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INTRODUCTION

Research area and relevance of the problem. As of late, information systems
(IS) development life-cycles are analysed using different approaches. One of the most
promising is model-driven approach, which aims to utilize formal domain knowledge to
perform, adjust and manage and engineering process. One of the earliest stages of IS
development life-cycle is enterprise modelling, which becomes especially important in
applying model-driven IS development methodology (MDE - Model Driven
Engineering) and its methods. The aim of model enterprise modelling is to create an
enterprise model of an organization, which would help to deal with issues of an analysed
domain. The concept of Model Driven Architecture (MDA) defines IS development
process as a three-level model (CIM — the Computation Independent Model, PIM — the
Platform Independent Model, PSM — the Platform Specific Model) interaction, whose
purpose is to directly link enterprise modelling and further stages of IS analysis, design
and implementation. Thus, from enterprise modelling professionals' point of view MDA
concept should be thought of as an effort to integrate enterprise modelling methods with
full life-cycle Computer-Aided Systems Engineering (CASE) technologies characterized
by the bottom-up approach, i.e. from engineering methods to enterprise modelling
methods for IS engineering needs. Hence, modern IS development methodologies pay
increasingly more attention not only (and not as much) to software and IS engineering
methods, but rather organizations' enterprise modelling issues, i.e. domain knowledge
mapping.

IS engineering methods (IS life-cycle stage models) based on intra-enterprise
engineering, the basis of which is subject area (domain) pattern model, are called
knowledge-based methods. The purpose of MDE-based computerized IS engineering
enterprise model is to systematize and formalize knowledge on a certain analysed
domain (subject area). IS engineering methods are emerging that seek to integrate
knowledge about operational functions, processes, rules in CASE systems and use them
in intellectualizing 1S development process. There have also been attempts to apply
domain knowledge content creation and updating methods from similar areas, such as e-
learning, Business Intelligence systems, business rule modelling.

The creation of knowledge content specification includes the collection of domain
knowledge, its preparation and analysis, verification and validation. In this dissertation
domain knowledge is understood as a dynamic set of knowledge attributes, described
according to requirements as a system of facts, principles and theories related to a
specific professional activity. In other words, knowledge attribute set is an expression of
a domain in current context. Enterprise modelling can be assigned to requirement
collection and analysis stage. Then enterprise models are transformed into requirement
specification for the system being developed. Systems (for example, domain knowledge
content) and separate component specifications are produced during IS engineering
process. The most important step in every effective domain knowledge management
process is the writing down of the requirements identified during the selection. It helps to
ensure accurate communication and management of the requirements during their
development. Documents are an understandable form for requirement recording. These
documents provide a basis for context identification and requirement collection, yet are
not very useful in supplementing and modifying requirement information.

Meeting modern, constantly evolving enterprise needs requires enterprise



integration with information technologies and computerized IS that would be able to
adapt to organizations' enterprise changes. The development of these systems should be
performed by focusing on Value Chain Model (VCM), since computerization involves
enterprise management functions and processes, as well as interactions between
organization's functional areas, which are revealed by the VCM. In computerizing
enterprise, a research of informational interactions between enterprise management
functions and processes is performed, requiring further decomposition of value chain
elements, i.e. further VCM modification is performed, a detailed Value Chain Model
(DVCM) is created. Hence, knowledge-based IS development and performed based on
knowledge on enterprise management, which defines fundamental attributes of
enterprise management information interactions. Enterprise management information
interaction is specified as an Elementary Management Cycle (EMC), linking enterprise
management function and process by a feedback loop.

This dissertation provides a proposed domain management knowledge modelling
method, whose formal DVCM and EMC descriptions are provided in a BPMN notation.
At the same time, it is not limited to a formal representation; the method is elaborated
and demonstrated in a specific domain — higher education study programme design and
updating. This domain has been chosen intentionally, on the basis of methodological
terms. In academic field IS development typically starts with enterprise management
function analysis, in which enterprise management information interactions are
important. Analysed higher education study domain is multivariate, dynamic and
requires constant knowledge content updating. Only by actualizing study programme
structure and knowledge content in a timely manner is it possible to properly take into
account changing needs and requirements from all stakeholders.

One of the pioneers of analysing study programme development as an IS
engineering process were MOCURIS — Modern Curriculum Development in Information
Systems at Master Level project promoters, who offered in their works a model study
programme design method. They have introduced the notion of study programme
engineering, defined study programme architecture and by analyzing a study programme
as a system of courses and modules, they have applied the standard IS engineering
process to develop a Master‘s study programme. Using this method, a large 1S-related
Master's programme specification document was created, which would act as a guideline
for creators of certain programmes, courses and modules. However, already in the
project fundamental flaws of this method became evident. Such programme development
process could only be effectively implemented by the authors, meanwhile, the resultant
artefact (textual specifications document) because of its technicality, complexity and size
was unsuitable to perform the main function of requirement specification which is to
ensure communication of all process participants and coordinate their work. After
analysing requirement identification, localization and specification (granularity) issues, it
was found that these limitations are inherent in traditional non-automated requirement
engineering processes. Therefore, other researchers (including the author of this thesis)
have suggested to automate this process in creating a study programme requirement
engineering system on the basis of CASE measures. With a direct involvement of the
author, such a system has been created and applied for the development of new study
programmes. However, in a fast changing environment timely study programme
modernization, quality assurance and knowledge content updating become especially
relevant. It all requires effective feedback from all stakeholders. To solve the issues



mentioned in this dissertation, a detailed Value Chain Model has been used, ensuring
constant information feedback, which sends descriptive data (attributes) to the enterprise
management function and retrieves management decisions to direct enterprise process.
The method is implemented by creating an enterprise knowledge database in IS
engineering CASE system, which is designed on the basis of a computerized domain
enterprise model.

Scientific significance of the work. In traditional computerized IS engineering a
system is created empirically, by first collecting, analysing and specifying consumer
needs. In knowledge-based computerized IS engineering a system is created using an
enterprise knowledge base and domain knowledge stored in it. It is believed that the
main characteristic of knowledge-based IS engineering is a subsystem of domain
knowledge, which is based on an organization's enterprise model and is designed to
acquire knowledge on a computerized domain. Such knowledge acquisition subsystem
should perform the functions of a storage of domain knowledge, required for the creation
of IS project models. The following structure for a subsystem was proposed: enterprise
model and enterprise metamodel (formalized enterprise management knowledge
structure). Domain knowledge acquisition subsystem should become the essential
component of a knowledge-based CASE measure, intellectualizing the whole process of
IS development. The creation of such subsystem is one of the most urgent scientific
problems addressed in this dissertation.

Another urgent problem — the evaluation of management information interactions
in modelling organization's enterprise. Quite a few enterprise modelling methods and
languages (DFD, IDEFx, UML extensions, BPMN, DVCM and others) have been
proposed, however, only some of them measure domain management information
interactions that are necessary to manage operations from a system theory perspective.
The creation and updating of a domain model that includes data, knowledge and
objective components necessary to manage domain operations is a relevant scientific
issue. The identification and updating of the content of computerized domain
information interactions in the areas of IS development and Bl measures and knowledge
management is and unformalized process that is difficult to formalize in general.
Currently, by applying computerized measures for IS engineering, formalized methods
of creating and updating content of domain management information interactions are still
developing.

The dissertation provides a method for updating the knowledge method of the
analyzed domain, hereafter referred to as “enterprise domain”, based on enterprise
modelling in terms of management information interactions when management
information interactions between domain components are identified. The model of
domain knowledge content updating is formally described and computerized process
measures are proposed. The method is applied by creating an enterprise domain
identification and updating CASE system that is approved by developing (updating) for
higher education Bachelor‘s and Master‘s informatics study programmes.

Research subject. The identification, modelling and updating of domain
knowledge content that encompasses enterprise domain management information
interactions.

The Aim and Tasks. To develop domain knowledge modelling method based on
enterprise management information interactions and to computerize domain knowledge
model updating process.



To achieve the aim, it was necessary to solve the following tasks:

1. To perform the analysis of current domain modelling methods in terms of
knowledge content modelling.

2. To develop domain knowledge modelling method based on management
information interactions:
2.1.to define the sequence of enterprise management functional

relationships, comprising information feedback;
2.2. to apply a modified Value Chain and Elementary Management Cycle
model to describe and update domain knowledge content.

3. To develop domain management knowledge content identification and
updating computerized process model and information system prototype.

4. To apply knowledge content identification and updating method to study
programme requirement analysis and programme content updating, and to
propose system application methodology.

5. To perform an experimental research of the designed method as well as the
application of CASE measures, evaluating the quality of updated knowledge.

Scientific Novelty. The following results were derived:

e designed subject area (domain) management knowledge modelling method
based on enterprise management information interactions;

e model of domain management knowledge content identification and
knowledge updating computerized process, designed on the basis of a
modified Value Chain and Elementary Management Cycle;

e in implementing this model and its algorithms, a subsystem of enterprise
knowledge has been created in a knowledge-based CASE system,
performing the function of a domain knowledge database;

e designed method and system were approved in a selected domain — higher
education study programme creation and updating.

Personal contribution. Essential contributions of the author are:

a) definition of the sequence of management functional relationships,
comprising informational feedback in knowledge modelling and
management area;

b) a modified Value Chain and Elementary Management Cycle model was
created to describe management knowledge updating process;

c) a computerized process model and knowledge-based CASE system were
created.

