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Summary  (English) 

Broader and broader areas of application deployment are covered by semantic 

technologies recently and in the meantime their scope is increasing constantly. The 

possibilities of semantic applications are now so vast that they cannot be judged as a single 

market segment any more. The business skepticism that arises due to the uncertainty of 

investments in such technologies is only augmented by these differences and picking up on 

that this thesis concentrates on the aspects that can enable and evaluate not only the 

economic efficiency of engaging the semantic technologies in a business environment but 

also the effectiveness of doing so. 

This work concentrates on the ways of how to prove the differences amongst 

semantic applications, define their distinct segments based on use-case, and subsequently 

identify their Critical Success Factors and evaluate them against the real conditions of the 

ÁÐÐÌÉÃÁÔÉÏÎÓȭ ÄÅÐÌÏÙÍÅÎÔ ×ÉÔÈ ÔÈÅ ÐÁÒÔÉÃÉÐÁÔÉÏÎ ÏÆ ÐÅÏÐÌÅ ÉÎÖÏÌÖÅÄ ÉÎ their  development. 

Following the results of these interactions this thesis presents an innovative approach that 

enables to construct models for judging the maturity of enterprises for the deployment of 

the respective applications including the actual construction of these models for all the 

ÉÄÅÎÔÉÆÉÅÄ ÁÐÐÌÉÃÁÔÉÏÎÓȭ ÕÓÅ-cases segments. Moreover, in a later part of the work the 

evaluation using these models is demonstrated on AQUA application (outcome of a project 

the author did personally partake in) along with sketching additional specifics that may 

help the timely assessment of semantics in certain cases. 

The results presented in later chapters are supported by the underlying background 

researches in the fields of Semantic Technologies and IT assessment both of whose state-of-

the-art methods are described here. Usability of the current standardized methods (such as 

those used in COBIT) for assessing semantic applications is also considered with respect to 

the lack of other best practices in business deployment of semantics. 
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Shrnutí  ɉIÅÓËÙɊ 

Stále ĤÉÒĤþ Á ĤÉÒĤþ ÁÐÌÉËÁéÎþ oblasti jsou poslední dobou pokryty nasazením 

sémantických technologií a ÚÜÒÏÖÅĐ Ó tím se jejich rozsah a schopnosti neustÜÌÅ ÚÖÙĤÕÊþȢ 

-ÏĿÎÏÓÔÉ ÓïÍÁÎÔÉÃËĻÃÈ ÁÐÌÉËÁÃþ ÊÓÏÕ ÎÙÎþ ÔÁË ÒÏÚÓÜÈÌïȟ ĿÅ ÊÉĿ nemohou být posuzovány jako 

jediný segment trhu. Skepse podnikové sféryȟ ËÔÅÒÜ ÖÚÎÉËÜ Ö ÄĳÓÌÅÄËÕ ÎÅÊÉÓÔÏÔÙ investic do 

ÔñÃÈÔÏ technologií je pouze ÐÏÄÐÏÒÏÖÜÎÁ ÔñÍÉÔÏ ÒÏÚÄþÌÙ a v návaznosti na tento fakt se tato 

ÐÒÜÃÅ ÚÁÍñĠÕÊÅ ÎÁ ty aspekty, které mohou pomoci zhodnotit Á ÕÍÏĿÎÉÔ nejen ekonomickou 

efektivitu nasazení sémantických technologií ve firemníÍ ÐÒÏÓÔĠÅÄþ ÁÌÅ É ÆÁËÔÉÃËÏÕ ĭéÉÎÎÏÓÔ 

tohoto nasazení. 

