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General characteristic of the dissertation

Topicality of the problem. Even after all data management procedures are
performed data in the databases may become corrupt. Thus constraints
prohibiting the entry of erroneous data are not enough. Some of constraints may
be represented in system models and the existing modelling tools allow
automated implementation of these constraints in active database management
systems. There are domain oriented tools suitable for data validation and
clarification, but these tools require the manual specification of data quality
requirements. Data quality requirements represented in system models can not
be used for data validation. The repeated manual specification of data quality
requirements leads to inconsistency of requirements, loss of human and
financial resources.

Topicality of the problem. The importance and criticality of data quality is
widely discussed in recent publications. Many external and internal factors
impact the quality of data. Patterns for data quality problems identification are
proposed in literature. The complexity of data quality control is common
problem in every application domain, because data quality is multidimensional
concept. Nearly 200 desirable features of qualitative data exist, thus making the
control of data quality even more complex. Data quality assurance methods are
defined and implemented in commercial tools, but in every application domain
the concept of data quality is different and data quality control procedures have
to be defined manually. Implementation of business rules in software systems
as data quality assurance routines is common and not problematic by itself.
Integrity constraints, stored procedures and triggers are used for years to
increment data quality. The lack of mechanisms to record, review and assess the
rules is the starting—point of the problems faced within data quality
management.

Data validation is the first step in assessing data quality. Data validation is
performed considering the requirements for data quality. Most data quality
requirements are specified in system models while designing the system.
Requirements express the rules that data should meet. Previous analysis
showed, that a full and detail system model contains the rules that define most
of data quality requirements that might be derived from model and implemented
in data quality procedures.

Aim and tasks of the work. The main goal of this work is to improve the
process of data quality assurance and propose the method for automated
implementation of data quality requirements, expressed as business rules, in
software systems.



The following tasks have to be implemented to reach the main goal:

1. The methods of data quality assurance presented in the literature have to
be analysed.

2. Languages used to model business rules expressing data quality
requirements have to be analysed. The methods of business rules
implementation in software systems have to be analysed.

3. The method for automated implementation of business rules in software
systems has to be proposed. The proposed method should improve data
quality assurance.

4. A model of a software system has to be designed. Software systems has to
be created on the basis of the designed prototype system model.

5. An experiment has to be performed to evaluate if the proposed method is
suitable for automated business rules implementation in software systems
and the created software system realises the proposed method.

Scientific novelty. The novelty of dissertation is the use of system models
represented by UML for implementation of business rules in software systems.
At the moment variety of methods and commercial tools are available that can
be used to model business systems and implement data integrity constraints
through the functionality of active database management systems.
Unfortunately, these tools do not support data validation — the implementation
of business rules as integrity constraints, triggers stored procedures is used only
to avoid entry of erroneous data into the database. Regardless the use of data
quality checks at the entry of data into the database, errors in data exist. The
application of business rules approach in data quality assurance is widely
discussed in the publications of recent years. Currently only domain specific
data management tools support data validation, but these tools do not support
system modelling at all or are suitable to model only some aspects of system.
Therefore, there are no tools that support both system modelling and data
validation.

Methodology of research

1. Comparative research and library research methods were used while
analysing the existing business rules modelling languages, the methods of
business rules implementation in software systems and the methods of data
quality assurance.

2. The results of analysis were summarised and the approach was expounded
using the research generalisation and logical induction methods.

3. The proposed method was implemented using the constructive research
method.

4. An experiment was performed using the experimental research method.



Practical value. The results of the research demonstrated the practicality
of the proposed method and created software prototype. The method for
automated business rules implementation improved the development of
information systems on the basis of business rules. Business rules can be
derived from system models represented by UML. The derived business rules
can be expressed as data quality examination queries and implemented using
the created software prototype. The derived business rules can also be
represented in natural language. The use of automated business rules
implementation in data quality assurance, makes data quality control accessible
for the business audience. The centralist management of business rules and data
quality requirements makes data quality control simple.

Defended propositions

1. Data quality requirements are embodied in business rules that are
represented in system models.

2. Business rules that embody data quality requirements can be derived from
system models and placed in business repository.

3. Data quality requirements that are represented in system models can be
implemented in software systems in the automated way.