Practical Significance. The following results of practical value were achieved:

e a computerized management knowledge measure was created that can be
applied not only in chosen subject area updating, but other areas as well,
such as: the creation and updating of business knowledge bases, the
development of Bl measures by implementing knowledge bases, the
evaluation of the fullness of accumulated repositories’ content;

e the method and the computerized measure were used in the examination and
updating of study programme knowledge content;

e “study programme development / implementation management”, ‘“content
knowledge model structuring management”, “domain knowledge model
formation management” and “knowledge model updating management”
information DVCM models were created. The results obtained can be used in



subsequent studies of the domain process management and knowledge
content refinement models;

e the results were used in developing and implementing study programme
requirement analysis system in the project “Modernisation, development and
assurance of mobility of Master study programmes in information
technology area” (SFMIS code: BPD2004-ESF-2.5.0-03-05/0063, support
contract No. ESF/2004/2.5.0-03-407/BPD-178);

e system application methodology was proposed, that allows to systematize,
analyse, localize and evaluate requirements for higher education study
programmes, modernize the structure as well as update knowledge content of
these studies;

¢ informatics study programme structure and knowledge content were updated
on the basis of a scientific method.

Hypotheses:

1. A method was designed, allowing to develop a two-level (granular) model
for describing knowledge of domain management information interactions.

2. Proposed hierarchical modified Value Chain Model and Elementary
Management Cycle model allows to structure domain knowledge
identification and updating processes.

3. Computerized model of knowledge updating allows to develop a knowledge-
based CASE system, which can be applied for updating quickly evolving
domain (not only study programme) knowledge content.

4. The developed methodology for the application of study programme
requirement analysis and knowledge content updating system enables to
systematize, analyse, localize and evaluate requirements for developed
higher education study programmes and flexible update their structure and
knowledge content.

Research methodology. Theoretical and experimental research methods are
applied in the dissertation. The investigation of domain knowledge content analysis
includes a systematic analysis of scientific literature, the summarizing of the methods
reviewed in enterprise modelling and knowledge management modelling areas,
traditional enterprise modelling methods (the analysis of the properties of DFD, IDEFO,
IDEF3, BPMN and other methods), the application of qualitative analysis (conceptual
maps), knowledge based modelling methods and the application of comparative analysis
and summarizing methods. For theoretical and experimental researches CASE measures
(IBM Rational RequisitePro™, MagicDraw™, MS Visio™) and other computerized
software was used: concept map tool (Mindjet MindManager Pro™), database
management systems (MS Access ™, MySQL Server ™),

Approbation of the research results. The main results of the dissertation were
published in 12 scientific papers: 1in a periodical scientific journal (ISI Web of
Science), 1 in ISl indexed proceedings, 5 articles in the periodical scientific publications;
1 article in the reviewed scientific periodical publications, 1 article in the other
International Scientific Conference Proceedings, 1 these published in international
scientific conference publications, 2 articles in local conference proceedings. The main
results of the work have been presented and discussed at 7 national and international
conferences.

Dissertation scope and structure. The dissertation is written in Lithuanian. The



dissertation consists of abbreviations and terms glossaries, preface, five chapters,
findings, literature reference list, publication list and 16 annexes. Chapters are divided
into parts, whereas, some parts have their own sections.

The introductory section discusses the research area and relevance of the problem,
scientific significance of the work, also defines the research subject, formulates the
research goal and objectives, provides scientific novelty of the dissertation, personal
contribution, practical value of the research findings, and hypotheses, as well as
describes research methodology. At the end of the introduction is provided the list of the
author‘s publications and conference reports on the dissertation topic and dissertation
structure.

First chapter reviews domain modelling methods in terms of knowledge content
modelling. Second chapter introduces the created domain management knowledge
modelling method, based on enterprise management information interactions. The
application of a modified Value Chain and Elementary Management Cycle model for
knowledge content description and updating is demonstrated. The created domain
management knowledge content identification and knowledge updating computerized
process model as well as information system prototype are laid out in chapter three.
Chapter four introduces study programme requirement analysis and knowledge content
updating system and its application methodology. Chapter five provides the approbation
of the created domain management knowledge modelling method. The results from
experimental research confirm method appropriateness. A summary and findings are
formulated at the end of each chapter. At the end of the dissertation general findings and
annexes are provided.

Volume of the dissertation is 177 pages (A4 format). Text of the dissertation has
13 tables and 105 figures. In the dissertation 214 refferences to other sources were used.
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1. THE ANALYSIS OF CURRENT DOMAIN MODELLING METHODS IN
TERMS OF KNOWLEDGE CONTENT MODELLING

Due to the fact that there have been many new enterprise modelling approaches,
methodologies and methods created, a separate research area has occurred, called
enterprise modelling.

Enterprise models are divided into the following: business process models, data
flow models, data models, business objective models, control flow models, performance
management process models, knowledge management processes. Widely known
enterprise modelling methods are structural-functional modelling (Data Flow Diagrams
or DFD), business process modelling languages, BPMN notation, IDEF set of standards
and organization enterprise modelling language UEML, and business architecture
modelling language UPDM. Well known enterprise modelling methodologies are
CIMOSA, GERA, EPC, DODAF, MoDAF, MDA, standards (ISO 14258, ISO 15704).
However, amongst this enterprise modelling approaches, methodologies and methods
one can rarely find those that would model enterprise in terms of management, i.e.
performance management information components and their interaction.

Therefore, one has to select the most convenient way of modelling management
activities. In order to achieve the goal, similar models were analyzed and a thorough
comparison was performed. Based on the domain modelling method (language, notation)
analysis, a conceptual map was designed allowing to systematize the variety of these
methods (Fig. 1).

When comparing modern enterprise modelling methods (languages, notations), it is
becoming clearer that organization enterprise modelling needs to have capable
methodologies because it has to be ensured that all necessary structures can be modelled.
For this purpose, the above mentioned conceptual map can be used, that shows primary
and systematized information and provides references to all other required sources of
domain modelling methodologies. When analysing known enterprise modelling methods
(notations, languages) in terms of performance management, it is becoming clearer that
only a few methods can actually evaluate performance management information
interactions that are necessary to manage performance from a theoretical perspective.

In organizational management practice Value Chain Model (herein referred to as
VCM), created by Porter, is popular and has been used in many works. The structured
VCM is used to identify the information transactions between Management Functions
and Enterprise Processes. Detailed VCM embodies a procedural approach to enterprise
consisting of: primary activities (operational processes) and support activities
(operational functions). Formal detailed VCM description:

VCM ={(F1,...,Fi)(PL...,Pj)}, (1)

where: (F1,...Fi) — enterprise Management Functions, (P1,...Pj)— Enterprise

Processes.

The interrelationship between primary and secondary business processes explored
in Gudas, Lopata identified a different nature of these 2 enterprise activities: secondary
processes possess informational nature and are referred to as enterprise (management)
Functions; while primary processes are concrete (non-informational) and are named
enterprise (material) Processes. This dissertation presents more detailed content of
Function Fi since it defines a sequence of definite types of interacting information

11
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Fig. 1. Conceptual map of domain

In brief, the concept of Elementary Management Cycle (EMC) is a formalized
ment control as the interaction between the
components of enterprise from the control point
of view. On the basis of these findings, the Value Chain Model is modified. The
interaction between the core elements a Function and a Process is formally assumed as a
Control Process with the Feedback Loop between the Function Fi and the Process Pj
(Fig. 2). A detailed model of the informational interactions between the Function Fi and

description of the Enterprise manage
Function and the Process — as two core

Process Pj (Fi x Pj) can be defined by:

modelling methods (languages, notations)
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EMC(Fi,Pj) = (Pj(A,G) - IN(A B,G) —» DP(B,C,G)— DM(C,D,G) —» RE(D,V,G) - Pj(V,G)) (2)

Where A — state attributes of the process Pj, needed in terms of G; B — systemized
(interpreted) primary data, needed for the enterprise management function Fi in terms of
G; C — enterprise data, formed by data processing DP, prepared for decision making DM
and needed in terms of G; D — goal-congruent management decision formed by the
decision making process DM; V — goal-congruent effects of management on the process

Pj, formed by the realization process RE.

The Elementary Management

. i ] Management Fun}

Cycle (EMC) is the basic construct [E}] [E}] [E}]

of Enterprise Management _ | 1 | 1 | 1 | 1
modelling, it refines the components g 2SN EEEEE

of management (control) cycle as mPut‘\.ljﬁL;mﬁgL}mwsfmﬁmmm
well as content of management Y Enterprise Procksses

information transformations. The —

- - . Management Function Fi

interaction between different layers é e e date )
N . I_[lnformatlon shaped for decision maklng]_|

is considered as the control loop Becision Making (OW) Data Processing (OF)

- - - [development of managerial g [data processing according to
(lnformatlon feedback) and |t WaS decisionsgccgr(;i;?gto Engterprise ~ — requirerr?entsg(l;fc:es?to Ente?prise
formally described by Gudas as T D — Managerment Decisions 5 — Clar- o Raw Data
EMC (Elementary Management ~ Re?rlriilitriqoe:gtfoeeo‘f:iDS;gigicEnRE) L — ~J [recordlirr]ltgearr?dr?szggsljn(elr:\:)of Raw
Cycle). The mandatory steps e Emerprise Gonle] | P etes to Enerprse Gols]
(Interpretation — IN, Data _ Y Comtoy gy | [ aubunes Y,
Processing — DP, Decision Making gt Fow —— Ouiput Fiow

1 1 1c1 vl > Proce[;s Pj

— DM, Realisation of Decision — RE)

of the EMC are defined as
information transferring processes
focused on the control of the content
of the Management Functions F.

Fig. 2. The formalized model of the interaction
between the Function Fi and Process Pj
(Elementary Management Cycle — EMC) in

modified (structured) VCM

The structure of an EMC is provided in Table 1.

Table 1. The composition of an Elementary Management Cycle (EMC)

EMC component

Description

Management
Function Fi.

Fi identifies a specific management Function defined in EMC.
Each element of a specific EMC (i) is defined in terms of this
management Function Fi.

Pj (A, G), Pj (V, G)
— technological

Technological Process, its input (1) and output (O) are Material
Flows. Material Flows are defined by state attributes of a specific

Process (managed | Process Pj, which are necessary to perform a specific enterprise

object). management Function Fi in combination with enterprise Goals
(G).

