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Abstract 
Software development usually follows well-known methodology for development processes, but many methodologies 
do not have precise formal description and it is not easy to understand projects created using different approaches. In 
this moment, knowledge-based representation of development processes is interesting for mapping of relationships 
between different methodologies. This paper presents knowledge-based representation of metamodels for software 
development methodologies and their application on specific one, software development methodology called V-Modell 
XT. This representation is based on the semantic metamodels and it is modeled in OWL language, also it was used in 
order to show its possibilities for knowledge-based structured description of elements and data of V-Modell XT model 
and instances. The paper also includes notes on related approaches, specific connection of SEMDM (Software 
Engineering Metamodel for Development Methodologies) metamodel to V-Modell XT, as well as some examples of 
ontology usage and its potential for other applications.  
Keywords: Software development methodologies, Metamodels, Knowledge representations, Ontologies. 

1. Introduction 

 
Software engineering focuses on the processes and methods for design and construction of software 
products and their attributes. Therefore construction of high-quality software products requires systematic 
processes to define the sequence of steps during the project course, a set of suitable methods for 
construction, and set of quality assurance activities to verify and validate the deliverables against the 
specification and the customer requirements. Projects and development activities within organizations 
usually follow some well-know methodology for software development processes. Many methodologies 
lacks of precise formal description and it is not easy to understand projects instantiated in one methodology 
in the context of another approach. It is because of low level of interoperability between them (relationships 
are weak or hard to explain). 
 
 
Weakness of interoperability between methodologies leads to design of knowledge representation for 
software development processes. This is the space for mapping or capturing of relationships between 
different methodologies. Ontologies in software engineering domain (according to its usage) have very 
general objectives [5]:  

1. Clarify the knowledge structure;  
2. Reduce conceptual and terminological ambiguity;  
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3. Allow the sharing of knowledge.  
 

 
Main aim of this paper is to show opportunities to usage of knowledge representation in crucial moments of 
software processes, e.g. organization wants to use different methodology and adapt running projects. 
Capturing of the relationships between methodologies using some knowledge representation techniques 
(e.g. ontologies, meta-models, etc.) should be a solution for the addressed problem. 
 
 
Several approaches are available for the knowledge representation of methodologies, basically separated 
into two groups. In first case approaches create representation for direct mapping between methodologies 
from analysis of the similarities (and therefore achieve better interoperability). In second case abstracted 
common concepts from the structure of existing methodologies are incorporated into meta-model standards 
and re-used for creation of methodologies in constructive way (with extensions).   
 
 
In this paper existing approaches to knowledge representation of software development methodologies 
(SDM) are presented, with potential for applicability in case of V-Modell XT methodology [6]. In next 
section introduction to SDM is provided, following sections present existing approaches, applicability of 
them to V-Modell XT, with conclusions and further work ideas at the end of the paper. 

2. Software development methodologies 

 
One of the most important issues of an appropriate software process is development of software projects. A 
software processes typically defines the sequence of steps, products (deliverables, artefacts) and time plan 
(milestones, time periods, deadlines) during the software development life-cycle. In industrial practice a 
wide range of common software development methodologies (SDM) exist, which meet individual 
application requirements regarding project size, duration, effort, involved engineers, application domain, 
etc. Thus, the selection of a software process depends on the project scope and the project context. Most of 
the SDM approaches are based on common life-cycle models. Basic life-cycle approaches include the 
major steps in software development, which are common to typical projects in software engineering. Many 
different SDM exists (e.g. waterfall, spiral model, Unified Process Framework, several agile approaches, 
etc.), but we will shortly describe only two of them, which are important for this paper. 
 
 
CMMI (Capability Maturity Model Integration) [1] was developed to be able to carry out interdisciplinary 
developments, in particular software and system development projects faster and better, and to obtain at the 
same time high quality products. Important concepts here are process areas and maturity levels. Process 
Area defines related practices in an area like Requirements Management, Project Planning, etc. Maturity 
level is degree of process improvement across a predefined set of process areas. Specific goals and 
practices are defined for accomplishment of process area and needed maturity level. 
 