The scope of the scientific work. The scientific work consists of the
general characteristic of the dissertation, 4 chapters, conclusions, list of
literature, list of publications and addenda. The total scope of the dissertation —
110 pages, 41 pictures, 12 tables and 3 addenda.

1. Business rules in information systems

At the moment variety of methods and commercial tools are available that
can be used to model business systems and implement data integrity constraints
through the functionality of active database management systems.
Unfortunately, these tools do not support data validation — the implementation
of business rules as integrity constraints, triggers stored procedures is used only
to avoid entry of erroneous data into the database. Regardless the use of data
quality checks at the entry of data into the database, errors in data exist. The
application of business rules approach in data quality assurance is widely
discussed in the publications of recent years. Currently only domain specific
data management tools support data validation, but these tools do not support
system modelling at all or are suitable to model only some aspects of system.
Therefore, there are no tools that support both system modelling and data
validation. Errors in software, unintended access to data and other
considerations may be the sources of errors in data. These circumstances may



be crucial for the quality of data in certain domains, such as statistical data
processing, clinical trials or telecommunications. Besides, even if the data are
erroneous it may not be changed or rejected at the entry in the database in
certain domains. For example, data have to be entered into the database exactly
as it was collected in clinical trails. In this case, only after data are in the
database, data validation can start to list the discrepancies and get confirmation
from the origin of data. The need of the tool for validation of data is obvious.
There are commercial and non commercial tools supporting validation of data,
but the functionality of these tools is limited to the manual entry of data
validation rules by the user. As system models can be used to retrieve domain
knowledge, we state that a part of business rules can be derived from system
models and implemented as data validation scripts.

Constraints in software systems were used to avoid errors in data for many
years. Constraints are effective to avoid user errors and are widely used up until
now. Although, constraints are implemented in most of information systems,
errors in data still occur. Constraints are not suitable to eliminate errors that
occur due to erroneous program code, security problems and unexpected access
to the database, inaccurate mass data updates, inadequate data representation.
Data may be erroneous due its origin and data processing steps, for example
genome data. The whole of desirable data characteristics are analysed in the
context of data quality. Although, “fitness for use” is the most widely adopted
concept of data quality. Data quality can be defined as a lack of intolerable
defects in data. Spatial data quality is evaluated in regard to lineage, positional,
attribute and temporal accuracy, completeness and logical consistency.

M. Strong, W. Lee and R. Wang define the following data quality
categories and dimensions:

1. Intrinsic DQ — Accuracy, Objectivity, Believability, Reputation.
2. Accessibility DQ — Accessibility, Access security.
3. Contextual DQ — Relevancy, Value-Added, Timeliness, Completeness,

Amount of data.

4. Representational DQ — Interpretability, Ease of understanding, Concise,
representation, Consistent representation.

2. The use of business rules represented in UML diagrams for automation
of data quality assurance

Data validation is the first step in assessing data quality. Data validation is
an analytic and domain-specific process that extends the evaluation of data
beyond method, procedural, or contractual compliance to determine the
analytical quality of a specific data set. Data validation is performed
considering the requirements for data quality. Requirements express the rules



that data should meet. We state, that a full and detail system model contains the
rules the define most of data quality requirements. Thus, data quality
requirements might be derived, if system model is available. Generally the rules
of the following types may be derived from system models and implemented in
data validation procedures:

1. The checks of mandatory values, so called not null constraints.

2. The checks of the ranges of values.

3. If...then ... else rules.

4. The cross checks between values of different items.

The primary intention, the model is created with, is to depict the system
from the system owner point of view. Thus, application domain model reflects
consumers point of view and data quality requirements derived from system
model represent consumer’s desirable data features.

Previous analysis showed that business rules might be derived from
systems models represented by UML. The Unified Modelling Language was
chosen for analysis, because it is a general-purpose modelling language that can
be used with all major object and component methods, and that can be applied
to all application domains. UML diagrams can be classified into three different
classes:

1. Diagrams describing the roles and obligations of system users generally
(Use Case diagrams).

2. Diagrams describing structural system aspects (class and object diagrams).

3. Diagrams describing the internal and external behaviour of system (state
transition diagrams, activity diagrams, sequence and collaboration
diagrams.

