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i 

Abstrakt 

Zdokumentované softwarové procesy a jejich ohodnocování jsou základy       

moderního vývoje softwaru. V současné době podporují sémantické sítě, zna-

lostní báze a znalostní management mnoho oblastí v informačních technologiích, 

ale jejich aplikace v rámci softwarových procesů (a obecně byznys procesů) se 

stále neuchytila. V této diplomové práci se zaměřuji na aplikaci znalostních 

prvků do softwarových procesů a na návrhu vhodné znalostní báze pro tuto apli-

kaci. Po stručném popisu nejpoužívanějších přístupů v návrhu a modelování 

softwarových procesů se zaměříme na popis sémantických sítí (ontologií) a zna-

lostních bází. Poté navrhneme metody a strategie vhodné pro optimální stavbu 

sémantických sítí popisující softwarové procesy. Na základě těchto poznatků pak 

navrhneme rozšíření modelování procesů pomocí strojově zpracovatelných zna-

lostních bází. Na závěr se pak zaměříme na optimalizaci softwarových procesů 

pomocí aplikace znalostních bází. 

Klíčová slova 

znalostní báze, znalostní management, modelování znalostí, modelování procesů, 

byznys procesy, softwarové procesy, Rational Unified Process®, Unified Modeling 

Language, RUP®, UML 
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Abstract 

Documented software processes and their assessments are the basics of modern 

software development. Currently the semantic web, knowledge bases and know-

ledge management have many applications. Yet, applications to support software 

processes (and business processes in general) are surprisingly being ignored. In 

this thesis we focus on applying a knowledge layer into software processes and 

on the design of such a knowledge base. After a brief description of some classic-

al fundamental approaches to software processes, semantic annotations (ontolo-

gies) and knowledge bases, we propose set of methods for building semantic an-

notations for software processes and an improvement based on the application of 

a machine readable knowledge base based on such ontology. In particular, we 

aim at optimizing and improving software process development using knowledge 

bases created with the aim to formally describe software process development. 

Keywords 

Knowledge base, knowledge management, knowledge modeling, process model-

ing, business processes, software processes, Rational Unified Process®, Unified 

Modeling Language, RUP®, UML. 
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Introduction 

Software process 

The main goal of every software company is to develop high-quality software with 

a minimal cost of development. One way to assure this is to follow good practices 

that are described in software processes standards. Since such standards should 

improve software process development, they became an integrated part of every 

software company. Every software company uses some type of software process. 

Even if this process is undocumented and/or unknown, it is still there.  

Describing and maturing the software process is a key element of a company‟s 

business strategy, because more mature software process means higher quality and 

lower expenses. Maturity of the software process is recognized through the assess-

ment and its evaluation. According to the reference standards, a company‟s soft-

ware process maturity is rated at a level from 0 to 5. If the company wants to have 

more mature process, the process must follow appropriate good practices for a 

higher level. 

Building a knowledge base that describes the practices in a company is an essen-

tial practice that assures that every employee in company knows what to do. Nowa-

days, almost every company has some type of human readable knowledge base 

(HRKB) that describes a variety of practices in the company. There even exist hu-

man readable knowledge bases that describe reference software processes and/or 

good practices. What is still missing in this area is the systematic usage of the ma-

chine readable knowledge bases (MRKB) and appropriate automated knowledge 

management. 
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Motivation 

Let suppose that Software Company has no documented software process and 

leading project manager wants to migrate on Rational Unified Process® framework 

to support his latest project. As said, even when the process is undocumented, it is 

still there, so next logical step is to convert all existing knowledge to some human 

readable form. As a result, Company Software Process documentation will be pro-

duced. With such documentation, responsible persons are able to migrate on RUP®. 

That simply means manual comparison of the reference RUP® documentation with 

Software Company process documentation.  

When the production of software is reorganized with respect to RUP®, a Company 

can ask for process maturity assignment. However the process has to be compared 

manually at the phase of maturity rating again. 

Is there any way to simplify and/or optimize some of these phases? And if it is 

possible to find a way to simplification and optimization of software process docu-

menting, is there a way to automatize some of those steps? Next pages hold the an-

swers. 

Background of our research 

It should be fine to briefly introduce our research domain with emphasis on fun-

damental aim and possibilities. Our research is concerned with two main domains. 

First domain deals with software processes and their development process. The 

second domain is knowledge management1. 

We would like to define methodology to build semantic annotations for software 

processes, improve software processes with ontologies as formal way of process de-

scription and optimize processes. 

Nowadays, there are many approaches to develop and utilize ontologies for many 

business fields from i.e. healthcare to multi-agent systems. The situation in the 

area of software processes is not so clear. Of course we can use formal tools for 

                                           

1 Research within the knowledge domain is mainly focus of the Labis team members and 

is based on previous research with intelligent agents supervised by Doc. RNDr. Marie Duží, 

CSc. More information about Labis research activities can be found in [WEBLABIS]. 
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process definitions like finite state automata, Petri Nets (PN), Workflow Nets (WN), 

Unified Modeling Language (UML) or UML combined with constraint language ex-

tension (like Object Constraint Language) but software processes still lack powerful 

semantic annotations which are described in domain ontology. 

So we would like to introduce our research that is focused on the simple and 

clear development process of building ontologies for software processes and utilizing 

them for process optimization. Approaches in this thesis should cover the modeling 

phase where the results of this phase would be usable for next phases of whole 

process, especially assessment of software processes. 

Scope of the thesis and objectives 

The entire process of ontology building for software processes is planned in these 

phases: 

1. Methodology of knowledge modeling for SP 

2. Implementation of such methodology 

3. Proposal of software process optimization using formalized know-

ledge 

 

The aim of this thesis is to create a methodology of knowledge base design in or-

der to support software process development and optimization. So the goal of this 

thesis is to realize first, second and partly also the third phase. As a result a work-

ing designer for software process with knowledge support will be produced. 

This thesis is organized as follows: Chapter 1 describes theoretical background, 

namely the basics of software processes, semantic annotations and knowledge 

bases. Chapter 2 describes current state and approaches in knowledge manage-

ment for software processes. Chapter 3 introduces the concept of building ontolo-

gies for software processes and design/creation of knowledge bases for optimizing 

such processes. Chapter 4 describes software solution created for building seman-

tic annotations for software processes. Last but not least Conclusion chapter con-

cludes and discusses future work. 
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Chapter 1.  

Theoretical part 

This chapter covers a brief introduction to Software processes, Knowledge and On-

tologies. More detailed information can be found in huge amount of books and pa-

pers which have been written by professor Duží [DUZI-ONT], [DUZI-CONCEPTS-

ONT], professor Vondrák [VONDRAK-MBM], [VONDRAK-MODELS] and other col-

leagues that cooperate on project. Some of definitions were taken from Wil van der 

Aalst [AALST-EDP], [AALST-PETRI] and [AALST-WORK].  

1.1 Software process 

Business processes represent the core of company behavior. They define activities 

which companies (their employees) perform to satisfy their customers. For a defini-

tion of the term business process, we use the definition from [WfMC99]:  

Definition 1. Business process is a set of one or more linked procedures or activi-

ties which collectively realize a business objective or policy goal, normally within the 

structure defining functional roles and relationships.  

A process of Information Systems (IS) development is called the Software Process. 

The Software Process is also a kind of business process but it has its specific as-

pects. 

Software engineering is a discipline that is involved in Software Process develop-

ment and maintenance. The main purpose is the risk and cost reduction during 

software development. There exist many methodologies in the domain of software 

engineering but they could be sorted out into two areas: 
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 Software development methodologies – they are the system of methods for 

software product development. 

 Project management methodologies – they are the system of methods for 

project management. 

 

Software development methodologies often divide Software Process into separate 

disciplines: 

 requirement specification 

 analysis and design 

 implementation and testing 

 deployment 

 

There are two base kinds of software process models: 

 waterfall model 

 iterative model 

 

During the waterfall model, every discipline takes part after the previous discip-

line ends. The idea of the waterfall model is adopted from civil engineering and was 

popular in the beginning of software engineering.  

The waterfall model has a big disadvantage, because implemented software is vis-

ible only after the end of the whole process. However, it is a practical experience 

requirement and the needs of stakeholders, users or investors could be changed. 

This issue solves the iterative model. The software development process consists of 

several iterations. Every iteration (as seen on figure 1) contains all disciplines – from 

requirement specification to deployment. Only selected requirements – based on 

priority – are implemented and after finishing the iteration the evaluation takes its 

part. Results of the evaluation come as input in the next iteration and it can modify 

or add requirements. The paradigm of the iterative model uses such robust process 

frameworks as Rational Unified Process® or other lightweight process frameworks or 

methodologies – XP programming, ICONIX and etc… 
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1.1.1 Predictive processes 

Predictive methods focus on planning the future in detail. A predictive team can 

report exactly what features and tasks are planned for the entire length of the de-

velopment process. Predictive teams have difficulty changing direction. The plan is 

typically optimized for the original destination and changing direction can cause 

completed work to be thrown away and done over differently. On the figure below 

there is a typical iteration flow in predictive software process instance. More infor-

mation can be found in [VONDRAK-SP]. 

 

Figure 1: Iterative and incremental process 

1.1.1.1 Rational Unified Process 

The Rational Unified Process® (RUP®) is a Software Engineering Process. It 

provides a disciplined approach to assigning tasks and responsibilities within a de-

velopment organization. Its goal is to ensure the production of high-quality software 

that meets the needs of its end-users, within a predictable schedule and budget. 

1.1.2 Adaptive processes 

Agile methods attempt to minimize risk by developing software in short time box-

es, called iterations, which typically last one to four weeks. Intensive communica-
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tion between the developers and customers is assumed. The key idea is that the 

process must be adaptable. 

1.1.2.1 eXtreme Programming 

eXtreme Programming (XP) focuses on frequent testing, integration, and user 

review. XP is also known for being "radical" and less theoretically based than other 

methodologies. While XP does involve the user in the development process, it utiliz-

es the actual source code as the design document and "user stories" as require-

ments documents, thus limiting requirements traceability. XP also places all control 

in the hands of the development team, which may be counter to many organization-

al needs. 

1.2 Process modeling 

Now, let‟s introduce some definitions of the basic terms used in the area of the 

business process modeling. 

 

Definition 2. Business process – is a set of one or more linked procedures or ac-

tivities, which collectively realize a business objective or policy goal. 

Definition 3. Activity/Task – is the description of the task that represents one 

atomic step of the business process. 

Definition 4. Role – a group of users, defined within an organization. Role has a 

defined set of skills that are needed to perform a particular activity. 

Definition 5. Resource – any persons, equipment, or material needed to perform 

an activity. 

 

Those are the most important definitions to understand the process description 

by the various modeling techniques. 

There are three approaches that could be used to model the business process. 

These approaches are based on the type of the view that we need. These three ap-

proaches are: 
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Definition 6. Functional View.  The functional view is focused on the activities as 

well as on the entities that flow into and out of these activities. That means how the 

input is transformed to the required output.  

