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Abstract

Basic concepts and notions of ontological description of domains are implemented in the concep-
tual model being understandable to ordinary users of this domain. Ontological approach is used
for the presentation of software engineering domain—Life Cycle (LC) ISO/IEC 12207 with the aim
to automate LC processes and to generate different variants of LC for development systems. And
the second aim of Conceptual Model must teach the student to standard process LC, which includes
general, organizational and supported processes. These processes are presented in graphical
terms of DSL, which are transformed to XML for processing systems in the modern environment
(IBM, VS.Net, JAVA and so on). The testing process is given in ontology terms of Protégé systems,
and semantics of tasks of this process is implemented in Ruby. Domain ontology LC is displayed by
the several students of MIPT Russia and Kiev National University as laboratory practicum course
“Software Engineering”.
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1. Introduction

At the given work, new conception of automation in general processes of LC and generation of variants specia-
lized are offered for their use in the modern programs, information systems and technologies and implementa-
tions in the distributed environments of Grid and Clouds processing, highly productive cluster systems and in
web-semantic to the Internet.

This conception is formulated by the author for the students of MIPT and Kiev National University (KNU) at
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the basic course lections of “Software Engineering” (2010-2013). Standard LC ISO/IEC 12207-2007 is a general
mechanism of construction of various program systems (PS) and program products (PP). The 17 processes enter
into his composition, 74 under processes (actions) and 232 technological tasks. The automation of LC is a very
thorny and heavy problem. Variants of the standard LC will be implemented by many companies in case of de-
velopment of the different application systems. A submachine gun is absent. Offered by our conception of LC
automation through the formal conceptual model LC is an attempt in development of the Case commons instru-
ments for support LC to the future industry PP [1]-[5].

In addition, for implementation of this conception we use new languages of description in conceptual models
of knowledge: OWL (Web Ontology Language), ODSD (Ontology-Driven Software Development), XML (Ex-
tensible Markup Language), MBPN (Modeling Biasness Process Notation) and others like that. There are sys-
tems of design of domains—ODM (Organizational Domain Modeling), FODA (Feature-Oriented Domain
Analysis), DSSA (Domain-Specific Software Architectures), DSL (Domain Specific Language) Tools VS.Net,
Eclipse-DSL, Protégé and others like that. That is terms are used for the formal specification of the LC
processes and design from them of different PP. The ontological approach ODSD allows getting descriptions of
classes from notions to the domain. Unlike previous, models to the domain can be used not only for the genera-
tion of code, but also can be “executable” artifacts.

An important aspect of design in different domains is the notion base and system of notions, by which all
problems are formulated to the domain. The notion base is given by terminology, substantial relations between
notions and their interpretations.

Among the relations the main are [1]:

—Concretization, as an union of notions in the new notion, the substantial signs of which can be a sum of signs
of notions or substantially new;

—Association, that approves a presence of communication between notions without clarification of depen-
dence of them from maintenance and volumes;

—Aggregation of terminology, notions, characters for their relations and paradigms of their interpretations in
scopes to the domain is accepted to name the ontology of domain knowledge.

In the same general case, ontology is an agreement about the general use of notions, which includes facilities
of subject knowledge and agreement about methods of reasoning representation.

The ontology appears by the semantic networks, knots of which are been by domain notion, and by
arcs—copulas or relation, associations between them. On the given time the ontological approaches got the wide
distribution in the decision of problems of knowledge, semantic integration of informative resources, informa-
tive searches and others like that representation. They allow getting descriptions of classes of objects domain,
which are specific at notion and knowledge about them. Some ontology domains are given by knowledge, dic-
tionaries of notions, concepts and relations between them. So, the XML become a standard language for mark-
ing of various data domains for their saving and exchange between different domains. It is a mean of automatic
transformation of descriptions of model domains in the modern ontological languages to the charts, which are
suitable for work in the different applied applications.

Offered conception ontology was considered in the different models of LC (spiral, interaction, incremental
and so on) on student lections and on the scientific seminars of the Theory Programming and Information Sys-
tems departments of the Kiev National University (KNU), and also case of the discipline teaching the “Software
engineering” [3]. Within the framework of this discipline the students learn modern methods and design facili-
ties domains and PS constructions, and also learning standards of LC ISO/IEC 12207-2007 and General Data
Types ISO/IEC 11404 GDT-2006. At the practical classes evaluation of facilities is conducted for general de-
scription and implementation of some experimental ontology on DSL Tools VS.Net and Protégé. For example of
description of some fragments of science domains by the ontological facilities they built models PS with pur-
pose of their use in case of PP construction [4] [5]. Some students of department of the IC and TP faculty of cy-
bernetics defended diploma works on given topics with the use of ontological facilities and notions (classes,
axioms, slots, facets and others like that) for description of calculable geometry, GDT and LC on the ITC of de-
veloping object and component and configuration them [6]. (http://sestudy.edu-ua.net)