Business rules in Use Case diagrams mostly appear as statements
describing system actor competence boundaries and obligations. Business rules
in Use Case diagrams are represented as the statements defining the tasks of
system users. Each Use Case can be depicted in details using sequence and
collaboration diagrams. Sequence and collaboration diagrams represent how
system actors act and exchange information to execute the tasks they are
assigned. Sequence and collaboration diagrams include business rules
describing the exact order of actions to be executed to perform a task. State
transition diagrams are used to specify the sequences of changes of states of
business objects. Event-Condition-Action (ECA) rules are mostly represented in
state transition diagrams. UML activity diagrams can be used to model the logic
of the operations captured by a use case or a few use cases. Activity diagrams
represent both the basic sequence of actions s well as the alternate sequence of
actions. ECA rules are mostly represented in activity diagrams. Class diagrams
include rules that express constraints of business objects, properties of



relationships between business objects. The rest of UML diagrams are used to
represent aspects of the development and implementation of software systems
and are not analysed further.

3. The design and development of software prototype

The purpose of the system being created is automation of the business
rules implementation in software systems as data validation queries. The
software prototype is to be used for data quality assurance in application
domains where the means of active database management systems are not
applicable. The system being created should be suitable to perform the
following tasks:

1. The import of data from system model represented by UML using Sybase®

PowerDesigner to rule repository.

2. The import of business rules components represented in UML diagrams
into the rule repository.

3. Representation of business rules as natural language sentences.

4. Generation of SQL queries for data quality examination.

5. Validation of data in the chosen database against the rules represented in
the UML model.

The system must be able to import UML model components from model
created using Sybase® PowerDesigner. Rule repository has to be implemented
in the Microsoft® SQL Server active database management system.

The requirements were specified for the software prototype being created.
The model of software prototype was designed using UML. Software prototype
was developed considering the specified requirements and the model. Testing
instructions were prepared and the created software system was tested to
evaluate its conformity to requirements. Testing results were positive and
software prototype was ready to use. An experiment was planned to check the
efficiency of the proposed method and the created software prototype.

4. The experimental research of the proposed method

The experiment was performed in the following steps:

1. A simplified model of the income declaration system was designed. A
subsystem for examination of data was chosen for analysis.

2. Business rules expressing data quality requirements were derived from the
experiment model and stored in business rules repository. The created
software prototype was used.

3. An experimental database was created for the analysed simplified income
declaration system.

10



Test data were recorded in the created database.
The created software prototype was used to generate SQL queries from the
business rules stored in rules repository.
The data stored in experimental database was validated against the rules
derived form system models. The created software prototype was used.

The results of the experiment showed that automation of implementation

of data quality requirements in software systems greatly improves the control of
data quality. Data validation procedures can be created at least 1.5 times faster
using the proposed method and the created software prototype.

5. General conclusions

After developing the method for automated implementation of data quality

requirements, expressed as business rules, in software systems, as well as after
performing a computer experiment and after verifying and checking it in a
nature, there were formulated the following scientific and practical conclusions:

1.

Analysis of recent researchers in data quality area showed that data quality
is relevant for each organisation and due to its complexity is a problematic
research area.

Researchers made a theoretical background of the relevant data quality
issues. Variety of tools supporting data quality assurance are currently
available in the market, but most of tools are domain specific and are
mostly purposed for assuring data quality in data warehousing.

The research showed, that the available tools for data quality assurance are
used to define data quality requirements manually and are centred on
intuitive data quality approach.

On the basis of the previous research we decided that data quality
requirements might be derived from system models represented by UML.
Thus we proposed a method for automated data quality checking that is
based on automatic derivation of data quality requirements from system
models.

The analysis showed that the rules stored in rules repository can be used for
automated generation of data quality check queries.

The research showed that the rules derived from system models can be
used for data validation and representation of rules in natural language.

It was presented that the automation of data validation process makes this
process understandable for business audience as rules are stored in the
repository and can be expressed in natural language.