 
V-Modell XT [6] is a mandatory framework for planning and execution of public domain software 
processes in Germany. It is flexible and product-centric software process model approach due a modular 
design, process customization (company and domain-specific requirements) and tailoring (project specific 
requirements). Central elements are Project types, Process Modules and Project Execution Strategies based 
on Decision Gates (comparable to milestones). The selection of a project scope (building software, 
hardware or complex systems) is the first decision. A project type focuses on the view of the project from 
customer (acquirer) perspective, from developer perspective, etc. Products and deliverables are important 
for the model and are organized in so-called “process modules”, which encapsulates products 
(deliverables), roles and product responsibilities, and activities to construct the product. Additionally, 
decision gates (comparable to project milestones) are used for project progress decision. If the product does 
not meet the expected requirements, additional actions have to be done to meet decision gate requirements. 
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For process tailoring, the V-Modell XT allows to select an appropriate project execution strategy 
(Incremental System Development, System Maintenance, etc.). The V-Modell XT does not rely on a 
specific modelling technology or on specific tools, and main contribution is clear vocabulary and its 
comprehensive documentation. 

3. Knowledge representation for SDM – existing approaches 

 
The software development is knowledge intensive process, where lack of a common vocabulary and view are 
major causes of misunderstanding, unexpected problems, unfulfilled expectations and stakeholder 
disappointment. It can be argued that fewer misunderstandings will arise in communication process when the 
involved parties use an agreed-upon, well-defined ontology, which should be complete, unambiguous, 
domain-specific, generic as possible, and extensible [2].  
 
 
Several levels of understanding and applications differ in fulfilling of previously described properties 
(completeness, unambiguous, etc.) and in the “grade” of their relation to particular application (e.g. ontology-
based support in development). Usually, if application is more general, it is necessary to fulfil more properties 
presented above. According to particular needs these main areas of knowledge representation usage should be 
interesting: 

• Knowledge representation as terminological lexicon, understanding the problem and domain of SDM 
(specific or generic) – vocabulary  

• Knowledge representation as mapping tool between methodologies, from specific mappings to 
generic (analytical level of interoperability) – mapping 

• Supporting technology for collaboration and cooperation in development activities based on 
knowledge representation, automatic guidance functionality (analytical level) – guidance (support) 
tool 

• Knowledge representation as generic standard for modelling – constructive re-building methodology 
from basic concepts – standard meta-models       

 
 
Some effort has been already done towards the knowledge representation of methodologies from different 
perspectives. In first case, they stay on analytical level and try to make representation for direct mapping 
between methodologies, like creating of ontology of common software engineering concepts and mapping 
of well-known approaches to them in order to achieve better interoperability. In second case also common 
concepts (methods) are abstracted from the structure of existing methodologies, but they are incorporated 
into meta-model standards and re-used for formal creation of methodologies in constructive way. 
Generally, it is quite optimistic to expect that every methodology should be mapped to another 
methodology. If we want to find at least partial mapping or some way how to fulfil it, we have to first look 
on attempts of other authors in this area. 
 

3.1 Software Process ontology 

 
Authors in [4] provide ontology-based approach to express software processes at the conceptual level by 
design Software Process Ontology (SPO), which defined the structure of the process models at the schema 
level. They abstract a common architecture of software process model from existing models, and illustrate a 
general overview of SPO and then extend it to suit the needs of standards (like CMMI). Basic assumption for 
the modelling of SDM is that there is sufficient level of usable similarities. Authors follow process modelling 
scenario and main components (according to analysis of several models) are “Process” and “Practice”. 
Normally, the models have a set of processes, which could guide the software production, and the processes 
are classified into several domains, called “Subsystem” or “Category”. The organizations must carry out 
practices to reach the goals of the processes.  
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Each model has its own concepts and terms, and even processes that have the same name in the two models 
usually have different contents. Same findings apply to the practices from these models. Following previous 
findings that model are partly overlapped, and the granularity of the processes and practices is different in the 
models, they collect all the activities available for the models, called “Atomic Practices”, and construct a 
unified set of atomic practices, called Atomic Practice Model (APM). The practices and processes of the 
models can be composed from the APM, which is main component of SPO. The atomic practice is the 
minimal activity that can develop software artefacts or support the engineering process. A software process is 
composed of a collection of practices, and a practice comprises a collection of the atomic practices. 
 

3.2 Software Engineering Ontology 

 
The Software Engineering Ontology (SEO) approach represents SDM-related knowledge in the form of 
ontology that useful in clear up ambiguities in the context of software engineering. SEO is also available 
from their page related to SEO (http://www.seontology.org), where also related papers are available.  
 
