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Abstract: The paper addresses the question of creating long-living software
systems. One of the possible challenging comprehensive solutions for this might be
to provide a viable framework which supports their complete life-cycle. The concept
and architecture of a scalable framework for creating and maintaining software
ontology-centric systems are proposed. The basis for the framework is the 2-level
approach to the formation of system components of all types. It allows one to
separate component models (ontologies) from components themselves. The 3-layer
architecture of the framework is proposed. An implementation of the framework
concept as a cloud platform was created. Several knowledge portals have been
developed with its use. This evaluation showed that the proposed solution is a
promising way for the organization of an ecosystem for collaborative development
of viable information and software resources.
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1. Introduction

The issues of knowledge and data management, their intellectual processing for
solving a wide range of professional problems, are very topical. Among the various
ways to their solution, the creation of specialized Software Systems (SS) within the
ontological approach occupies one of the leading places [1-3]. Ontology is the basis
for knowledge and data formalization for a wide class of information and intelligent
systems, in particular, for expert systems, Decision Support Systems (DSS), various
information support systems for scientific and industrial activities, including
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knowledge portals [4, 5]. At the same time, it is necessary to provide not only
access to domain data and knowledge, but also their processing (automatic or
automated): knowledge-based inference, data mining, transformation and
generation of new data and knowledge.

Solving a set of problems is impossible without creating “ecosystems” —
hardware and software platforms that support the full life cycle of intelligent
systems development, control and maintenance. Such ecosystems should have tools
for developing ontologies, DataBases (DB) and Knowledge Bases (KB), tools for
creating software solvers that provide their intellectual or computational processing.
The feature of such platforms is the integration in a single shared information
(possibly distributed) space of an ensemble of related information and software
resources for the developers’ cooperation. They organize workplaces for individual
users and teams that create, test, modify, and update information (databases,
knowledge bases, ontologies) and software components [6-8].

Such ecosystems are characterized by the availability of methodologies and
technologies for creating various classes of SS — from sets of templates to tools and
software complexes for development automation. They allow for reusing
components, automatically generating components, and scaling solutions. At the
same time, it is important to ensure the viability of SS, which is one of the key
problems of software engineering. The viability of SS is considered as the
maintenance of their operability and usefulness in conditions of variability of user
requirements, domain, environment (new technologies, methodologies, platforms,
methods and protocols of interaction, etc.) [9, 10]. The achievement of this SS
criterion is ensured through self-adaptation mechanisms laid down in the SS and/or
through maintenance (with human participation) [11-14].

As for maintenance cost, in some publications, for example, in [15], it is noted
that it reaches 80%. Among the factors that affect the cost of software maintenance
and its viability are the tools that are used for SS development and maintenance.
They are noted in [16-19]. Thus, considering the viability of SS, it is impossible to
ignore the tools for their development. Such tools, which are also SS, should be
developed and improved, providing new and advanced features to users.

We aim to describe the conception and architecture of a scalable framework
for creating and maintaining SS based on ontologies, as well as their components. It
supports not only some basic methodology for SS development but also provides
means for framework enhancement.
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2. Related works

Ontologies, ontological tools and frameworks, ontological portals, platforms and
metasystems are created for intellectual processing of knowledge and data, control
of their quality, and improvement of the decision-making process [20-23]. Domain
ontology promotes the exchange of knowledge and data, supports their reuse, and
ensures rapid growth of the domain digitalization [24]. Technologies and tools for
ontology-driven editing are widely represented: Protégé, Apollo, OntoStudio,
Swoop, Fluent Editor, NeOn Toolkit, OsaWL, Vitro, Semantic Turkey, IMS.ostis,
etc. [20, 25]. The tools have a web-based or client-server architecture; some are
deployed as platforms for developers, where semantic editors are integrated with
tools for semantic search, identifying and analyzing relationships, tools for
reasoning and development of semantic applications and services.