The experiment showed the advantage of the proposed method in
comparison with the hand work based methods. The automated method is
faster than the hand work based methods at least 1.5 times.
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DUOMENU KOKYBES REIKALAVIMU REALIZAVIMAS
INFORMACINESE SISTEMOSE

Mokslo problema. D¢l jvairiy priezaséiy duomeny bazése saugomi
duomenys genda, todél vien riboti jvesti klaidingus duomenis nepakanka.
Duomeny kokybé uztikrinama draudziant jvesti klaidingus duomenis ir tikrinant
bei valant duomeny bazése saugomus duomenis. Klaidingy duomeny ivedimo
ribojimai yra apraSomi sistemos modelivose ir gali buti automatizuotai
realizuoti duomeny baziy valdymo sistemose naudojant egzistuojancios sistemy
modeliavimo priemones. Egzistuojanc¢ios duomeny tikrinimo ir valymo
sistemos pritaikytos naudoti specifinése dalykinése srityse, o duomeny kokybés
reikalavimai Siose sistemose gali buti aprasSyti tik programiniu kodu. Duomeny
kokybés reikalavimai turi buiti specifikuoti pakartotinai — aprasant klaidingy
duomeny jvedimo ribojimus ir aprasant duomeny tikrinimo ir valymo taisykles.
Dél  pakartotino  reikalavimuy  specifikavimo  atsiranda  reikalavimy
nesuderinamumas, prarandama daug laiko ir 1é$y.

Mokslo problemos aktualumas. Duomeny bazése saugomy duomeny
kokybé lemia informaciniy sistemy kokybeg. Taciau informaciniy sistemy
komponenty kokybé daro jtaka duomeny kokybei, nes duomenys ivedami,
apdorojami ir vaizduojami naudojant programy sistemas, kurios yra sudétinés
informaciniy sistemy dalys. Duomeny kokybé ir su duomeny kokybés
uztikrinimu susijusios problemos pastaruoju metu placiai analizuojamos. [taka
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duomeny kokybei daro vidiniai ir iSoriniai faktoriai. Daznai duomeny kokybe¢
uztikrinti sudétinga, nes duomeny kokybé yra daugiamaté. Literatiiroje
iSskiriama daugiau kaip 200 kriterijy, kuriais gali biiti vertinama duomeny
kokybé ir sitlomi ivairGs metodai, taciau skirtingose dalykinése srityse
duomeny kokybé apibréziama skirtingai, todél ne visada galima pritaikyti
universalius irankius. Moksliniuose darbuose placiai analizuojamas duomeny
kokybés uztikrinimas aktyviy duomeny baziy valdymo sistemy priemonémis.
Duomeny darnos ribojimai, trigeriai ir saugomos procediiros naudojamos
duomeny kokybei uztikrinti, ta¢iau literatiiroje nepakankamai démesio skiriama
centralizuotam ir automatizuotam duomeny kokybés uztikrinimui. Pastaruoju
metu organizacijos susiduria su problemomis, kurios atsiranda dél metoduy,
skirty automatizuotai realizuoti verslo taisykles informacinése sistemose, ir juos
realizuojan¢iy priemoniy trikumo. Ilgus metus verslo sistemos buvo
modeliuojamos aprasant verslo sistemy struktiira, elgsena, funkcinius vienetus
ir ju tarpusavio rysius bei kitus verslo sistemos aspektus, taciau ne visada buvo
skiriamas pakankamas démesys taisykléms, kuriomis aprasomi reikalavimai
duomenuy kokybei. Sios taisyklés yra kiekvienos sistemos sudéting dalis ir
organizacijy veiklos kontekste vadinamos verslo taisyklémis. Verslo taisyklés
susijusios su visais verslo sistemy aspektais: sistemos struktiira, sistemos vidine
ir i§ iSorés stebima elgsena, sistemos sgveika su aplinka, sistemos aktoriy
pareigomis ir atsakomybés ribomis.

Sudétingose sistemose egzistuoja daug verslo taisykliy, todél Siy taisykliy
valdymas, kontrolé ir tinkamas vykdymas yra sudétingas uzdavinys. Verslo
taisykliy, tame tarp ir taisykliy iSreiskian¢iy duomeny kokybés reikalavimus,
valdyma ir vykdyma siekiama maksimaliai automatizuoti. Tokiu biidu
didinamas sistemy patikimumas ir padedama uZztikrinti kokybés kontrolg.
Remiantis atlikta analize ir eksperimenty rezultatais, galima teigti, kad
suformulavus metoda automatizuotai perkelti verslo taisykles, iSreiSkiancias
duomeny kokybés reikalavimus, i§ verslo sistemos modeliy, pavaizduoty
naudojant tam tikra modeliavimo kalba, i verslo taisykliy saugykla biity galima
automatizuoti duomeny kokybés uztikrinima realizuojant taisykles duomeny
kokybés tikrinimo uzklausomis.

