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Abstract 

 

The paper focuses on research in area of semantic technologies and principles in the IT service management (ITSM). The ITIL 
framework is nowadays the world-leading conceptions of managing IT services in business. Together with the principles of 
Semantic Web, knowledge technologies and service-oriented architectures, the standardized ITSM can provide a framework for 
designing and maintaining interoperable service-based applications. The approach presented within this paper focuses on design 
and development of ontology structures supporting the IT service management processes in area of service operation according to 
the ITIL and semantic annotation of web services organized into process workflows. Our main focus was to introduce the idea of 
leveraging semantic technologies for support of configuration database management systems and to enhance management 
processes in ITSM by providing knowledge model of particular ITSM domain. Presented paper describes such approach and 
discusses future work including the implementation and planned testing environment. 
 
Keywords: IT service management, Ontologies, Semantic modeling. 

1. Introduction 

Service-oriented Architecture (SOA) and solutions based on services gained significant amount of interest in 
computer science research and nowadays represent the popular and widely spread technologies used. Web services 
have been emerging as the lead implementation of SOA upon the Web [1]. On the other hand Semantic Web 
provides a common framework that allows data to be shared and reused across application, enterprise, and 
community boundaries. Semantic Web services then allows extension of web services with semantic information 
providing the mechanisms for invocation or functionality reasoning. Utilizing the principles of Semantic Web, SOA 
and knowledge technologies with the standardized IT service management can provide a framework for designing 
and maintaining interoperable service-based applications. Main aim of presented paper is to present the conceptual 
framework for developing a semantic model of ITIL - one of the selected ITSM frameworks. 
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2. ITSM and Service Management 

To precisely define what a service management is, it is needed to specify what the service is, more concrete, 
what is the IT service. According to [4] a service is a means of delivering value to customers by facilitating 
outcomes customers want to achieve without the ownership of specific risks and costs. This definition of service is 
rather general. Speaking of IT services we will consider the services that in some way facilitate ICT technologies to 
its use. Then, a simple example of IT service and customer outcome satisfied by this service can be: 

Customer outcome: “Sales people spending more time interacting with customers” facilitated by service: 
“Remote access service that enables reliable access to corporate sales systems from sales people’s laptops”. 

To ensure, that the IT services satisfies the customer’s needs and to use corresponding ICT technologies 
effectively, these have to be put under specialized management processes. This discipline is called Service 
Management, and it is a set of specialized organizational capabilities for providing value to customers in the form of 
service. IT Service Management evolved during the time into the highly standardized frame-works based on best 
practices. Best practices evolved into the industry standards for management of ICT (ISO/IEC20000) and also into 
the public domain frameworks such as ITIL or CoBiT [11]. In the next section we briefly describe one of them – 
ITIL. 

2.1 ITIL 

ITIL (IT Infrastructure Library) is a framework that describes best practices in the IT service management. 
Library is public and nowadays, in its fourth version, consists of 5 core publications. Office of Government 
Commerce (OGC) published initial version of ITIL in 1989 in Great Britain. It has been revised into the more 
connected and consistent ITIL V2 and in 2007 it was enhanced and released as ITIL V3. ITIL V3 was updated and 
revised and current version of the library is ITIL 2011.  
 

Both ITIL V3 and 2011 consists of 5 core books that cover the whole lifecycle of the IT service. Different 
stages of service lifecycle are depicted on Fig. 1. The figure shows each stage of the lifecycle from initiation from 
requirements from business. Its main stages are also connected to ITIL core publications. Basically it shows, that all 
activities and processes are business driven, its initial definition and analysis is covered by Service Strategy and 
Service Design phases. Service Transition describes the migration into the live environment and Service Operation 
and Continual Service Improvement publications describe the real operation of the services in business. 
 