IN (A, B, G) -—| Interpretation (IN) is performed according to enterprise rules that

Interpretation of the
state of the managed
object.

depend on enterprise Goals (G). IN rules are a subset of
organization‘s enterprise rules that forms systemized primary
data B.

DP (B, C, G) — Data
Processing.

Data Processing (DP) is the solution of enterprise problems and
data processing according to enterprise rules, which depend on
enterprise Goals (G). DP prepares data for the next EMC stage —

13




EMC component Description

process DM.
DM (C, D, G) —|When making management decisions (DM), it is sought to fulfil
management enterprise goals and the requirements for controlling managed
Decision Making. process Pj captured in them. Decision Making DM is carried out

according to the rules that depend on enterprise Goals (G). DM
output is a specific management decision intended to control the

process Pj.
RE (D, V, G) - |Management decisions are carried out according to G
management requirements (rules). Management Decisions Realisation (RE)
Decision output is the effects of management on process Pj, corresponding
Realisation. to the state attributes A of a particular process Pj and enterprise

Goals G.

G — Enterprise Goal | Each enterprise Goal (subgoal) plans enterprise output requiring

(subgoal).

the implementation of a particular EMC in order to be achieved.
Each subgoal is linked to the elements of a particular EMC.

Management Functional Dependency (MFD) — is internal reason for management
information transformations which are implemented by management Functions.
Management Functional Dependence (MFD) consists of sequence of Functional
Dependencies (FD) of EMC stages:

MFD={FDl, FD2, FD3, FD4, FD5}, 3)

where:

FD1=(Si— IN(G)— Sj) — Functional Dependence of the Interpretation
step, Si — Business Process (technological process) state attributes (Si= A),
Sj — output attributes of the Interpretation step (Si=B);

FD2=(Sj— DP(G)—Sn) — Functional Dependence of the Data
Processing step, Si — output attributes of the Interpretation step are an input
(Sj=B), Sn — Data Processing output (Sn=C);

FD3=(Sn— DM(G)— Sm) — Functional Dependence of the Decision
Making step, Sn — output attributes of the Data Processing step are an input
of Decision Making (Sn=C), Sm — Decision Making output (Sm=D);
FD4 =(Sm— RE(G) — Sk) — Functional Dependence of the Decision
Realisation step, Sm — output attributes of the Decision Making step are an
input of Decision Realisation (Sm=D), Sk — Decision Realisation output
(Sk=V);

FD5=(Sk - P(G)—Si) — Business Process (technological process)
implementation step, modelled as a Functional Dependence, Sk — Decision
Realisation step output, that is a managing effect for business (technological)
process (Sk=V ), Si — Business Process (technological process) state
attributes (Si=A).

Accordingly, enterprise Management Functional Dependence (MFD) is a sequence
of EMC eclements® Functional Dependencies FD1, FD2, FD3, FD4 and FDS5, that
forms an information feedback loop which defines integrity requirements of EMC steps:
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MFD = {FD1=(Si — IN(G) — Sj), FD2 =(Sj — DP(G) — Sn);
FD3=(Sn— DM(G)— Sm); FD4 =(Sm — RE(G)— Sk); FD5 = (Sk — P(G) — Si)}
(4)
Based on this general model, the author has proposed a specialised model for
particular problem domain.

2. DOMAIN MANAGEMENT KNOWLEDGE MODELLING METHOD, BASED
ON ENTERPRISE MANAGEMENT INFORMATION INTERACTIONS

Domain management knowledge modelling method, based on enterprise
management information interactions, was created in order to identify the discrepancy
between the existing knowledge model and the actual domain knowledge model. The
resulting method is designed to create a two-level (granular) knowledge description
model for the analyzed domain management information interactions, to form current
knowledge and domain knowledge models and to perform the analysis of knowledge
models. The two levels of knowledge description are:

a) first level of detail —- DVCM that identifies information interactions;
b) second level of detail — a detailed model of each management information
interaction by applying EMC.

BPMN notation — a principal scheme of domain management knowledge modelling
method is provided in Figure 3. MagicDraw™ software package was selected for its
creation.

Generation_1 i

The development of Generation_2

e T S

(e Stage2 e T |
i The transformation of the existing The transformation of the domain I
i knowledge (old requirements) knowledge (new requirements) |
: | model on the basis of management model on the basis of management | |
! information_interactions informatio| .1' ractions i
| =

H 1

PP ... T | sdustment
Stane 3 |

[

| The analysis of the

i existing knowledge (old
|

requirem) model

Result_1 x Resut_2

e

Fig. 3. A principal scheme of domain management knowledge modelling method
(BPMN notation)

First stage includes one step:
o the development of knowledge content.
Second stage consists of two steps:
o the transformation of the existing knowledge (old requirements) model on
the basis of management information interactions;
e the transformation of the domain knowledge (new requirements) model on
the basis of management information interactions.
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Third stage includes two steps:
o the analysis of the existing knowledge (old requirements) model;
o the analysis of the domain knowledge (old requwements) model.

The development of knowledge PN
content (Flg 4) involves StrUCturaI, ( Stage 1. The develop\-;dof knowledge cortent o
functional, quality and other '
requirements.

In terms of the current domain (for
example, programme structure), the
smallest structural component is a study
module. Module composition is described
in terms of attributes. To establish a
system hierarchy, modules are combined
into study blocks (subject groups). Main
blocks are defined in the general
requirements for study programmes.
Functional (study content) requirements
are defined by the purpose, stage and
objectives of a study programme that are
defined in regulatory documents and
derived from other requirement sources.

The creation of the
project
A requirement tag prefix is WART A requirement tag prefix is K2RT

[ The definition of [ The definition of

requirement type of requirement type of
component_1 component_2

2 file extedsion iz K1DT A file extebsion is W2DT
[ The definition of

The definition of
document type of
component_2

document type of
component_1

The documant name is KAD The document pame is K20

The creation of
document of
component_1

The creation of
document of
component_2

The list of gomponent_1 The list of cgmponent_2

The formation of The formation of
component_1 component_2

Recuirements_1 A Recuirements_2

&J‘—;The requirements et

The synchronised e-
documents of requirements

of components

The requirements classification

The definition of the

attribute of
components

The requirements group

The traceability of !
components |
|

Fig. 4. Part of the method (Stage 1 “The
development of knowledge content”, BPMN
notation)

Designing a knowledge base on the basis of DVCM and EMC. Management
knowledge model based on DVCM and EMC is created in two stages (Fig. 5):

1. On the basis of the detailed Value Chain Model (DVCM) identifying
management Functions and their information resources.

2. Each intersection between management Function and Process is modelled in
detail as the managed process by creating their Elementary Management
Cycle (EMC) models.

1% stage of designing a management knowledge model and a knowledge base.
Designing a knowledge base on the basis of the detailed Value Chain Model (DVCM)
requires to evaluate not only DVCM structure, but also all the informational attributes
(data) of interactions between management Functions and Processes:

e analyze the general case of the detailed Value Chain Model (DVCM) which
is the formalized DVCM structure;

o verify that management Function hierarchy exists;

o verify that Process hierarchy exists;

o verify that data (information attributes) related to each intersection between a
management Function and a Process exists.
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Fig. 5. Part of the method (Stage 2 “The transformation of the existing and the domain
knowledge models on the basis of management information interactions”, BPMN
notation)

2" stage of designing a management knowledge model and a knowledge base.
The resulting management knowledge model does not assess the internal structure
(informational transformations performed by the enterprise management Function itself)
of management Functions, i.e. information interactions between the structural parts
(components) of a management Function. Next, the internal structure of each
management Function is modelled on the basis of Elementary Management Cycle
(EMC) description:
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e select a specific management Function and Process pair (intersection)
identified with DVCM, that will further be modelled as a managed process
(formally described EMC);

e create an Elementary Management Cycle (EMC) model of the selected
management Function and Process intersection by identifying (naming) all
EMC components: IN, DA, SP and RE processes, related goals G,
information flows between EMC components;

e illustrate DVCM and EMC through domain entity classes model;

e develop a knowledge base prototype.

When requirements documents are created and linked together while the
requirements themselves are kept in the Knowledge Base (KB), an opportunity appears
to automate requirements analysis by using computerized systems (Fig. 6).

Within the selected -
CASE tool (IBM Rational

Stage 3. The analysis of the existing and the domsain knowledge models

=)

!.
|
™ i Generation_1 pe— Generation_2
RequisitePro™)  special | O O
- - H The analysiz_1 of sttributes The analysiz_2 of sttributes
V I S u al e nVI ro n me nts (SO ! n - and the fittering mechanism_1 - and the fitering mechanizm_2
| The formation of view o @ The E?rtr#at&on of J @
H i of the existi =] view e domain I
| = = =
Cal Ied VIeWS) for | L=t =et of conditions_1a; Lo A zet of conditions _2a:
H : chpice of row (F1o..Fno) choice of rove (F1o.. Friv)
| g =
kn OWI ed ge anal yS I S are I Knowledae_1 (requirements_1) '@' Knowledge_2 (reguirements_2) '@'
i i manageent & et of condtions_1k: management & set of candions_2k:
SeIeCted . It IS pOSSI ble to choice of rov (P10, Pmo) choice of rovwe (P Phiw)

review knowledge
(requirements) presented
in different views in
parallel by using various
matrices or hierarchical
structures (trees) where
requirements with their

v
The formation of - The formation of =.
traceability matrix of =) traceability matrix of the [5)]
th isting ki led - i =
i el A =et of conditions_3: ClR O LT A zet of conctions_4;

choice of row (F1o.. Fno) and choice of row (F1w .. Frv) and
column (P1o.. Pmo) column (P1we. Prmwe)

Result_2
f The formation of comparison 1
# of the existing and the d. i I

[ ledge (requir: it: e

Result_1

lThe result of traceakbility matrix

and the domain knowledge

The evaluation of the existing
comparison quality

The updated model of knowledge

attributes and/or T p——— o

traceability links between iy

different requirement ey

types are represented. For | " AR
example, one of the a)

problems of requirement  giq 6. part of the method (Stage 3 “ The analysis of the
analysis s the existing and the domain knowledge models”, BPMN
determination of

. . notation)
requirements attributes.