Approach to LC automation and its evaluation by students in curriculum of the model LC and standard
ISO/IEC 12207-2007, namely to study LC structure, processes and actions, and also use of ontology facilities
for their description and implementation in the open ontological instruments are offered—DSL Tools VS.Net
and Protégé. Students received ontological knowledge may apply them in the implementation of other applica-

tion areas.
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2. Ontology as a Basic Formal Description of Subject Areas

Ontology is a conceptual tool to describe base set of concepts and relations for some domains (or subject area-
SA). The concept of the SA is classified and dictionary and thesaurus database schema knowledge is created.
Domain Ontology—is a system of concepts or conceptual model which is supplied with a set of entities and re-
lationships between them. Now, many anthologies for various scientific and applied areas are created. For ex-
ample: ontology Census general knowledge of English natural concepts (70,000 more terms and their defini-
tions); ontology concepts of e-commerce; global ontology products and services (UN); commercial ontology
SCTG, Rosetta Net-traffic products from 400 companies. Medical ontology’s: Galen-to determine the clinical
condition; UMLS-US National Library of Medicine; ON9-famous for certification of health systems; chemical,
biological ontology; all-Web portal mathematical resources; universal mathematical system Math Lab, Ret, etc.

A basic instrument of implementation of the subject description is the DSL Tools VS.Net and Eclipse-DSL
[7]-[9], the result of the tools is described in the XML (Extensible Markup Language) language, which actually
became a standard of data marking for their saving and exchange of information between different applications.
XML serves to transformation of the domain ontology model in XML-charts, suitable for work of applied ap-
plications.

Using the properties ontology for description of processes LC was given the subject-oriented DSL (Domain
Specific Language), and also language the BPMN description of semantics of these processes, the author offers
approach of implementation of suggested conception. In the example implementation of the given conception
we select the process of testing by the ontological facilities and semantics description by language of program-
ming. At developments to the domain LC used ontological instrumental facilities, DSL Tools VS.Net, DSL Ec-
lipse and Protégé. Set of different methodologies, facilities of language for description of domains are shown in
Figure 1.

Ontology of LC is absent. We consider two means of implementing domain LC-language OWL and tools
DSL for the overall presentation of the model standard ISO/IEC 12207 and basic concepts of the testing process
LC in the standard system Protégé.

Ontology Means

The form of representation of ontology is a conceptual model (CM) on the reflecting system concepts with
common properties (attributes), attitude and behavior rules. CM serves as a communication (between people,
between computer systems), storage of information in a computer environment and the recycling of finished ob-
jects stored in libraries and repositories. To describe the use of ontology language OWL (Web Ontology Lan-
guage) with a range of languages and markup languages RDF is to access and exchange ontological knowledge
in the Internet. Description in ontology language OWL is a sequence of axioms and facts, information about
classes, properties and resources for ID documents and Web imported URI in the form: <DatatypelD>:: = <URI
reference> (see Figure 2).
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Figure 1. List of methodologies, facilities and the ontology language.
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Figure 2. Languages definition of ontology.

Axiom class is a set of more general classes and restrictions on local properties of objects.

The class or a subset of the intersection of more general classes of constraints may be equivalent.

Axiom class in OWL is a set of specifications that can be in the form of generalized classes, restrictions, sets
of resources, Boolean combinations of descriptions and more.

As ontology editor was used Protégé 3.4. It seems ontology classes, slots, facets and axioms.
(http://protege.stanford.edu/)

Classes describe concepts of, and slots—properties (attributes) classes.

Facets describe the properties of slots (specific types and ranges of possible values).

The axioms define additional constraints (rules).

Classes can be abstract or concrete.

Abstract classes are classes and concrete containers may contain abstract attributes (which do not contain spe-
cific values).

Attributes of concepts in a domain called Protégé slots. Specific classes contain specific slots, which can be
assigned a value (a copy attributes). To determine the types and limits on the value (like the rules of XML-
Schema) used facets.

Protégé supports multiple inheritances but a class can have more than one superclass.

3. Life Cycles Ontology of Software Systems

LC received evolution from the beginning of programming, from simplified life cycle for each application mod-
els to spiral, iterative and so on. They formed a separation in group development of various types PS. As the re-
sult the standard ISO/IEC 1996 (first edition) was introduced, and in 2007 the second edition of its life cycle
appeared, which reflects the overall structure of processes that may be involved in the development of the dif-
ferent PS. These standards should be studied by students who will participate in the joint development of various
applications and commercial systems [3].