Semantic editors make it possible to describe ontologies of a domain or some
problem for their use during the formalization of knowledge and other conceptual
information. Most of them use frame-based languages and propose implementing an
ontology in terms of classes and subclasses of entities, indicating binary
relationships, restrictions, and several axioms. Other tools support the generation of
specific instances of concepts and relationships based on the ontology. This does
not yet allow one to reflect a real professional knowledge structure, but only a
close-to-reality ontology can ensure the explainability of intellectual processing
results for professional tasks [26]. One of the platforms for building decision
support systems and knowledge graph management systems is ArchiGraph KMS
[27]. It supports the construction of rules (such as “if ... then ...”) applied to the
contents of the knowledge base, which allows one to create search queries and solve
search problems. To describe sequences of logical reasoning, advanced platforms,
such as OsaWL [28], provide a graphical editor of rules (or chains of triplets) and
an editor of semantic queries in a visual form.

Inference facilities on ontology platforms are often limited to direct inference
via “subClassOf” axioms as well as constraint and consistency checking
mechanisms. From the relationships between classes, subclasses of a superclass are
automatically calculated through reasoning. Some tools provide generation of
hypotheses for decision making or complex queries using an “If-Then-Else”
reasoning engine. OsaWL-editor allows creating rules to calculate relationships
between objects by combining triplets into chains and imposing restrictions on the
equality or non-equality of subjects and objects of triplets. Protégé’s SWRL plugins
are often used, or a mechanism for inserting SWRL rules into an ontology for
reasoning within forward and reverse inference chain strategies (SWARMs
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platform, ROBOT tool & library). Many tools are limited to modeling RDF(S) and
OWL and developing semantic applications and services based on RDF (TopBraid
Composer, TopBraid Suite). Others rely on a plug-in architecture to build
knowledge base applications (OntoStudio, Protégé). The cross-platform version of
Protégé for Java allowed the creation of a flexible architecture for various plug-ins.

Knowledge graphs or semantic networks are used to formalize knowledge that
is close to the “real world”, in particular, reflecting the dynamic nature of
knowledge: some have a basic set-theoretic interpretation, others propose to record
any named relations, and not only binary ones; less versatile ones offer graphic-
dynamic models (OSTIS) [22]. Tools are offered to obtain results by dynamic
Knowledge Graphs (KG reasoning) [29]. Often, agent-based knowledge processing
is used [30].

As for the programming languages on such platforms, Java is usually used.
Tools integration is becoming popular, e.g., the SpringBoot framework in
conjunction with MyBatis and using MySQL Workbench OSS. For integration with
other successful solutions, it was proposed to export ontologies to relational
databases [31].

Without continuous toolkit evolution, it is impossible to create long-living
software systems. Constantly changing requirements, the influence of other
successful projects and ecosystems, and the emergence of new platforms,
technologies, and interfaces are the factors that require the development of tools.
Moreover, toolkit developers are forced to “be one step ahead” so that when
requirements for a software product change, the toolkit already has the necessary
capabilities. So, for example, Protégé, on the one hand, has evolved from the Xerox
Lisp platform to the NeXTSTEP, Windows, and Java version; on the other hand,
from the desktop to the client-server and web-based ontology editor. The modern
trend is to support the collaborative development of ontologies (OntoStudio) and
create complex solutions for knowledge exchange and scientific research
(FluentEditor).

Other factors that require the extensibility of the toolkit and affect the viability
of the SS are new scientific achievements, user feedback and requests, and User
Interface (UI) evolution. Such extensions were mentioned for Protégé in [25]. The
evolution of the AT-TECHNOLOGY [11] consisted of the creation of additional
interface and configuration components, subsystems for integration with application
programs that simplify the development of SS created on its basis. The Gensym G2
system [32] is constantly supplemented with new knowledge debugging methods,
knowledge representation formalisms, and new problem-oriented extensions [33].
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Despite the expansion of the range of platforms, they still do not provide an
opportunity to build specialized shells for domains with EXplainable Artificial
Intelligence (XAI) based problem solvers. Platforms do not offer tools for creating
shells for assembly of DSS for the class of intelligent problems. Platforms do not
offer SS developers the opportunity to adapt the proposed tools and expand the
capabilities of technologies by themselves — to adjust to the formats and methods of
information processing.