When applying the visual environment of Attribute Matrix, it is possible to
comfortably revise all the requirements of a particular type and attributes related to them.
When analyzing a curent domain (for example, study programme), the following actions
with the matrix are performed: the establishment and editing of a requirement title, text,
attributes and traceability links; the saving of matrix query; matrix printing. Filtering and
sorting functions can also be applied to analyze requirements, thus maximizing the
informational value of each requirement. By choosing one or several attributes and/or
traceability signs (indicators), it is possible to perform requirement filtering and sorting,
therefore, selecting the necessary requirements or forming new categories of them. In
particular, it is used to design the architecture of a study programme and it’s structural
components (study blocks and modules).
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The modification of a structured Value Chain Model to identify domain knowledge content. To reflect these needs the author
has proposed a new problem domain life cycle model, which is based on modified VCM. This specialised model is presented in

Figure 7.

The real _|

world

Management Functional Dependencies (MFD)
————

Management Functions {Fi}

Transformation result_1-
Transformation result_2:

anagement of the
deSIgn of study

Management of the

ucturing of an existing

lanagement of the
mation of the domai

Management of
knowledge model

programme owledge model nowledge mod pdating
I [ ; KnO\INIedge
Qualification IDETE) Existing Existing Domain Domain NET content
of study knowledge knowledge content
requirements knowledge knowledge . updating
process attributes attributes requirements methodology
| | | |
4 l Existing A l Domain A l Domai ‘ l
i 22 features in terms omain
P1 domain ’ - _leatu © P3 knowledg P4 Updated
Study programme features in kAnallyzlS of andeiastlnﬁ of information Formation of the model BEowcdae moatl Ly kngwled o
development/ terms of i dge model ol interactions domain knowledge o g
; ; ) : basis of information updating model
implementation information Interactions model
interactions

Existing knowledge mode|
Enterprise Processes {Pj}

Fig. 7. Informational model of domain knowledge content identification process

This model allows to specify the requirements for the managed object (lowering down) and define its characteristics (requirement

localization).

Each interaction between management Function Fi and Process Pj (Fi X Pj) identified with DVCM s seen as a managed process

that implements a specific Management Functional Dependence (MFD).
For example, the formalised model of the interaction between the Function F2 = “Management of the structuring of an existing

knowledge model” and the Process P2 =

Fig. 7) is presented in Figure 8.
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RE2.1. Development of the Detailed |, | N and the Process of the existing
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Y |
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interactions (P2)

Fig. 8. The Formalised Model of the Interaction between the Function F2 =
“Management of the structuring of an existing knowledge model ” and the Process P2 =
“Analysis of an existing knowledge model on the basis of information interactions”

It is important to mention that any specific EMC does not end, it continues with
each new domain process cycle. Thus, the current domain is developed based upon the
spiral principle with the renewal of the quality in general. In particular, the steps (rules)
and the attributes (data) of the transformation of current domain management
information were identified.

3. DOMAIN MANAGEMENT KNOWLEDGE CONTENT IDENTIFICATION
AND KNOWLEDGE UPDATING COMPUTERIZED PROCESS MODEL

This chapter provides a principal scheme of knowledge content identification and
domain knowledge updating model, on the basis of which a knowledge-based
specification is performed. A particular enterprise Management Functional Dependency
is the aggregate of the necessary information interactions among specific enterprise
management Function components, specified by a particular Elementary Management
Cycle.

Construction of a principal scheme of knowledge content identification and
domain knowledge updating model. A principal knowledge content identification and
domain knowledge updating model scheme is provided in Figure 9.

When analysing the principal knowledge model scheme, it can be stated that
management Function model, in this case, becomes a scenario that defines mandatory
information interactions, necessary to computerize all tasks that constitute management
Function.
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Fig. 9. A principal scheme of knowledge content identification and domain knowledge
updating model (based on enterprise management function)

The identification of the existing (old) knowledge which are documented before
and the new subject area knowledge related with problem domain is presented in two
upper detailed VCM in Figure 10.
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Fig. 10. The identification of the existing and the new knowledge (here: VCM?® — the old
knowledge; VCM" — the new knowledge)
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Mapping and comparison of the old and the new knowledge allow to construct a
modified VCM producing a set of updated knowledge.

A technique of knowledge analysis is used for comparison between detailed VCM°
and VCM". Traceability Matrix shows the relation of two knowledge sets (Fig. 11).

There . R are Existing (old) knowledge (requirements) Traceability Matrix The new knowledge Traceability Matrix
several  situations EREEE R RS
that can be & KN ol e | - | - | -
identified: 1) the A - | - e - v - -
sameness of = NS o Rt
knowledge; 2) the /

- 1)The sameness / /

Su pp I ementatlon Of 2)The sueple}nentag())_lr_\h -
eXiSti ng knOWIGdge \ l\fi‘fff F;i“} A:l;é“:gs\’l;zw Fi" x Pjli” ;nw x Pm" 4) The”e;;llusion
with lacking new  s-ee-re T I R

i = Ra0 s Ra" kai R = F2° x P2° - e LT
subject N T
knowledge; 3) the - : B
addltlon (InC|USi0n) Existing (old) and new knowledge Traceability Matrix

of new domain
knowledge; 4) the
exclusion of present

knowledge from the current domain (no longer meets subject area requirements,
competency becomes less important).

On the basis of the fundamental content refinement process model scheme are
provided current domain (study programme) and subject area knowledge (requirement)
detailed VCM examples.

An example of a current study programme knowledge (old requirements) and
subject area knowledge (new requirements) detailed VCM is described in the thesis.

Implementation of the knowledge repository of proposed model for current domain
requirement improvement and knowledge content updating. Subject area entity class
model (logical data model) is presented in Figure 12 (using MagicDraw CASE tool).

Requirement management IS performed on the basis of
IBM Rational RequisiteProTM tool, meanwhile, the structure of a knowledge base is
based on detailed VValue Chain and Elementary Management Cycle.

Fig. 11. The relations between existing (old) and the new
knowledge (requirements)
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|The repository is implemented using IEM Rational ReguisitePro
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Fig. 12. Subject area entity class model (logical data model)

Subject area entity class model of the knowledge repository specifies VCM and
EMC elements which can be a function (consisting of information activities:
Interpretation, Data Processing, Decision Making and Decision Realization), a process,
a material flow, etc. Thus, the current domain parameters derived from detailed VCM
and EMC together with requirements are stored in the knowledge databases and can be
used for solving specific problems of expected application areas.

4. APPLICATION METHODOLOGY FOR A STUDY PROGRAMME
REQUIREMENT ANALYSIS AND KNOWLEDGE CONTENT UPDATING
SYSTEM

A fundamental study programme requirement analysis system and knowledge
content updating application methodology scheme (graphical illustration) is provided in
Figure 13 that separates the stages of “Interpretation”, “Data Processing”, “Decision
Making”, “Realisation of Decision” procedures.

The following is a demonstration of the application methodology for a study
programme requirement analysis and knowledge content updating system.
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Description |

Mechanism

Interpretation procedure (IN):

Data Processing procedure (DP)

Decision Making
procedure (DM)

Realisation of Decision procedure (RE)

1 stage

2 stage

The formation of stud
programme and domain
requirement (knowledge)

attribute matrix

Study programme and
domain requirement
(knowledge) traceability
analysis

Requirement (knowledge)
attribute identification
(requirement sorting by
attribute value; the
assignment of linguistic
variables to knowledge)

The traceability of two
requirement (knowledge)
types (the traceability of
different study programme
components to learning
outcomes)

Study programme module
attribute matrix

Study programme
requirement traceability matrix

Study programme
knowledge attribute matrix

Study programme
knowledge traceability matrix

Domain knowledge
attribute matrix

Domain knowledge
traceability matrix

1 stage

| 2 stage

The formation of detailed
study programme
architecture components

The application of
requirement metrics
for module scale
determination

The formation of separate
components (the selection
of specific requirements
from requirement group or
related requirements is
performed)

Reporting generator (the
representation of study
programme structure with
respect to quantitative
criteria)

Attribute analysis and
filtering mechanisms
(logical operators used)

Requirement metrics tool

Jb

1 stage

1 stage

| 2 stage

Identifying the
discrepancy between the

study programme and
domain knowledge

The evaluation of stu

programme and domain

knowledge comparison
quality

The assessment of
updated knowledge
quality

The comparison of
management information
transformation stages and
management attributes

<

The application of fuzzy
number methods to
evaluate study
programme and domain
knowledge comparison
quality

Helps to evaluate how the
study programme in
question satisfies domain
needs

The traceability for
identifying the
discrepancy between the
study programme and
domain knowledge

The triangular and
trapezoidal fuzzy number
methods

The program for
assessing updated
knowledge quality

Fig. 13. A fundamental study programme requirement analysis and knowledge content updating system application methodology

Interpretation procedure (IN).
1 stage. The formation of study programme and domain requirement (knowledge) attribute matrix.
Study programme module attribute matrix. One of the problems of requirement analysis is the determination and traceability of
requirements attributes. When applying the visual environment of Attribute Matrix, it is possible to comfortably revise all the

scheme (illustrated “Interpretation”, “Data Processing

9% ¢

requirements of a particular type and attributes related to them (Fig. 14).

temporarily sorted in different ways by the value of a selected attribute.
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, “Decision Making” and “Realisation of Decision” procedure stages)

In the matrix of study programme modules (components) attributes a list of subjects (modules) and attributes is provided: module
code, scope in credits and hours, semester, component group, selection type, accounting form, etc. Standard attributes are assigned to
the module list (reflecting study programme module structure adopted in the institution in question) while additional user-input
attributes highlight the issues and specificity of a particular study programme. For example, in this matrix requirements can be