3.1. Presentation of Formal Specification of the LC Standard ISO/IEC-12207

The LC processes are given in standard by three categories (see Table 1).

In the each process it defines types of activity (actions-activity), tasks, aggregate of results (going out) of ac-
tivity and decision of tasks design, testing, assembly and others, and also tracing some specific requirements. A
list of works for the basic, organizational and support processes is led in standard, but method of their imple-
mentation and form of presentation not available. Next, we give a general description of the basic, organization-
al and support processes.

To the basic processes belong:

—Acquisition process determines actions of buyer at automated system or service. Actions are initiation and
preparation of query, legalization of contract; monitoring and acceptance;

—Delivery process determines actions from the transmission of product or service to the buyer. It has prepara-
tion of suggestions, legalization of contract, planning, implementation and control of product, and also its esti-
mation and delivery;

—Development process determines the processes and actions (development of requirements, planning, encod-
ing, integration, testing, the system testing, and installation) for development of PP;

—Exploitation process (introduction, support of user, testing functions, exploitation of the system) determines
actions of operator from maintenance of processes the system during its exploitation by users;

—Maintenance process (management by modifications, support of current status and functional fitness, PP in-
stallation in the operating environment, accompaniment and modification, development of system modification

()
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Table 1. The process is of standard life cycle.

11

1.2
13

1.4

15

21
22
2.3
24
25
2.6
2.7
2.8
2.9
2.10

3.1

3.2

Ne n/m Process (subprocess)

1. Category the “Basic processes”

w

Order (agreement)

111 Preparation of order, choice of supplier

112 Monitoring supplier activity, acceptance by user
Delivery (acquisition)
Development

131 Exposure of requirements

132 Analysis of system requirements
133 Planning system architecture
134 Analysis of system requirements
135 Planning the system

1.3.6 Constructing (code) the system
137 Integration of the system

138 Testing the system

139 System integration

131 System testing

131 Installation of the system
Exploitation

141 Functional application

1.4.2 Support of user

Accompaniment

. The support “Processes category”

Documenting

Management by configuration
Providing a quality guarantee
Verification

Validation

General review

Audit

Decision of problems
Providing product applicability
Evaluation of product

Category the “Organizational processes”

Management

3.11 Management at level organization
3.1.2 Management by project

3.1.3 Management by quality

3.14 Management by the risk
3.15 Organizational providing
3.1.6 Measuring

3.1.7 Management by knowledge’s
Improvement

3.2.1 Introduction of processes
3.2.2 Evaluation of processes

3.23 Improvement of processes
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plans, PP migrations on other and others like that), which determines actions of organization, that development
PP.

The LC standard contains description of the ancillary proceeding, that regulate the additional actions from ve-
rification of product, management by project and his quality.

The support process contains: documenting, management by versions, verification and validation, revisions,
audits, evaluation of product and etch. To the organizational processes belong: management by project (devel-
opment management) and perfection of processes.

The management process includes the processes of management by configuration, project, quality, risks,
changes and others like that. The perfection process includes introduction, project estimation and his perfection.

Quantity of processes, actions and LC standard tasks are shown in Table 2.

Depending on the purpose of concrete project the main developer and project manager choose the processes,
actions and tasks, line up the LC chart for application in the concrete project. Description of semantics of
processes and methods of their implementation (objective, component, service and so on) written in kernel of
SWEBOK knowledge and [3]. (www.swebok.com)

Theoretical, applied methods, quality standards, general and fundamental types of data (ISO/IEC 15404,
ISO/IEC 9126, ISO/IEC 11404 and others), and also recommendations and methods of this standards are used at
every technology of the PS programming with the use of the LC standard.

Task of automation of standard LC arose up in the students groups MIPT and KNU of course Software Engi-
neering. Taking into account this task, the author discussed with the students the features of standards and ma-
chineries of their presentation in the modern operating environments. On the practical lessons the students
learned LC processes and gave their description for DSL Tools VS.Net. The students executed LC ontology de-
scription in graphic (Figure 3) and the XML kinds within this framework. Then they used DSL Eclipse and
Protége.

XML description of general, support and organization processes are given on web-site ITC.

3.2. Formal Presentation of Conceptual Model Domain LC

Starting from Table 2, we give description to the conceptual model (CM) domain LC standard, described highly
from terms: P—processes, A—actions and T—tasks.
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Figure 3. Graphical representation of the basic life cycle processes.
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Table 2. Processes, under processes tasks and LC actions.

Classes Process Action Task

Basic processes 5 35 135
Support processes 10 25 70
Organizational processes 2 14 27
All 17 74 232

The LC model has such kind:
MLC = (Pk ! A,u 1 Tn )

where Px =(P,,, Py, Py, )— P, s —basic processes of the LC first category,
Py, 121 —Processes of LC support of the second category;
P.