There are two approaches to the development of tools. The traditional
approach is based on the improvement of the toolkit by its developers. In this case,
the toolkit is considered as a “black box” into which the developers themselves add
new service functions.

The second approach is based on the extension of the toolkit by its users. In
this case, development is possible through the creation of modules (plugins) that
implement new toolkit features and libraries of reusable components.

Thus, an urgent challenge is to provide a comprehensive solution to the
problem of toolkit extensibility. This can be achieved through the addition of
reusable component libraries, new functions, technologies, methodologies, etc.,
done by toolkit creators and users. And the development tools for shells of
XAl-based SS (expert, teaching, etc.) are the most in demand.

3. Proposed approach

Let’s highlight the basic principles for creating a viable, scalable framework for
building and maintaining ontology-centric software systems.

e The framework architecture should support openness and scalability,
enabling third-party users to develop and integrate additional functional
components.

e A unified environment and a set of tools should be provided both for
scaling the framework and for developing an SS based on it. This requirement
holds significant importance for several reasons. Firstly, the development of the SS
can yield elements that are directly applicable as extensions to the framework. For
example, some of those elements can be placed into libraries of reusable
components. Secondly, users have the capacity to develop new “add-ons” tailored
to address specific challenges, which may possess broader utility beyond their
immediate needs, benefiting other potential users of the framework. Such add-ons
could encompass novel technologies with corresponding tool support, new
interfaces, or enhanced sets of development tools, among other possibilities.
Obviously, if the development of the framework and of the SS is based on different
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principles and methodologies, then progress in the development of tools will be
difficult. It will require the study of new programming languages, technologies,
methodologies, and relevant experience.

¢ Reduction of the development complexity, and provision of the
possibility for making changes throughout the entire life cycle. This requirement
is ensured by the reuse of components, transparency of their architecture (clarity for
making changes), and automation of the component creation process. To implement
this key requirement, five solutions are proposed.

1) Explicit separation of component ontologies from the components
themselves and a two-level approach to their formation. The ontology-driven
approach is widely recognized as the most prevalent, or, as noted in [34], is the de
facto standard for developing Knowledge Bases (KB) and other information
resources. Still, existing methodologies for creating such resources, despite
incorporating some form of ontological superstructure, fail to provide a clear
distinction between the resource itself and its ontology. Our approach advocates for
such strict separation for three key reasons. First, the processes of ontology
development and the creation of information resources based on them constitute
distinct types of activities. Ontologies are typically formed by cognitive scientists
and analysts (in collaboration with domain experts, using a specialized ontology
specification language, mentioned later here). Whereas information resources (such
as KBs and DBs) are constructed by domain experts in alignment with the ontology
(without requiring knowledge of the ontology specification language). Second, an
ontology should generalize a class of problems rather than be overly specific to a
particular problem. This allows for the creation of a wide range of diverse KBs or
DBs based on this single ontology, contingent on the level of abstraction of the
ontology. Third, by explicitly separating ontologies from KBs and DBs, problem-
solving mechanisms can be developed based on the former independently of
specific representatives of the second group. This enables modifications to the KBs
or DBs without necessitating changes to the problem solver’s code, thereby
enhancing maintainability.

2) Unified declarative semantic representation of all information
structures (ontologies, knowledge bases, databases) and software components.
This approach ensures universality in both their software processing and their
interactive formation of these elements through component-oriented editing tools.
By adopting such a consistent approach, the framework provides seamless
integration and interoperability across diverse information and software entities,
facilitating efficient development, modification, and utilization.
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3) A common declarative approach to the assembly of SS, to the design of
processing tools (problem solvers), and declarative parts of their software
components based on unified ontologies. The principal solution is to identify
declarative parts of software components of SS, develop ontologies for them, and
provide editors driven by these ontologies. This significantly reduces the “entry
threshold” for developers. It also has a significant impact on the transparency of the
SS architecture and its documentability.

4) A meta-level language for defining ontologies of all declarative
components within the SS. Ontologies are constructed using a specialized
language tailored for representing their structural models. This language is
universal, independent of specific domains or problem contexts, and is inherently
declarative. It features a straightforward structure while encompassing a rich set of
expressive tools capable of modeling diverse, problem-centric meta-terminological
structure for KBs and DBs with varying degrees of complexity.

