or instrumental studies, and various fac-
tors from the anamnesis of their life. Formally
described signs are used to indicate conditions for
contraindications, side effects of drugs, and possible
allergic reactions.

Another characteristic feature of the ontology of a
pharmacological reference book is the block Applica-
tion: diseases or conditions (ICD nosological classi-
fier) (Fig. 5b). It is necessary to describe the level of
effectiveness of using a given drug for a specific disease
FORMATION PROCESSING  Vol. 48  No. 5  2021
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or pathological condition. This section is important
for choosing the most effective drugs from the many
possible ones when prescribing treatment.

The ontology of the base of medical terminology
and observations describes the structure of medical
terms and observations used in practice, as well as the
structure of auxiliary terminology that is necessary for
the integrity of the description of medical knowledge.
The structure of the ontology uses synonymy.

To simplify the search and navigation of terms, they
can be composed of term groups, which, in turn, can
also contain term groups. Each term is characterized
by its own name and many possible synonyms: <(term
name i, set of synonyms for term i)>.

Observations have the following structure: Obser-
vation Group and Factor Group. The observation group
contains many grouped signs. Grouping the signs of
the observation group will optimize the structure of
medical terminology: Complaints, Objective research
data, Laboratory research data and Instrumental
research data. The group of signs has many signs,
which can be of the following types: <Simple sign,
Composite sing, Sign considering the unit of measure-
ment, gender, and age>.

The factor group allows not only to describe indi-
vidual elements: Factor, Fact or event, but also to group
them.

A sign, factor, and fact or event can have qualitative,
quantitative or composite values. If the value is com-
posite, then it consists of many characteristics. For
example, the sign Headache in the base of medical ter-
minology and observations is composite and consists
of the following characteristics: presence, localization,
intensity, severity, frequency, time of occurrence, etc.
The base of medical terminology and observations,
which is formed according to the corresponding ontol-
ogy, is a universal resource used for the formation of
diagnostic and therapeutic knowledge bases in various
fields of medicine. Currently, the base of medical ter-
minology formed by the ontology contains more than
27000 different concepts.

The ontology of a personal health record (PHR)
sets the structure for describing a person’s health
throughout his life. This structure allows one to
describe all cases of medical care and preventive mea-
sures and promptly provide access to information
about studies, cases of outpatient, inpatient and sana-
torium-and-spa treatment of the patient, and ambu-
lance calls; it contains a section on contraindications
to the use of certain types of treatment for a specific
patient and a list of intolerable drugs. The resource
created on the basis of this ontology will allow one to
quickly find existing information and add new infor-
mation about all cases of medical care of the patient,
SCIENTIFIC AND TECHNICAL INFORMATION PROCE
as well as generate medical documents in an auto-
mated mode. Unlike the existing PHRs, which are
part of most medical information systems (MISs), all
its structural elements are presented formally (in the
MISs, most PHR sections have a text description, for
example, complaints, life history, etc.). The names of
the terms used (signs, factors, and events), as well as
their meanings are selected from the base of medical
terminology described above.

Thus, the shell includes a set of ontologies, bases of
a pharmacological reference book, ontologies of ter-
minology and observations, in terms of which knowl-
edge bases for the treatment of diseases and an elec-
tronic patient record are formed. It is important to
note that the use of the ontological approach makes it
possible to supplement the indicated bases and knowl-
edge bases without changing the problem solver.

5. THE SOFTWARE COMPONENTS
OF THE DEVELOPED SHELL

The software components of the shell are knowl-
edge and data editing tools, as well as the problem
solver.

Knowledge and data editing tools are represented
by a number of editors (see Fig. 1). The knowledge
base editor that is automatically generated according
to the ontology (the generator of editors is included in
the platform) ensures the generation of target
resources (knowledge and data bases) in accordance
with the specified rules and controls the implementa-
tion of ontological agreements. Moreover, the com-
pleteness of the generated knowledge base is automat-
ically checked. Additional means that ensure the qual-
ity of knowledge is its formation on the basis of a single
terminological base, which provides an unambiguous
interpretation of the formed knowledge by the medical
community (while the base of terminology and obser-
vations allows for synonymy). The platform means
also have tools for verifying the knowledge base on the
basis of reference examples (in this case, these are
PHRs). Thus, the formal completeness of the knowl-
edge base, the syntactic correctness of the formed
knowledge base, and, partially, the semantic correct-
ness, are provided by the platform. An additional
check of semantic correctness, which cannot be per-
formed automatically, is performed by subject matter
experts. First, they can view the knowledge base in a
convenient form (there are three ways to visualize the
knowledge base), as well as check its correctness using
testing on a PHR (Fig. 6). The detailed explanation
generated by the system greatly simplifies this process.