2, x2—s —Organizational processes of the LC second category;

4, =(A AklI’A-Zj)

Kr? K
where A, _, 4 —action on the basic processes LC,
A 1125 —Action on the LC support processes,

K.

A5 ;-114—action on the processes LC;
T,=(7,.T,.T,)

nk? " nl " onj
where T, , k =1-135—tasks of the basic processes LC;

T, 1170 —tasks of LC support processes;
T, j-1-2» —tasks of the organizational processes LC.

The goal processes, operations given is highly contained in essence, and description of maintenance of tasks
on it is led them in standard. The tasks not formal and will be in the future at the first given description of their
setting, then selection languages for the formal specification for realization to their semantics.

For presentation the structure of the CM LC is used graphic language DSL. This language has an expressive
feature, directed on the reflection of the process specific LC, while languages of the general setting (Java, C++,
C#, Ruby and others) oriented on description of actions of any programs of the data processing. The DSL con-
tains general abstractions for the reflection of classes of objects domain type process, action, and also relations
between them [2] [9]. On its maintenance this language near to the HTML, XML, WSDL and others like that.

Model LC it is described by one DSL, can be transformed in model by other DSL. It allows freely to integrate
between itself different parts of system processes, written in the different DSL. That is domain LC can be de-
scribed at one level of abstraction, and then regenerate with the additional going into detail on the more low lev-
el of abstraction, that allows complementing a model domain by the repeated components and objects. Main to
the CM domain LC there is a model of general descriptions of processes as objects domain.

Processes of transformation of the LC models in the DSL at the different levels are given in Figure 4.

Transformation of description of the models LC in this language DSL is conducted by facilities of the mod-
el-guided development MDD (Model Driven Development). According to this model system architecture are
designed at two levels—platform of level independent on the PIM (Platform Independent Model) model and
platform of dependent level on the PSM model (Platform Specific Models).

The LC domain CM model can be automated with the use of specific languages, be tuned especially for
processes and actions, which are in class language ontology. The models can contain information about the un-
ion of processes and actions, including artifacts, which participate in it, and also their dependence between itself.
They can also contain information about the configuration structure of the programs of treatment of processes,
vehicle and program resources, necessary in case of implementation of the programs of automation of processes
and their development.

3.2.1. Ontology of Domain Characteristic Model

DSL development pre-condition is made by the detailed analysis and structured to the domain. Among the exis-
tent methodologies of domain analysis most knowing such: ODM (Organization Domain Modeling), FODA
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Figure 4. Transformation of description of models LC in DSL.

(Feature-Oriented Domain Analysis), characteristic analysis to the domain and DSSA (Domain-Specific Soft-
ware Architectures) [9]-[11].

In case of analysis to the domain is created a model of characteristics. This model secures generalization and
disagreements of the PS domain processes by the indication of general characteristic for all processes and excel-
lent characteristic each of the LC processes.

A model of characteristic is given by diagrams of characteristic with description of relations between them.
Conception of diagrams is inherited from the FODA method, which gives possibility briefly to describe all
possible configurations of processes within the limits of different categories of the LC processes, which are con-
sidered as instances, selecting general and alternative characteristics, which can be excellent for each configura-
tion of the LC processes.

For the given time notation of characteristic diagram is executed by the DSL language under the FDL (Fea-
ture Definition Language) name, as languages of description of characteristic of notions to the domain and for-
mal definite operations for treatment of FDL expressions.

The diagrams of characteristic is given system characteristic the different domains. In case of creation of au-
tomated instruments, intended for construction of diagrams of characteristic and their treatment, text presenta-
tion is necessary. It inflicts all information, which exists in the graphic diagram. The determination consists of
great number of characteristic (feature definitions), names of characteristic and expression (feature expression),
that includes:

—Atomic characteristics;

—Composition characteristics: names of which determination elsewhere;

—Optional characteristics (optional) of expression, is it completed by the “character”?

—Obligatory characteristics (mandatory) of expressions, what reserved in construction of all ();

—Alternative characteristic (exclusive-choice): y expression of one-of ();

—Exceptional set of descriptions (*“or-features”) from the list of characteristic expressions of more-of () and
their combination;

—Value of characteristic by default (default)—atomic to description;

—Other (indefinite) characteristic in the form of “.”.

The specification of FDL characteristic gives formals for determination of syntax, which it is possible to
compare to the BNF (P.Naur) form for conducting a lexical and semantic analysis of described characteristic of
model domain, which is used for creation of the different variants PS.