5) Automatic generation of specialized knowledge base/database/software
component editors based on ontologies (ontology-driven editors). Each editor is
built upon a process model that reflects the ontology of the corresponding
component, ensuring alignment and consistency (correspondence) between the
component and its ontological structure. Furthermore, the editor can verify
adherence to the constraints and agreements specified for the ontology model. By
incorporating ontology-based Ul and interactive dialogue scenarios, these
specialized editors empower SS developers to design and manage SS components
using domain-specific meta-terminology and concepts that are both clear and
comprehensible.

4. Results

Taking into account the requirements and principles for the creation of a framework
that were outlined above, a three-layer architecture of a scalable framework for
developing ontology-centric systems is proposed. It consists of a core layer, a basic
layer, and an extensible layer (which thus makes the whole framework scalable).

4.1. Framework architecture

4.1.1. Core layer

The framework core layer defines the basic principle for developing all
components. This principle states that information components, as well as
declarative parts of software components, are formed in accordance with a two-
level approach. This means that it is possible to build an ontological model that
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most accurately reflects the specifics of the domain at first. Then, this ontology
(information structure and a set of ontological agreements) guides the development
of typical components. This principle applies not only to the development of
components for the SS, but also to the framework itself.

The core layer consists of the three components (Fig. 1). To specify the
ontologies of components, regardless of their purpose, a single declarative language
(metalanguage) is used — the Ontology specification language. To facilitate the
creation of ontologies using this language, the core includes an Ontology editor.
The core also contains a Component editor generator designed to automatically
produce declarative component editors based on corresponding ontologies. The
tasks of the Component editor generator are: generation of a Ul and a component
formation scenario with verification of the agreements specified in the ontology, as
well as its formal completeness.

Ontology

Component specification
editor language
generator —
—_—
Ontology
\editor

Fig. 1. Structure of the core layer

The ontology specification language is the key component of the entire
framework. The following main ideas are laid in its creation:

o the language should be declarative, fairly simple, and at the same time,
powerful, allowing to specify arbitrary models of ontologies, oriented and adapted
to the terminology and form adopted by developers of ontology-centric system
components and tools for their creation;

o the formation of the necessary components by developers should be carried
out “from top to bottom”, with transition from general concepts to their details;

e the maintenance of the correspondence between the ontology and the
component formed on its basis.

Ontology editor. The main requirement for the ontology editor is to simplify
the development of component ontology models by ensuring their interactive
formation without forcing developers to study the syntax of the ontology
specification language. During such editing, the developer must choose the actions
acceptable in each specific development context to form the necessary ontology. At
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the same time, the editor should be aimed at a wide range of users, which may
include knowledge engineers (cognitologists) and domain experts (when developing
systems, they form a knowledge/data representation model or its ontology),
programmers, Ul designers, analysts, and other developers.

Component editor generator. The development of specialized editors is a
separate time-consuming task. A universal language and a unified internal
representation of both ontology models and ontology-based components allow one
to apply uniform principles for automatic generation of editors for all typical SS
components. The editor is based on the model of the process for generating an SS
component in accordance with its ontology.

The core layer is sufficient for creating and maintaining information
components of any complexity (as well as for specifying declarative parts of
software components of any type).

4.1.2. Basic layer

For further support of the framework’s basic development methodology, the basic
layer (in addition to a set of tools of the core layer) includes a set of Component
ontologies and software tools (Fig. 2), sufficient to create an SS and to control it.
Since all components are formed according to their structural declarative ontology
models, respectively, this layer of the framework includes Component editors for
creating components. Such editors are generated by the Component editor
generator for each of the ontologies. In addition to the above elements, this layer
contains a Control system and External software components. The Control system
provides access to framework functionality, including the creation and management
of SS components. The External software components are used to create the Ul and
the imperative part of those components where the declarative representation is not
enough to implement the functionality they need. The maintenance of the
framework's basic layer elements is carried out by its developers.