EH SPSRT: Study programme attribute matrix E]@

Requirements: Module Code| Total [or.]| Lectures [h.] | Practical wark. | Individual wark | Termn | Department | Subject teacher =
SPSRT1: Foreign Language 1 808093 2 u] 32 43 1 The English la | az. prof. dr. L. Servait
SPSRTZ2: Foreign Language 2 808099 2 u] 32 48 2 The English la | az. prof. dr. L. Servait
SPSRT3: Philozophy 217007 2 32 1] 48 2 Fhilozophy lect. A. K.azlauskas
SPSRT4: History of Science 903027 2 32 1] 48 4 Mathematics | prof. habil. dr. D. Svitr|[ |
SPSRTS: Economics B04032 2 32 1] 48 5 Economics lect. M. Augaitieng, a
SPSRTE: Specialty Language Q02033 2 32 1] 48 E Lithuanian lan | as. prof. dr. &, Rudky
SPSRTT: Elective Subject of Humanities 1 2 32 1] 48 3
SPSRTE: Elective Subject of Humanities 2 2 32 1] 48 3
SPSRTS: Elective Social Science Subject 2 32 1] 48 4
SPSRT10: Informatics 90200 2 0 32 48 1 Informatics lect. R. Baugingkas
SPSRT11: Operating systems 908014 3 32 32 RE 1 Informatics: lect. R. Bauginzkas
SPSRT12: Study Field Basics, |ntraduction. | 908004 4 43 43 B4 1 Infarmatics prof. dr. V. Denizavas
SPSRT13: Abstract Algebra and Geornetry | 904017 3 32 32 15 1 Statistics lect. dr. G. Praninzka
SPSRT14: Calculus [Math. Analysis] 1 903053 4 32 32 96 1 Mathematics | prof. habil. dr. 0. Svitr
SPSRT15: Computer Electronics 908008 2 32 32 16 2 Informatics prof. dr. habil. A, Biels
SPSRT1E: Calculus [Math. Analyzis] 2 903054 4 32 32 95 2 Mathematics | prof. habil. dr. 0. Svitr
SPSRT17: General Physics FO8209 3 32 32 BB 2 Informatics En | az. prof. dr. . Bulben j

il [ 2

SPSRT10: Infarmatics

Fig. 14. Study programme module attribute matrix

Similarly, study programme and domain knowledge attribute matrices are
constructed. A distinguishing feature of these matrices is an application of linguistic
variables to knowledge attributes values (with possible value set: Excellent, Good,
Satisfactory, Sufficient, Insufficient). For example, value assigned to “Assimilation of
DFD, DSD, HF notations” is “Good”.

2 stage. Study programme and domain requirements (knowledge) traceability
analysis.

Study programme requirement traceability matrix. An alternative method of
requirement analysis is Traceability Matrix that shows the relation of two requirement
types. Traceability Matrix (Fig. 15) shows how different study programme components
are linked to study outcomes (an arrow pointing from one requirement to another shows
direct traceability).
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Fig. 15. Relations between subjects and learning outcomes (transferred skills)

Study programme requirement traceability matrix is used when applying
decomposition principle called “top-down approach” by consistently dividing a selected
component into subcomponents as many times as it makes sense in terms of a modeling
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goal.

Data Processing procedure (DP).

1 stage. The formation of detailed study programme structure components.
According to informatics studies regulations, a study programme is composed of three
target sections: general education section, study foundation field fundamentals section
(forms the core of a study programme) and special (professional) section which provides
deeper knowledge and skills oriented towards further professional or research enterprise.
When creating and renewing informatics study programmes, the above sections should
be elaborated on the levels of study areas (subgroups) and elements (subjects). The
example (Fig. 16) illustrates how study field fundamentals section is formulated
according to the existing regulations.

E SPSRT: Study Field Fundamentals subjects [Z]@
Requirements; Module Code | Term | Department | Subject teacher Group Subgroup |
1 - FIt St

SPSRT10: Informatics 308001 1 Informatics | lect B, Bauginskas | Study field fundamentals | Study Field General subject
SPSRT11: Operating systems 908014 1 Informatics | lect B, Bauginskas | Study field fundamentals | Study Field General subject
SPSRT12: Study Field Basics, |ntroduction to... 905004 1 Infarmatics | prof. dr. %, Denizovas | Study field fundamentals | Study Field G eneral subject
SPSRT13: Abstract Algebra and Geometry 904017 1 Statistics lect. dr. G. Praninska | Study field fundamentals | Mathematics subjects |
SPSRT14: Calculus [Math, Analysiz] 1 903053 1 Mathematics| prof. habil. dr. D. Svitr| Study field fundamentals | Mathematics subjects
SPSRT15: Computer Electronics 902008 2 Informatics | prof. dr. habil. A, Biels | Study field fundamentals | Study Field General subject
SPSRT1E: Calculus [Math. Analyzis] 2 903054 2 Mathematics| prof. habil. dr. D. Svitr| Study field fundamentals | Mathematics subjects
SPSRT17: General Physics 08209 2 Informatice | az. prof. dr. . Bulben | Study field fundamentals | Study Field G eneral subject
SPSRT18: Programming and “w'eb Pages Development | 908005 2 Informatics | prof. dr. %, Denizovas | Study field fundamentals | Study Field General subject
SPSRT19: Mathematical Logic 905008 3 Informatics | az. prof. dr. D. Baziuk | Study field fundamentals | Theoretical informatics subj
SPSRT20: Differential Equations 903017 3 Mathernatics| prof. habil. dr. D. Svitr| Study field fundamentals | Mathematics subjects
SPSRT21: Computer Graphics 908020 3 Informatics | prof. dr. habil. &, Biels | Study field fundamentals | 5tudy Field General subject j

N o

SPSRT1E: Programming and ‘Web Pages Development

Fig. 16. Study field fundamentals subjects

Filtering and sorting functions can also be applied to analyze requirements, thus
maximizing the informational value of each requirement. By choosing one or several
attributes or traceability in the created views, it is possible to perform requirement
filtering and sorting, therefore, selecting the necessary requirements or forming new
categories.

The example (Fig. 17) illustrates how the list of subjects of the 3 semester of the
study programme in question is formulated.

A SPSRT: 3 semester subjects E]@
Fequirements: Module Code | Lectures [h.] | Practical work | Individual work. | Term | Department | Subject teacher Group ]
1-Flt
SPSRTT: Elective Subject of Humanities 1 32 0 48 3 General education
SPSRTE: Elective Subject of Humanities 2 32 0 44 3 General education
SPSRT19: Mathematical Logic 903008 32 32 AE 3 Informatics | as. prof. dr. . Baziuk | Study field fundamental
SPSRT20: Differantial Equations 903017 32 32 BB 3 WMathematics| prof. habil dr. 0. Svitr| Study field fundamental |
SPSRT21: Computer Graphics 903020 32 32 25 3 Informatics | praf. dr. habil. A, Bielz| Study field fundamental
SPSRT22 Theory of Algorithms 908027 32 32 hE 3 Informatics | prof. dr. %, Denizovas| Study field fundamental
SPSRT23: Data Stuctures and Algorithms | 908003 32 Ed B4 3 Informatics | prof. dr. . Denisovas| Study field fundamental j
4| [ 2
SPSRT2Z Theorny of Algorithms

Fig. 17. The summary of the 3 semester subjects of the study programme

2stage. The application of requirement metrics for module scale
determination. Requirement Metrics are applied to form a final study programme
structure by taking into account quantitative criteria (limitations) in requirements. By
connecting various filters with and, or or not logical operators, it is possible to create
structural components of all levels of study programme. System requirement metrics
allow study programme compilers to prepare statistical reports and export those into
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MS Excel™ spreadsheet (for a further statistical processing and results visualization). It
iIs metrics that allow determining whether the created study programme satisfies the
criteria defined in study regulations and other documents. An example of the query of
requirement metrics report formulation is provided in Table 2.

Table 2. The attributes of the query of requirement metrics report formulation

Title Criterion

2 credits BASE = SPS: Study programme attribute matrix AND “Section” IN
[Study Field Fundamentals] AND “Subject scale” IN [2]

3 credits BASE = SPS: Study programme attributes matrix AND “Section” IN
[Study Field Fundamentals] AND “Subject scale” IN [3]

5 credits BASE = SPS: Study programme attributes matrix AND “Section” IN
[Study Field Fundamentals] AND “Subject scale” IN [5]

The application of this metric also ascertains if the scope of a study programme is
sufficiently balanced (in the study field fundamentals component group of the analyzed
study programme an optimal-scope 3 and 4 credit subjects are the dominant ones).

Decision Making procedure (DM).

1 stage. Identifying the discrepancy between the existing and new knowledge.
Traceability matrix is developed to identify the discrepancy between study programme
knowledge (old requirements) and domain knowledge (new requirements) and is
presented in Figure 18.

Existing (old) and new knowledge Traceability Matrix

Fig. 18. Traceability matrix for identifying the discrepancy between the existing and new
knowledge (R" € {S,P, N, D})

Formal description of traceability matrix elements is as follows (where

R’,R;,... R}, R",R),..., R} —the existing and new managed process results):

S, when R’ =R/, R, R

RT — P, when R, <R}, R, +R) | 5)
N, when R; =0, R; + R,
D, when R’=0,R'=0, R’-R/

It means that four cases are distinguished:
e equal requirements, knowledge remains unchanged (denoted by S);
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e current knowledge only partially covers new requirements and should be
supplemented (denoted by P);

e the addition of new domain knowledge (denoted by N);

e the exclusion of present knowledge from the current domain (no longer
meets subject area requirements, competency becomes less important)
(denoted by D).

Realisation of Decision procedure (RE).

1stage. The evaluation of study programme and domain knowledge
comparison quality. Current and domain knowledge are evaluated based on the created
quality model by applying triangular and trapezoidal fuzzy number methods. The
application of triangular and trapezoidal fuzzy number methods can be found in the
experimental study of domain knowledge modelling method.