Definition 7. Behavioral View.  The behavioral view is focused on when and/or 

under what conditions activities are performed. The behavioral view captures the 

control aspect of the process model.  

Definition 8. Structural View.  The structural view is focused on the static aspect 

of the process.  It captures objects that are manipulated and used by a process as 

well as the relationships that exist among them.   

 

Each of them has its own reason why it should be used. The main difference is at 

the highlighting of the particular characteristic that is important for the creation of 

the process and suppression of the others. When the analyst chooses to highlight 

e.g. the behavioral characteristic then he chooses some of the methods and tools 

that are intent to do that rather than to use the inappropriate method that could be 

confusing to the both the analyst and their internal or external customers. For ex-

ample functional view can be described by IDEF0 method, behavioral view by UML 

Activity Diagram, BPMN, or EPC, structural view by UML Class Diagram etc. There 

are many other methods and approaches that can be used e.g. Petri Nets, Workflow 

Nets, BPML, etc. [VONDRAK-MODELS], [AALST-EDP], [AALST-PETRI], [AALST-

WORK], [BPMN], [IDEF], and [UML]. Thus, the intent of the business modeling ac-

tivity in the company is important for the appropriate understanding and descrip-

tion of the processes and their future usage. 

Following subsections describe fundamental methods used in process modeling 

with their greatest advantages and disadvantages. 

1.2.1 Informal methods 

Informal methods are the most basic way to model any process. Informally 

represented knowledge can be interpreted by many manners from verbal communi-

cation like brainstorming or team building to informal human readable documenta-

tion like flipcharts, notes, pin-notes etc. As these methods have no still form, pre-
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cise syntax and semantics, they are unacceptable for creating exact description of 

processes. However verbal description and human readable documentation serve as 

a primary input for creating formal description of process. 

1.2.2 Formal description methods 

Formal methods allow us to model unambiguous and precise specification of 

processes. These methods include Formal specification, Specification analysis and 

proof, Transformation development and Process verification. Formal methods have to 

be based on precise and unambiguous syntax and semantics. 

Unfortunately formal methods are hard to understand (because of their mathe-

matical base) and they are not often used for modeling processes. 

1.2.2.1 Pi-calculus 

The pi-calculus is a process algebra developed by Robin Milner. It was developed 

as a successor of CCS (Calculus of Communicating Systems) language. The aim of 

the pi-calculus is to be capable of describing concurrent computations whose confi-

guration may change during the computation.  

The pi-calculus is a mathematical formalism for describing and analyzing proper-

ties of concurrent computation. The pi-calculus is so minimal that it does not con-

tain primitives such as numbers, Booleans, data structures, variables, functions, or 

even the usual flow control statements (such as if... then...else, while...) [VONDRAK-

MBM]. 

1.2.2.2 Finite state automata, Petri Nets and Workflow Nets 

Finite state automata are defined by a tuple that contains finite set of states, 

finite set of Inputs, State transition functions, Initial state and set of final states. Its 

big advantage is the possibility of easy-to-understand visualization based on state 

chart diagrams. Details on Finite State Automata can be found in [VONDRAK-MBM] 

and [JANCAR-TI]. 

Petri Nets (PN) are defined by a triple that contains finite set of places, finite set 

of transitions and set of arks (flow relation). A marking of a Petri Net is a mapping 

which assigns a non-negative integer number of tokens to each place of the net. Big 

advantages of Petri Nets are the visualization, well known algorithms for verifica-
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tion, transparent simulation and rich existing application libraries for visualization, 

verification and simulation of processes modeled with PN. More details can be found 

in [VONDRAK-MBM]. 

Workflow Nets (WF-Net) were designed and created by Wil van der Aalst to fill 

gaps that have Petri Nets (and colored Petri Nets) as process modeling tools. A Petri 

net which models the control-flow dimension of a workflow is a Workflow Net. How-

ever a Petri net PN = (P; T; F) is Workflow Net if and only if: 

1. There is one source place i  P such that •i = ∅. This means that net 

has only one Starting node (place that has no input transitions). 

2. There is one sink place o  P such that o• = ∅. This means that net 

has only one Ending node (place that has no output transitions). 

3. Every node x  P  T is on a path from i to o. This means that net 

does not contain any “dead node” (which would lead i.e. to dead-

lock). 

Aalst especially missed features like Time signal triggers, Resource initiative trig-

gers, External event triggers (that are natural in real process flows) and special sim-

plified notations for often used constructions like Selections (disjunction, exclusive 

disjunction), Concurrency (conjunction), While-Do and Repeat-Until loops so Aalst 

extended Workflow Nets with such structures [VONDRAK-MBM], [AALST-WORK].  

1.2.2.3 Object Constraint Language 

Object Constraint Language (OCL) is a language that can express additional 

and necessary information about models and other artifacts used in object-oriented 

modeling, and should be used in conjunction with UML diagrammatic models. It is 

precise unambiguous language that is easy to understand for people who are not 

mathematicians or computer scientists. It does not use any mathematical symbols 

while maintaining rigor in its definition. OCL is typed, declarative, side-effects free 

language. However OCL was designed for modeling Information Systems and not for 

business processes [VONDRAK-MSS].  
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1.2.3 Semi-Formal visual-allowed methods 

Best practices at modeling processes over years showed that informal methods 

are not precise for creating gap-free models. On the other side are formal methods 

with mathematic precision. However these are too hard for learning, using and are 

inacceptable in communication between modeler and customer. Natural progress in 

modeling methods led to advancement of semi-formal methods that are capable of 

modeling reasonable precise rigor models (extensible with formal methods like OCL). 

Such methods are also good for presenting models to customers as they are easy to 

understand. 

1.2.3.1 Unified Modeling Language 

The UML (Unified Modeling Language) is an essential tool for process modeling, 

both on the business level and analytic level of description [VONDRAK-MBM], [PI-

LONE-UML]. It can be applicable for modeling of the software process as well. The 

UML Activity Diagram is a standard diagrammatic technique which describes the 

series of activities, processes and other control elements that together express the 

algorithm from the dynamical point of view. They are able to capture behavior of 

each process part.  
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Figure 2: UML Activity Diagram example 

1.2.3.2 Storyboard method 

Storyboard is the multimedia picture frame that contains sequence of successive 

shots. Each shot represents one business process fragment – one action that is per-

formed in business process. Actions are sequenced the same way as they are per-

formed in the business process. Audio or video files can be added to each action 

shot. 

Whereas we will use the Storyboard method approach further we will describe 

the method in short with simple example. More information about Storyboard me-

thod can be found in [STOLFA-STORYBOARD]. 

 

Storyboard example (cited from [STOLFA-STORYBOARD]): 

Employees are responsible only for some parts of the processes. Each part is one 

action, one storyboard shot. First step is to get a description of one or more actions 
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from each employee. These shots are the basic elements of the storyboard. Actions 

are not sequenced in this step. 

We want to create storyboard of business process called Order fulfillment. Stake-

holders from the company that realizes this process tells us basic information about 

the process. Orders are received by telephone, operator receives the order. Then, it 

is necessary to prepare goods for shipment, prepare an invoice, ship goods and 

check payment. Now, we are able to create storyboard shots. 

 

 

Figure 3: Unsorted action shots of Order fulfillment process 

 

Lets describe the action prepare goods for shipment in detail. First of all, we have 

to assign a unique name: „Prepare goods for shipment‟. Activity „Prepare goods for 

shipment‟ is the responsibility of storekeeper. He needs filled out order for the prep-

aration of the goods. That order contains information about goods. As soon as the 

order is ready, goods can be prepared for shipment. Whole procedure of preparing 

goods lasts approximately 30 minutes. Stores foreman can keep an eye on store-

keeper during his work. 

When all shot descriptions are known, we are able to put process together. This 

means to make a transformation of independent shot components to ordered se-

quence of shots. 
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Figure 4: Storyboard of Order fulfillment process 

As the Software process is a specialization of a common business process, we can 

use Storyboard method for describing software processes. Process formalized in sto-

ryboard method should be easy to understand for customers and end-users. Advan-

tage of Storyboard method is that it can be unambiguously converted to UML Activi-

ty Diagram. More detailed information on such conversion can be found in [STOL-

FA-STORYBOARDS]. 

1.3 Semantic annotations/Ontologies 

Any knowledge is tightly related to ontologies. All concepts used or mentioned in 

knowledge base must be defined in ontology. And vice versa, knowledge base must 

make it possible to use any concept from the ontology.  

In computer science ontology is often mismatched with an ordinary term dictio-

nary or with conceptual analysis and thus there is no general agreement on the de-

finition of ontology. Of course, ontology may be more detailed or briefer. However, 

its function cannot be reduced to the function of term dictionary. Ontology is a ba-

sis for conceptual analysis. John Sowa [SOWA] points out that when we talk about 

conceptualization then we talk about organization, its structure and relation among 

knowledge sharing in organization and its representation. Therefore there is a con-

nection between inferences and conceptual structure. So we can see that ontology 

primarily carries semantic aspect. John Sowa also presents that ontology completes 

logic which has not dictionary for description what exists. However the same tasks 

can be done also by conceptual analysis. So what is the difference between ontology 

and conceptual analysis? 
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1.3.1 Ontology versus conceptual analysis 

Conceptual analysis and modeling use ontology as a base for a correct and exact 

terms interpretation. Ontology provides an accurate meaning for the conceptual 

model and defines its individual terms. Briefly, ontology serves as terms definition 

for application (figure 5). 

 

Figure 5: Relation between ontology and conceptual analysis 

Conceptual model can be expressed e.g. in UML (Unified Modeling Language). 

Ontology can be represented either by description in natural language or by forma-

lized notation which is necessary for automated processing. Ontology also uses me-

thods of semantic web and therefore the languages as OWL (Web Ontology Lan-

guage – based on description logic) or RDFS.3 are more often used for building for-

malized notation. 

Ontology is important in building of knowledge base in artificial intelligence on 

demand of specifying explicit inference rules in the meaning of special axioms 

theory of studied domain.  

 

Therefore we define ontology by the following way:  

Definition 9. Ontology is a structured set of definitions of entities terms and their 

relations, integrity constraints and special axioms.  

 

Ontology covers domain we want to describe. This domain can be shared by wid-

er community of interested users to support correct reality modeling, semantic inte-
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roperability and automatic derivation in knowledge systems. Other important re-

quirement on creation of shared ontologies is rule that behavior of resulting appli-

cation would not be dependent on language which ontology is specified in. Therefore 

the above definitions should be specified by multi-lingual way whereas the change 

of language should not cause principal programming changes. 

1.3.2 Content of ontology 

The character of ontology‟s content depends not only on particular domain but 

also on author‟s point of view which is given by application„s purpose and problems 

being solved within appropriate domain. User„s needs could expressively influence 

which terms will be considered as primitive in appropriate domain i.e. terms which 

is not further defined by other terms and which will be considered as composite. 