Darbo tikslas ir uZdaviniai. Pagrindinis darbo tikslas yra patobulinti
duomeny kokybés uztikrinimo procesg ir i$vystyti metoda, skirta automatizuotai
realizuoti duomeny kokybés reikalavimus iSreiskiancias verslo taisykles,
programy sistemose.

Siekiant igyvendinti darbe iSkelta tiksla, reikia iSspresti Sivos uzdavinius:

1. I8analizuoti duomenuy kokybés reikalavimus isreiSkianc¢iuy verslo taisykliy
modeliavimo kalbas ir realizavimo programy sistemose metodus.
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2. ISanalizuoti literatiiroje siilomus duomeny kokybés uztikrinimo metodus.

3. Pasitlyti metoda, skirta automatizuotai realizuoti verslo taisykles programy
sistemose siekiant uztikrinti duomeny kokybe.

4. Suprojektuoti ir sukurti programy sistema, igyvendinancia siiiloma verslo
taisykliy realizavimo metoda.

5. Atlikti eksperimenta siekiant {vertinti, ar pasitlytas metodas tinkamas
automatizuotai realizuoti verslo taisykles, isreiskiancias duomeny kokybés
reikalavimus, programy sistemose ir ar sukurta programy sistema
igyvendina pasitilyta metoda bei yra pritaikoma praktiskai.

Mokslinis naujumas. Sios disertacijos mokslinis naujumas pagristas
verslo taisykliy, iSreiskian¢iy duomeny kokybés reikalavimus ir atvaizduoty
UML modeliuose, panaudojimu automatizuojant verslo taisykliy realizavima
programy sistemose. Darbe sitilomas verslo taisykliy realizavimo duomeny
kokybés tikrinimo uzklausomis metodas, kuris turéty supaprastinti duomeny
kokybés uztikrinimg bei padaryti §i procesa prieinama specialiy Ziniy
neturintiems veiklos dalyviams.

Paskutiniu metu vykdoma daug tyrimy informaciniy sistemy modeliavimo
verslo taisykliy pozitiriu. Tai svarbu, nes taisyklés, tarp ju ir duomeny kokybés
reikalavimus iSreiSkiancios taisyklés, veikia visus verslo sistemy aspektus. Nors
verslo taisyklés paskutiniu metu tapo placiai literatiiroje nagrinéjama tema, néra
priemoniy aprasyti ir realizuoti konkrecios dalykinés srities visg verslo taisykliy
sistema. Literatiiroje vyrauja nuomoné, kad néra vienos modeliavimo kalbos,
tinkancios sukurti i§samy koncepcinj dalykinés srities modelj ir aprasyti visy
klasiy verslo taisykles. Manoma, kad, norint automatizuoti programy sistemy
kiirima, verslo taisyklés turi buti uzraSytos naudojant formalia kalba, kuria
galéty suprasti intelektualios sistemos.

Darbe sitilomas metodas, skirtas automatizuotai iSrinkti skirtinguose verslo
sistemos modeliuose aprasytas verslo taisykles iSreiSkiancias duomeny kokybés
reikalavimus. Sitiloma verslo taisykliy saugykloje esancias taisykles vaizduoti
natiiralia kalba, skirta verslo auditorijai. Darbe taip pat siiiloma generuoti
duomeny kokybés tikrinimo uzklausas naudojant saugykloje laikomas taisykles.

Tyrimy metodika. Darbe apraSomam tyrimui vykdyti buvo naudojami Sie
tyrimo metodai:

1. Lyginamosios analizés ir bibliotekinio tyrimo metodai buvo naudojami
vykdant egzistuojanciy verslo taisykliy modeliavimo kalby, verslo taisykliy
realizavimo metody bei duomeny kokybés uztikrinimo metody analizg.