External software
components

Component
ontologies

Core layer

Control syst Component
ontrol system "
v editors

Fig. 2. Structure of the basic layer
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The framework basic layer is sufficient to manage the process of creating
software components, linking them with information components, assembling an
SS, and launching it for execution.

4.1.3. Extensible layer

The structure of the framework extensible layer is shown in Fig. 3. This layer can
be enhanced with new development methodologies (technologies) and their tool
support by both framework developers and their users (domain experts, knowledge
engineers, programmers, analysts). The extension can be carried out in three ways:
using the elements of the core layer, of the basic layer, as well as using the tools of
the extensible layer itself. Thus, the recursive use of the developed components of
the scalable framework is achieved.

Tools for creating adaptive multimodal user interfaces

Expert
system
shells

Libraries of
reusable
components

New development
technologies
and their
instrumental
support tools

Fig. 3. Structure of the extensible layer

This third layer opens up the possibility of designing new SS development
technologies with generic architectures (or solving certain classes of problems) that
show themselves to be in demand in practice.

4.2. Framework implementation

4.2.1. IACPaaS platform architecture

The described framework conceptual architecture is set as a basis for the IACPaaS
cloud platform [35, 36]. It is intended for the development, management, and
remote usage of intelligent cloud services. Its components are presented in Fig. 4.
There, the circled numbers on a component indicate the layer of the framework to
which this component relates ((D — core, @ — basic, (3) — extensible).
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A graph representation [37-45]

1s a successful universal means for

representing various types of complex structured information in different domains.

Thus, a certain type of graph is used as a formalism for declarative representation of

all kinds of information on the platform: A connected labeled root hierarchical

binary directed graph (hereinafter-digraph) with possible loops and cycles [46].

|

Tools for developing
Al services

Basic development
technology

1,2

2
&)

e

Platform storage “storage

@IS D

Applied Al services

Fig. 4. The conceptual architecture of the IACPaaS platform

4.2.2. Core layer

The Ontology specification language provides means of representing ontology

models [46]. The Ontology editor is an ontology specification language interpreter.
It provides consistent “from top to bottom” formation and modification of ontology
digraphs [47]. This forms an advantage compared to the approach used for the

formation of graph structures underlying Protégé [43]. The formation of

information units (components of ontology-centric systems) is carried out using the

Digraph editor. The ontology model, in fact, controls the processes of editing and
of UI generation for the Digraph editor (Fig. 5).
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When changes are made to the ontology, the Ul of the component editor and
the editing process are immediately adapted to these changes. The corresponding
information units are also automatically brought into a form consistent with the
changed ontology. In addition, the check of the component digraph for the
fulfillment of the ontological agreements is performed during digraph formation.

The tools of the core layer are sufficient to create ontologies, knowledge bases,
and databases (with a graph data model).

4.2.3. Basic layer

The IACPaaS platform implements an agent-based approach to creating solvers
(shells) [35]. Thus, the basic layer includes unified ontologies for all software
components (Fig. 6).

Fig. 6. The scheme of using the framework for creating components of ontology-centric systems
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Component ontologies and editors for component formation are created by
tools of the core layer. Agents and message templates, in addition to the declarative
part, have an imperative component — source code (Java) and executable code
(bytecode). The source code sketch can be generated with the use of corresponding
editors. They are also used for building the bytecode. However, for the convenience
of applied developers, their familiar development tool (Java IDE) is considered to
be a part of the framework. Platform API (Java methods which form HTML) and
JavaScript can be used for Ul development. Thus, a JavaScript and CSS IDE and an
Image editor are, in a way, a part of the framework too.

The basic development methodology [35] allows one to create an SS as a
cloud application (service) without any special requirements for its architecture.
The workflow of this methodology is as follows.

Stage 1. Specification. A knowledge engineer (cognitologist, analyst) uses the
Ontology editor to create domain Onfologies for knowledge and data
representation.

Stage 2. Tool generation. The framework automatically generates specialized
ontology-driven Knowledge base editors and Database editors.