 
The whole set of software engineering concepts representing software engineering domain knowledge is 
captured in ontology. Based on a particular problem domain, a project or a particular software development 
probably uses only part of the whole set of software engineering concepts. The specific software 
engineering concepts used for the particular software development project representing software 
engineering sub-domain knowledge are also captured in ontology. The project data especially meets a 
particular project need and is needed with the software engineering knowledge to define instance 
knowledge in ontology.  
 
 
The instance knowledge varies depending on its use for a particular project and is diverse according to 
project requirements, feasibility, etc. in each remote distributed team. The domain knowledge is quite 
definite, while the instance knowledge is particular to problem domain and developmental domain in a 
project. Once all domain knowledge, sub domain knowledge and instance knowledge are captured in 
ontology, it is available for sharing among software engineers. All team members, regardless of where they 
are, can query the semantically linked project data and use it as the common communication and 
knowledge basis of raising discussion matters, questions, analysing problems, proposing revisions or 
designing solutions. 
 

3.3 Software Engineering metamodel for development methodologies 

 
Metamodels are useful for specifying the concepts, rules and relationships used to define a family of related 
methodologies. A good metamodel must address all of the different aspects of methodologies, i.e. the 
process to follow and the work products to be generated. 
 
 
In [3] authors analyse current metamodels and propose new metamodel (lately incorporated into standard 
ISO/IEC 24744, also described in [2]) called Software Engineering Metamodel for Development 
Methodologies (SEMDM) ,which provides a comprehensive standard for all the concepts necessary for 
modelling and creating methodologies. Three layers are used in SEMDM: endeavour (where people work, 
also called project layer), method (where practices are determined) and metamodel (where practices are 
formally defined). SEMDM covers the following domain areas:  

1. Work units (process aspect of methodologies, describe the work that has to be done in order to 
obtain the system to be delivered);  

2. Work products (product aspect of methodologies, describe the artefacts that must be used and/or 
created in order to obtain the system to be delivered);  
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3. Producers (people aspect of methodologies, describe the roles, teams and tools that actually 
perform the work units and create or use the work products);  

4. Stages (temporal aspect of methodologies, describe how work units, work products and producers 
relate to each other over time);   

5. Model units (modelling aspect of methodologies, describe the modelling building blocks that 
developers can use in order to construct the work products mentioned above).   

 
SEMDM tries to adopt a minimalist approach similar to that of the SPEM by including only those concepts 
truly generic across a wide range of domains, but also including information on how more specific 
methodological approaches might be created from this new metamodel. This is achieved by the use of 
xKind metatypes (powertype pattern), which allow partitioning of a given metatype into user-defined 
subtypes, e.g. Document class in the metamodel represents documents managed by the development team, 
while the DocumentKind class represents different kinds of document that can be managed by the 
development team. Document represents a concept that belongs in the project layer (documents that people 
manage) and DocumentKind represents a concept that belongs in the methodology layer (kinds of 
documents described by the methodology). Notation for this pattern is Document/*Kind. Re-use of such 
pattern in method level is based on the clabject idea, where project-level elements must be instances of 
some methodology-level elements, and methodology-level elements must be instances of metamodel-level 
elements. For example, for the requirements specification documents we need to create the clabject 
RequirementsSpecificationDocument (in the methodology layer) as an instance of DocumentKind and as a 
subclass of Document. 
 
 
SEMDM defines Element class with subclasses MethodologyElement and EndeavourElement to represent, 
respectively, elements in the methodology and the endeavour domain. MethodologyElement is specialised 
into Resource (elements that are used ‘as is’ at the endeavour domain) and Template (elements that are 
used by instantiation at the endeavour domain). The powertype pattern formed by Template and 
EndeavourElement is refined into more specialised powertype patterns formed by subclasses, namely 
Stage/*Kind (temporal aspect), WorkUnit/*Kind (job aspect), WorkProduct/*Kind (any artefacts of value 
developed or used during a project), Producer/*Kind (responsible agents for actions), and 
ModelUnit/*Kind (represent a cohesive fragment of information in the subject being modelled). At the 
same time, Resource is specialised into Language (model unit kinds used for construction), Notation (rules 
for depicting the specific work products), Guideline (rules and directives about the usage of elements), 
Constraint (specific conditions for actions execution) and Outcome (result of the performance of work 
unit). 