3.2.2. About Machineries of Dependence of Characteristic
Offered approach is contained on principle of inherences characteristic with such terms:

— Every characteristic answers class;

—Associations (copulas) between classes are noticed to so call <stereotype>, which marks a type of characte-
ristic dependence:

—Obligatory (mandatory) dependence between aggregations in classes;

—Optional (optional) dependence between association and range of cardinal numbers (by power of great
number or quantity of elements of great number) from 0 nol;

—Obligatory list of one-of and more-of in specified class each of alternatives.

The result of translation of description of characteristic in FDL can be given by the XMI language, as a for-
mat of exchange by information of Meta data (the XML Meta data Information Exchange format). The
XML-documents can be imported in the UML design instruments, such as Rational and UML, and also for the
generation of the Java classes. After creation of the DSL language to the domain it is necessary to use the FDL
language. Approach to description of model of domain it is used for developed the LC processes of variants PS

)
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by configuring different processes for automation the PS. On the given model LC are solved the task of provid-
ing a generation of special variants from necessary processes for realization of the set PS. Every variant will be
addition of semantics of some tasks for included processes. For the receipt of the working variant LC PS a use of
Java facilities is planned [6] [7].

3.3. Standard Life Cycle Ontology in DSL Eclipse

For description of ontology of domains there is other approach of Eclipse DSL [3] [6]. This development envi-
ronment is used for presentation of the graphic models LC because it has effective instruments for description
the object of this domain. On beginning it is necessary to develop a visual model of domain LC. Than it make
description of classes of sections processes LC domain and relations between them (Figure 5 and Figure 6).
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The types of relations allow realizing basic logic of project. Present methods and fields necessary are de-
scribed in every class for functioning a project. The support processes contain all processes that are executed af-
ter the domain construction and support his capacity and actuality. Their ontological structure answers a struc-
ture of basic processes and is pointed it will not be.

A next step is been by the generation of text presentation of present graphic models, and then generation in
XML. A process of the LC testing is annotated by facilities of knowledge domain notion and their relation in
Protégé representation.

Text description of the LC processes by XML

Given graphic presentation of the CL processes was used for the receipt of text in the XML.

Errors in the graphic description, which were found by designer and correction by, correspond to the editor.
After it a result of every process is given in XML. An example is below led to the description fragment to the
fragment of the main processes LC in the XML.

<? Xml version="1.0” encoding="“utf-8”7>
<Association Line Name="“Determination of requirements” Type="“Main. Determination of requirements”
Manually Routed = “true” FixedFromPoint = “true” </Association Line>
<AssociationLine Name = “Integration PS” Type = “Main. Integration PS”
<AssociationLine Name = “Installetion” Type = “Main. Installetion”
<AssociationLine Name = “Exploatation” Type = “Main. Exploatation”
<Property Name = “ Integration PS” />
<Property Name = “ Installetion” />
<Property Name = ““ Requirements Analyses” />
<Property Name = “Exploitation” />...

For receipt descriptions of the LC processes in XML is given their semantic description. Annotating is ex-
ecuted on example of the LC testing processes by Protégé facilities [10] [11].

Facilities of the Protégé for Description Ontology
To the basic facilities of the Protégé for description of ontology belong:

—classes (or notion);

—relation (or properties, attributes);

—functions;

—axioms,

—copies (or individuals).

Classes—it is abstract groups, collections or sets of objects. They can include the copies, other classes, or
halving both that and second. The relations give a type to co-operation between notions domain. Functions—it
is the special case of relations, in which an n-element of relation is simply determined by the n-1 previous ele-
ments. Axioms are used for determination of complex limitations on the value of attributes, arguments of rela-
tions, for verification of information correctness, or for inference of new information.

By these facilities Protégé forming an ontological model to the LC domain is conducted.

The classes answer the types of artifacts, which, in same queue, answer the roles of program components in
system and in the functional properties product/Classes are reflected in Protégé as an inheritance (inheritance
hierarchy) hierarchy, which is disposed in to the window navigator of classes (Class Browser). By root of tree of
classes in Protégé, by default, appointed class THING (thing, something). All created classes are to be inherited
immediately or mediocre.

The protégé will be use for presentation CL testing processes.

It are a new type of description LC and testing processes, which are very necessary for e-learning students for
practice preparing some tests for testing the programs [3] [5] [11].

4. Description of Ontology of Process Testing LC
The conceptual model of process testing of the PS has a kind [4] [5] [7] [8]:
SFT = {TM ,TD, TA, Env}

where TM—subprocess of management by testing;

)
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TD and TA—subprocesses of testing accordingly domains and applications;
Env—conceptual and informative environment of testing process of the PS.
To all three subprocesses will give the compatible formal presentation:

TM = {Task(TM,TD,TA),CM (TA, TD),Env}

where Task—tasks of correspond under process;
Env=En(TM)UENn(TD)uUEn(TA)

En—conceptual and informative environment of correspond under process;
CM—under model of co-ordination of operations of correspond under process.
Environment composition is determined by expression:

Env=TGuUSGuUT UPURGURP

where TG and SG—test active voices and prepared programs;

T and P—tests and application for testing;

RG and RP—reports about implementation of the tests of programs.