4ÁÔÏ ÐÒÜÃÅ ÓÅ ÚÁÍñĠÕÊÅ ÎÁ ÚÐĳÓÏÂÙȟ ÊÁËĻÍÉ ÊÅ ÍÏĿÎï ÐÒÏËÜÚÁÔ ÒÏÚÄþÌÙ ÍÅÚÉ 

sémantickými aplikacemi, definovat jejich odÌÉĤÎï ÓÅÇÍÅÎÔÙ ÚÁÌÏĿÅÎï ÎÁ ÐĠþÐÁÄÅÃÈ ÕĿÉÔþ a 

ÎÜÓÌÅÄÎñ ÕÒéÉÔ ËÒÉÔÉÃËï ÆÁËÔÏÒÙ ÊÅÊÉÃÈ ĭÓÐñÃÈÕ Á zhodnotit je vzhledem k reálným 

ÐÏÄÍþÎËÜÍ ÎÁÓÁÚÅÎþ ÁÐÌÉËÁÃþ Ó ĭéÁÓÔþ ÌÉÄþ ÐÏÄþÌÅjících se na jejich vývoji . V návaznosti na 

výsledky ÔñÃÈÔÏ ÉÎÔÅÒÁËÃþ ÐĠÅÄÓÔÁÖÕÊÅ tato práce ÉÎÏÖÁÔÉÖÎþ ÐĠþÓÔÕÐȟ ËÔÅÒĻ ÕÍÏĿĐÕÊÅ 

ËÏÎÓÔÒÕÏÖÁÔ ÍÏÄÅÌÙ ÐÒÏ ÐÏÓÕÚÏÖÜÎþ ÖÙÓÐñÌÏÓÔÉ ÐÏÄÎÉËĳ ÐÒÏ ÎÁÓÁÚÅÎþ ÐĠþÓÌÕĤÎĻÃÈ ÁÐÌÉËÁÃþȟ 

ÖéÅÔÎñ ÖÌÁÓÔÎþ ËÏÎÓÔÒÕËÃe ÔñÃÈÔÏ ÍÏÄÅÌĳ ÐÒÏ ÓÅÇÍÅÎÔÙ ÐĠþÐÁÄĳ ÕĿÉÔþ ÚÊÉĤÔñÎï v ÐĠÅÄÃÈÏÚþÃÈ 

éÜÓÔÅÃÈ. Dále je Ö ÐÏÚÄñÊĤþ éÜÓÔi ÐÒÜÃÅ ÈÏÄÎÏÃÅÎþ ÐÏÍÏÃþ ÔñÃÈÔÏ ÍÏÄÅÌĳ demonstrováno na 

ÚÜËÌÁÄñ aplikace AQUA (výsledek projektuȟ ÊÅÈÏĿÅ ÓÅ autor ÏÓÏÂÎñ ĭéÁÓÔÎÉÌ) spolu 

s ÎÁÚÎÁéÅÎþÍ ÄÁÌĤþch specifik, které mohou pomoci posoudit efektivitu nasazení sémantiky 

Ö ÎñËÔÅÒĻÃÈ úzce vymezených ÐĠþÐÁÄÅÃÈȢ 

Výsledky prezentované v ÐÏÚÄñÊĤþÃÈ kapitolách jsou podpoĠÅÎÙ základními 

ÒÅĤÅÒĤÅmi v oblastech sémantických technologií a hodnocení efektivity investic do IT a u 

obou jsou popsány v ÓÏÕéÁÓÎÏsÔÉ ÎÅÊÕĿþÖÁÎñÊĤþ ÍÅÔÏÄÉËÙ. 3ÏÕéÁÓÎï ÓÔÁÎÄÁÒÄÉÚÏÖÁÎï 

metodÙ ɉÕĿþÖÁÎï ÎÁÐĠȢ v COBITu) pro hodnocení sémantických aplikací jsou zde posouzeny 

Ó ÏÈÌÅÄÅÍ ÎÁ ÎÅÄÏÓÔÁÔÅË ÏÓÖñÄéÅÎĻÃÈ ÐÏÓÔÕÐĳ Ö podnikovém nasazení sémantiky. 
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Résumé (Français) 

Récemment plus et plus larges domaines de déploiement des applications sont 

couverts par des technologies sémantiques et en même temps leur taille et leur capacité 

sont en constante augmentation. Les possibilités dȭapplications sémantiques sont 

maintenant si vastes quȭils ne peuvent plus être jugés comme un seul segment du marché. 