4. Use of existing approaches with V-Modell XT 

 
In this subsection applicability of the knowledge representation is analysed. We have also modelled SPO 
and SEO approaches with V-Modell XT, but SEMDM is more flexible and used in wider scope of 
applications. In this paper only two solutions are described. First, simple solution based on the V-Modell 
XT documentation [6] is similar to SPO (analytical approach based on the table-based comparison). V-
Modell XT provides Mapping to other Standards part suitable as knowledge source for mapping, helpful as 
mapping tool and vocabulary. 
 

4.1 Simple Solution Based on the Documentation of V-Modell XT 

 
Authors of the V-Modell XT provide mapping from more standards into elements of the V-Modell XT. We 
will follow only CMMI as ‘proof of concept’. Documentation contains process areas, and for each of them 
standard elements of CMMI is mapped to elements from the V-Modell XT (model and documentation-like 
elements, e.g. chapter). 
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For the simple solution we need to model elements of the other standards in the ontology and make a 
connection to the V-Modell XT concepts. For that reason we have modelled part of the V-Modell XT using 
OWL standard. Example: CMMI Project Monitoring and Control process area is covered by the V-Modell 
XT elements:  

- Monitor Project Against Plan is fulfilled by elements:  Chapter: Decision Gates,  Process 
Module: Configuration Management,  Product: Project Status Report, Product: Risk List, 
Product: Project Progress Decision 

- Manage Corrective Actions to Closure  is fulfilled by: Product: Project Status Report 

 
Fig. 1 Project Monitoring and Control part of mapping ontology 

 
 
Fig.1 presents ontology part related to this process area, where main relation between elements of CMMI 
and V-Modell XT is called isFulfilledBy. This figure shows only necessary subclasses and instances; 
complete ontology consists of more relations, instances and standard elements (e.g. V-Modell XT part with 
relations like  isFromProductGroup, isPartOfActivity, etc.). Ontology is relatively small (40 concepts, 5 
basic plus inverses, ≥ 300 instances), but it is a good base for the re-use by some application.  
‘Simple mapping solution’ ontology is easy and purpose-oriented, and should be helpful for understanding 
specific part of software development domain (part related to involved standards), and as mapping or help 
(guidance) tool, which can help developer or project manager transform his/her knowledge about e.g. 
CMMI to V-Modell XT. 
 

4.1 Use of SEMDM for V-Modell XT 

 
SEMDM provides the theoretical background for method engineering to model the methodology and 
endeavour domains together and maintain the relationships between them, and also provides rich semantics 
to model the interface between the process and product sides of methodologies, allowing a better 
connection between these sides. Any methodology should be constructed from the basic standard’s 
elements and used in very flexible way. Actually, SEMDM can determine what method components of a 
methodology can be enacted at any point in time. This agility features have the advantages over 
conventional approaches and support the emergent behaviours that usually occurs in modem businesses, 
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which seems to be significant issue for methodologies. In case of V-Modell XT flexibility in modelling is 
important due to its tailoring processes, which could be flexibly modelled.  
 
 
SEMDM based on powertype patterns and clabjects is powerful standard, which precisely define basic 
concepts for all methodologies (anything outside metamodel is not universal concept for all SDM). It is a 
very flexible approach (any methodology could be constructed) and include all sides of methodologies 
(products, processes, people, and quality aspects). Only problem seems to be that SDM is quite large-
grained, only basic concepts and support for their extensions are provided. This is good for flexibility, but 
for the large SDM (like V-Modell XT), the constructive approach leads to quite huge effort. On the other 
hand, V-Modell XT precisely defined within SEMDM will be intentionally mapped to any methodology 
(which is also modelled using same metamodel standard), and still very agile and flexible, suitable for the 
extensions or combinations with steps from the other SDM.  Therefore, this solution seems to be most 
progressive, but also quite effortful. 
 