Many variants of conceptualization may differ in rate of their granularity. This 

rate results from selected primitive terms. In some level of abstraction we could de-

fine a synopsis what ontology should contain. Result of ontological analysis is hie-

rarchy of entities terms, which will be used in given domain, their important 

attributes and generally valid relations among them. The most important relations 

are relations of necessary implication (requisites) among properties and whole-part 

relations (composite or aggregation) among entities which belong to a given term. So 

ontology should represent specification of relatively stable parts of the system. 

Therefore term‟s structure of ontology typically includes 

1. Term‟s (terminological) dictionary which contains: 

a) Primitive terms, 

b) composite terms which are defined by primitive terms in part of in-

tegrity restriction of analytical type, 

c) and (the most important) descriptive attributes. 

2. Integrity constraints  

a) Empirical (e.g. relation whole-part), 

b) analytical (e.g. ISA hierarchy, i.e. requisites and typical properties, 

definitions). 

3. Rules expressing nomic and common necessities  
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As a first step of ontology building we should determine primitive terms which will 

be used for definitions of composite terms. Attributes of entities which are included 

in given term are bounded to primitive and composite terms. Their amount and par-

ticular form is given by aim of application. 

Since we have defined basic terms, we can express important statements refer-

ring to relations among them. These relations are called integrity constraints. We 

distinguish so-called analytical and empirical necessities. As analytical necessities 

we consider ISA hierarchy and definitions of individual composite terms. ISA rela-

tions are sometimes mistaken with relations whole-part, which are related to empir-

ical integrity constraint. Distinguishing differences between them is important par-

ticularly in case of so-called inheritance. 

ISA relations are defined by specialization and generalization. Specialization is 

used for definition of possible roles of given type‟s elements. Specializations can 

coincide (i.e. person can be both programmer and analyst). On the other side of us-

ing generalization common features are searched at greatest abstraction in various 

pre-given types that lead to new super type (parent; super class). It is usually de-

manded that generalized types must be disjoin and their union creates a new par-

ent type.  

So ISA relations establish hierarchical terms ordering, on its top we find terms 

with the highest level of generalization within given application. ISA relation “child-

parent” is usually defined extensionally as set inclusion. We must be aware of the 

fact that it is a necessary relation. These establish the principle of inheritance: de-

rived type (specialized) inherits from higher (more common base type) all attributes. 

This principle cannot be applied on relation whole-part. 

1.3.3 Content Languages 

Content languages serve as building blocks for ontologies. 

1.3.3.1 Ontology Web Language/Description Logic  

OWL Language (Ontology Web Language) is a markup language proposed for 

creating ontologies. OWL is used where information included in documents could be 
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further processed by applications and for creating semantic web1. Semantic web 

was created by consortium W3C based on RDF, RDFS standards and DAML+OIL 

language. Actual version is given as a recommendation of this consortium. 

OWL occurs in three basic versions [W3C-OWL]. Every version has different ex-

pression power. 

Definition 10. OWL Lite supports those users primarily needing a classification 

hierarchy and simple constraint features. For example, while OWL Lite supports 

cardinality constraints, it only permits cardinality values of 0 or 1. It should be 

simpler to provide tool support for OWL Lite than its more expressive relatives, and 

provide a quick migration path for thesauri and other taxonomies. 

Definition 11. OWL DL supports those users who want the maximum expressive-

ness without losing computational completeness (all entailments are guaranteed to 

be computed) and decidability (all computations will finish in finite time) of reason-

ing systems. OWL DL includes all OWL language constructs with restrictions such 

as type separation (a class cannot also be an individual or property; a property 

cannot also be an individual or class). OWL DL is so named due to its correspon-

dence with description logics, a field of research that has studied a particular decid-

able fragment of first order logic. OWL DL was designed to support the existing De-

scription Logic business segment and has desirable computational properties for 

reasoning systems. 

Definition 12. OWL Full is designed for users who want maximum expressiveness 

and the syntactic freedom of RDF with no computational guarantees. For example, 

in OWL Full a class can be treated simultaneously as a collection of individuals and 

as an individual in its own right. Another significant difference from OWL DL is that 

a owl:DatatypeProperty can be marked as an 

owl:InverseFunctionalProperty. OWL Full allows an ontology to augment the 

                                           

1 Semantic Web provides a common framework that allows data to be shared and reused 

across application, enterprise and community boundaries (W3C – World Wide Web Consor-

tium). 
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meaning of the pre-defined (RDF or OWL) vocabulary. It is unlikely that any reason-

ing software will be able to support every feature of OWL Full. 

Each of these languages is an extension of its simpler predecessor, both in what 

can be legally expressed and in what can be validly concluded. The following set of 

relations hold. Their inverses do not. 

 Every valid OWL Lite ontology is a valid OWL DL ontology.  

 Every valid OWL DL ontology is a valid OWL Full ontology.  

 Every valid OWL Lite conclusion is a valid OWL DL conclusion.  

 Every valid OWL DL conclusion is a valid OWL Full conclusion.  

1.3.3.2 Transparent Intensional Logic and TIL-Script 

Transparent Intensional Logic (TIL) is a logical system founded by Prof. Pavel 

Tichý. It is a higher-order system primarily designed for the logical analysis of natu-

ral language. As an expressive semantic tool it has a great potential to be utilized in 

artificial intelligence and in general whenever and wherever people need to commu-

nicate with the computers. More on the role of logic in artificial intelligence can be 

found in [THOMASON]. Due to its rich and transparent procedural semantics, all 

the semantically salient features are explicitly present in the language of TIL con-

structions. It includes explicit intensionalisation and temporalisation, as well as 

hyper-intensional level of algorithmically structured procedures (known as TIL con-

structions) which are of particular importance in the logic of attitudes, epistemic 

logic and the area of knowledge representation and acquisition. 

Although the Transparent Intensional Logic was demonstrated as a great tool in 

various areas of logic in many papers (see [DUZI-TIL], [DUZI-TOPIC]) it is not optim-

al for computer processing. For this reason a computational variant of TIL was de-

signed and developed within the research of LabIS team (see http://labis.vsb.cz/). 

The final result – the TIL-Script language – was proposed and implemented by Niko-

la Ciprich (for more details see [CIPRICH]). Due to its procedural higher-order se-

mantics, TIL-Script is well suited for the use as a specification and content language 

of agents‟ messaging. TIL-Script can also serve as a general semantic framework for 
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the known formal languages. Moreover, it is a powerful declarative programming 

language that can be easily interconnected with the local as well as external know-

ledge bases of the system. 

1.4 Knowledge 

There are many various ways for knowledge representation. The most simple and 

oldest way to represent some knowledge is an unstructured verbal description. 

However this way is not proper approach for computer processing of knowledge. 

Better solutions for knowledge representations are for example If-Then rules, se-

mantic network, epistemic logics or TIL (eventually TIL-Script). Particular representa-

tions differ in expression power, human readability, machine readability and other 

aspects. 

A knowledge base serves as artificial memory. The content of the knowledge base 

consists of rules (obtained from reasoning or domain ontologies) and facts (the state 

of the system and its environment). We intent to use knowledge bases and ontolo-

gies as a basic building block for documenting and evaluating software processes. 

In this section, fundamentals are described to understand our approach to know-

ledge. 

1.5 Human readable knowledge base 

This section contains fundamentals of human readable knowledge bases that are 

used in organizations to document, share and evaluate knowledge. 

All of advantages and disadvantages are actually expressed by the name. As it is 

human readable, it is composed of natural language content. It is simple to under-

stand and share the contents. A big disadvantage also comes from this property – 

contents of such knowledge bases are typically vague, and suffer from the lack of 

details. 

1.5.1 Documentation 

The most commonly used tools to document knowledge in organizations are Wi-

kis, project portals and typical FAQs. Typical examples are applications like web 

documentation of RUP®, portals like MSDN and Wikipedia. For example of human 

readable knowledge base in form of documentation see [MSDN]. 
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1.5.2 Sharing 

Sharing human readable knowledge means typical communication that can be 

personal (meetings, brainstorming, conferences etc.), combination of personal and 

electronic (video calls, conference calls etc.), or pure electronic (e-mail client, Ex-

change, Lotus etc.). 

1.5.3 Evaluation 

With all the advantages that human readable knowledge bases offer, the assess-

ment is a really big disadvantage. Evaluating knowledge described in such a know-

ledge base means manually comparing two or more bases. This is really hard nut to 

crack because of ambiguity that arises from usage of natural language (synonyms, 

anaphora, etc…).  

1.6 Machine readable knowledge base 

The basic difference between a human readable and machine readable knowledge 

base is the use of an inference system in a machine readable knowledge base. Even 

comparing two or more machine readable knowledge bases is easier because we can 

use smart sophisticated algorithms instead of a manual comparison. 

1.6.1 Creation and storage 

The first difference is that instead of “documenting” knowledge in human reada-

ble knowledge bases we are “creating and storing” it to fill the base with rules and 

facts. All knowledge must be based on domain ontology and has to be written in 

some formal language (for instance Prolog, OWL-DL, TIL-Script).  

Still, knowledge pieces must be inserted into the base by an expert, as in the 

case of human readable knowledge bases. More information about formal languages 

used in knowledge bases can be found in [RALSAN07], [RASLAN08] and [EJC08]. 

1.6.1.1 Relational databases 

Most basic way to store knowledge is usage of typical database relational man-

agement system. Great advantage is that we can use only two database relation 

schemas (tables) that represent rules and facts. More about knowledge storage in 

relational databases can be found in [CIPRICH], [KOSINAR-BC]. 
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1.6.1.2 AND/OR graphs 

One of often used ways of knowledge representation is the If-Then rule based re-

presentation. This way is typical for programming languages and everyone meets it 

also in common life. If-Then rules stand in following form: 

Definition 13. If-Then rule form: (if) situation   (then) action 

Knowledge base can be seen as a collection of those rules. Rules may be 

branched. Therefore AND/OR graphs are used for the better readability. This struc-

ture is defined as oriented and acyclic graph whose nodes represent statements and 

edges correspond to rules.   

1.6.2 Sharing 

Sharing as we know it from human readable knowledge bases is out of the ques-

tion because we are not building machine readable knowledge bases to share the 

knowledge among experts like in their human readable siblings‟ case. 

Moreover, there are ways to share knowledge stored in a machine readable base. 

One possibility is to use such a base as a base memory of an intelligent software 

agent in a multi-agent system [DUZI-EJC08], [KOSINAR-BC], [KOSINAR-

RASLAN08]. The second way is to translate the knowledge into natural language 

(using TIL-Script and natural language semantic web like WordNet). The third way 

is to read the content of the base in its plain form; however, this is possible only for 

those who are able to read the language used to formalize the content. 

1.6.3 Evaluation 

The difficult way to build machine readable knowledge base for some domain has 

its positives. We can evaluate knowledge content using a machine comparison of 

two (or more) knowledge bases that can be done more easily than a manual com-

parison of two human readable knowledge bases. More details can be found in 

Chapter 3. 
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Chapter 2.  

Software process knowledge 

management 

This chapter brings detailed information on current situation in knowledge man-

agement of software processes domain. Its main purpose is to describe and com-

pare existing solutions and discuss their potential usage in our research. As men-

tioned before, knowledge management of software processes domain lacks machine 

readable knowledge bases and semantic annotations. 