Ontological description of testing process. For description of this process used ontological system Protégé.
In her knowledge about the process model are given by classes, slots, facets and axioms. Similar possibility give
also and other instruments. For example, diagrams of classes in the UML Rational Rose, which can translate in
the program code of a few languages of programming.

For presentation of testing ontology use two groups of notions: simple and complex.

Testing—simple notions. It such: Tester (Tester), Context (Context), Action (Activity), Method (Method),
Artifact and Environment.

Can have simple notion attributes. In quality attributes such are selectable under notions, which characterize
base (paternal) notion and can accept the concrete values. Will give short maintenance of basic concepts.

Tester—the subject or object, which executes testing determines. The group of testing has a leader, which is a
notion attribute, and him name—by the value of attribute. Attributes are been by name, type, duties. Tester
attribute-duties-describes, that can do a tester in the process of testing. Notion duties—complex notion, which is
determined on the basic of simple notions. For this notion it is possible to select next attributes: tester name, tes-
ter type, duties. Tester attribute-duties-describes actions, which can be done by tester in the process of testing.

Example to the tester XML-fragment:

<! -- TESTER -->
<xs: element name = “TESTER”>
MaxOccurs = “unbounded” ref = “TESTER”/>
</xs: sequence>
<xs:attributename = “TESTER _TYPE” use = “required”>
<xs:simpleType>
</xs:attribute>

<xs:attributename = “TESTER_NAME” use = “required”/>

Context determines the proper levels, methods of testing, entrances and going out tasks of testing. In ontology
this notion determines one attribute: Context type (Level of testing) on form

Level of testing = {module, integration, system, regressive}.

Action consists of notions, that go into detail the steps of process of testing: planning testing, development
(generation) of tests, implementation of tests, estimation of results, measuring test coverage, generation of re-
ports and others like that. For this notion one attribute is inflicted-type of action (Activity type) with the possible
values: type of action = {planning, development of tests, implementation of tests, and verification of results,
coverage estimation, and preparation of report}.

Method—this notion, which is answered by a few methods of testing. For example, the module test-
ing—methods of the structural and functional testing. Every method in relation to the initial code can be classi-
fied as a “white small box”, “black small box” or based on specification of testing (specification-based). Frag-

ment of method notion XML—chart:
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<!-- METHOD -->
<xs:element name = “METHOD”>
<xs:complexType>
<xs:attribute name = “METHOD_NAME” use = “required”>
<xs:simpleType>
<xs:restriction base = “xs:token”>

<xs:enumeration value = “CONTROL_FLOW_TESTING”/>
<xs:enumeration value = “DATA_FLOW_TESTING”/>
<xs:enumeration ...

The methods based on coda subdivide on: structural; over seeding of errors; mutational. The structural me-
thods subdivide on: testing a stream of management and testing a data flow. The methods of testing a manage-
ment (control-flow methods) stream include coverage of operators, coverage of branches and different criteria of
coverage of ways. This concrete methods testing is copies of different class of methods of testing.

By the similar rank methods of “black small box™ are classified or based on specification: functional; on sup-
position about the errors; heuristic and so on.

From other side, in relation to process of search of errors and refusals, it is possible to divide all methods into
systematic (search of errors) and stochastic (statistical)—exposure of refusals.

Thus, for description of method of testing will enter next attributes:

—Name (method name), “laying out on category”;

—Method type (structural, based on the errors);

—Approach, based on code, on specifications, statistical.

Such lying out of methods allows simply classifying every method of testing and extending ontology.

Avrtifacts. Every action from testing can include a few artifacts, such as an object of testing, intermediate data,
results of testing, plans, sets of tests, scripts and others like that. Name them “test active voices”. The objects of
testing can be different types: initial code, the HTML files, the XML files, built-in images, sound, video, docu-
ments and so on. All this artifacts mapping in ontology. Every artifacts is also associated with place of its saving,
data, history of creation and revision (for example, creator, upgrade time, version number and others like that).

Environment. Program environments, where testing is executed, as a rule notion such given: name, type and
product version. Given notion is broken up on two under notion: vehicle and program with attributes. Attributes
of hardware environment are: device name, model, and producer.

Attributes of software environment are: product name, product type and version. The possible values of
attribute can be seen by such:

Environment = {OC, 5/], Compiler, web-browser}.

Complex notions of process of testing. Such belong to the complex notions: tester (capability) duties and task
(task). They are determined by simple notions.