 

Fig. 1 IT Service lifecycle according to the ITIL 
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Implementation of the service lifecycle enables seamless integration into the business processes as well as ability to 
control and manage the services from initial requirements until the service is operative. Service Strategy focuses on 
helping the organizations improve over the long term. It covers some key topics including the service value 
definition, business case development, service assets, market analysis and also defines corresponding processes for 
management of assets, service portfolio, finances. Service Design aims more specifically on designing of IT services 
and processes. In ITIL sense Service Design means to consider all elements that can be relevant to technology 
service delivery. Service Transition covers the area between design of service and its transition into the operational 
use and describes the corresponding processes (Change Management, Release Management, Service validation, 
testing etc.). Service Operation is the part of the lifecycle, where the services are actually deployed and are in 
operational use. It covers wide range of processes and functions including the monitoring of the services and 
problems and management between the service reliability and its costs.  

 
Main goal of Service operation phase is to enable stable, responsive and repeatable IT service delivery. This 

incorporates delivering improved processes such as incident and problem management, delivering new processes 
such as event management and service request fulfillment, shaping and defining service strategy, service design, 
service transition and continual service improvement and providing end‐to‐end working practices which are robust. 
Service operation defines 6 main processes and also defines basic terminology and concepts related to these 
processes:  

 
• Event Management 
• Incident Management 
• Request Fulfillment 
• Access Management 
• Problem Management 
• Monitoring and control 

3. Related work 

In area of semantic modeling of IT service management processes (including those described in ITIL), there are 
several existing concepts and ongoing research activities [13]. In [7] authors presents the design of the ontology that 
defined the structure of services and related concepts within this particular area on macro-level. This ontology serves 
as a model for ATC (Air Transport Control) services. In [6], approach from similar domains is presented. Authors 
presented the translation of ITIL Service Operation domain to ontological artifacts and used the model in processes 
of incident management and problem management in IT service management center of Thailand airlines. Ontology 
was designed according to the UML case studies and basic principles of ITIL Service Operation publications. The 
solution was implemented as a case study of ontology driven incident and problem management according to the 
ITIL.  
 

In area of service benchmarking, paper [8] presents ontology driven benchmarking on ITIL to achieve Six 
Sigma. Service management ontology was developed to support the benchmarking processes. In [9] Configuration 
management ontology according to ITIL was presented. Designed ontology supports processes of configuration 
management by enhancing of the SCM (Software Configuration Management) tools. 
 

On the other hand side, there exists a wide variety of commercial as well as open source tools supporting all the 
ITIL phases and the respective processes. These tools are regularly evaluated and compared on well-known web 
portal of Pink Elephant (http://www.pinkelephant.com). However, focus of these tools is solely on ITIL and a 
support of semantically enhanced services or processes is lacking. It seems that there is a gap between the enterprise 
practice, which is focused mostly on ITIL and related standards, and the research community trying to investigate in 
the area of Semantic Web. There are some attempts to overcome this gap, for example [5]. In area of business 
process modeling, several related approaches were presented [2] [3].  
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4. Service Operation ontology design 

Main objective of proposed ontology is to provide a conceptual model covering most important parts of the ITIL 
framework, Service operation processes and Configuration management concepts. Development of such ontology 
should be guided by ITIL vocabulary and processes and should lead to a result applicable in different fields of IT 
service management. Organizations implementing ITIL can use the ontology as a model to share common 
vocabulary and for understanding of the framework among the people involved in collaboration. On the other hand, 
ontology can be used by customized ITSM software tools in order to provide mechanisms for automatization of 
certain workflows within ITIL defined processes.   
 
Design and implementation of proposed ontology was according to the Methontology1 methodology [12]. Ontology 
was developed in OWL language and development can be divided into several phases: 
 

• conceptualization of terms  
• vocabulary and taxonomy development – identification of concepts from ITIL library and identification of 

dependencies: 
 

• identification of entities related to Service Operation service lifecycle phase 
• identification of concepts covering these entities 
• differentiation between independent concepts and relations between them in particular area 

 
Selected terms from Service operation and Configuration management domains were then classified into the classes 
and subclasses, connected by relations represented by ontology properties. This iterative process leads to ontology 
taxonomy, a final structure describing the basic concepts of proposed domain. Fig. 2 depicts the main classes of 
proposed ontology as well as class restrictions for selected class. 
 