Le scepticisme du secteur des entreprises, résultant de lȭincertitude de lȭinvestissement 

dans cette technologie, nȭest supporté que par ces différences et par rapport à ce fait cette 

thèse se concentre sur les aspects qui peuvent aider à évaluer et à faciliter non seulement 

lȭefficacité économique dȭengager les technologies sémantiques dans les environnements 

dȭaffaires, mais aussi lȭefficacité de faire comme ça. 

Cette thèse se concentre sur les façons de prouver les différences parmi les 

applications sémantiques, de définir leurs segments distincts sur la base de cas dȭutilisation, 

et ensuite Äȭidentifier leurs facteurs clés de réussite et les évaluer par rapport aux 

conditions réelles de déploiement des applications avec la participation de personnes 

impliquées dans leur développement. Suite aux résultats de ces interactions, cette thèse 

présente une approche novatrice qui permet de construire des modèles pour évaluer la 

maturité des entreprises pour déployer les applications respectives, y compris la même 

construction de ces modèles pour tous les segments des cas dȭutilisation identifiés dans les 

sections précédentes. En outre, dans la dernière partie du ce texte lȭévaluation avec ces 

modèles est montré à lȭapplication AQUA (le résultat du projet, dont lȭauteur a été 

personnellement impliqué), avec lȭindication des autres particularités qui peuvent aider à 

évaluer lȭefficacité du déploiement de la sémantique dans certains cas strictement définis. 

Les résultats présentés dans les chapitres suivants sont pris en charge par des 

recherches dans les domaines des technologies de sémantique et dȭévaluer lȭefficacité des 

investissements en TI et les deux sont décrits avec des méthodes les plus couramment 

utilisés. Les méthodes actuelles de standard (utilisé comme par COBIT) pour lȭévaluation 

des applications sémantiques sont aussi considérées en ce qui concerne lȭabsence dȭautres 

meilleures pratiques dȭaffaires dans le déploiement de la sémantique en entreprise. 
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1 Introduction  

The information age has brought a vast amount of new information sources. The 

overall acceptation of the HTTP (Hyper Text Transfer Protocol) standard and more or less 

standardized HTML (Hyper Text Markup Language) format and their implementation into 

cheap Web browsers allowed access to these information sources to anyone and everyone 

on the internet. By the end of the last century the Web was viewed by both academic 

spheres and general public as a large set of hypertext documents, static or dynamic, linked 

together and more or less available. But then in the turning of years 2000 and 2001 this 

view was changed when Tim Berners-Lee, director of the W3 consortium1, made a speech in 

a keynote session at XML 2000 conference (Berners-Lee, 2000) and published his most 

known and cited article (Berners-Lee, et al., 2001) and so the concept of Semantic Web, 

although it existed before, became popular. 

Most of the web pages on the current internet are written in the mentioned HTML, a 

language that is useful for publishing information intended only for human consumption. 

Humans can read the Web pages and understand them, but the inherent meaning is not 

available in a way that would allow interpretation by computers. The Semantic Web aims at 

defining ways to allow the Web information to be used by computers not only for display 

purposes, but also for interoperability and integration between systems and applications. 

Shortly after the year 2001 the semantic technologies became known widely and 

today they are applied in much broader areas than ever before: from applications that 

integrate data from different sources, support the search in a diverse range of data, derive 

new relationships across heterogeneous databases, including the application support of 

social networking, management decision-making, annotating and indexing of any content, 

up to such different tasks as Information Extraction from unstructured sources, and even 

so-called Business Intelligence 2.0 (Raden, 2007). 

Notwithstanding that the possibilities of semantic technologies are vast, sometimes 

there rules an unsubstantial skepticism towards the profitability of their deployment in the 

                                                        
1  http://www.w3.org  

http://www.w3.org/
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economic sphere that is not only shown throughout literature, e.g. (Cardoso, et al., 2008 pp. 

6-13), (Alani, et al., 2005 pp. 9-11), (Morville, 2005 pp. 8-15) or (Daconta, et al., 2003 pp. 

35-38) but also confirmed by my personal experience from visiting several conferences on 

Semantic Web with the participation of experts from interested enterprises2 and also from 

meeting with business people from the banking, telco and consulting industries on an 

occupational level. This skepticism, its origins, legitimacy, and ways of how to justify against 

it are a central point of this dissertation thesis and the main motivation for the related 

research. 

