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Abstract—The concept and the technology for creation and 

maintenance of decision support services based on knowledge 

bases are described. The ontological approach for knowledge, 

data and solver formation, along with the principle of 

reusability and extensible tools provide the viability for such 

services. An important issue is a unified representation and 

storage for service components of all types – both information 

and software ones. It allows to involve experts and knowledge 

engineers into development process on par with programmers 

and to use alike tools for creation of service components. 

Another significant requirement is a multi-user access for tools 

and components, preferably a cloud one – over the Internet. 

This eases the control of service development and allows to 

store and update components with no need of redistribution 

afterwards. The implementation of the described technology 

and tools on the IACPaaS cloud platform is presented with 

examples of medical knowledge portal and its fractions. 
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I. INTRODUCTION 

Development of methods for creation of viable 
intelligent system that provide specialists with useful advice 
on the basis of extensive knowledge bases is an urgent task 
[1-5]. 

An intelligent software system (ISS) can be considered 
as consisting of a problem solver, user interface, knowledge 
base and, possibly, databases with source and resulting data. 
Various formalisms are used to represent these components 
by specialized programming languages and shells. 

It is known that a declarative representation, in contrast 
to an imperative one, has a number of advantages: simpler 
software creation, easier program code understanding, and, 
thus, modification [6-9]. At the same time, a unified 
representation of heterogeneous components of ISS is aimed 
at reducing the complexity of its development and 
maintenance. 

Taking into account the above considerations, it is 
proposed to represent all ISS components (knowledge and 
data bases, a problem solver and a user interface) in a single 
unified format, providing common principles for their 
formation, access and modification. Semantic networks 
(more precisely, hierarchical conceptual digraphs) are 
chosen as this format. 

The article describes the model of knowledge and data 
representation, ISS service components, tools and 
technology for its development. 

II. KNOWLEDGE AND DATA REPRESENTATION MODEL 

We propose an approach based on hierarchical 
conceptual digraphs to provide a clear representation of 
knowledge for development participants. The knowledge 
structure is clearly represented at the initial stage of ISS 
creation. Necessary interested participants are involved in its 
discussion as the conceptual digraph is understandable to 
them. 

Developers are offered a universal problem-independent 
metalanguage for the specification of ontologies – languages 
for representing knowledge and their contextual conditions. 
Ontology-based knowledge and data bases are presented as 
hierarchical semantic networks [10]. 

A metalanguage is a pair: a graph of concepts (in terms 
of which ontologies of domain knowledge and data are 
formed) and graph labeling. The latter allows one to set 
restrictions on the structure and rules for generating 
knowledge and data bases by the ontology [10, 11]. 

The structure of knowledge together with ontological 
agreements is the ontology of knowledge. It defines rules 
for interpreting data and knowledge in the decision-making 
process, it is also the basis for the flexible interface of the 
knowledge editor. Ontological agreements should be known 
to developers of problem solving algorithms. 

The ontology for solving an intelligent problem 
includes: an ontology of knowledge about the relationship 
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of essential terms, an ontology of reality (input data / facts 
and expected solutions), limitations for their interpretation 
and ontological agreements on the rules of correlation of 
facts and knowledge. 

The defined syntax of the ontology can and should take 
into account the organization of knowledge and data of a 
specific domain. Due to this, the intelligent complexity of 
the formation and maintenance of knowledge bases is 
reduced to an acceptable level. Ontologies are also used to 
formulate declarative descriptions of ISS components.  

When creating thematic knowledge portals, it is 
important that the information being processed is equally 
understood by all members of the community. The 
definition of a base of terms (and observations) is necessary 
at the initial stage. Their uniform representation (in the form 
of hierarchical semantic networks [10, 11]) is provided 
under the control of “The ontology of the terminology and 
observation base”. This ontology allows one to define the 
nomenclature of terms, observation groups, groups of signs, 
signs, their elements or characteristics, their meanings. The 
concept of “synonyms” is introduced for terms, signs and 
qualitative (string) values of signs. 

For example, “The medical terminology base” (for 
gastroenterology, pulmonology and other profiles) contains 
the necessary and sufficient sets of features, objective and 
instrumental examinations, laboratory tests – all divided into 
the corresponding observation groups (and subgroups). The 
group of signs “Complaints” includes a description of 
hundreds of signs and symptoms with a detailed 
representation of their various characteristics and values that 
are found in most diseases. 

The results of the solution (with explanation) formed by 
the service (a list of rejected hypotheses, a list of 
hypotheses, which will require additional information to 
confirm, and, possibly, a confirmed hypothesis) can be 
visualized by the standard user interface. The explanation 
structure (which is considered to be part of the domain 
ontology) is created to hold the full explanation of the 
solution and considered hypotheses. 

III. THE FORMATION OF DECLARATIVE COMPONENTS 

OF DECISION SUPPORT SERVICES 

The proposed basic toolkit includes editors for creating 
ontologies and the generator of editors of service 
components. 