The problem solver is an ontological reasoner,
which goes through the declarative knowledge base
about the treatment of a certain disease in accordance
SSING  Vol. 48  No. 5  2021
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Fig. 6. The interface of the editor of the knowledge base about the treatment of anemia.
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� Cyanocobalamin [active substance]
[Condition of the stage of therapy]
[Control points of assessing the effectiveness of therapy]
[Active substance]
[Jointly used AS]
[Block of alternative INN]

� 2 Supporting therapy [Stage of therapy]
� 3 [Stage of therapy]

[Stage of therapy]
Conditions for prescribing this scheme of therapy
[Group of alternatively used drugs]
[Recommendations]

[Signs defining the goal of therapy]
[Scheme of therapy]

� Transfusion of packed red blood cells [Goal of therapy]

� 1 [Scheme of therapy]

[Scheme of therapy]
[Signs defining the goal of therapy]

Conditions for the given Type of therapy

Comment Up Down Delete
with the ontology in order to prescribe a personalized
treatment and compares the information from the
knowledge base with the input information, which is
the patient’s personal medical record (PHR). The task
of such a “round” is to search for elements (observa-
tions) in the PHR that affect the prescription of treat-
ment and compare their values with the ranges of val-
ues of the corresponding observations in the knowl-
edge base with the purpose of building a personalized
prescription of drugs with an indication of their one-
time, daily, course dosage, compatibility, and features
of conducting a course of treatment, as well as con-
structing a detailed explanation of why this active sub-
stance has been prescribed/not prescribed and what
additional observations must be carried out in order to
SCIENTIFIC AND TECHNICAL IN
prescribe the drugs that are necessary in case of this
disease.

The solver is implemented using a multiagent
approach and consists of two agents: root and working
agents. The root agent is the manager; it initializes
(starts) the work of the system through a message to
the working agent, passing all input information
resources to it and terminates it based on a message
from the working agent. The working agent directly
implements the main business logic: it receives a per-
sonal medical record as input, reads the meaning of
the term <Final diagnosis>, and searches for this value
in the knowledge base on the treatment of diseases. In
accordance with the knowledge base about the dis-
ease, it analyzes the models of therapy, their types,
FORMATION PROCESSING  Vol. 48  No. 5  2021
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Fig. 7. Explanation of the prescribed treatment.

 D51.0 - Anemia [№ history]
D51.0 - Anemia [History of disease]
Recommended for the prescription of treatment

1 [Model of therapy]
Recommended for the inclusion in therapy

Pathogenic therapy [Type of therapy]
Recommended for the inclusion in therapy

Activation of hemopoiesis (Goal of therapy)
Explanation

Fulfilled criteria
Recommended for the inclusion in therapy

1 [Scheme of therapy]
Recommended for the inclusion in therapy

Drugs used in a complex manner [Group of drugs used in a complex manner]
Explanation

2 Supporting therapy [Stage of therapy]
1 [Stage of therapy]

[Stage of therapy]
3 [Stage of therapy]

Not recommended for the inclusion of therapy
Transfusion of packed red blood cells

Explanation
goals, and intake schemes at each step, checking the
appropriate conditions, whose values are analyzed
using a medical electronic record. As a result of the
work of this agent an information resource with a
detailed explanation of the prescribed treatment for a
particular patient is formed (Fig. 7), or an explanation
is formed why some active substance has not been pre-
scribed: what signs (from the life history, laboratory,
instrumental, objective research methods, etc.) are
not enough to prescribe treatment.