In the distributed system co-operation between components is executed by interfaces (reports). After treat-
ment of report, the component which got him returns the answer. That is why in ontology expediently to enter
additional notions of report and answer. With every report it is possible to link the attributes Type and Value.
With every answer it is possible to link its state, which is set as an attribute with two possible values:

The State answer = {Success, Refusal}.

Tricking into result to description of basic terms ontology of testing it will present an ontological model of
process of testing with the use of led notions is given on the Figure 7.

Test_Process

I Environment

isa \isa

Figure 7. Count of ontology of testing.
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For transformation this count to XML gets out format in windows Protege system (Figure 8).
Fragment of ontology of testing in the XML, automatically generates Protege 3.4 and is presented in the
UNICODE terms:

<class>

<name>: STANDARD-SLOT</name>
<type>: STANDARD-CLASS</type>
<own_slot_value>

<slot_reference>: ROLE</slot reference>

<value value_type="string”>Concrete</value>
</own_slot_value>
<superclass>:SLOT</superclass>
<template slot>: DOCUMENTATION</template slot>
<template slot>: SLOT-CONSTRAINTS</template slot>
<template slot>: SLOT-MAXIMUM-CARDINALITY</template slot>
<template slot>: SLOT-MINIMUM-CARDINALITY </template slot>
<template slot>: SLOT-NUMERIC-MAXIMUM</template slot>
<template slot>: SLOT-NUMERIC-MINIMUM</template_slot>
<template slot>: SLOT-INVERSE</template slot>
<template slot>: SLOT-DEFAULTS</template slot>
<template slot>: SLOT-VALUES</template_slot>
<template slot>: ASSOCIATED-FACET</template_ slot>
<template slot>: DIRECT-SUBSLOTS</template_slot>
<template slot>: DIRECT-SUPERSLOTS</template slot>
<template slot>: DOCUMENTATION</template slot>
<template slot>: SLOT-CONSTRAINTS</template slot>
<template slot>: SLOT-MAXIMUM-CARDINALITY</template slot>
<template slot>: SLOT-MINIMUM-CARDINALITY </template slot>
<template slot>: SLOT-NUMERIC-MAXIMUM</template slot>
<template slot>: SLOT-NUMERIC-MINIMUM</template _slot>
<template slot>: SLOT-INVERSE</template slot>
<template slot>: SLOT-DEFAULTS</template slot>
<template slot>: SLOT-VALUES</template slot>
<template slot>: ASSOCIATED-FACET</template slot>
<template slot>: DIRECT-SUBSLOTS</template_slot>
<template slot>: DIRECT-SUPERSLOTS</template slot>

Using these notions, the KNU students on the practical getting by busy created a variant of ontology of
process of testing and realization of the program of testing by the Ruby (Figure 9). Erroneous characters are
marked on the checked program (Figure 9) on the right, and a correct record is on the left given.

Model of testing ontology and this program made two students in magister works and are placed on web-site
http://sestudy.edu-ua.net. It is necessary to do the appeal to, which by pressing on the name “Ontology” word at
the main panel of this site.

Select Format @
Protége Files (pont and ping) ||
Protége Database
Experimental XML File [ xml)

Ol JRDF Database |
CiyL [ RDF Files =
| J Ok | | Cancel

Figure 8. Saving ontology in the XML format.
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Awaited output Received output

TS
E]

1]
1l7-2ip (R) 9.20 Copyright () 1939-2010 Igor Pavlev 2010-11-18 2l7-zip (R) 9.20 Copyright (c) 1939-2010 Igor Pavlev 2010-11-18
3 3
fUsage: 7za <commands [<switches»...] <archive_namev [<file names>...] 4fUsage: 7za <commands [<switches>...] <archive_name> [<file namess...]
4 (<@listfiles...>] 5 [<@listfiles...>]
E g
gl<Commands> 7jCommands>
7| a: add files to archive 8| =: add files to archive
8| b: Benchmark 5| b: Benchmark
9| d: Delete files from srchive 10| 4: Delete files from archive
10| e: Extract files from archive (without using directory names) 11| e: Excract files from archive (without using directory names)
11] 1: List contents of archive 12| 1: List contents of archive
12| ©: Test integrity of archive 13| t: Test integrity of archive
13 u: Update files to archive 14| u: Update files to archive
lo[14 x: eXtract fiojiles with full paths lof15| x: eXtract files with full pashs
15[<Switches> 16[<Switchesy

1§ =-ailz[-|0]]{@listfile|'!wildeard}: Include archives -ailr[-|0]]{€listfile|!wildcard}: Include archives
17| -ex[r(-10]1]{glistfile|lwildcard}: eXclude archives
18| -bd: Dissble percentage indicator