2 stage. The assessment of updated knowledge quality. Updated knowledge
quality assessment software program is designed to help study programme developers
and employees in higher schools, who prepare or refine study programmes, to evaluate
how their study programmes satisfy domain (labour market) needs after knowledge
content update (Fig. 19).

A B C D E 5 G H I J
1 The assessment Worksheet of updated knowledge quality

Enter course name(s) in the columns to the right; cut/paste for additional
2 columns or delete as needed.

Enter 1 through 5 indicating the highest level in which your course addresses

3 each knowledge.
4 Refer to the "Definitions" tab in this worksheet for explanation of mastery levels
5 ()1 No Awareness : ':") ‘: : ‘-;’) o
6 (™ 2 Awareness/Knowledge E E E E E . E
7 (D 3 Comprehension/Application g : 5 g 5 o g g
8 @ 4 Analysis E g g E g E s £
9 @ 5 Synthesis/Evaluation S S S S S E] 2 E
10 Average score percourse 1,00 100 100 100 1,00 1,00
11 % of knowledge addressed 00% 0,0% 00% 0,0% 00% 0,0% 0,0%
12 Atnaujintos Zinios
13 1. Studying of enterprise analysis and analyst's activity (P1o+w). O1 O1 01 O0O1 0O 1 O00
2. Knowledge of enterprise modelling (DFD, DSD, FH) notations and analyst
14 qua\\ﬁcatmngrequirem:nts (A1 n+w),g ( ‘ T i 0101010101010
15 3. Assimilation of DFD, DSD, FH notations and UML language notation (IN1o+w). O1 O1O1QC1OC1 O00
1 :é.?sf‘\;m)-\\ated knowledge of DFD, DSD, FH notations and UML language notation 0101010101010
17 5. Activity domain modelling using structural-functional and object methods O1 01 0O1 0101 OO0
18 6. Activity domain model (C1o+w). O1 O1 01 O1OC1 O00
19 7. Verification of activity domain model (DM1o+w). O1 O1O1O1OC1 O00
20 8. Activity domain errors (D1o+w). O1 O10O0O1 Q0101 O00
21 9. Adjustment of activity domain model (RE1o+w). O1O1O1 Q1 OC1 O00
22 10. Carrectly designed enterprise model and process modelling methods (Vio+w). O 1 O 1 O 1 © 1 O 1 O100

Fig. 19. Image of the form for updated knowledge quality evaluation (the form is blank)

5. METHOD APPROBATION

This chapter presents the experimental research of the domain knowledge
modelling method for identifying the comparison between the current study programme,
based on requirement management, detailed Value Chain and Elementary Management
Cycle, and subject area knowledge, in order to examine method usability and
development opportunities.

The experimental research consists of three stages: first stage involves
demonstrating the development of knowledge content; second stage involves the
development of study program and subject area knowledge models; third stage involves
the analysis of the study program and subject area knowledge. The evaluation of a study
programme and subject area knowledge is based on the application of triangular and
trapezoidal fuzzy number methods.
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GENERAL CONCLUSIONS

After conducting theoretical and experimental research, the following scientific and
practical conclusions were drawn:

1.

After analysing domain modelling methodologies and methods (languages,
notations), it was found that a knowledge based enterprise modelling method
for identifying organization's operational objectives, as well as the
informational interaction between a controlled object and a controlling
system forming control feedback, can be based on a detailed Value Chain
Model.
A domain management knowledge modelling method was designed,
allowing to create a two-level (granular) model for describing knowledge of
domain management information interactions:
2.1. the highest level modified Value Chain Model is further elaborated into
a set of Elementary Management Cycle models;
2.2.the chosen hierarchical structure allows to create new structural
knowledge models and to update existing ones.
The created domain knowledge content identification and updating enterprise
model has been formally described, IS engineering process measures for its
realization have been proposed, a computerized CASE system has been
implemented.
The work goes beyond formal presentation; the method is applied in a
specific domain, which requires constant knowledge content updating —
higher education study programme construction and updating.
The flexibility of the proposed solutions should be noted — the possibility to
integrate the created domain knowledge base into a study programme
requirement management system, by identifying knowledge management
processes and implementing a knowledge subsystem in an existing CASE
system environment.
Methodology for the application of this system has been proposed, while its
approval provided results relevant and useful for the members, employees
and professionals of academic community in higher education institutions,
working on improving existing study programs and seeking to ensure their
quality.
Actual application results (derived from updating KU informatics study
programmes) allow to draw conclusions about the wide application
possibilities of this methodology in developing and updating the study
programmes in higher education institutions.
The proposed method has been approved by an experiment, which confirmed
the correctness of the proposed solutions. The quality of updated domain
knowledge has also been evaluated, taking into account requirements for
professionals' knowledge, estimating the compliance with the requirements
and summarizing subjective opinions of the experts based on the fuzzy
number theory.
The resulting knowledge-based computerized CASE system may be further
elaborated and applied not only in identifying and updating the knowledge
content of the domain knowledge in question, but also in other domains
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(creating and updating corporative knowledge bases, improving Bl measures,
implementing knowledge bases, evaluating the completeness of the content

knowledge of accumulated in repositories). It may be objectives of further
works.
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REZIUME

Tyrimy sritis ir problemos aktualumas. Pastaruoju metu informacijos sistemy
(IS) kurimo proceso gyvavimo ciklai nagrinéjami skirtingais pozilriais. Vienas
perspektyviausiy yra modeliais grindziamas poziaris (angl. model-driven approach),
kuriuo siekiama panaudoti formalias zinias apie dalyking sritj inZinerijos procesui
vykdyti, koreguoti ir valdyti. Vienas pirmyjy IS kiirimo gyvavimo ciklo etapy yra
veiklos modeliavimas (angl. enterprise modelling), kuris tampa ypaé¢ svarbus taikant
modeliais grindziamg IS kiirimo metodologija — MDE (angl. Model Driven Engineering)
ir jos metodus. Veiklos modeliavimo tikslas — sukurti organizacijos veiklos modelj (angl.
enterprise model), kuris padéty spresti analizuojamos dalykinés srities problemas.
Modeliais grindziamos architektiros MDA (angl. Model Driven Architecture)
koncepcija apibrézia IS kiirimo procesg kaip trijy lygmeny modeliy (CIM (angl. the
Computation Independent Model), PIM (angl. the Platform Independent Model) ir PSM
(angl. the Platform Specific Model)) saveika, kurios paskirtis — tiesiogiai susieti veiklos
modeliavimo bei tolimesnius IS analizés, projektavimo ir jgyvendinimo etapus. Tad
veiklos modeliavimo specialisty pozitriu, MDA koncepcijg reikéty vertinti kaip
pastangas veiklos modeliavimo metodus susieti su viso gyvavimo ciklo (angl. full life-
cycle) CASE (angl. Computer-Aided Systems Engineering) technologijomis. Sioje
koncepcijoje atsispindi principas ,,i§ apacios j virSy*“ (angl. bottom-up approach), t.y.
nuo programy inzinerijos metody prie veiklos modeliavimo metody IS inzinerijos
poreikiams tenkinti. Tokiu biidu moderniose IS kiirimo metodikose vis didesnis démesys
teikiamas ne tik (ir ne tiek) programy ir IS inZinerijos metodams, bet ir organizacijy
veiklos modeliavimo problematikai, t. y. dalykinés srities Ziniy atvaizdavimui.

Vidiniu veiklos modeliavimu grindziami IS inzinerijos metodai (IS gyvavimo ciklo
etapy modeliai), kuriy pagrindas yra veiklos srities (domeno) désningumo modelis,
vadinami ziniomis grindziamais (angl. Knowledge-based) metodais. MDE grindziamoje
kompiuterizuotoje IS inzinerijoje veiklos modelio paskirtis — susisteminti ir formalizuoti
zinias apie tam tikra analizuojama domena (dalyking sritj). Siuo metu formuojasi IS
inzinerijos metodai, kurie leisty panaudoti CASE sistemose kaupiamas zinias apie
veiklos funkcijas, procesus ir taisykles intelektualizuojant IS kiirimo procesg. Taip pat
bandoma taikyti dalykinés srities ziniy turinio sudarymo bei atnaujinimo metodus is kity
gretimy IS inZinerijai sri¢iy, tokiy kaip el. mokymas, intelektinés verslo sistemos (angl.
Business Intelligence — Bl), veiklos taisykliy modeliavimas.

Ziniy turinio specifikacijos sudarymas apima Ziniy apie dalykinés srities rinkima,
specifikacijos rengimg ir analize, verifikavima ir validavima. Siame darbe dalykinés
srities zinios (angl. domain knowledge) suprantamos kaip dinamiskas ziniy savybiy
rinkinys, apraSytas pagal nustatytus reikalavimus kaip fakty, principy ir teorijy, kurios
yra susijusios su tam tikra profesine veikla, sistema. Kitaip tariant, zZiniy savybiy rinkinys
— tai dalykinés srities iSraiska esamame kontekste. Veiklos modeliavima galima priskirti
reikalavimy rinkimo ir analizés etapui. Toliau veiklos modeliai transformuojami j
kuriamos sistemos reikalavimy specifikacijg. 1S inzinerijos proceso0 metu kuriamos
sistemos (pavyzdziui, domeno ziniy turinio) ir atskiry jos komponenty specifikacijos.
Kiekviename efektyviame dalykinés srities ziniy (reikalavimy) valdymo procese
svarbiausias zingsnis yra reikalavimy, kurie identifikuoti reikalavimy isrinkimo metu,
formalus uzrasymas. Tai padeda uztikrinti tiksly reikalavimy perdavimg ir valdyma juos
plétojant. Dokumentai yra tradiciné zmogui suprantama forma reikalavimams uzrasyti.
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Jie suteikia pagrindg kontekstui nustatyti ir reikalavimams fiksuoti, bet néra labai
tinkami papildant ir ypa¢ modifikuojant reikalavimy informacija. Dabartiniams, nuolat
besikeiciantiems, Vveiklos poreikiams tenkinti reikalingas veiklos integravimas su
informacijos technologijomis bei tokios kompiuterizuotos IS, kurios adaptuotysi prie
organizacijy veiklos pokyciy. Tokios sistemos turéty biiti kuriamos orientuojantis j
vertes grandinés modeli (VGM), nes kompiuterizavimas apima veiklos valdymo
funkcijas ir veiklos procesus bei organizacijos funkciniy sri¢iy sgveikas, kurias ir
atskleidzia VGM. Kompiuterizuojant veiklg atlickamas veiklos valdymo funkcijy ir
veiklos procesy informaciniy saveiky tyrimas, kuris reikalauja tolimesnio vertés
grandinés elementy dekomponavimo, t.y. vyksta VGM modifikavimas, sudaromas
detalizuotas vertés grandinés modelis (DVGM). Tokiu biidu Ziniomis grindZiamas IS
kiirimas vykdomas remiantis tomis ziniomis apie veiklos valdyma, kurios apibrézia
esmines veiklos valdymo informaciniy sgveiky savybes. Veiklos valdymo informaciné
sgveika specifikuojama kaip elementarus valdymo ciklas (EVC), griztamojo rysio
konttru susiejantis veiklos valdymo funkcijg ir veiklos procesa.