 
For the realization of the ontology based on SEMDM with V-Modell XT in OWL using Protégé we need: 

1. To have SEMDM basic concepts available in Protégé editor in OWL 
2. To model V-Modell XT elements using SEMDM elements 

 
 
The first step is also not so easy task, because we did not find SEMDM metamodel available in OWL, that 
is why we had to prepare structure of metamodel concepts in Protégé. The problem is that powetype pattern 
and clabjects are not directly supported patterns in OWL, on the other hand we only need to model all 
necessary elements in correct way (using of *Kind notation, correct instantiation, etc.), and then such 
model is sufficient for any mapping based on the SEMDM (modelled in any language).  
 
 
For the realization of the ontology based on SEMDM with V-Modell XT we have modelled basic elements 
of standard using OWL and provide partial model of the V-Modell XT elements. Creation of full model is 
time consuming work and not needed for our current purposes. Table-based proposal for the re-use of 
metamodel concepts and extensions for the needs of V-Modell XT is available in next Table 1.   
 
 
 

Table 1: Re-use of metamodel elements from SEMDM with V-Modell XT 
Metamodel Element Usage for the V-Modell XT case 

WorkProduct/*Kind Products from V-Modell XT are modelled using this metamodel concept, 
but not directly – every product clabject is under one of the specific type of 
WorkProduct (see next metamodel elements). Because structuring is based 
on type of the Product from metamodel, ProductGroup’s are not directly 
used as hierarchy for them, product group categorization could be added 
separately (by specific property or properties). 

Document/*Kind  
(subcl. of WorkProduct) 

All V-Modell XT products, which are realized in documentation form, e.g. 
Project Manual, Project Plan, Requirements Specification, Evaluation 
Report, etc. Document provides durable form for every work product, if 
necessary. 

HardwareUnit/*Kind 
(subcl. of WorkProduct) 

All V-Modell XT products, which are connected to concrete hardware (not 
documentation, but concrete hardware), e.g. Hardware Unit, Hardware 
Component, etc.  

SoftwareUnit/*Kind 
(subcl. of WorkProduct)  

All V-Modell XT products, which are connected to concrete software (not 
documentation, but concrete software), e.g. Software Unit, Software 
Component, etc. 

Model/*Kind All V-Modell XT products, which are connected to concrete model as 
output (not documentation, but concrete model), e.g. Database Design, 
System Architecture, etc. 
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CompositeWorkProduct 
/*Kind 
(subcl. of WorkProduct) 

All V-Modell XT products, for which we need to compose previous types 
to fulfil their description, e.g. System (is composed from software and 
hardware elements), etc.  

Producer/*Kind Producer models people or agent side of the methodology. It means that 
any person, role, tool or team is modelled as subtype of Producer concept. 

Role/*Kind 
(subcl. of Role) 

The roles which are played by producer, in V-Modell XT e.g. Project 
Leader, System Architect, etc. 

Person 
(subcl. of Role) 

Concrete person under the Producer, in V-Modell XT it is important that 
someone involved in the project have to play at least one role. Of course, 
for this concept a powertype pattern is not used. 

Tool/*Kind 
(subcl. of Role) 

Used for the tools or automated instruments that helps in fulfilling the 
activities (processes), e.g. CM Tool, Project Planning Tool, Detect 
Defects/Change Management, etc.  

Team/*Kind 
(subcl. of Role) 

Team is similar to composite work product, but for producer side of 
metamodel, different producers (of any type) are combined in one team. In 
V-Modell XT teams are not mentioned as something specific, roles are 
separately and explicitly provided to particular work product creation task 
or activity. 

WorkUnit/*Kind 
 

WorkUnit models process side of methodologies – tasks, activities.   

Task/*Kind 
(subcl. of WorkUnit) 

Small chunk of work to be done, actually describes what should be done, 
like writing a code or documenting the requirements. Task is component of 
WorkUnit. In V-Modell XT tasks are represented using Activity concept.      

Technique/*Kind 
(subcl. of WorkUnit) 

Tasks are using Techniques in order to achieve their result. Techniques in 
case of V-Modell XT should be re-used for the definition of 
MethodReference, if some task (activity) produces product X using some 
MethodReference, then this reference is Technique.     

WorkFlow/*Kind 
(subcl. of WorkUnit) 

Large-grained work units characterised by the process area expertise. 
WorkFlow subclasses are Process and Activity. While Process represents 
discrete process of work, Activity is related to continuous responsibility 
(work that is keep going during time).  
In V-Modell XT WorkFlow should be re-used in definition of Process 
Module and Project Execution Strategy.       