Stage 3. Forming the data and knowledge. The domain expert, using the
generated Knowledge base editors and Database editors, creates and maintains
Databases and Knowledge bases, following the structures set by the corresponding
Ontologies.

Stage 4. Solver’s components development (Agents, etc.).

Stage 5. Solver and Shell assembly. The developer builds the Solver using
the Basic layer tool (Solver editor) by binding the components from the previous
stage. Then he binds this Solver with Ontologies from the initial step to get a Shell.

Stage 6. System integration and launch. The system (Service) is assembled
from components (Shell, Knowledge bases and Databases) and is executed under
the control of the platform.

4.2.4. Extensible layer

Currently, the extensible layer includes several tools that make software
development easier. Three specialized technologies (methodologies) have been
introduced to speed up the creation of services with specific architectures. They
appeared as a result of generalizing the experience of initial development on the
platform.

The first specialized technology is the Technology for developing services with
agents attached to the ontology that controls the process of problem solving [48].
Using this technology, several platform tools have been redesigned and improved.
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The specialized Technology for creating solvers based on control graphs [49]
was created in order to attract more specialists to the implementation of problem
solvers — by providing the opportunity to describe that method declaratively
(without writing the code in the programming language).

In addition, the Technology for cloud service interaction with external
software was developed [50].

With the use of tools of an extensible layer, users have created thematic
knowledge portals and workspaces for the accumulation and processing of
knowledge bases in order to solve intellectual problems in various domains. They
include: medicine, mathematics, autonomous uninhabited underwater vehicles,
experimental diagnostics of crops, information protection, educational psychology,
programming technology, etc. Let’s briefly describe the structure of the portal of
medical knowledge and services.

4.3. Framework evaluation

4.3.1. Medical knowledge and services portal

The main purpose of this portal is to help medical researchers and specialists
perform the accumulation, integration, and evaluation of modern clinical knowledge
and to help physicians with electronic consultations in difficult cases with patients.

For a uniform representation and unambiguous interpretation of knowledge
bases by domain experts from different institutions, a common set of all concepts,
words, and terms used in practice is required. The experts formed a universal
resource Base of medical terminology and observations. It was used for the
formation of knowledge bases on diseases and syndromes from various nosological
groups, on treatment, and on critical conditions assessment. These ontological
knowledge bases support the description of fuzzy relations, various approaches to
symptom complex forming, including the description of simple and compound
signs of diseases, which change over time, various types of conditions for therapy
choosing, and other types of relationships that are important for diagnostics,
treatment prescriptions, prognosis, etc. One such basis is the Knowledge base for
the diagnosis of diseases and syndromes [51].

With the use of the first specialized technology for service development and
based on the expandable set of medicine ontologies, the shells (solvers with UI)
have been created [52] — Shell for differential diagnostics, Shell for the choice of
personalized treatment tactics, Shell for identifying and assessing the risks of
critical conditions, etc. On the basis of these shells, many clinical XAl-based DSS
and services have been created. Most often, they are intended for preliminary and
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accurate diagnosis, medical and rehabilitation treatment, and monitoring the
recovery process after prescribed treatment.

The used development approach and tools allow significantly reducing the
labor costs for the development of applied DSS in medicine (based on KBs). Let’s
consider an example of developing several DSS for prescribing treatment for 10
diseases. To do this, in accordance with the traditional methodology for knowledge-
based intelligent systems development, one needs to develop 10 knowledge bases,
10 solvers and user interfaces, including subsystems for inputting and generating
explanations. Developing a KB on treatment for one disease using the traditional
approach requires, according to our experience [52], an average of 12 man-months
(with a total of 120 man-months). The use of the proposed approach and a set of
tools reduces the development time of one KB by more than two times — to 5 man-
months (giving 50 man-months in total). To create one solver, an average of 14
man-months is required if the solver is not universal (giving a total of 140 man-
months for 10 solvers). Creating a Ul (for electronic medical record input
subsystem, generating explanations) requires about 12 man-months (with a total of
120 man-months). In the case of a medical knowledge and services portal, the
provided shell already includes a universal ontology-driven solver and user
interface — they are not required to be developed. Usually, the input subsystem
remains the same, but it may be necessary to customize the explanation and adapt
the interface to the user’s needs. This process is not labor-intensive and takes no
more than 1 man-month (10 man-months for 10 diseases in total). Thus, when
developing 10 DSS for prescribing treatment, development labor costs are reduced
by approximately six times (380 versus 60 man-months).