When forming ontological bases, the toolkit maintains a 
correspondence between them and their ontology. Further, 
when changing the ontology, the correspondence between 
the knowledge and data bases and their ontologies is not 
broken: all the knowledge and data bases are automatically 
modified to the form that is consistent with the changed 
ontology. Any ontology is formed and modified by 
knowledge engineers using the same tool – the ontology 
editor. 

For the formation and modification of knowledge and 
data bases, as well as declarations (specifications) of 
software components, a specialized editor is proposed that 
automatically generates a user interface by component’s 
ontology [12]. The editor is based on the process of 
generating a digraph of information based on an ontology 

graph, which provides a correspondence between them. 
Formation of a digraph of information is carried out from 
top to bottom. The editing process can be finished at the 
user request in any state, while the digraph of the 
information will be formally complete or incomplete in 
relation to the ontology digraph. 

Editing a digraph of information is possible to the extent 
that does not break the correspondence between it and the 
digraph of its ontology. In addition, the editor automatically 
adapts to changes in the representation of knowledge and 
data. To represent the digraph to the user in a convenient 
form, additional tools of generating multimodal interfaces 
are offered: in the form of a graph, a text, and a table. 

IV. DECISION SUPPORT SERVICE COMPONENTS 

The division of the system into information and software 
components has the following goals: 

● independent development of problem solvers and 
information resources by relevant specialists; 

● components of both types are stored in the fund of 
information units and are reusable – one problem 
solver can be associated with different knowledge 
bases and vice versa. 

The separation of ontologies from knowledge bases and 
the explicit representation of ontologies induces the need to 
replace inference machines that interpret production rules by 
specialized ontology-based reasoners – ontological solvers. 
Such solver traverses the declarative knowledge base (KB) 
comparing its sentences with input information (about the 
object) in order to search and approve hypotheses or refute 
them. The number of rules for comparing the elements of a 
KB to elements of domain objects is rather small for most 
problems. For example, for diagnostics, one of the most 
common types of sentences is <failure-type-k, sign-j, range 
of values-kj of sign-j) which is matched to the pairs <sign-j, 
value-kj of sign-j> (or triplets – with the addition of a date). 
The most important result of algorithm’s work is a 
structured report which is formed in terms of specialists and 
takes into account their requirements. 

Since it is mainly programmed a set of rules for 
comparing elements of knowledge base sentences with 
elements of observations (and there are few such rules), an 
ontology based solver based is usually not complicated. This 
is determined by the number and complexity of the types of 
axioms (sentences), the length of the chains of causal 
relationships between the sought-after (tested) hypotheses 
and the elements of domain objects’ descriptions and/or 
restrictions being set on them (for example, in the treatment 
problem, the restriction is “the object must become 
healthy”). 

An IACPaaS platform solver is a collection of agents 
interacting with each other through the exchange of 
messages generated by some templates. Solvers have a 
declarative representation. Agents and message templates 
have declarative parts as well as procedural ones. 

Descriptions (declarations) of software components are 
formed in a unified structure defined by the same 
metalanguage (one for each type of component). The solver 
has a list of formal parameters (ontologies) that determine 

Advances in Intelligent Systems Research, volume 174

275



the set and types of processed resources – data, knowledge, 
explanations. 

The procedural part is a bytecode. Its source code is 
written in Java using the methods provided by the platform 
API. It contains, in particular, a set of program interfaces for 
accessing the content of information resources (vertices and 
arcs of digraphs), hiding the format of their internal 
representation. This allows developers to use the proposed 
high-level data types without thinking about the details of 
the internal organization and storage of information. 

The construction of solvers is carried out by setting the 
relationships of the agents (dynamically or statically): in the 
code of agent production blocks or through a control graph 
(methods for agent interaction are also contained in the 
API). 

V. DECISION SUPPORT SERVICE DEVELOPMENT 

TECHNOLOGY 

The technology for creating decision support services in 
a broad sense includes system analysis of domain and 
system design stages. System analysis precedes the start of 
automation: all intelligent tasks requiring information 
support are being identified. At system design stage 
intelligent (intellectual) tasks and their sub-tasks are 
distributed among components of particular types. 

The key principle in designing viable decision support 
services is the inclusion of declarative knowledge bases in 
its architecture. A solver being produced is an ontology-
oriented one. It has to be designed in accordance with 
domain ontology (take into account structural and causal 
relationships between domain concepts and limitations for 
interpretation). The most important output of service work is 
a structured report formed in expert terms and taking into 
account specialists’ requirements. Future users are involved 
in the development of its structure, they affect how results 
are being grouped (depending on their importance). This 
structure being a part of the domain ontology is almost as 
important as the structure of stored information resources. 

Intelligent software services are built as follows: 

● A software problem solver suitable for identified 
task is selected. 

● In accordance with the formal parameters of the 
solver, a set of actual service parameters is formed. 
(An actual parameter is an information resource 
based on some particular ontology and intended for 
processing.)  

● The problem solver is linked to the selected actual 
parameters (in declarative part of the service). 