Stage/*Kind Temporal side of the work units. Stage has two main subtypes – 
Instantaneous Stage and Stage With Duration.  

InstantaneousStage/*Kind 
(subcl. of Stage) 

Managed points in time within an endeavour. There is a single subtype of 
instantaneous stage called Milestone/*Kind, which mark some significant 
event in the endeavour. Milestone in case of the V-Modell XT are defined 
using DecisionGate concept.  

StageWithDuration/*Kind 
(subcl. of Stage) 

Managed intervals of time within an endeavour. These can be further 
classified into three different subtypes: Build/*Kind – for which the major 
objective is the delivery of an incremented version of an already existing 
set of work products, Phase/*Kind – for which the objective is the 
transition between levels of abstraction, and TimeCycle/*Kind – for which 
the objective is the delivery of a final product or service. 
All these elements should be reused especially when it is important to 
setup workflow related aspects of project execution strategies, with some 
incrementing (cycles in execution strategies between decision gates) and 
change of scope (phases, e.g. System design -> System Integration, etc.). 

ModelUnit/*Kind Model Unit is used for the definition and description of elements, which 
are used for particular models. According to fact that V-Modell XT is not 
prescriptive in used modelling language (only expected model as product), 
this element (normally connected to Model) is not necessary for re-usage.   

Action/*Kind Action is specific concept used for the connection between product side 
(WorkProduct) and process side (Task). This is important for modelling 
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the connection between V-Modell XT Activity and Product. Constraints 
are used to specify preconditions and postconditions of the Action. 

Resource  Resource is a class, which is instantiated directly in the method domain, 
and then used for particular purpose in endeavour domain only as resource 
link (information). There are different types of resources like Guideline, 
Language, Constraint, Notation and Outcome. Their usage in V-Modell 
XT case can be:  
Language and Notation should be useful in preparing models and their 
documentation (if it is needed to specify some) 
Constraint element should be considered in Action, where some 
Preconditions or Postconditions could appeared (like depenedancies in V-
Modell XT).  
Parts of the documentation with explanatory text – Guidelines. 
Outcome – any information regarding capability issues of work units 
output.      

Relation WorkUnit and 
Producer 

This is connection between process and people side of the methodology. In 
V-Modell XT it is very precisely defined, who is responsible for the 
activity (or product, which activity produces), this relation is modelled 
here.  

 
 
We will now show some examples, how the basic elements of the SEMDM are re-used and extended for 
the needs of V-Modell XT. As we already mentioned, our OWL version of the SEMDM elements is not 
absolutely precise model, some details regarding powertyping and clabjects are not covered in precise 
notation (as they are not available in OWL), but we have used same structure and conventions for 
modelling and naming, so the model should be easily used (together with extensions) by some other model 
or piece of code, which follows same convention (and which should add correct full notation). But 
differences are not semantical and also difference now is very small. We will start with simply presenting 
the basic structure of SEMDM elements already provided in OWL (see Fig.2). 
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Fig. 2 Basic elements of SEMDM in OWL (only hierarchy relations are shown) 

 
Example of re-use is from modelling of products Project Manual and SoftwareModule. ProjectManual is 
DocumentKind, while SoftwareModule is SoftwareItemKind. Our particular products are instances 
MyProjectManualV1.5 and MySoftwareModuleForSearching. Then we need to create *Kind powertypes – 
ProjectManualKind is instance of DocumentKind and SoftwareModuleKind instance of SoftwareItemKind. 
Under WorkProduct ProjectManual is created as subclass of Document and SoftwareModule as subclass of 
SoftwareItem. MyProjectManualV1.5 and MySoftwareModuleForSearching are instances to these classes 
and connected (by ‘isFromKind’ relation) to *Kind class instance. Relation ‘isFromKind’ is powertype 
relation between EndeavourElement (e.g. WorkProduct) and Template (e.g. WorkProductKind). This is 
simple example of SEMDM re-use and naming convention (see Fig.3). 
 
 
Now look for the modelling of Producers, from the V-Modell XT, e.g we have SoftwareDeveloper as 
responsible role for the SoftwareModule. Then we need RoleKind instance SoftwareDeveloperKind and 
Role extension with subclass SoftwareDeveloper. Also we can have concrete person instance (e.g. 
‘PeterButka’) for Person instance, which is in relation ‘plays’ to SoftwareDeveloper role instance. 
 