Software processes are developed to be more efficient so processes are being ad-

vanced in time. As they evolve to be better and better, also their documentation is 

changed and updated. Unfortunately the documentation holds on human readable 

forms only and any improvements of these forms are out of topic. They are ambi-

guous as they are composed of natural language content. Computer processing of 

natural language is focus of other researches. 

2.1 Paper documentation 

Paper documentation is the oldest and most basic way to document practices in 

software processes. Typical forms are books, guide books and text books (figures 6 

and 7). 
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Figures 6 and 7: IBM Rational Unified Process® and Extreme Programming reference 

guides 

Their advantages are: 

 Persistence – no unsafe electronic storage methods. Storage media is 

paper. 

 Availability – documentation is available everywhere and anytime. No 

need of electricity source or internet connection. 

 

On the other side are big disadvantages: 

 Outdating – as processes are being evolved, also documentation must 

be updated. This is the greatest disadvantage because it is impossible 

to draw back whole publication release and update it. This lead to li-

braries full of outdated guide books and text books. 

 Portability and sharing – ironically is availability also disadvantage. 

There is no way to share paper documentation among more people ef-

fectively. 

2.2 Electronic documentation 

With rise and spread of the internet, paper forms were pushed back with elec-

tronic forms of documentations. Of course this was next logical step in advance-

ment of processes documentation because of significant advantages of electronic 

documentations: 
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 Updating – Updating electronic documentation is easy to perform and 

all subscribers can be informed about an update. 

 Portability – With mailing clients and the internet is sharing really 

easy. 

 

Even electronic documentation has some disadvantages: 

 Connection dependency – Actions like updates or sharing usually de-

pend on the internet connection. 

 Not trusted updates – This is merely problem of shared opened portals 

of Wiki1 type where any registered user can update knowledge.  

2.2.1 Rational Unified Process®2 

After taken all pros and cons in consideration, the choice of knowledge source for 

deeper research fell on electronic documentation of Rational Unified Process®. It is 

human readable knowledge base published as a web application (viewable in inter-

net browser; see figure 8). It is well structured and easy to understand document 

with rich navigation tools composed of grid with functional buttons and overview 

tree (figure 9). 

From now on, we will work only with selected subset of RUP®, namely Change 

Request Management process. Whole RUP® process is so complex that it would be 

impossible to work with it without teams of specialists. 

 

                                           

1 http://en.wikipedia.org/wiki/Wiki 
2 Reference electronic documentation of IBM Rational Unified Process® used in this the-

sis is not available online. However it is attached on CD attachment. 
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Figure 8: Welcome page of Rational Unified Process® documentation 

 

Figure 9: Detail on navigation 
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Chapter 3.  

Ontologies for software 

processes 

The idea of knowledge support for development, the assessment and evaluation of 

software processes is based on the fact, that in our opinion, development, the as-

sessment, enhancement and monitoring can be supported by the creation and 

usage of machine readable knowledge bases. A lot of manual procedures can be 

automated.  

One of the many tasks of this domain area is the comparison between the refer-

ence software process and real software process that is used in the company. The 

issue is to find the similarity between the real software process and the reference 

software process and provide an evaluation of the current state. Typically, the real 

process is assessed and human readable knowledge bases are searched for similari-

ties. Everything is performed manually. Our proposed approach shows the possibili-

ty of using a machine readable knowledge base for the automatic evaluation of the 

similarity between the real and reference processes. 

To do this, we have to transform human readable documentation to machine 

readable knowledge base. We will build semantic annotations of process items, thus 

we will create formal content of RUP® software process domain (see figure 10 for 

ontology dimensions detail; our current approach covers the Semantic dimension). 
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Figure 10: Ontology dimensions – Semantic (Content) and Pragmatic (Domain) 

Our approach can be basically described as follows: 

1. The first step is the creation of the particular reference knowledge base - 

Knowledge base transformation. Documented software processes that are de-

scribed in the human readable knowledge bases are analyzed and the partic-

ular ontology for each software process is created. Next, the ontology and 

knowledge obtained from the HRKB is transformed into the machine reada-

ble knowledge base. A new MRKB is created for every type of the reference 

software process. 

2. The second step is the study and creation of the real knowledge base and the 

comparison of the reference and real knowledge base - enhancing software 

processes with knowledge management. A real software process is modeled 

and the ontology for this process is created. The created ontology must then 

be mapped into the reference software process ontology. The mapped ontolo-
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gy set and the knowledge obtained from the model is then transformed into 

the machine readable knowledge base. 

Both knowledge bases should be then automatically compared and the result is a 

number that shows the similarity of real and reference software processes. 

It is obvious that the first step can be performed only once for every reference 

software process. The second step is then applied for every real software process 

that we want to evaluate. Our approach is graphically interpreted on figure 11 (top-

right block of scheme marked with pinned note is work in progress and middle-left 

block with light bulb is the goal of our research). 

 

Figure 11: Ontologies for software processes project scheme 
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3.1 Knowledge base transformation 

We have already sketched a basic idea of how to transform a human readable 

knowledge base into its machine readable clone. Now, we are ready to describe such 

procedure in details. 

At first, we should explain the basic reason for transforming the human readable 

KB into the machine readable KB. The answer is really simple – if we want to eva-

luate a process that is based on some reference software process we would have to 

manually compare it with the reference model process described in its human read-

able knowledge base. With knowledge enhancements and basic approaches de-

scribed above, we can sort this problem automatically – by transforming the refer-

ence knowledge base into the machine readable knowledge base. 

This can be done by building ontology for a software process using the human 

readable reference documentation. Then, the knowledge base is defined by such 

ontology‟s content. We can see particular transformation in greater detail on figure 

12. 
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Figure 12: Knowledge base transformation 

An Ontology Designer has to describe the software process domain to the ontolo-

gy data file (using tools like Protégé etc.) and then fill the reference knowledge base 

(using some content language like OWL-DL, TIL-Script or PROLOG) describing the 

reference domain (using terms and relations from domain ontology). 

3.2 Building process definition with ontology background 

As mentioned in Chapter 2, we are using RUP® documentation as a reference 

source. In following subsections are described methods for creating ontologies for 

software processes from Rational Unified Process® knowledge base. 
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3.2.1 Mapping process elements 

To create semantic annotations for process we have to find right and exact terms 

for ontology interpretations.  

Software process ontology design proceeds on three levels of abstraction – Level 0 

– Process itself, Level 1 – Activities (Tasks) of process and Level 3 – Steps of activities 

(table 1).  

Table 1: Process abstraction levels 

Level Description Example 

0 
Process (one process of Software process) 

consisting of activities. 

Change Request Manage-

ment. 

1 

Activities (or so-called Tasks). Processes 

from Level 0 are composed of these Activ-

ities. 

Review CR, Submit CR, … 

2 
Steps. Activities of Level 1 are composed 

of atomic Steps. 

Think about CR, Send e-

mail, … 
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Therefore we define following base terms for software process domain: 

Table 2: Base terms for process description 

Term Description Example Level 

Process Designed Process itself 
Change Request Manage-

ment 
0 

Activity/Task 
Most simple activities in 

process 

Submit Change Request 

activity in Change Request 

Management process 

1 

Resource 
Physical or virtual enti-

ties of limited availability 

Visual Studio 2008 software, 

Sony VAIO VGN notebook, 

file on hard disc 

1 

Human resource 

Describe  the individuals 

who comprise the work-

force of software compa-

ny 

Programmer in Change Re-

quest Management 
1 

Artifact 

One of many kinds of 

tangible byproduct pro-

duced during the devel-

opment of software 

Change Request of Change 

Request Management 
1 

Role 

A definition of the beha-

vior and responsibilities 

of an individual 

Programmer in Change Re-

quest Management1  
1 

Step 
Steps are the simplest 

items of Activities. 

Turn on PC. Rethink prob-

lem. 
2 

 

All other terms used in documentation are specializations of base terms defined 

in table 2. 

                                           

1 Note the difference between Role and Human Resource; a programmer – person is a 

Human resource; Role is a definition of his/her behavior and responsibilities. 
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3.2.2 Creating ontology for selected subprocess of RUP® 

To design own ontology for Change Request Management of Rational Unified 

Process® we will follow rules described in following subsections of this section.  

From the point of view of using OWL language for description of software process 

domain we are interested in following aspects. 

1. ISA relations among classes (inheritance) 

2. Whole–part relations 

3. Attributes (properties) 

4. Integrity constraints 

3.2.2.1 Classes and IS-A relations 

ISA relations are well defined in OWL, thus complex structures can be easily de-

scribed. The most basic concepts in a domain should correspond to classes that are 

the roots of various taxonomic trees. 

Inheritance is elementary relation among classes and is defined with relation be-

tween superclass and subclass. 

 

For our sample Software process domain, we create one root class – Resource and 

one more specific class HumanResource to Resource class. 

If HumanResource is a subclass of Resource, then every instance of HumanRe-

source is also an instance of Resource. The rdfs:subClassOf (IS-A) relation is 

transitive1. 

 

 

 

 

                                           

1 If X is a subclass of Y and Y a subclass of Z then X is a subclass of Z. 

<owl:Class rdf:ID="Resource"/>  

<owl:Class rdf:ID="HumanResource">  

  <rdfs:subClassOf rdf:resource="#Resource" /> 

</owl:Class>  



 

35 

There are two special classes: 

Definition 14. Thing – Every individual in the OWL world is a member of this 

class, thus each user defined class is a subclass of Thing. 

Definition 15. Nothing – This is the empty class. It has no instances and is a sub-

class of all classes. 

 

Other relations are solved with attributes and restrictions. We can define classes 

by many ways in OWL 

 Simple named class 

Domain specific root classes are defined by simply declaring a named class. This 

definition does not specify class any closer; it only declares that class exists. 

 

Definition of Tester class is declared only by its name. 

 

 Classes defined by enumeration of elements 

In this definition we just enumerate set of individuals that belong to class. This 

set is finite and other elements cannot be added into this class. 

 

Class RUPDevelopmentCycle contains individuals Inception, Elaboration, Construc-

tion and Transition. 

 

 

<owl:Class rdf:ID="Tester"/> 

<owl:Class rdf:ID="RUPDevelopmentCycle"> 

  <owl:oneOf rdf:parseType="Collection"> 

    <owl:Thing rdf:about="#Inception"/> 

    <owl:Thing rdf:about="#Elaboration"/> 

    <owl:Thing rdf:about="#Construction"/> 

<owl:Thing rdf:about="#Transition"/> 

  </owl:oneOf> 

</owl:Class> 
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 Classes defined by union 

Class is defined by elements belonging to at least one of mentioned classes. 

 

All TestProgrammer, ApplicationProgrammer and AnalystProgrammer are Pro-

grammers so all of them belong to class Programmer. 

 Classes defined by intersection 

Class is defined by elements belonging to all mentioned classes. 