4.3.2. Laser-based additive manufacturing knowledge portal

The main purpose of the knowledge portal on Laser-Based Additive Manufacturing
(LBAM) of metal parts (Fig. 7) is to assist operators of laser and robotic
technological equipment in identifying an effective (according to the quality
criterion of the LBAM process) operating mode for that equipment while part
manufacturing,.

The structure of the knowledge portal has been created using the Control
system. Information resources of the portal include a set of related ontological
models, as well as those formed on their basis: a set of databases and reference
books used in LBAM, a Knowledge base on the LBAM mode settings, a Case
database, and a Database of mathematical models that describe thermodynamic
processes occurring during laser melting of metal material.
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Fig. 7. Portal of knowledge on laser-based additive manufacturing of metal parts

The set of related ontological models provides the foundation for a unified and
terminologically consistent representation of all databases and knowledge bases.
This representation conforms to established LBAM standards and reflects the
conceptual models of domain specialists. The ontological models were developed
using the Ontology editor.

The Knowledge base on the LBAM mode settings contains dependencies that
establish the relationships between chemical composition and features of the parts
to be processed, chemical composition and technological properties of the cladded
metal powders, gas environment to be created in the cladding process, a set of key
controlled process parameters, and the resulting part features. For each key process
parameter, a set of rules for setting its possible values is specified.

The accumulated Case database contains an archive of formalized protocols of
performed technological operations, structured by types of processed alloys and
types of technological process.

The Database of mathematical models is a structured repository for software
implementations for numerical modeling of thermodynamic processes that take
place in the area of interaction of a focused laser beam with a material to be
processed.
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The software components of the portal include specialized ontology-driven
editors for the formation and maintenance of all databases and knowledge bases by
domain experts, a DSS shell, and a set of applied services. The editors are created
“on-the-fly” with the use of core layer components.

The DSS shell is based on the methods of knowledge engineering, search by
analogy (case-based reasoning), as well as numerical mathematical modeling.

To provide the possibility for interaction of the DSS shell with mathematical
software for numerical modeling of thermodynamic processes (Wolfram
Mathematica), the Technology for cloud service interaction with external software
is used [53].

5. Discussion and future work

The advantages and limitations of the approach can be inferred from the experience
of use of the described IACPaaS platform. It is being used for building Al systems
based on ontologies and is accessible to users (programmers, cognitive scientists,
analysts, domain experts, etc.) via the Internet (https://iacpaas.dvo.ru). Currently,
the platform has almost 700 registered users. They have created roughly 370
problem solvers, around 1200 ontologies, and about 2400 knowledge bases and
databases. This imposes a responsibility on the team — to ensure its operability,
continuous development, and improvement of tools based on the accumulated user
experience (including the received feedback).

Unlike existing analogues, the platform provides support for the development
of all components of intelligent services. The framework takes into account the
specifics of systems with knowledge bases; in particular, it is designed for different
types of specialists — domain experts, knowledge engineers, software developers,
and it is scalable. Tools for this scaling and tools for creating SS using the
framework are based on the same technologies (methodologies). SS are developed
based on ontologies, and the tools themselves are also ontology-based. Unified
principles and mechanisms for creating applied and instrumental services, common
means of expanding and developing tools allow increasing their functionality not
only by platform authors, but also by users. Thus, both developers and users are
responsible for maintainability and quality of new extensions.

Nevertheless, we periodically meet problems and come across certain
limitations. They are put as a basis for the directions of our future research.

Much attention is paid to the automation of tools for the development of
software components that process ontological information resources. In particular,
work is underway to create a methodology (and its tool support) for the formation
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of domain-independent problem solvers. This methodology is meant to simplify the
development of services based on solvers of typical intelligent problems for
different domains. It offers an ontology of knowledge for solving a class of
problems described in abstract terms, a problem solver based on an abstract
ontology, and a method of adapting the ontology to a specific domain that does not
require reprogramming of the solver.