Siame darbe pasiiilytas dalykinés srities valdymo Ziniy modeliavimo metodas,
kurio formalis DVGM ir EVC aprasai pateikti BPMN notacija. Tuo pat metu
neapsiribuojama formaliu pateikimu, todél metodas detalizuojamas ir taikomas
konkreciame domene — auks$tojo mokslo studijy programy konstravimo ir atnaujinimo
srityje. Si dalykiné sritis pasirinkta neatsitiktinai, bet remiantis metodologinémis
nuostatomis. Akademinéje srityje IS kirimas tradiciskai vyksta pradedant veiklos
valdymo funkcijy analize, kurioje svarbus veiklos valdymo informaciniy sgveiky
aspektas. Analizuojama auks$tojo mokslo studijy dalykiné sritis yra daugiamaté,
dinamiska ir reikalauja nuolatinio Ziniy turinio atnaujinimo. Tik laiku aktualizuojant
studijy programos struktiirg ir ziniy turinj, galima tinkamai atsizvelgti j nuolat
besikei¢ian¢ius poreikius ir visy suinteresuoty pusiy (angl. stakeholders) reikalavimus.

Vieni pirmyjy studijy programos kirima kaip IS inZinerijos procesa pradéjo
nagrinéti tarptautinio MOCURIS (angl. Modern Curriculum Development in Information
Systems at Master Level) projekto vykdytojai, kuriy darbuose buvo pasitilytas modelinés
studijy programos konstravimo metodas. Jie jvedé¢ nauja savoka ,studijy programy
inzinerija®“, apibréz¢ studijy programos architekttirg ir, nagrinédami studijy programa
kaip sistema, susidedancig i§ kursy ir moduliy, pritaiké standartinj IS inZinerijos procesa
modelinei magistrantiiros studijy programai kurti. Siuo metodu buvo sukurtas didelés
apimties IS srities magistrantiiros programos specifikacijos dokumentas, kuriuo turéjo
vadovautis konkre€iy programy, kursy ir moduliy kiré¢jai. Taciau jau projekto metu
paaisSkéjo esminiy Sio metodo triikumy. Efektyviai taikyti tokj programos kiirimo procesa
gebéjo tik jo autoriai, o sukurtas artefaktas (tekstinis specifikacijy dokumentas) dé¢l savo
formalaus pobtdzio, sudétingumo ir apimties buvo netinkamas vykdyti pagrinding
reikalavimy specifikacijos funkcijg — uztikrinti visy proceso dalyviy komunikacijg ir
koordinuoti jy darbg. Analizuojant atsiradusias reikalavimy atskyrimo, lokalizacijos bei
detalumo (granuliavimo) problemas paaiSkéjo, kad tai budinga tradiciniam,
neautomatizuotam, reikalavimy inzinerijos procesui. Todé¢l kity tyréjy (tarp jy ir Sio
darbo autoriaus) pasiiilyta §j procesg automatizuoti kuriant studijy programos
reikalavimy inzinerijos sistemg CASE priemoniy pagrindu. Tiesiogiai dalyvaujant
autoriui tokia sistema buvo sukurta ir pritaikyta naujoms studijy programoms Kurti.
Taciau greit besikeiCian¢ioje aplinkoje ypac¢ svarbu tampa laiku modernizuoti studijy
programas, uztikrinti jy kokybe, atnaujinti ziniy turinj. Visa tai reikalauja efektyvaus
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griztamojo ry$io su visomis suinteresuotomis pusémis. Sioje disertacijoje minétoms
problemoms spresti panaudotas detalizuotas vertés grandinés modelis (DVGM),
uZztikrinantis nuolatin} informacinj griztamaji rysj, kuris perduoda veiklg apibiidinanc¢ius
duomenis (atributus) veiklos valdymo funkcijai ir grgzina valdymo sprendimus veiklos
procesui nukreipti. Metodas realizuojamas sukuriant IS inZinerijos CASE sistemoje
veiklos Ziniy saugykla, kuri formuojama kompiuterizuojamos dalykinés srities veiklos
modelio pagrindu.

Darbo moksliné reik§mé. Tradicin¢je kompiuterizuotoje IS inZinerijoje sistema
kuriama empiriSkai, pradedant vartotojo poreikiy rinkimu, analize ir specifikavimu.
Ziniomis grindziamoje kompiuterizuotoje IS inZinerijoje sistema kuriama naudojant
veiklos ziniy bazg¢ ir remiantis joje saugomomis dalykinés srities Ziniomis. Manoma, kad
pagrindinis Ziniomis grindZiamos IS inZinerijos skiriamasis bruoZas yra dalykinés srities
Ziniy posistemis, kuris sudaromas pagal organizacijos veiklos model; ir skirtas kaupti
zinias apie kompiuterizuojama dalykine sritj. Toks Ziniy kaupimo posistemis turi atlikti
dalykinés srities ziniy, butiny IS projektiniams modeliams kurti, saugyklos funkcijas.
Pasitlyta tokia Sio posistemio struktira: veiklos modelis ir veiklos metamodelis
(formalizuota ziniy apie veiklos valdyma struktiira). Dalykinés srities Ziniy kaupimo
posistemis turi tapti esmine Zziniomis grindziamos CASE priemonés komponente,
intelektualizuojancia visg IS kiirimo procesg. Tad tokio posistemio sudarymas yra viena
1§ aktualiy moksliniy problemy, sprendziamy Siame darbe.

Kita aktuali problema — valdymo informaciniy sgveiky vertinimas modeliuojant
organizacijos veiklg. Pasillyta nemazai veiklos modeliavimo metody ir kalby (DFD,
IDEFX, UML plétiniai, BPMN, DVGM ir kiti), taciau tik nedaugelis jy jvertina
dalykinés srities valdymo informacines sgveikas, kurios sistemy teorijos atzvilgiu
biitinos veiklai valdyti. Dalykinés srities modelio, kuris apimty duomeny, Ziniy, tiksly
komponentus, biitinus valdyti miisy nagrin¢jamos dalykings srities (t. y. organizacinés
sistemos) veikla, sudarymo ir tokiy Ziniy atnaujinimo metodai yra aktuali moksliné
problema. Kompiuterizuojamo domeno (veiklos) informaciniy saveiky turinio
identifikavimas bei atnaujinimas IS kirimo, BI priemoniy, Ziniy valdymo srityse
Siandien yra dar neformalizuotas. Siuo metu, taikant kompiuterizuotas priemones 1S
inzinerijos srityje, tik formuojasi formalizuoti metodai domeno valdymo informaciniy
sgveiky turiniui sudaryti bei atnaujinti (apimant duomenis, zinias, tikslus).

Darbe pateiktas nagrin¢jamos dalykinés srities, toliau vadinamos ,veiklos
domenu®, Ziniy modelio atnaujinimo (Ziniy turinio identifikavimo ir atnaujinimo)
metodas, grindziamas veiklos modeliavimo valdymo informaciniy sgveiky aspektu, Kai
yra identifikuojamos valdymo informacinés sgveikos tarp veiklos domeno komponenty.
Sukurtas Ziniy turinio atnaujinimo modelis apraSytas formaliai, pasiiilytos
kompiuterizuoto proceso jgyvendinimo priemonés. Metodas pritaikytas kuriant veiklos
domeno ziniy turinio identifikavimo bei atnaujinimo CASE sistemg, kuri aprobuota
sudarant ir atnaujinant aukstojo mokslo informatikos pagrindiniy (bakalauro) bei
magistrantiiros studijy programas.

Tyrimo objektas. Dalykinés srities ziniy turinio, kuris apima veiklos domeno
valdymo informacines sgveikas, identifikavimas, modeliavimas ir atnaujinimas.

Tyrimo tikslas — sukurti dalykinés srities Ziniy modeliavimo metodg, grindziama
veiklos valdymo informacinémis sgveikomis, ir kompiuterizuoti dalykiniy ziniy modelio
atnaujinimo procesg.

Tikslui jgyvendinti darbe sprendziami tokie uzdaviniai:
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5.

Atlikti esamy dalykinés srities modeliavimo metody analiz¢ Ziniy turinio

modeliavimo pozitriu.

Sukurti dalykinés srities valdymo ziniy modeliavimo metoda, grindziamag

veiklos valdymo informacinémis sgveikomis:

2.1. apibrézti  veiklos valdymo funkciniy priklausomybiy, sudaranciy
informacinj griztamaji rysi, seka;

2.2. pritaikyti modifikuotg vertés grandinés ir elementaraus valdymo ciklo
modelj domeno Ziniy turiniui aprasyti bei atnaujinti.