Another proof of this being a serious topic is that recently, in the beginning of 2009, a 

project co-funded by the EU Commission as a part of a seventh framework programme was 

set up under a name of VALUE-IT3. The main effort of tÈÉÓ ÐÒÏÊÅÃÔ ÉÓ ȵaimed at promoting 

market driven alignment of EU Research and Technology Development, fostering innovation 

and accelerating adoption of Semantic Technologies for the Enterprise (STE)Ȱ (citation from  

(Gogra, et al., 2009)) and is planning to achieve this goal by analyzing the supply of and 

especially the demand for STEs. The very existence of such a project shows that the STEs 

are disseminating slower than it is desirable. By the time of writing this, the results of this 

project are incomplete and only preliminary, however some of its findings do support my 

contemplation and I will show them in a few pages. 

The particular way of how this whole topic is handled throughout the work is 

described in more detail in the following sections of introduction that are structured 

according to directives of the Faculty of Informatics and Statistics, University of Economics 

Prague. 

1.1 Theme  

1.1.1 Theme Definition  

Picking up on the previously mentioned possibilities of deployment of semantic 

technologies in a real world industry, this thesis concentrates on the aspects that can enable 

                                                        
2 Most notably the two annual runs of Business Information Systems conference held in 2008 and 2009 
(http://bis.kie.ae.poznan.pl) where I have had also the opportunity to present my ongoing research. 
3 http://www.value -it.eu 

http://bis.kie.ae.poznan.pl/
http://www.value-it.eu/
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and evaluate not only the economic efficiency of engaging the semantic technologies in a 

business environment but also the effectiveness of doing so. 

This is a broad and general theme that needs to be pursued in a form of several 

distinct subthemes the structure and sequence of which can be summarized as follows: 

¶ Investigating the possibilities of assessing information technologies  in 

form of both the traditional financial methods and modern soft approaches 

that enable to judge the support of business processes and the feasibility of 

deploying a particular project in a respective environment. 

¶ Delimiting the semantic technologies , investigating the substantial 

differences between semantic and so-called classical applications and where 

to draw the line. 

¶ Defying the generalization of semantics.  The cover of semantic applications 

is so broad nowadays that there is no way any possible business case can 

judge them as a whole and yet the skeptics are often doing so. Even the most 

successful consulting companies, such as McKinsey, disclaim a general 

approach to such broad issues and prefer to structure the problem as it is 

proven to be more beneficial (Rasiel, et al., 2001 pp. 38-50). This is why in my 

opinion a proposition of classification  scheme for semantic applications is 

an integral part of this research so that the effectiveness of deploying a 

particular application could be judged by its extent, technology background, 

use case, user profiles and other important aspects. 

¶ Finding and evaluating the Critical Success Factors  of semantic technology 

deployment projects. This part of research follows the notion of the previous 

point and therefore the Critical Success Factors need to be established and 

evaluated depending on the particular class of applications. The classification 

of applications and their limitations and presumptions is supported by a set of 

40 case studies of successful semantic technology applications and one 

project I had opportunity to partake personally in (AQUA project, described in 

chapter 6.1 in detail). 
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¶ Establishing the Maturity Models  of Enterprises for Semantics  is the 

meridian of the research presented in this thesis. Based on the Critical Success 

Factors structure uncovered by the previous point it is possible to align the 

use cases of different semantic applications with the profiles of anticipated 

consumer companies and to compile sequences or levels of requisites the 

company has to meet to make the best of deploying semantic technologies in 

the context of its current systems and processes. 

¶ Reusing and maintaining the consistency of enterprise knowledge base . 

As there are often many taxonomies, ontologies and thesauri along with other 

structured diagrams, UML schemes and business process models in a form of 

documentation in enterprise knowledge base, published as a recommended 

standard by subjects like W3 consortium or contained in the best practice 

approaches as is the ITIL4, it is beneficial to base the knowledge model on at 

least some of these resources to maintain the knowledge consistency and 

decrease the costs of the model development. Dealing with this subject in a 

general manner would be worth a separate research ambit and therefore in 

this work it is considered only as a part of a particular case study of applying 

the semantic technologies on Information Extraction (The aforementioned 

AQUA project). 