CONCLUSIONS

This paper provides an overview of the current
development of systems that help a doctor to prescribe
drug treatment, considering a patient’s personal data
(life history, concomitant diseases, age, complaints,
etc.). The existing systems are divided into three main
classes, their characteristics are given, and examples of
the systems, their features are presented. The main
disadvantages of the proposed systems are their nar-
row focus on a specific disease or a narrow group of
diseases, as well as the impossibility for subject matter
experts to independently form and maintain knowl-
edge bases. To eliminate these shortcomings, a new
approach and architecture of a specialized shell is pro-
posed for creating decision-support systems in pre-
scribing drug therapy, considering a patient’s personal
characteristics. The shell is based on the ontological
approach and does not depend on a specific nosology.
SCIENTIFIC AND TECHNICAL INFORMATION PROCE
The features of the developed shell, which funda-
mentally distinguish it from other medical systems, are
as follows:

– Focus on a wide range of diseases; to implement
a specific system based on the shell, it must be replen-
ished with relevant knowledge about the treatment of
the disease.

– All information resources are formed using
knowledge/data editors controlled by appropriate
ontologies, which corresponds to the modern
approach to the development of intelligent systems;
the use of the ontological approach and editor with
several versions of the user interface controlled by the
ontology makes it possible to include subject matter
experts in the development of a medical intelligent sys-
tem.

– Ontologies, databases, and knowledge bases have
a semantic representation (hierarchical semantic net-
works).

– The presence of the ontology, according to which
knowledge bases are formed, controls the integrity of
the knowledge base; it is formed considering semantic
and syntactic restrictions, which significantly reduce
the number of errors in the experts forming the knowl-
edge base and simplify its subsequent debugging.

– The knowledge base is separated from the pro-
gram code, which allows subject matter experts to
ensure its continuous improvement without the par-
ticipation of programmers (without changing the
ontology-oriented solver).
SSING  Vol. 48  No. 5  2021
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– The result of the operation of the system is not
only possible treatment options that correspond to the
patient’s personal characteristics (at each step of
choosing a therapy, the prescription conditions are
checked), but also a detailed explanation of why a par-
ticular drug has been prescribed/not prescribed, or a
hint to the doctor about the need to conduct addi-
tional research for the prescription of therapy.

– The presence of the unified ontology for the for-
mation of knowledge bases about treatment planning
and the ontological solver allows prescribing treat-
ment for combined pathologies (several diseases at the
same time); in addition, possible duplication of pre-
scriptions is monitored.

– The ontology allows description of several mod-
els of therapy for the treatment of one disease, which
allows one not only to verify the knowledge base with
the accumulation of precedents, but also to provide an
analysis of the effectiveness of therapy.

– The shell and environment for its management
are implemented as cloud services. This allows one to
increase the audience of users, as well as develop
knowledge bases on treatment for subject matter
experts, regardless of their geographic location.

On the basis of the developed shell, applied systems
for prescribing drug treatment of gastric ulcer and
duodenal ulcer, lambliosis, and symptomatic therapy
of cognitive impairments have already been imple-
mented. At the request of the Association of Non-
Governmental Medical Institutions of China, this
shell was used to implement a system for prescribing
the treatment of COVID-19 coronavirus infection by
the methods of traditional Chinese therapy. This sys-
tem was implemented at the height of the coronavirus
epidemic (early February 2020) for several days. Infor-
mation about this system was covered in the Russian
and Chinese media [35–37]. The shell made it possi-
ble to implement the ready-to-use system in a short
time. It should be noted that the system was imple-
mented in Chinese (the IACPaaS platform supports
automatic translation into Chinese and English, and
experts can manually make changes in case of incor-
rect automatic translation). The shell also showed its
applicability for prescribing treatment by the methods
of traditional Chinese therapy. The knowledge base
was developed based on the Diagnosis and Treatment
Protocols for Patients with Novel Coronavirus Pneu-
monia prepared by the General Office of National
Health Commission of China.

Currently, systems for the prescription of treatment
for a number of nosologies are being implemented on
the basis of the shell. The team of authors continues to
work on improving the shell. In the future, it is
planned to create subsystems for the inductive forma-
SCIENTIFIC AND TECHNICAL IN
tion of a knowledge base based on a training sample
(PHR), as well as to form a knowledge base from texts
of clinical guidelines.
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