After the hierarchical structure was created, the structure of final taxonomy was then consulted with a group of 
service management experts in order to validate the correct form of designed relations between the concepts. Based 
on this design, ontology was created in selected ontology modeling tool.  
Protégé editor was selected as a ontology development tool. Protégé editor was selected because of support of 
SPARQL querying and support of OWL 2.0 standard.  
 

 

Fig. 2 Basic concepts of Service Operation ontology and example of properties 

                                                           
1
 http://semanticweb.org/wiki/METHONTOLOGY 
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Final model consists of class structure depicted in Fig. 2 and consists of these main classes (subclasses are not 
describe due to clarity issues). 
 

• Access – class that defines types of standard service accesses, covers also Request for change class 
• Approval – class defines entities responsible for approval of requirements 
• Closure – class representing tasks related to closing the Events 
• Concept – class that defines the basic service access concepts 
• Configuration_Management – class covering concepts related to configuration management, including 

infrastructure modeling, service structure modeling and configuration database concepts 
• Escalation – class describing the concepts of different types of escalation procedures 
• Event – represents the different types of Events as introduced in ITIL (Warnings, Incidents, 

Information events, etc.) 
• Filtering – class containing concepts for event filtering processes 
• Identity – class containing concepts for users description 
• Information Management – class describing the processes for knowledge an information management 
• Metrics – class covering the specific ITSM metrics 
• Priority – class describing the impact/urgency concepts 
• Resolution – class describing the results of particular Service operation processes 
• Service_Request – defines the different types of service requests 
• Time_tracking – class covering the various concepts describing the time aspects of processes 
• User – class specifying the different roles involved within the ITSM processes 

 
 

Attributed and relations were added into the final taxonomy. Most important relations between designed concepts 
were investigated from the ITIL publications and from analysis of ITIL processes. Those were hierarchically 
ordered and divided into two main categories – object properties and data type properties. Properties enables to link 
related ITIL concepts and later use defined relations for practical use of the model. Fig. 3 provides a visualization of 
selected ontology concepts and their relations represented by several defined object properties.  

Model was verified and formalized. The main objective of these tasks was to prove, that the model does not 
contain inconsistencies, or duplicity information. Validation of the model was performed using the Pellet reasoned 
(included in the Protégé distribution). Validated model was formalized, local constraints were defined and 
implemented, as well as cardinality restrictions. Model was then populated with instances and tested using the Pellet 
reasoned and SPARQL query interface. Instances were selected from the database of IT Service management tool 
used in real environment for IT process management support in Internet provisioning company. The goal of the 
ontology evaluation was to prove, that use of such model could bring significant benefits in area of process 
automatization. We focused on several steps within the Incident management process, where we can use the 
knowledge represented in the ontology to provide the context information to process groups involved in particular 
processes. We designed several model situations to demonstrate the usage of the ontology including the scenario of 
incident priority setting, urgency setting and event classification.  
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Fig. 3 Relations between the concepts 

5. Conclusions 

The proposed paper described the approach of integration of semantic structures into the IT service management 
principles and standards. Such semantic structures supporting the shift of SOA solutions towards Semantic Web 
should be constructed with full respect to ITIL. The presented ontology precisely reflects ITIL concepts in the area 
of service operation phase including incident management, problem management, capacity and configuration 
management. However, due to the complexity of ITIL and size of its vocabulary, complex semantic modeling of 
complete ITIL scope is rather difficult and long-lasting task. We approached it by dividing the ITIL into relatively 
independent parts such as particular phases and processes. Those can be modelled by relatively independent 
structures of ontologies and process models. Models are easy extendable and in the future will be extended to cover 
different aspects of IT service management. On the other hand, developed semantic structures will be tested in the 
real environment as well as integrated within existing ITSM solutions as a models enabling the support of 
automatization of ITSM processes. 
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