 

In this case Programmers who are both ApplicationProgrammer and TestProgram-

mer belong to class SupportProgrammer. 

 Classes defined by supplement 

All individuals, that are not included in mentioned class, belong to this defined 

class. 

 

The result will be class of all individuals, who are not programmers. 

 

<owl:Class rdf:ID="Programmer"> 

  <owl:unionOf rdf:parseType="Collection"> 

    <owl:Class rdf:about="#TestProgrammer" /> 

    <owl:Class rdf:about="#ApplicationProgrammer" /> 

<owl:Class rdf:about="#AnalystProgrammer" /> 

  </owl:unionOf> 

</owl:Class> 

<owl:Class rdf:ID="SupportProgrammer"> 

  <owl:intersectionOf rdf:parseType="Collection"> 

    <owl:Class rdf:about="#ApplicationProgrammer" /> 

    <owl:Class rdf:about="#TestProgrammer" /> 

  </owl:intersectionOf>  

</owl:Class> 

 <owl:Class rdf:ID="NonProgrammer"> 

    <owl:complementOf rdf:resource="#Programmer" /> 

 </owl:Class>  
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 Definition by abstract class 

In this case class is defined by restrictions on its elements. OWL differs two types 

of restrictions, restriction on value range and restriction on cardinality. 

 

By these restrictions we describe class of testers who are assigned to Change Re-

quest. 

 

Inheritance is not the only relation among classes: 

 owl:equivalentClass  

Two classes contain the same set of elements therefore they are equivalent. We 

can use it if the class ChangeRequest (of RUP®) in our ontology would be the same 

as ChangeRequest in Extreme Programming ontology. 

 

 

 

 

 

 

 

 

 

<owl:Class rdf:ID="Tester"> 

  <rdfs:subClassOf> 

    <owl:Restriction> 

      <owl:onProperty rdf:resource="#isAssigned" /> 

      <owl:hasValue rdf:resource="#ChangeRequest" /> 

    </owl:Restriction> 

  </rdfs:subClassOf> 

</owl:Class>                

<owl:Class rdf:ID="ChangeRequest"> 

<owl:equivalentClass 

rdf:resource="&ExtremeProgramming;ChangeRequest"/> 

</owl:Class> 
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 owl:disjointWith 

This defines disjoint classes. Element belonging to one class cannot belong to 

another class. 

 

Individual belonging to MaleTester cannot belong to FemaleTester and vice versa.  

3.2.2.2 Individuals 

Individuals are instances of classes. We normally think of these as individuals in 

our universe of things. An individual is minimally introduced by declaring it to be a 

member of a class. Every individual can be instance of several classes. Thus one 

element can be a member of more classes. 

 

 

In this case the element of class AnalystProgrammer is Kos305 (unique ID), his first 

name is Michal, surname Košinár and he has 3 assigned projects.  

 

 

 

 

 

 

 

 

 

<owl:Class rdf:about="#MaleTester"> 

  <owl:disjointWith rdf:resource="#FemaleTester"/> 

</owl:Class> 

<AnalystProgrammer rdf:ID="Kos305"> 

  <firstname rdf:resource="#Michal"/> 

  <surname rdf:resource="#Košinár"/> 

  <assignedProjects 

rdf:datatype="&xsd;positiveInteger">3</assignedProjects>  

</AnalystProgrammer> 
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We can refer to every individual by more ways, thus it is important to distinguish 

different references to same individual and different individuals.  

 

 owl:sameAs 

This declares two individuals to be identical. 

 

This statement declares that Bill Gates and William Henry Gates III are two refer-

ences pointing on the same individual. 

 

 owl:differentFrom 

This mechanism provides the opposite effect from sameAs. This is one way to as-

sert that stated values are mutually distinct. 

 

Individual Kos305 differs from both Pto005 and Fro123. 

 

 

 

 

 

 

 

 

 

 

 

<rdf:Description rdf:about="#Bill_Gates"> 

  <owl:sameAs rdf:resource="#William_Henry_Gates_III"/> 

</rdf:Description> 

<Analyst rdf:ID="Kos305"> 

  <owl:differentFrom rdf:resource="#Pto005"/> 

  <owl:differentFrom rdf:resource="#Fro123"/> 

</Analyst> 
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 owl:allDifferent  

A more convenient mechanism exists to define a set of mutually distinct individ-

uals. This statement serves in situations in which we want to instantiate more indi-

viduals which are different. Note that owl:distinctMembers can only be used in 

combination with owl:AllDifferent. 

 

3.2.2.3 Attributes (identifying, descriptive)  

OWL distinguishes between two main categories of properties that an ontology 

builder may want to define: 

o Object properties link individuals to individuals. 

o Datatype properties link individuals to data values. 

 

 owl:ObjectProperty is relation between two objects  

 

 owl:Datatype property is relation between object and data value 

 

  

<owl:AllDifferent> 

  <owl:distinctMembers rdf:parseType="Collection"> 

    <Analyst rdf:about="#Kos305"/> 

    <Analyst rdf:about="#Fro123"/> 

    <Analyst rdf:about="#Pto005"/> 

    <Analyst rdf:about="#Roz789"/> 

    <Analyst rdf:about="#Sik001"/> 

  </owl:distinctMembers> 

</owl:AllDifferent> 

 <owl:ObjectProperty rdf:ID="hasSupervisor"/> 

 <owl:DatatypeProperty rdf:ID="age"> 
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Hierarchical ordering with inheritance is possible among attributes. We can use 

relation between Property and subProperty.  

 

 rdfs:subPropertyOf  

This statement defines that the property is a subproperty of some other property. 

It means that if P1 is a subproperty of P2, then the property extension of P1 (a set of 

pairs) should be a subset of the property extension of P2 (also a set of pairs). 

 

If two individuals are in relation hasAssignedProject, they are also in relation has-

Work. 

 

We can refine every attribute with: 

 rdfs:domain  

Formally is this statement a built-in property that links a property (some in-

stance of the class rdf:Property) to a class description. An rdfs:domain axiom as-

serts that the subjects of such property statements must belong to the class exten-

sion of the indicated class description. 

 

This example declares that assigned project can be done either by employee or ex-

ternal company. 

<owl:ObjectProperty rdf:ID="hasAssignedProject"> 

  <rdfs:subPropertyOf rdf:resource="#hasWork"/> 

</owl:ObjectProperty> 

<owl:ObjectProperty rdf:ID="hasAssignedProject"> 

  <rdfs:domain> 

    <owl:Class>     

      <owl:unionOf rdf:parseType="Collection"> 

        <owl:Class rdf:about="#Employee"/> 

        <owl:Class rdf:about="#ExternalCompany"/> 

      </owl:unionOf> 

    </owl:Class>     

  </rdfs:domain> 

</owl:ObjectProperty> 
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 rdfs:range  

Syntactically is this statement a built-in property that links a property (some in-

stance of the class rdf:Property) to either a class description or a data range. An 

rdfs:range axiom asserts that the values of this property must belong to the class 

extension of the class description or to data values in the specified data range. 

Property of TestRoutine can have value of individual from class SoftwareProcce-

sRoutine. 

 

 

Relations can be also defined among attributes:   

 owl:equivalentProperty  

This construct can be used to state that two properties have the same property 

extension. 

 

 owl:SymetricProperty  

Declared property is symmetric relation 

 

If individual A cooperates with B, then also B cooperates with A. 

 

 

<owl:ObjectProperty rdf:ID="TestRoutine">  

  <rdfs:range rdf:resource="#SoftwareProccesRoutine"/>  

</owl:ObjectProperty>  

<owl:ObjectProperty rdf:ID="hasSupervisor"> 

      <owl:equivalentProperty> 

         <owl:ObjectProperty rdf:ID="hasBoss"/> 

      </owl:equivalentProperty> 

</owl:ObjectProperty> 

<owl:SymmetricProperty rdf:ID="cooperate"> 

  <rdfs:domain rdf:resource="#Tester"/> 

  <rdfs:range  rdf:resource="#Tester"/> 

</owl:SymmetricProperty> 
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 owl:TransitiveProperty  

When one defines a property P to be a transitive property, this means that if a 

pair (X,Y) is an instance of P, and the pair (Y,Z) is also instance of P, then we can 

infer the pair (X,Z) is also an instance of P. 

 

If individual A is supervisor B and B is supervisor C, then also A is supervisor C. 

3.2.2.4 Whole – part relation  

In OWL is this relation declared with objectProperty. There is relation between 

elements of class that constructs whole and also relation between instances of class 

that constructs part. For example we can present relation between process and ac-

tivity. 

 

3.2.2.5 Integrity constraints 

Constraints can be of two types – either constraint of values range or cardinality 

restrictions. In first case we declare range for property values.  

 owl:allValuesFrom  

This restriction corresponds to general quantifier. 

 

This defines class of all programmers, who are assigned to 3 projects. 

<owl:TransitiveProperty rdf:ID="supervisor"> 

  <rdfs:domain rdf:resource="#Employee"/> 

  <rdfs:range  rdf:resource="#Employee"/> 

</owl:TransitiveProperty> 

<owl:ObjectProperty rdf:ID="composeOf"> 

  <rdfs:domain rdf:resource="#Process" /> 

  <rdfs:range  rdf:resource="#Activity" /> 

</owl:ObjectProperty> 

<owl:Restriction> 

  <owl:onProperty rdf:resource="#hasAssigned" /> 

  <owl:allValuesFrom rdf:resource="#3Project"  /> 

</owl:Restriction> 
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 owl:someValuesFrom  

This statement describes class of elements, where at least one of values is within 

given range. This restriction corresponds to existential quantifier. 

 

The second case restricts the range for property values. 

 owl:MaxCardinality 

Defines including maximum value of properties 

 

We define restriction on the class of Programmers, so they can have three assigned 

projects at most. 

 owl:MinCardinality  

Defines including minimal value of property. 

 

We define restriction on the class of Programmers, so they must have assigned at 

least one project. 

 

<owl:Restriction> 

  <owl:onProperty rdf:resource="#hasAssigned" /> 

  <owl:someValuesFrom rdf:resource="#3Projects" /> 

</owl:Restriction> 

<owl:Restriction> 

 <owl:onProperty rdf:resource="#assignedProject" /> 

 <owl:maxCardinality 

rdf:datatype="&xsd;nonNegativeInteger">3 

</owl:maxCardinality> 

</owl:Restriction> 

<owl:Restriction> 

 <owl:onProperty rdf:resource="# assignedProject" /> 

 <owl:minCardinality 

rdf:datatype="&xsd;nonNegativeInteger">1 

</owl:minCardinality> 

</owl:Restriction> 
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 owl:Cardinality 

Defines accurate value of properties 

 

We define restriction on the class of Programmers, so they must have exactly two 

assigned projects. 

 

With all essential features of OWL described, we can now design own software 

process domain ontology. Full ontologies in OWL and TIL-Script language describ-

ing Change Request Management of Rational Unified Process® domain can be found 

on attached CD. Selected parts of both languages are in Appendix B. 