2. Analizés rezultatams apibendrinti ir siilymams formuluoti buvo naudojami
savoky apibendrinimo bei loginés indukcijos metodai.
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3. Situlomas taisykliy iSrinkimo i§ UML modeliy ir realizavimo programy
sistemose metodas buvo igyvendintas naudojant konstravimo metoda.

4. Siekiant patikrinti sitlomo metodo veikima buvo atlikti bandymai naudojant
eksperimentinés analizés metoda.

Praktiné verté. Tyrimo rezultatai parodé, kad disertacijoje pasitlytas
metodas ir sukurtas programy sistemos prototipas gali bati naudojami
automatizuoti informaciniy sistemy kiirima verslo taisykliy pagrindu. Turint
konkrecios sistemos UML modeli ir naudojant sukurta programy sistemos
prototipa, taisykles, pavaizduotas modelyje ir apraSancias duomeny kokybés
reikalavimus, galima perkelti  taisykliy saugykla. Cia perkeltos taisyklés tampa
prieinamos jvairiapusiskam apdorojimui: gali biiti vykdoma taisykliy sistemos
sudétingumo analizé, atlickamas taisykliy tarpusavio darnos tikrinimas,
taisyklés gali biti pakartotinai panaudotos. Sukurta programy sistema gali buti
naudojama generuoti duomeny kokybés tikrinimo uzklausas i§ taisykliy,
saugomy taisykliy saugykloje. Automatizavus duomeny kokybés reikalavimy
realizavima programy sistemose, duomeny kokybés uztikrinimo valdymas
tampa prieinama ir sistemos vartotojams, kadangi duomeny kokybeés
reikalavimai tvarkomi centralizuotai ir gali biiti iSreiksti natiiralia kalba. Buvo
atlikti tyrimai siekiant pritaikyti siiloma metoda e-mokymuy dalykingje srityje.
Tyrimy rezultatai aprobuoti ir publikuoti tarptautinés recenzuojamos
konferencijos medziagoje.

Ginamieji teiginiai
1. Sistemos modeliuose vaizduojamos verslo taisyklés isreiskian¢ios duomeny
kokybés reikalavimus.
2. Duomeny kokybés reikalavimus aprasancios verslo taisyklés gali biti
automatizuotai perkeltos i$ sistemos modeliy i taisykliy saugykla.
3. Sistemos modeliuose pavaizduotus duomeny kokybés reikalavimus galima
automatizuotai realizuoti programy sistemose.

Darbo apimtis. Darba sudaro bendra darbo charakteristika, 4 skyriai,
iSvados, literatiiros sarasas, publikacijy sarasas ir priedai. Bendra disertacijos
apimtis — 110 puslapiy, 41 iliustracija, 12 lenteliy ir 3 priedai.

Antrame  disertacijos  skyriuje  apraSytas informaciniy = sistemy
modeliavimas verslo taisykliu pagrindu. Siame skyriuje aprasyti aspektai,
kuriais gali biiti modeliuojamos verslo sistemos, informacinés sistemos be
programy sistemose. Nagrinétos sistemy modeliavimo kalbos, bei iSanalizuotas
skirtingy modeliavimo kalby tinkamumas modeliuoti sistemas skirtingais
poziiiriais. Cia taip pat apraSytos verslo taisyklés vaizduojamos skirtingus
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sistemy aspektus aprasanCiuose modeliuose. Pagrindinis démesys darbe
skiriamas UML kalbai ir skirtingose UML diagramose pavaizduotoms verslo
taisykléms. Siame skyriuje i$skiriami skirtingose UML diagramose pavaizduoti
verslo taisykliy tipai.

Treciame skyriuje  apraSytas UML modeliuvose pavaizduoty verslo
taisykliy panaudojimas automatizuojant duomeny kokybés tikrinima. Aptartos
pagrindinés klaidy atsiradimo duomenyse priezastys, iSanalizuoti skirtingi
duomeny apdorojimo procesai bei duomeny kokybés uztikrinimo metodai.
Treciame skyriuje pateikiama schema, kaip verslo taisyklés gali biiti iSrinktos i$
UML modeliy ir perkeltos i taisykliy saugykla. Siame skyriuje nagrinétas
siilomas duomenuy kokybés uztikrinimo metodas ir sitlomo metodo
pranasumas egzistuojanciy metody atzvilgiu