Work continues improving the API of remote interaction with the platform for
making external services, including mobile ones, act as convenient wrappers over
the intelligent services of the platform.

As part of the support for the needs of knowledge engineers and experts (who
form ontologies and information resources based on them), the Digraph editor is
regularly updated. Another block of work is related to improving the team
development of services and their components.

A promising direction of research being conducted is the development of new
methods for creating adaptive multimodal UI, the evaluation of knowledge bases,
the expansion of methods for the team creation of intelligent systems, using various
methodologies, including the creation of hybrid intelligent systems (based on
ontological knowledge bases, machine learning, reasoning by analogy,
mathematical modeling), and implemented on heterogeneous hardware.

Another task is the further reduction of database and knowledge base creation
labor intensity. Currently, they are formed mainly using appropriate ontology-
oriented editors. In this regard, we are initiating two directions of work. The first
one is to generate formalized knowledge bases based on datasets using an inductive
approach. The second one is the application of natural language processing methods
for automatic extraction of relevant information from semi-structured and
unstructured texts with generation of corresponding information resources. Here we
plan to use an approach based on the so-called large language models (LLMs). The
result of such text analysis should be a graph-like structure (in JSON format) which
coincides with a given ontology. This structure can then be imported using an editor
into an information resource created based on this ontology (see Fig. 5).

One more utilization of the LLM within the platform emerges from the
availability of its combination with the Retrieval Augmented Generation
mechanism. This modern technique can be used for working with information (and
knowledge in particular) in order to solve a challenging problem of providing
support for human-like requests (i.e., “chat with knowledge base”). Such a feature
can surpass our recently implemented query mechanism. A query must be written in
a specific language (provided as an ontology), and this requires particular skills for
mastering the creation of the query for the desired result. A human-dialog-like
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chatbot could be much more friendly for users, though the trust in its answers can
be lower. The desired chat feature is planned for implementation as an additional
(and partly remote) tool — via the technology, which is described in [50].

Users make a great contribution to the development of the platform. They
extend the functionality of the platform both by creating shared problem-
independent solutions and by creating a large number of domain-specific
information resources and software components. The described knowledge portals
are being implemented and supported by a broad professional community.

6. Conclusion

A necessary condition for the viability of any SS is the availability of extensible
tools with the use of which it is created. The longer the life cycle of the SS is, the
more expected becomes the need for its developers to improve its adaptation
mechanisms to changes in user requirements, domain, and operating conditions.
Users of the framework can improve it if the means of its scaling are as close as
possible to the means of developing SS themselves, and the complexities of these
processes are comparable. Considering that the developers of the SS are not only
programmers, but also knowledge engineers and domain experts, the proposed
framework contains development mechanisms based on a unified declarative
representation of information and software components with subsequent automatic
generation of ontology-driven editors for their formation.

All the principles described in this article are implemented on the IACPaaS
cloud platform. The platform has tool support for the development of all SS
components. Currently, the platform is considered as an environment for software
development based on ontologies with semantic (graph) representation. It can be
used for the development of graph databases and applications which use them, or as
an integrating basis for the development of hybrid systems. Other ways of
exploitation are also possible.

Platform usage has shown that the development of tools is actively carried out
by its users. At the same time, tools developed “for personal needs”, as well as
various components (ontologies, knowledge and databases, message templates,
agents, solvers and services), are reused by both their creators in other projects and
third-party users. So, a component approach to the development of SS is adopted in
practice.

The enhancement of the platform by its developers and users is ongoing
dynamically, which makes it possible to create viable ontology-centric systems. It is
also important to note that the viability of those systems is ensured not only by the
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scalability of the implemented framework. The architecture and ways of
representing all SS components play a key role too. The agent-based approach, the
formation of components based on their declarative structural models of ontologies
using editors, and automation tools implemented on the IACPaaS platform and
described earlier in [35, 36] are also aimed at achieving this important characteristic
of the SS.
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