3.3 Optimizing software processes 

The ability of transforming human readable knowledge bases of documented 

software processes into machine readable knowledge bases means that we may 

have a tool for the automatic assessment of software processes.  

This can be performed with the creation of two knowledge bases. 

1. One knowledge base that holds the optimal software process trans-

formed from human readable base holding the process‟ documenta-

tion (RUP® web documentation). Let us name this knowledge set as a 

“Template”. 

2. The second knowledge base that holds an actual software process 

that is used in an organization. This knowledge base must be filled by 

an ontology expert in processing and consulting services using the 

same base ontology dictionary as the “Template”. The name of this set 

will be the “Actual”. 

<owl:Restriction> 

  <owl:onProperty rdf:resource="#assignedProject " /> 

  <owl:cardinality 

rdf:datatype="&xsd;nonNegativeInteger">2 

</owl:cardinality> 

</owl:Restriction> 
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An individual content comparison can be performed as an add-on to the assess-

ment. We can search for differences directly between individual members of both 

sets. However, this means basically a brute-force comparison of two sets, which is 

not optimal. Results of such a comparison can tell us where gaps are in the “Actual” 

knowledge base of a process compared to “Template”. The way to optimal search for 

such differences is the main task of our future research. 

3.3.1 Knowledge base comparison 

As mentioned above, we can compare contents of two knowledge bases. In this 

section we propose two basic algorithms for knowledge base content comparison. 

3.3.1.1 Simple comparison algorithm 

To compare two knowledge bases with simple algorithm correctly, we must define 

one basic condition that will allow us to do that 

 

- Every piece of knowledge base must be comparable with another 

 

This basic requirement is fulfilled as we are using a homogenous data model to 

store knowledge (every member of the set is stored as a string of text) and usage of 

more content languages in two bases which will be compared is prohibited. 

Now, we can handle knowledge bases as with typical unordered sets (of rules and 

facts) so it allows us to perform operations like union and intersection. 

So far, a simple relation to compare two knowledge bases can be defined. 

Definition 16. Similarity(A, B) = | intersection(A, B) | / | union(A, B) |1 

This function returns a number from interval <0 ;1>. This fuzzy value is the val-

ue of two knowledge bases similarity. 

3.3.1.2 AND/OR graph based algorithm 

Algorithm based on AND/OR graphs gives us more sophisticated solution for 

comparing knowledge bases content. 

                                           

1 This function can compare only KBs where at least one has no zero cardinality. 
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3.3.1.2.1 Algorithm constraints 

As in Simple comparison algorithm, presume that both knowledge bases are writ-

ten in the same content language. The second restriction is that all pieces of know-

ledge must be represented by AND/OR graph. 

Afterwards let presume that each statement can occur in rule only once, i.e. no 

rule like DBCBA   can be in knowledge base. Finally assume that each 

consequent can occur in knowledge base only once. 

Our knowledge base is set of AND/OR graphs which pass previous constraints. 

Before applying comparative algorithm, we must add one virtual root node so all 

particular graphs‟ roots are connected to this one as its children nodes. It does not 

matter if these children are related in conjunction or disjunction but the relation 

must be the same for whole knowledge base. We can decide for disjunction in de-

fault.  

After this preprocess is our AND/OR graph that represents whole knowledge base 

prepared for algorithm. 

3.3.1.2.2 Algorithm description 

Algorithm works recursively – at first compare virtual roots of compared know-

ledge base graphs.  

Comparison of the nodes means: 

1) find differences in statement set – detect statements that occur in only 
one of compared rules 

2) find differences in negations 

3) find differences in statements‟ relations (conjunction, disjunction) 

Differences are detected and algorithm is recursively applied on child nodes 

which occurred in both compared rules. 

 

Algorithm example: 

AND/OR Graph procedure application example; assume two pieces of knowledge: 

knowledge1: FEDCBA   

knowledge2: FEDCCBA  21  
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1) statement set differences: 

knowledge1: C is additional 

knowledge2: C1, C2 are additional 

2) negation differences 

knowledge2: B  

3) statements‟ relation differences 

knowledge1: FED  )(  

knowledge2: )( FED   

Afterwards algorithm is applied on B, D, E and F. 

3.3.1.2.3 Test run 

For graphical interpretation of test run see figure 13. Graphs are drawn 

simply from the left to the right, while statements in rules are situated vertically 

and conjunctions are illustrated as vertical lines at the left of the conjunct nodes. 

Different relations are rendered as dashed lines and other differences are shown as 

crossed text. 

3.3.2 Innovating software processes 

Thanks to the formal backend on process construction elements (tasks, arti-

facts, roles, etc.) we are able to create more effective environment for designing, the 

assessment, enhancement and monitoring of software processes. 
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Figure 13: Example of two knowledge bases comparison – output of the algorithm 
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Chapter 4.  

Implementation 

From implementation point of view, there exist several process modeling and ontol-

ogy modeling frameworks at implementation level. Ontology frameworks are usually 

based on standards that make it widely used without any platform dependency. For 

our purpose, the Protégé Ontology Designer/Knowledge Acquisition Tool has been 

chosen. It is a tool fully implemented in Java language. Its great advantage is that 

extension plug-in for OWL-DL to TIL-Script conversion1 exists. 

Unfortunately frameworks around processes (designers, simulators and verifiers) 

are mostly commercial and no open solutions exist. In case of proprietary solutions 

it is impossible to alter product‟s code (extend program).  Because of this we must 

create our own customizable solution for process modeling that will allow us to ex-

tend UML Activity Diagrams and Storyboards with ontologies. 

For our purpose, the combination of Protégé ontology editor and our own soft-

ware solution written in WPF has been chosen. Windows Presentation Foundation 

(WPF) is set of powerful software libraries under the Microsoft‟s .NET 3.5 framework 

that allows developers to build powerful visual applications. These properties made 

WPF candidate number one for developing software processes designer. From appli-

cation point of view are ontologies behind software process‟ items a middleware for 

optimizing process development. 

                                           

1 This extension was main goal of diploma thesis of former Labis team member – Tomáš 

Karkoška. More detailed information on conversion methods and extension plug-in for 

Protégé can be found in [KARKOSKA]. 
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4.1 Analysis and design 

Now we will describe analysis and design of our software solution. As described 

in Chapter 3, generalized software process is composed of following items: 

 Resources 

 Human resources (specialization of Resource) 

 Artifacts 

 Roles 

 Tasks 

All of these items must contain identification information (unique ID, name, de-

scription) and own ontology. Figure 14 demonstrates software process model 

enriched with ontologies. This class diagram shows how particular items are related 

and how ontologies are linked to them. Process Element item is supporting class for 

linking visual classes with particular process tasks (functional classes). It also 

holds media content for Storyboard.2 modeling method. 
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Figure 14: Core class model – binding ontologies on process items 

4.2 Visual Interpretation 

After reconsidering all visual methods for process modeling, we decided to use 

upgraded Storyboard modeling method (based on UML Activity Diagrams) for its 

great advantages – simplicity and user friendly interface. So we revisited the Story-

board method and made it more complex. This led to creation of new revamped Sto-

ryboard method version – Storyboard.2. More information about upgrade from Sto-

ryboard to Storyboard.2 is described below. Visual interpretation class model is 

rendered on figure 15 with the Process Element linked to the visual part of applica-

tion. 

We designed Designer Canvas component for drawing elements. On canvas, ele-

ments are drawn with Designer Item components and relations between them are 
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represented with Connection components. We must be aware that Designer Items 

may contain Designer Canvas (recursively) – solution is in usage of one base class – 

User Interface Element – for all visual classes – Designer Canvas, Designer Items 

and Connections (this is solved on .NET framework base layer). 

 

Figure 15: Process designer class model – binding Process elements on visuals 

4.2.1 Activity Diagram 

UML Activity Diagrams contain all essential components for building process 

models with ontology background. Thus we use them as initial point for our up-

graded Storyboard version. As seen on figure 16 Activity Diagrams contain following 

items 

 Rounded rectangles – Activities (process Tasks) 

 Diamonds – Choices (process decision flow) 

 Bars – represent the start (split) or end (join) of concurrent activities 

 Black circle – Start node (initial state of process) 

 Encircled black circle – End node (final state of process) 

 Arrows – represent the order in which activities happen 
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Figure 16: UML Activity Diagram of RUP®’s Core Workflow 

4.2.2 Storyboard.2 

This modeling approach extends the standard Storyboard method (see Chapter 1 

for more details) by elements from UML Activity Diagram, namely choices based on 

conditions (for example see figure 17). Based on this model, we are able to build 

transparent and easy to understand process models with rich media content. 
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Figure 17: Risk Breaker’s Storyboard.2 diagram example 

4.2.2.1 Escalating from Storyboard to Storyboard.2 

Pure Storyboard method (as described in Chapter 1) is too limited for modeling 

complex processes parts. We decided to extend Storyboard method with following 

features: 

 Choice – this is equivalent to UML Activity Diagram‟s Diamond shape, it 

is driven by state of activity quoted in Transition between two activities. 

 Transition‟s state – holds the current state of activity. It is written in ar-

row (connection) between two activities. 

4.2.2.2 Constraints 

We do not intent to create new version of Activity Diagram (with media content) 

so even Storyboard.2 has some constraints compared to Activity Diagrams. 

 Loops – loops are supported but not on same activity (calling same activ-

ity in iteration). 

 Concurrent activities – Storyboard.2 has no explicit component for paral-

lel execution of activities. 
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4.3 Architecture of processes modeler with semantic annota-

tions (codename Risk Breaker1) 

Important feature of Risk Breaker is modularity. It will allow particular parts to 

be replaced. Thus it is possible to change knowledge base backend, diagram de-

signer or list/edit modules. The list of used or related software is in the Appendix 

D. C# was selected as the language for implementation of solution. C# (C Sharp) is a 

multi-paradigm programming language covering object-oriented and component-

oriented disciplines. Its great advantage is the Linq extension that supports transla-

tion rules from so-called query expressions to expressions using special language 

integrated method names, lambda expressions and anonymous types. The architec-

ture of Risk Breaker is composed of three main modules (figure 18).  

 

 

Figure 18: Visual Studio 2008 Risk Breaker solution overview 

 

Now we will describe implemented modules in details. Tutorial on modeling of 

process definition with Risk Breaker application is in the Appendix C. 

                                           

1 Risk Breaker is only a working name for development purpose. The name is taken from 

Vagrant Story where Risk Breakers are elite soldiers of Valendia Knights of the Peace – order 

and peace keepers. 
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4.3.1.1 Kernel 

Kernel is a core of whole project. It is pure functional module (with no visual 

classes) and contains knowledge base backend (including knowledge base tables‟ 

definitions), identity manager singleton for communication with database (know-

ledge base backend) and helper tools (i.e. media content utilities). This module is 

referenced by Designer module. Database connections are provided by .NET/Linq to 

SQL layer. 

4.3.1.2 Designer 

Designer module is pure WPF application library that consists of two visual 

modules. This module references Kernel module to provide knowledge base back-

end. 

 Diagram Designer – Module for drawing visual elements, it allows users to 

model processes with process items generated from knowledge base. Classes 

in this module cover the model described on figure 14. 