Ketvirtame skyriuje suformuluoti reikalavimai kuriamam programy
sistemos prototipui. Aprasyti funkciniai reikalavimai bei nefunkciniai
reikalavimai sistemos savybéms. Suformuluoty reikalavimy pagrindu buvo
kuriamas programy sistemos prototipas bei atlickamas sukurto prototipo
testavimas. Siame skyriuje aptartas programy sistemos prototipo modeliavimas
bei kirimas, pateiktos sistemos struktirinius komponentus bei elgsena
vaizduojanc¢ios UML diagramos, apraSyti apibendrinti sistemos testavimo
rezultatai.

Penktame skyriuje nagrinétas eksperimentui pasirinktos verslo sistemos
veiklos modelis bei jame pavaizduotos verslo taisyklés. Siame skyriuje
pavaizduotas sukurto programy sistemos prototipo veikimas perkeliant UML
modelyje pavaizduotas verslo taisykles i taisykliu saugykla. Cia taip pat
pademonstruota, kaip sukurtoji programy sistema generuoja duomeny
korektiSkumo tikrinimo uzklausas bei vykdo duomeny tikrinima nurodytoje
duomeny bazéje.

Darbo rezultaty aprobavimas

Pagrindiniai tyrimo rezultatai paskelbti (2003-2007):

3 recenzuojamuose uzsienio mokslo zurnaluose;

5 recenzuojamuose Lietuvos mokslo zurnaluose;

2 tarptautinése duomeny bazése referuotuose zurnaluose;
2 ISI konferencijy darby sarase (proceedings list);

3 tarptautiniy recenzuojamy konferencijy leidiniuose;

5 kituose mokslo leidiniuose.

Bendrosios isvados
1. Sistemy modeliavimo kalby ir verslo taisykliy vaizdavimo kalby analizé
parodé, kad skirtingus sistemy aspektus apraSancios verslo taisyklés gali
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biiti vaizduojamos UML kalba. Nustatyta, kad verslo taisyklés gali buti
iSrinktos i§ sistemy modeliy, pavaizduoty naudojant UML, ir perkeltos i
taisykliy saugykla.

2. Tyrimo metu nustatyta, kad verslo taisyklés, vaizduojamos UML
modeliuose, yra igyvendinamos duomeny baziy valdymo sistemose arba
programy sistemose programiniu kodu. Analizés rezultatai parodé¢, kad néra
priemoniy skirty centralizuotai valdyti sistemos modelivose pavaizduotas
verslo taisykles.

3. ISanalizavus duomeny kokybés uztikrinimo metodus, nustatyta, kad
egzistuojantys metodai yra pagristi ribojimy, draudZianciy i$saugoti
klaidingus duomenis, kiirimu arba rankiniu duomeny kokybés reikalavimy
realizavimu programy sistemose skirtose duomenims valyti.

4. Sukiirus sitloma metoda igyvendinancia programy sistema ir atlikus
eksperimenta, nustatyta, kad turint sistemos modeli ir naudojant sukurta
programy sistema, taisykles galima iSrinkti ir perkelti i taisykliy saugykla.

5. Tyrimas parodé, kad saugykloje saugomas taisykles galima panaudoti
generuojant duomeny tikrinimo uzklausas ir patikrinti, ar nurodytoje
duomeny bazéje saugomi duomenys nepazeidzia taisykliy.

6. Eksperimentu jrodyta, kad sukurta programy sistema gali generuoti
duomeny tikrinimo uZzklausas, iSreikSti duomeny kokybés reikalavimus
natiiralia kalba bei vykdyti duomeny kokybés tikrinima atsizvelgiant i verslo
taisykles.

7. Nustatyta, jog automatizavus duomeny kokybés reikalavimy igyvendinima
programy sistemose, duomeny kokybés kontrolé tampa prieinama ir
sistemos vartotojams, kadangi duomeny kokybés reikalavimai tvarkomi
centralizuotai ir gali biiti iSreiksti nattralia kalba.

8. Eksperimentu pademonstruota, kad naudojant pasiiilyta metoda duomeny
tikrinimo uzklausos gali biiti sukurtos ~1,5 grei¢iau negu rankiniu biidu.
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