Development technology in a narrow sense is a toolbox 
used to create and improve components of knowledge-based 
decision support services: 

● a knowledge base editor; 

● a database editor; 

● an editor of data structure for solution results and 
explanation; 

● a library of software solvers for task classes (and 
their components); 

● a tools for search of ready-made components and 
for their integration; 

● a specialized editor for GUI. 

 These requirements are met by the IACPaaS platform. 

VI. THE DEVELOPMENT OF DECISION SUPPORT 

SERVICES 

A system analysis, preceding the automation, identifies 
the tasks that need knowledge-based information support. 
Examples of a tasks are: formation of hypotheses about the 
diagnosis that do not contradict with the description of an 
object; requesting additional information (to confirm 
hypotheses and to reduce their number). 

An ontology-oriented solver is created on the basis of 
the specified structural and causal relationships between 
concepts, limitations for their interpretation and ontological 
agreements. 

Using the integration tool with knowledge base and 
solver, a service is constructed. To fill in an input data, a 
data editor is provided (generated by ontology) that allows 
to select correct terms and names for observations. 

The structure of the result (the explanation of hypotheses 
or solutions) is created before the solver development and 
should be problem-oriented – must take into account general 
needs of the person who solves the corresponding problem. 
The format of the structured report on the results is 
consistent with the experts notions, it groups the results 
according to their importance. Each group can be viewed 
with various degrees of detail with a standard user interface. 
To meet needs of specific users, a special GUI can be 
created. 

For example, on the medical portal of the IACPaaS 
platform a software solution to the medical diagnostics task 
has been developed – a special decision support service. For 
the gastroenterology domain the following has been created: 
"The base of terms of gastroenterology", "The knowledge 
base about diseases of the digestive system", "The 
diagnostic problem solver" and “The tool for filling in case 
records". The results report provides a link to medical case 
record, set of confirmed hypotheses about diseases for it 
(one or more), set of rejected hypotheses [13]. 

VII. EXTENSIBILITY OF TOOLKIT FOR BUILDING 

KNOWLEDGE BASE SYSTEMS 

Implementation of the toolkit requirements regarding 
viability support is ensured by providing expansion of its 
functionality by both developers and users. Users of the 
toolkit can improve it if the improvement tools 
(instrumental services) are as similar as possible to tools for 
applied service development. Then the complexity of this 
improvement process is comparable to the complexity of 
developing service components. 

Considering that the developers of ISS are not only 
programmers but also knowledge engineers and experts, 
development tools based on a unified, single declarative 
presentation of information and software components with 

Advances in Intelligent Systems Research, volume 174

276



subsequent automatic generation of editors for their 
formation are set as a basis for this toolkit. 

The development of the toolkit could be carried out both 
by the main team of toolkit developers, and by its users 
participating in the ISS development. Such participation can 
be expressed in the creation of libraries of reusable 
components, new technologies, and tools for supporting the 
component development. 

The important requirement is the presence of a single 
environment and instrumental support for the development 
of tools and for the development and maintenance of 
services. It is important, firstly, because as a result of the 
development of the ISS, some of its elements can be directly 
used as an extension of the toolkit (the most obvious 
example is the library of reusable components). Secondly, 
service developers can create a new “add-in” to solve their 
problems, which can be useful for others, for example, a 
new technology and its tool support, a new solver (as a shell 
for many services), a new set of development tools, etc. 

Since all components are formed according to their 
ontologies, this toolkit includes editors for forming those 
components. Such editors are formed by combining the 
stencil editor with the ontology of the corresponding 
component. In addition to the above elements, this toolkit 
contains external software tools. They are used to create 
service GUI, procedural part (bytecode) of software 
components (where declarative representation is not enough 
for operation), as well as a control system. The maintenance 
of the basic toolkit elements is carried out by its developers. 

Expandable toolkit may include new technologies for 
developing services and their instrumental support. These 
include collective development and management tools that 
ensure the separation of competencies among developers 
with their sequential or parallel work on the formation of 
models and components. Such technologies and tools should 
ensure the architectural integrity of entire portals, ISSs, 
solvers, development tools for adaptive multimodal 
interfaces, libraries of reusable components (information 
and software). Expansion can be carried out using basic 
tools, as well as mechanisms of expandable tools. 

VIII. CONCLUSION 

The ontology-oriented approach is the basis for 
formation of understandable knowledge and evolving 
knowledge-based systems. On the IACPaaS cloud platform, 
which offers the infrastructure and technology for 
developing intelligent decision support systems [12], cloud 
services are being constructed of information and software 
components. The general principles of development and 
main features of the created services are: 

● implementation as a system with a knowledge base 
that has a declarative representation (semantic 
network); 

● formation of ontology-oriented solvers; 

● using an ontology-driven structural editor allows to 
include domain experts (usually several ones) in the 
development process; 

● services and tools are cloud-based, which makes 
them accessible to the entire interested community 
over the Internet; 

● possibility of continuous improvement of 
knowledge by domain experts for ensuring the 
viability of ISS. 
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