 Ontology Designer – Module for editing process items and their knowledge 

backend. It also allows users to list particular process elements (Tasks, 

Roles, Resources, etc…) and edit their ontologies (either in embedded editor 

or in external Protégé ontology editor). 

4.3.1.3 User 

This module basically serves as a main gate to application – it contains executa-

ble code that allows user to run Risk Breaker application. This module references 

the Designer module. User module also allows developers to run application in de-

veloper modes (like debug modes for test run purposes). 



 

58 

Conclusion 

Aim of this thesis was to create a methodology of knowledge base design to support 

software process development and optimization. 

We presented our new approach at creating process models with background 

support of formal methods that are offered by ontologies. After describing basic 

fundamentals of software processes and process modeling itself, we have described 

knowledge base domain including ontologies. With described basics, we could in-

troduce our research and ideas. Then we described current situation at software 

processes knowledge management. Finally we proposed methods for building ontol-

ogies for software processes and optimizations of processes with using such ontolo-

gies. 

Achieved results 

As we demonstrated in this work, these goals have been met by the Risk Breaker 

project. The developed application with Protégé (with TIL-Script extension plug-in), 

Storyboard.2 method and process-ontology mapping methods described in Chapter 

3 fulfills particular goals as they were listed in the assignment of the work. 

 

 Designed software allows us to model organizational software processes 

with Storyboard.2 method. Moreover Storyboard.2 method is easy to un-

derstand for end users with its media content extension. 

 We can build processes‟ ontologies with process-ontology mapping strate-

gies easily with either OWL-DL or TIL-Script language. 

 With Ontology Builder of Risk Breaker we can add or edit ontology of 

atomic items of software processes. These definitions are stored in 
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process knowledge base from where it can be reloaded to Diagram Design-

er and process can be re-modeled with formalized knowledge behind. 

 Complete process modeled in Risk Breaker with ontology behind process 

items holds new knowledge that comes from relations between particular 

items. 

 

The optimization of software processes development is done by the usage of ma-

chine readable knowledge bases. The “Template” (reference) knowledge base de-

scribes the documented software process and the “Actual” knowledge base (as-

sessed process) describes the software process in the company. The template know-

ledge base is created in advance, using specific ontology for the particular software 

process and other techniques that are necessary to build a machine readable know-

ledge base. The actual knowledge base is created during the assessment process. 

Both knowledge bases are then compared and the result is the number that 

represents percentage similarity. 

This presented phase is one part of our comprehensive approach to the assess-

ment, evaluation and improvement of software processes. The first step is the ex-

tension of the presented process to the automated comparison of specific parts of 

software processes. The next steps are then e.g. automated comparisons with more 

than one specific process at once, involvement of process modeling to the approach 

that will be used for the automated search, evaluation and improvement suggestion 

using the template software process models etc… A lot of future work is needed to 

solve all the problems that arise during the development of this new approach. Our 

work is also supported by the experience that is gained through the practical expe-

riments of this approach in real software companies. 

Although, according to our preliminary use cases studies, this approach seems to 

be very promising, the further use case studies are needed to continuously develop 

and enhance the approach and support its inclusion into the software process as-

sessment models and improvement techniques. 



 

60 

Future research 

Some of features and improvements of the Risk Breaker project that we plan to 

realize in future are: 

 Process verification 

o Future version should contain conversion to Workflow Nets as they of-

fer great possibilities at process verification (based on existing stan-

dards). 

 Automated process assessment 

o Risk Breaker application should support automated process assess-

ment. 

o With assessment support, the application should contain tool for im-

proving software processes with “How to achieve Best practices”. 

 Process run simulation 

o With Workflow Net conversion is process simulation just next logical 

step. 

o Simulation of process run based on intelligent agents in multi-agent 

system. 

 Completing Risk Breaker application 

o Support of UML Activity Diagram modeling. 

o High lining of ontology code in embedded text editor. 

o Next version should have embedded ontology editor/designer instead 

of opening the external one. 

Licensing 

The source code of core framework for Diagram Designer is a property of the au-

thor, Michal Košinár. Due to this fact the source code of Diagram Designer is not 

attached on the attachment CD. However executables are attached and can be used 

only for its primary purpose – process modeling. Other usage is prohibited. Source 

codes of other modules are free to use and are attached on CD. 

Attached RUP® documentation is a property of IBM Inc. 
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Appendix A.  

Change Request Management of 

RUP® 

Change Request (CR) - A formally submitted artifact that is used to track all 

stakeholder requests (including new features, enhancement requests, defects, 

changed requirements, etc.) along with related status information throughout the 

project lifecycle. All change history will be maintained with the Change Request, 

including all state changes along with dates and reasons for the change. This in-

formation will be available for any repeat reviews and for final closing. 

Change (or Configuration) Control Board (CCB) - The board that oversees the 

change process consisting of representatives from all interested parties, including 

customers, developers, and users. In a small project, a single team member, such 

as the project manager or software architect, may play this role. In the Rational 

Unified Process®, this is shown by the Change Control Manager role. 

CCB Review Meeting - The function of this meeting is to review Submitted 

Change Requests. An initial review of the contents of the Change Request is done in 

the meeting to determine if it is a valid request. If so, then a determination is made 

if the change is in or out of scope for the current release(s), based on priority, sche-

dule, resources, level-of-effort, risk, severity and any other relevant criteria as de-

termined by the group. This meeting is typically held once per week. If the Change 

Request volume increases substantially, or as the end of a release cycle approaches, 

the meeting may be held as frequently as daily. Typical members of the CCB Review 

Meeting are the Test Manager, Development Manager and a member of the Market-
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ing Department. Additional attendees may be deemed necessary by the members on 

an "as needed" basis. 

Change Request Submit Form - This form is displayed when a Change Request 

is being Submitted for the first time. Only the fields necessary for the submitter to 

complete are displayed on the form. 

Change Request Combined Form - This form is displayed when you are review-

ing a Change Request that has already been submitted. It contains all the fields 

necessary to describe the Change Request. 

The following outline of the Change Request process describes the states and sta-

tuses of Change Requests through their overall process, and who needs to be noti-

fied during the lifecycle of the Change Request. The general process associated with 

Change Requests is described in Activity: Establish Change Control Process. 

Sample Activities for Managing Change Requests 

The following example shows sample activities that a project might adopt for 

managing a Change Request (CR) throughout its lifecycle: 



 

iii 

 

Figure A1: Change Request Management Activity Diagram 

Table A1: Sample Change Request Management (CRM) Process Activity Descriptions 

Activity Description 
Responsi-

bility 

Submit CR 

Any stakeholder on the project can submit a 

Change Request (CR). The Change Request is 

logged into the Change Request Tracking System 

(e.g., Rational ClearQuest) and is placed into the 

CCB Review Queue, by setting the Change Re-

quest State to Submitted. 

Submitter 

Review CR The function of this activity is to review Sub- CCB 
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mitted Change Requests. An initial review of the 

contents of the Change Request is done in the 

CCB Review meeting to determine if it is a valid 

request. If so, then a determination is made if the 

change is in or out of scope for the current re-

lease(s), based on priority, schedule, resources, 

level-of-effort, risk, severity and any other relevant 

criteria as determined by the group. 

Confirm 

Duplicate or 

Reject 

If a Change Request is suspected of being a 

Duplicate or Rejected as an invalid request (e.g., 

operator error, not reproducible, the way it works, 

etc.), a delegate of the CCB is assigned to confirm 

the duplicate or rejected Change Request and to 

gather more information from the submitter, if 

necessary. 

CCB Dele-

gate 

Update CR 

If more information is needed (More Info) to 

evaluate a Change Request, or if a Change Re-

quest is rejected at any point in the process (e.g., 

confirmed as a Duplicate, Rejected, etc.), the 

submitter is notified and may update the Change 

Request with new information. The updated 

Change Request is then re-submitted to the CCB 

Review Queue for consideration of the new data. 

Submitter 

Assign & 

Schedule 

Work 

Once a Change Request is Opened, the Project 

Manager will then assign the work to the appro-

priate team member - depending on the type of 

request (e.g., enhancement request, defect, docu-

mentation change, test defect, etc.) - and make 

any needed updates to the project schedule. 

Project 

Manager 
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Make 

Changes 

The assigned team member performs the set of 

activities defined within the appropriate section of 

the process (e.g., requirements, analysis & design, 

implementation, produce user-support materials, 

design test, etc.) to make the changes requested. 

These activities will include all normal review and 

unit test activities as described within the normal 

development process. The Change Request will 

then be marked as Resolved. 

Assigned 

Team Member 

Verify 

Changes in 

Test Build 

After the changes are Resolved by the assigned 

team member (analyst, developer, tester, tech 

writer, etc.), the changes are placed into a test 

queue to be assigned to a tester and Verified in a 

test build of the product. 

Tester 

Verify 

Changes in 

Release Build 

Once the resolved changes have been Verified 

in a test build of the product, the Change Request 

is placed into a release queue to be verified 

against a release build of the product, produce 

release notes, etc. and Close the Change Request. 

CCB Dele-

gate (System 

Integrator) 

 

Sample States and Transitions for a Change Request 

The following example diagram shows sample states and who should be notified 

throughout the lifecycle of a Change Request (CR): 
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Figure A2: States and transitions of Change Request 

Table A2: Sample Change Request Management (CRM) State Descriptions: 

State Definition Access Control 

Submitted 

This state occurs as the result of 1) a new 

Change Request submission, 2) update of an 

existing Change Request or 3) consideration 

of a Postponed Change Request for a new 

release cycle. Change Request is placed in the 

CCB Review queue. No owner assignment 

takes place as a result of this action. 

All Users 
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Postponed 

Change Request is determined to be valid, 

but "out of scope" for the current release(s). 

Change Requests in the Postponed state will 

be held and reconsidered for future releases. 

A target release may be assigned to indicate 

the timeframe in which the Change Request 

may be Submitted to re-enter the CCB Re-

view queue. 

Admin  

Project Manager 

Duplicate 

A Change Request in this state is believed 

to be a duplicate of another Change Request 

that has already been submitted. Change Re-

quests can be put into this state by the CCB 

Review Admin or by the team member as-

signed to resolve it. When the Change Re-

quest is placed into the Duplicate state, the 

Change Request number it duplicates will be 

recorded (on the Attachments tab in Clear-

Quest). A submitter should initially query the 

Change Request database for duplicates of a 

Change Request before it is submitted. This 

will prevent several steps of the review 

process and therefore save a lot of time. 

Submitters of duplicate Change Requests 

should be added to the notification list of the 

original Change Request for future notifica-

tions regarding resolution. 