 

 

Fig. 3 WorkProduct extension for usage with V-Modell XT (for instances used as example) 

 
Now activity from V-Modell XT which is related to creation of the SoftwareModule is called 
RealizingSoftwareModule, this has to be modelled under WorkUnit hierarchy. As this is quite 
straightforward task, it will be directly modelled under Task concept of SEMDM. So we need TaskKind 
instance called RealizingSoftwareModuleKind and related subclass of Task concept, with concrete example 
of instance of one task instance (e.g. ‘RealizingMyModule’). Connection between task and producer is 
realized by the object property (relation) between Producer and WorkUnit, simply called isResponsibleFor 
(if we have responsible person) and isParticipatingRole (if role is participating in activity). Example of 
such structures is shown in Fig.4. 
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Fig. 4 Example where process (task), producer (people) and product sides are connected 

 
Other elements of the V-Modell XT should be similarly added into ontology by extension and re-usage of 
SEMDM metamodel elements, by the proposal from Table 1. Any specific dependencies outside the scope 
of the metamodel should be also modelled using newly added relations (properties), but (according to our 
existing knowledge) for most of the problems one can find re-usable elements in metamodel. 
 
Now it is a time to discuss usage aspects and any suggestions for the extension of approach outside the 
scope of metamodel based on the SEMDM. This knowledge representation is suitable to be used as: 

• Metamodel (extended with concepts from V-Modell XT) – for new project instances (what is the 
first application – metamodel for instantiation of projects). 

• Terminology or vocabulary for understanding the domain of SDM – basic concepts from 
metamodel with well-known semantic shared between SDM are used as domain basis, and 
therefore any extension can be understandable in similar way to well-known metamodel concept.    

• Mapping – fully modelled V-Modell XT can be mapped with any methodology, which is also 
modelled using this standard. Of course, their mapping will not be 100% precise, but shared 
metamodel concepts and structures will help in very reasonable partial mapping with good 
distinction between modelled (or not modelled) sides of mapped methodologies. Mapping then 
have quite interesting and pleasant intentional form. 

• Support (guidance) tools – this knowledge representation based on the SEMDM is very agile and 
flexible. This feature is also important for V-Modell XT and its tailoring processes. So also with 
any reasonable mapping or terminological knowledge-based support tools, we can imagine good 
applications, which are using created ontology for automatic tailoring and dynamic combination 
with other steps (from different methodologies mapped to same metamodel, this is the application 
preferred by the authors of the SEMDM, e.g. tasks, products, are dynamically combined from 
something called work product pool in order to achieve expected result for current step).       

 
There is also another simple extension, which should be interesting and useful. Our simple solution for 
mapping based on the documentation of V-Modell XT can be connected to this metamodel solution and 
directly used as explicitly provided mapping part of ontology. Of course, for the full analysis of the 
potential of metamodel (or extended) approach, full ontology together with wide instantiation and testing 
have to be performed in the future, but this is out of the scope of this report. However, metamodel solution 
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seems to be best from the proposed solution and should be used in wide scope of applications as knowledge 
representation for capturing the relationships between different software development methodologies. 
 

5. Conclusions 

 
In this paper we have analysed possible solutions for the knowledge representation of general software 
development process or methodology steps, especially its applicability in case of V-Modell XT 
methodology. After the analysis of existing approaches we have introduced two solutions for the 
knowledge representation that involves V-Modell XT methodology elements. One is based on the V-
Modell XT documentation (‘Simple mapping solution’). This solution seems to be interesting when 
developer or project manager want to understand the projects relationships between V-Modell XT and 
other standard from mentioned document, e.g. CMMI. In case of SEMDM we have introduced proposal for 
the re-use of metamodel elements in re-construction of V-Modell XT using this standard. Such ontology 
should be useful for different applications like terminology sharing, knowledge-based support, extended 
metamodel standard, mapping tool (intentionally due to sharing of very general terms), or (according to 
agile and flexible metamodelling approach) automatic tailoring tool. For the future it is important to 
prepare and test full SEMDM-based ontology (together with wide instantiation) and its applications. Also 
our first simple solution for mapping based on the documentation of V-Modell XT can be connected to 
metamodel solution and directly used as explicitly provided mapping part of ontology. 
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