Sukurti domeno valdymo ziniy turinio identifikavimo ir ziniy atnaujinimo

kompiuterizuoto proceso modelj bei informacijos sistemos prototipa.

Pritaikyti Ziniy turinio identifikavimo ir atnaujinimo metoda studijy

programos reikalavimy analizei bei programos turinio atnaujinimui, pasitlyti

sistemos taitkymo metodika.

Atlikti sukurto metodo ir CASE priemoniy taikymo eksperimentinj tyrima,

jvertinant atnaujinty domeno ziniy kokybe.

Darbo mokslinis naujumas. Buvo gauti Sie nauji rezultatai:

sukurtas dalykinés srities (domeno) valdymo Ziniy modeliavimo metodas,
grindZziamas veiklos valdymo informacinémis sgveikomis;

modifikuotos vertés grandinés ir elementaraus valdymo ciklo pagrindu
sukurtas domeno valdymo Ziniy turinio identifikavimo bei Ziniy atnaujinimo
kompiuterizuoto proceso modelis;

realizuojant §; modeli ir jo algoritmus, Ziniomis grindziamoje CASE
sistemoje sukurtas veiklos Ziniy posistemis, atliekantis dalykings srities Ziniy
saugyklos funkcija;

sukurtas metodas ir sistema aprobuoti pasirinktoje dalykinéje srityje —
aukstojo mokslo studijy programy kairimas bei atnaujinimas.

Asmeninis indélis. Esminj autoriaus indélj sudaro:
a) valdymo funkciniy priklausomybiy, sudaranciy informacinj grjztamajj rysj,

sekos apibrézimas Ziniy modeliavimo ir valdymo srityje;

b) sukurtas modifikuotas vertés grandinés ir elementaraus valdymo ciklo

modelis valdymo ziniy atnaujinimo procesui aprasyti,

c) sukurtas kompiuterizuoto proceso modelis ir Ziniomis grindziama CASE

sistema.

Darbo rezultaty praktiné reik§mé. Pasiekti Sie praktine vert¢ turintys rezultatai:

sukurta valdymo ziniy kompiuterizuota priemoné, kuri gali bti taikoma ne
tik pasirinktai dalykinei sri¢iai atnaujinti, bet ir kitose srityse, pavyzdziui:
jmoniy ziniy bazéms kurti ir atnaujinti, BI priemonéms tobulinti, jdiegiant
ziniy bazes, vertinti sukaupty repozitorijy turinio pilnuma;

metodas ir kompiuterizuota priemoné panaudota studijy programos Zziniy
turiniui patikrinti bei atnaujinti;

sukurti ,,studijy programos sudarymo / vykdymo valdymo®, ,,turimo Ziniy
modelio struktiirinimo valdymo*, ,,dalykinés srities ziniy modelio sudarymo
valdymo* ir ,,ziniy modelio atnaujinimo valdymo* informaciniai DVGM
modeliai. Gautieji rezultatai gali biti naudojami tolesniuose nagrin¢jamo
domeno proceso valdymo ir Ziniy turinio tobulinimo modeliy tyrimuose;
darbo rezultatai panaudoti sukuriant ir jgyvendinant studijy programos
reikalavimy analizés sistemg vykdant projekta ,,Informaciniy technologijy
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srities magistrantiiros studijy programy modernizavimas, plétra ir mobilumo
uztikrinimas® (SFMIS kodas: BPD2004-ESF-2.5.0-03-05/0063, paramos
sutarties Nr. ESF/2004/2.5.0-03-407/BPD-178);

e pasitulyta sistemos taikymo metodika, leidZzianti susisteminti, analizuoti,
lokalizuoti ir vertinti reikalavimus kuriamoms aukstojo mokslo studijy
programoms, modernizuoti Siy studijy programy struktiirg ir atnaujinti Ziniy
turinj;

e atnaujinta informatikos studijy programos struktiirg ir Ziniy turinys sukurto
mokslinio metodo pagrindu.

Ginamieji teiginiai:

1. Sukurtas metodas, leidziantis sudaryti analizuojamo domeno valdymo
informaciniy sgveiky dviejy lygmeny (granuliuotg) Ziniy apraSymo model;.

2. Pasiiilytas hierarchinis modifikuotas vertés grandinés ir elementaraus
valdymo ciklo modelis leidzia struktirizuoti domeno Ziniy identifikavimo
bei atnaujinimo procesus.

3. Ziniy atnaujinimo kompiuterizuoto proceso modelis leidZia sukurti Ziniomis
grindziamg CASE sistema, kuri gali bati taikoma judriy (greitai
besikeic¢ian¢iy) dalykiniy sric¢iy (ne tik studijy programy) Zziniy turiniui
atnaujinti.

4. Darbe sukurta studijy programos reikalavimy analizés ir ziniy turinio
atnaujinimo sistemos taikymo metodika jgalina susisteminti, analizuoti,
lokalizuoti ir vertinti reikalavimus kuriamoms aukstojo mokslo studijy
programoms bei lanks¢iai atnaujinti Siy studijy programy struktiirg ir ziniy
turinj.

Tyrimo metodika. Darbe taikomi teoriniai ir eksperimentiniai tyrimo metodai.
Dalykinés srities ziniy turinio analizés tyrimas apima sisteming mokslinés literatiiros
analizg, veiklos modeliavimo, ziniy valdymo modeliavimo srityse apzvelgty metody
apibendrinima, tradicinius veiklos modeliavimo metodus (DFD, IDEFO, IDEF3, BPMN
ir Kity metody savybiy analize¢), kokybinés analizés (koncepciniy Zemélapiy) taikyma,
Ziniomis grindziamo veiklos modeliavimo metodus, lyginamosios analizés ir
apibendrinimo metody taikyma. Teoriniams ir eksperimentiniams tyrimams atlikti buvo
taikomos CASE priemonés (IBM Rational RequisitePro™, MagicDraw™, MS Visio™)
ir kita kompiuteriné programiné jranga: koncepciniy zemélapiy jrankis
(Mindjet MindManager Pro™), duomeny baziy valdymo sistemos (MS Access”™,
MySQL Server ™),

Darbo rezultaty aprobavimas. Pagrindiniai darbo rezultatai yra publikuoti
12 moksliniuose leidiniuose: 1 straipsnis spausdintas ISI Web of Science duomeny
bazéje referuojamuose ir turinCiuose citavimo indeksg leidiniuose, 1 straipsnis — kituose
ISI duomeny bazéje referuojamuose leidiniuose (Proceedings ir kt.), 5 straipsniai —
tarptautinése duomeny bazése referuojamuose periodiniuose leidiniuose, 1 straipsnis —
Lietuvos recenzuojamuose moksliniuose periodinése leidiniuose, 1 straipsnis -
tarptautiniy moksliniy konferencijy leidiniuose, 1 tezés — tarptautiniy moksliniy
konferencijy leidiniuose, 2 straipsniai — respublikiniy moksliniy konferencijy
leidiniuose. Tyrimy rezultatai buvo pristatyti ir aptarti 7 mokslinése konferencijose
Lietuvoje ir uzsienyje.

Disertacijos apimtis ir struktiira. Disertacija sudaro santrumpy ir terminy
zodynéliai, jvadas, penki skyriai, i§vados, naudotos literatiiros sgrasas, publikacijy
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sgrasas ir 16 priedy. Skyriai yra suskaidyti | poskyrius, o kai kurie poskyriai — ]
skyrelius.

Ivadiniame skyriuje aptariama tiriamoji sritis, problemos aktualumas, darbo
moksliné reik§mé, apraSomas tyrimo objektas, formuluojami darbo tikslas bei
uzdaviniai, pateikiami darbo mokslinis naujumas, asmeninis indélis, darbo rezultaty
praktiné reik§mé, ginamieji teiginiai, apraSoma tyrimy metodika. Jvado pabaigoje
pristatomos disertacijos tema autoriaus paskelbtos publikacijos ir praneSimai
konferencijose bei disertacijos struktiira.

Pirmasis skyrius skirtas dalykinés srities modeliavimo metody apzvalgai ziniy
turinio modeliavimo pozitriu. Antrajame skyriuje pateikiamas sukurtas dalykinés srities
valdymo ziniy modeliavimo metodas, grindziamas veiklos valdymo informacinémis
sgveikomis. Ziniy turiniui aprasyti bei atnaujinti taikomas modifikuotas vertés grandinés
ir elementaraus valdymo ciklo modelis. Sukurtas domeno valdymo ziniy turinio
identifikavimo ir ziniy atnaujinimo kompiuterizuoto proceso modelis bei informacijos
sistemos prototipas apraSomi treciame skyriuje. Ketvirtame skyriuje pristatoma studijy
programos reikalavimy analizés ir ziniy turinio atnaujinimo Sistema bei jos taikymo
metodika. Penktas skyrius skirtas sukurto dalykinés srities valdymo Ziniy modeliavimo
metodo aprobacijai, pateikiami ir aptariami eksperimentinio tyrimo rezultatai. Kiekvieno
skyriaus pabaigoje pateikiamas apibendrinimas ir formuluojamos iSvados. Disertacijos
pabaigoje pateikiamos bendrosios iSvados, taip pat priedai.

Bendra disertacijos apimtis 177 puslapiy (A4 formato), kuriuose pateikiama
13 lenteliy ir 105 paveikslai. RaSant disertacijg naudotasi 214 literattiros Saltiniais.

Padéka. Nuosirdziai dékoju mokslinio darbo vadovui prof. dr. (HP) Sauliui Gudui
uz suteikta galimybe tobuléti, nuosekly vadovavima ir pagalbg rengiant §ig disertacija.
Ypatingg padéka reiskiu konsultantui prof. dr. Vitalijui Denisovui uz vertingas
mokslines konsultacijas, nuolatinj palaikymg ir doméjimasi darby sékme bei visokeriopa
pagalba.
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