Admin  

Project Manager 

QE Manager 

Development 

Rejected 

A Change Request in this state is deter-

mined by in the CCB Review Meeting or by 

the assigned team member to be an invalid 

Admin  

Project Manager 

Development 
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request or more information is needed from 

the submitter. If already assigned (Open), the 

Change Request is removed from the resolu-

tion queue and will be reviewed again. A des-

ignated authority of the CCB is assigned to 

confirm. No action is required from the sub-

mitter unless deemed necessary, in which 

case the Change Request state will be 

changed to More Info. The Change Request 

will be reviewed again in the CCB Review 

Meeting considering any new information. If 

confirmed invalid, the Change Request will be 

Closed by the CCB and the submitter noti-

fied. 

Manager 

Test Manager 

More Info 

Insufficient data exists to confirm the va-

lidity of a Reject or Duplicate Change Re-

quest. The owner automatically gets changed 

to the submitter who is notified to provide 

more data. 

Admin 

Opened 

A Change Request in this state has been 

determined to be "in scope" for the current 

release and is awaiting resolution. It has been 

slated for resolution before an upcoming tar-

get milestone. It is defined as being in the 

"assignment queue". The meeting members 

are the sole authority for opening a Change 

Request into the resolution queue. If a 

Change Request of priority two or higher is 

found, it should be brought to the immediate 

Admin  

Project Manager 

Development 

Manager 

QE Department 
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attention of the QE or Development Manager. 

At that point they may decide to convene an 

emergency CCB Review Meeting or simply 

open the Change Request into the resolution 

queue instantly. 

Assigned 

An Opened Change Request is then the re-

sponsibility of the Project Manager to Assign 

Work based on the type of Change Request 

and update the schedule, if appropriate. 

Project Manager 

Resolved 

Signifies that the resolution of this Change 

Request is complete and is now ready for ve-

rification. If the submitter was a member of 

the QE Department, the owner automatically 

gets changed to the submitting QE member; 

otherwise, it changes to the QE Manager for 

manual re-assignment. 

Admin  

Project Manager 

Development 

Manager 

QE Manager 

Development 

Department 

Test 

Failed 

A Change Request that fails testing in ei-

ther a test build or a release build will be 

placed in this state. The owner automatically 

gets changed to the team member who re-

solved the Change Request. 

Admin  

QE Department 

Verified 

A Change Request in this state has been 

Verified in a test build and is ready to be 

included in a release. 

Admin  

QE Department 

Closed 

Change Request no longer requires atten-

tion. This is the final state a Change Request 

can be assigned. Only the CCB Review Admin 

has the authority to close a Change Request. 

Admin 
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When a Change Request is Closed, the sub-

mitter will receive an email notification with 

the final disposition of the Change Request. A 

Change Request may be Closed: 1) after its 

Verified resolution is validated in a release 

build, 2) when its Reject state is confirmed, or 

3) when it is confirmed as a Duplicate of an 

existing Change Request. In the latter case, 

the submitter will be informed of the dupli-

cate Change Request and will be added to 

that Change Request for future notifications 

(see the definitions of states "Reject" and 

"Duplicate" for more details). If the submitter 

wishes to contest a closing, the Change Re-

quest must be updated and re-Submitted for 

CCB review. 
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Appendix B.  

Change Request Process Ontolo-

gy 

Definitions 
 
Process: Change Management 

Artifact: Change Request (CR)  

Roles:   

- Submitter 

- Change Control Manager (CCB) 

- CCB Delegate 

- Test Manager 

- Project Manager 

- Team member 

- Tester 

Activities:   

- Submit CR 

- Update CR 

- Review CR 

- Confirm CR reject  

- Assign CR 

- Make Changes 

- Verify Changes 
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OWL ontology 
 
Due to space limitation is OWL-DL ontology attached on attachment CD in On-

tologies directory. 

 

TIL-Script ontology1 
 

Level 0    1          2 
Process  activities  steps / (who (role), Input (artifacts)  output (artifact))  

 
Level 0 (Process: Change Management) 
Change / (CCB, CR submitted  CR Closed)   

 
Level 1 (Process: Change Management: Activities)  

- Submit CR / (Submitter, CR New  CR submitted) 
- Update CR / (Submitter, CR more info  CR submitted) 
- Review CR (CCB, CR submitted  CR opened; CR postponed; CR rejected-

duplicate) 
- Assign CR (Project Manager, CR opened  CR assigned) 
- Review CR PP / (CCB, CR postponed  CR opened; CR postponed; CR re-

jected-dupl) 
- Confirm CR reject / (CCB Delegate, CR rejected-duplicate  CR closed, CR 

more info) 
- Make Changes / (Team member, CR opened  CR resolved) 
- Activity steps as in normal development process 
- Make Changes Failed / (Team member, CR test failed  CR resolved) 
- Verify Changes Test / (Tester, CR resolved  CR verified; CR test failed)  
- Verify Changes Release / (CCB delegate, CR verified  CR closed; CR test 

failed) 
 

Level 2 (Process: Change Management: Activity: Make Changes: Steps) 
Thinking 

 Conduct review 

 Create Integration Workspaces 
 Develop Development Case 

 Develop Iteration Plan 
Performing 

 Launch development Process 

Reviewing  
 Organize review and testing 

                                           

1 Designed and created by Doc. RNDr. Marie Duží, CSc., Mgr. Martina Číhalová and Ing. 

Nikola Ciprich 
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Appendix C.  

Risk Breaker Process Modeling 

Tutorial 

1) Running application 

Running main application of Risk Breaker opens the main window (figure C1) 

where you can choose from two options – Diagram Designer or Ontology Designer. 

 

 

Figure C1: Risk breaker Application 

Click on Ontology Designer button to run the Ontology Designer module. 

 
2) Running Process Ontology Designer 

 
You can see two main sections in loaded Ontology Designer window. First part is 

composed of List calling buttons.  List calling buttons: 
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Process Elements List – List of elements connected to process‟ tasks. Items for 

Process Designer are generated from this list‟s items. 

Tasks List – List of atomic tasks of processes. Resources, Artifacts or Roles can be 

attached to task items. 

Resources List – List of atomic resources of processes. 

Artifacts List – List of atomic process artifacts. 

Roles List – List of roles. 

 

Second part is composed of ontology dependent functions. Ontology dependent 

buttons are: 

Ontology List – Opens the list of registered ontologies. 

Run Protégé – Opens the external Protégé Ontology editor (if it is installed). This 

feature can cause that application will ask for the path to executable file of Protégé. 

 

 

Figure C2: Ontology Designer Module 

Now click on Ontology List button to open the module for editing ontologies. 

 
3) Ontology listing, creating, editing and deleting 

 
When the Ontology List opens (figure C3), click on Add Ontology to open dialog 

module of Ontology Editor (figure C4). 
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Figure C3: Ontology list 

Here in Ontology Editor Module, you can insert name of the ontology (choose the 

name wisely as the name should identify ontology). Now, you can write your ontolo-

gy into the text-box or load it from external text file. 

 

Figure C4: Ontology editor 
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When you are done with editing ontology, click on Save and Close (or Close if you 

saved before with Save button). 

When you saved ontologies, close Ontology modules and click on any of following 

buttons in Process Ontology Designer – Resources List, Artifacts List or Role List 

(Process Elements and Tasks Lists have little different properties and will be dis-

cussed later). This will cause the concrete list opening. 

4) Items Lists 
 
Lists (figure C5) are special modules that select all concrete items from Risk 

Breaker database and show them in module. List‟s main function in this application 

is Add Item. Item can be also selected and Edited or Deleted in List modules. 

For creating new process item just click on Add Element button. This will open 

corresponding Edit Module. 

 

Figure C5: List module 

5) Items editors 

 
Item editor modules consist of two main parts. First part contains base item in-

formation – name and description (figure C6). 
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Figure C6: Edit module base part 

Edit name and optionally description in first tab of module. Then click on tab 

Edit item ontology to open the second part of Edit module (figure C7). Here click on 

Select from Ontology List button to bind the ontology to this item (figure C8). Select 

desired ontology in list and click on Choose Ontology button to close the List mod-

ule and register the ontology to item. Click on Save and Close. 
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Figure C7: Edit module – Ontology part 

 

Figure C8: Choose ontology from list 
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6) Defining process tasks 

 
Close all opened Lists and Edits and in Process Ontology Designer click on Tasks 

List button. This action will open the Task List module (figure C9). 

 

 

Figure C9: Tasks list module 

 
Click on Add Element button in Task List module. After the Task Edit Module 

opens, edit base information in first tab (figure C10). Now you can add to this task 

other items in Edit task Artifacts, Edit task Resources and Edit task Roles tabs (ex-

ample at figure C11). In these tabs just select desired item you want to register in 

combo box and click on Add Selected button. This will cause the binding of selected 

items to this task (with ontology annotations). If you are not satisfied or you have 

selected the wrong item, just select it in list and click on Remove Selected button.  

 

You can edit item‟s ontology (same procedure as for any other process item) at 

last tab – Edit item ontology (figure C12). 
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Figure C10: Task editor - base 

 

Figure C11: Task editor – task items binding 
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Figure C12: Task ontology binding 

7) Mapping process elements for process modeler 

 
When you are done with Tasks, close Tasks modules and click on Process Ele-

ments Lists. Process Elements are basic building blocks for Storyboard.2 modeling 

method (figure C13).  
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Figure C13: Process elements (for modeler) list 

 
Click on Add Element button in Process Elements list. Choose corresponding 

task from combo box and information like name and description will be filled auto-

matically from selected task information (figure C14). However if you are not satis-

fied with name and description, you can edit them manually. Add media content for 

item by either loading from file (Load image button) or by dragging and dropping an 

image below the Image label and above the Load image button. When you are done 

– Save and Close all modules and close even Process Ontology Designer. 
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Figure C14: Process element editor 

 
8) Running Process designer and building process 

 
Now it is time to run Process Designer. Click on Diagram Designer in main win-

dow. You should see module like shown on figure C15. Take notice of a toolbox in 

left side of the module. It should contain two expanders (figure C16). First is static 

and consists of process flow items (starting and ending node). Second expander is 

dynamically generated and should contain all Process Elements you created in pre-

vious steps. Now you can finally create your model of software process with ontolo-

gy background (figure C17). 
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Figure C15: Risk Breaker process designer 

 

 

Figure C16: Toolbox consisting of process flow items and items generated from know-

ledge base 
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Figure C17: Change request modeled in Risk Breaker with ontology background 
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Appendix D.  

List of related/used software 

.NET – platform independent developer framework including runtime. 

Homepage: http://www.microsoft.com/NET/ 

 

C# – programming language. 

Homepage: http://msdn.microsoft.com/en-us/vcsharp/default.aspx 

 

Linq – language integrated query for working with databases and sets on applica-

tion (code) layer. 

Homepage: http://msdn.microsoft.com/en-us/netframework/aa904594.aspx 

 

Protégé – ontology editor and knowledge acquisition system. 

Homepage: http://protege.stanford.edu/ 

 

SQL Server 2008 Express – relational database management system with embed-

ded database files option. 

Homepage: http://www.microsoft.com/Sqlserver/2008/en/us/express.aspx 

 

Microsoft Visual Studio 2008 – integrated developer environment for .NET frame-

work and SQL server. 

Homepage: http://msdn.microsoft.com/en-us/vstudio/default.aspx 

 