19| -ilx[-10]1{@listfile|!wildcard}: Include filensmes

-ax(r[-10]]{€listfile| lwildcard}: eXclude archives
-bd: Dissble percentage indicator
-il[z[-10]1]{@listfile| [wildcard}: Include filensmes

In In -m{Parameters}: set compression Method
20| -c{Directory}: set Qutput directory 2| -c{Directory}: set Cutput directory
ln|21] -p{Fasswordj}: ser Password In -p{Fassword}: set Password
23 -r[-|0]: ijlecurse subdirectories -r[-|0]: Recurse subdirectories
23 -ses{UTF-3 | WIN | DOS}: set charset for list files -scs{UTF-2 | WIN | DOS}: set charset for list files
24| -sfu[{name}]: Create SFX archive -sfx[{name}]: Create SFX archive
25| -si[{neme}]: read data from stdin -si[{name}]: read data from stdin
26| -slt: show technical information for 1 (List) command -alt: show technical information for 1 (List) command
la[27] -so: write data Bijtc stdout la -sc: write data to stdout
28| -sscl-1: set sensitive case mods -ssc[-]: set sensitive case mode
28 -ssw: compress shared files -ssv: compress sharad files

30| -t{Type}: Set type of archive

34 -ul-](p#][q#] [r#] [x#] [v#] [22] [InewhrchiveName]: Update cpticns

32| -v{Size}[blkim|g]: Create volumes

33| -wi{path}]: assign Work directory. Empty path means a temporary directory
38 -x[x[-10111{@listfile| lwildcard}: eXclude filenames

2| -t{Type}: Set type of archive
-u[-][p#] [q#] [=#] [xE] [y#] [z#] [InevhrehiveNams] : Update cptions

-v{Size} [blkImlg]: Creste volumes

-w[{path}]: assign Work directory. Empty path means a temporary directory
-x[r[-|0]1]][@listfile| lwildeard): eXelude filenames

c[25] -v: assume Yes on all gueries It -y: assume Yes on all gueries
Legends

Figure 9. Testing program with the marked errors in it.

5. Life Cycle Ontology on Site

Complex technology that includes a spectrum of technologies, facilities, instruments of planning and reuses spe-
cification is realized in ITK of web-site [6]. (http://sestudy.edu-ua.net)

This site is based on standard systems (Eclipse, Protégé, CORBA, MS.Net and others), systems of support of
co-operation of the programs, systems and environments between itself VS.Net “Eclipse” Java [6] [11]-[15].

The main menu of web-site has a few sections: TECHNOLOGIES, INTERPRABILITY, INSTRUMENTS,
TEACHING and others. Realization of specified operations from class of operations of components develop-
ment, assembling, change and their configuring is led in the “Technology” section. On this section it is given
such position:

—Generation of DSL description to the LC domain;

—Ontology of presentation of the standard LC domain and domain of calculable geometry;

—Beb-services for interconnection different components in environment MS.Net, IBM, Eclipse;

—Transformation of general types of GDT data to fundamental FDT and others.

Web-site is oriented on realization by LC ontological facilities with the use of the Protege system. After its
help by the student T Litho of departments the “Informative systems” KNU are developed ontology of calcula-
ble geometry, which behaves toward the normative course. Web-site is developed by three languages (Ukrainian,
Russian, and Eng.). As Google statistics show, to web-site apply from the different countries (more 35,000 us-
ers—teachers and students). This site contains a textbook the “Software Engineering” and is used by author for
the E-teaching to all aspects of this discipline. By me lecture at the ICTERI-2012 conference were done, in
which mapping new approaches to teaching students of SE.

6. Conclusions

The essence of this work focuses on the automation LC by ontological description conceptual model. It is new
approaches to the description of domain SE Standard ISO/IEC 12207-2007. Perform three basic tasks: to devel-
op a conceptual model LC and describe this model in terms of language (DSL, OWL); to generate variants LC
for development different systems; to consider the training of students scheme using LC by described ontology.

The formal terms for describing the conceptual model LC of the domain ontology are given. The table de-
scription of general, organizational processes and support processes of the standard LC is used for presentation
processes in the language of DSL. The characteristic domain model and process model LC in DSL is done. A
scheme describing LC in DSL is transformed to a lower level XML for processing systems in the environment
(IBM, VS.Net, JAVA and so on).
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Submission LC processes graphically DSL Tool VS.Net, and in the language XML is described. Conception
of automation of the LC and realization testing process is discussed. As a practical implementation process is
selected by process testing. A formal description of the conceptual model testing in terms of Protégé systems
and algorithm testing in the language Ruby is realized.

It is noted that the ontological model of LC and computational geometry is implemented by the MIPT, KNU
students. Technology of work with that ontology is presented on the website, which gives an access to realize
ontology. (http://sestudy.edu-ua.net)
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