The results of all the above listed points need to be supported by the real-life course 

of successful semantic technology projects and therefore a survey with the participants of 

some of the 40 mentioned case studies and a detailed enquiry of the AQUA project are an 

integral part of the achieved results evaluation. 

1.1.2 Motiv ation for the S election of the T heme 

The general reason why the theme of this work should be investigated is defined by 

the description of the theme itself: the deployment of semantic applications in a commercial 

environment needs to be justified in the same way as any other project does. This 

                                                        
4 Information Technology Infrastructure Library - a set of concepts and practices for Information Technology 
Services Management (ITSM), Information Technology (IT) development and IT operations.  
http://www.itil -officialsite.com  

http://www.itil-officialsite.com/
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justification consists of estimating the initial conditions of the financial, process and 

performance efficiency and the overall deployment effectiveness and evaluating the 

efficiency and effectiveness afterwards. Setting up the framework of Critical Success Factors 

for the deployment of different semantic projects can also help to estimate whether a 

particular project meets all necessary conditions for being beneficial. Furthermore the 

Maturity Models that follow can help an individual enterprise to decide even if the 

consideration of deploying the semantic technologies in its particular conditions is in place. 

As for my individual motivation , it has arisen gradually. Originally I was involved in 

the MedIEQ5 and K-Space6 projects that dealt with, amongst others, automatizing the 

annotation of web pages with use of the information extraction. While I visited a couple 

conferences presenting results of these projects I had the opportunity to meet and discuss 

with several people, both from academic sphere and industry, who were interested in this 

kind of projects and overall in semantic applications. This was the first time I noticed the 

skepticism towards semantic technologies that ruled amongst the business people and over 

time the feeling that this needs to be addressed grew in me. That was then when I started to 

collect information about how to promote a specific kind of informatics project in an 

enterprise and found out about the Critical Success Factors and Maturity Models 

approaches that are common in assessing other projects, e.g. Business Intelligence solutions 

or enterprise Content Management Systems, and are backed up also by academic institutes. 

In the meantime I was also engaged professionally in a leading telco company in Czech 

Republic at first and then started to work for a Business Consulting company. Both these 

occupations allowed me to meet with highly standing managers of banking and 

telecommunication companies worldwide7 who were actually holding the budgets of these 

industries. In contrast with the people that I met at the conferences and in conjunction with 

the aforementioned projects, who were interested in the phenomenon of computational 

semantics and its possibilities, the business managers were mostly unaware of the 

                                                        
5 Project of Quality Labeling of Medical Web Content using Multilingual Information Extraction, main output of 
this project was the AQUA application described in more detail in Chapter 6.1. 
6 FP7 project, Knowledge Space of Semantic inference for automatic annotation and retrieval of multimedia 
content, http://cordis.europa.eu/fetch?CALLER=PROJ_ICT 
7 Telefónica O2, Vodafone, T-Mobile, Melita (telco), Unicredit, Reiffeisen/ Priorbank or Societé Genéral (banks) 
amongst others 

http://cordis.europa.eu/fetch?CALLER=PROJ_ICT&ACTION=D&CAT=PROJ&RCN=79376
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existence of semantic technologies and those that have heard about it thought of it as of an 

academic exercise. On the other hand I found out that the alpha and omega of the 

managerial thinking (considering informatics) is the effectiveness and still the more the 

efficiency of the project deployment. I confronted the idea of Critical Success Factors and 

Maturity Models with a couple of business consultants and account managers and received 

a positive feedback. That was the time when I decided that the semantic technologies need 

some positive public relations work done in this course. 

1.1.3 Theme and Scienti fi c Orientation of UEP Department s 

Although I do this research primarily under the Department of Information and 

Knowledge Engineering8, the theme is in fact interdisciplinary and falls under the scope of 

all three departments that accredit the Informatics9 study subject on the Faculty of 

Informatics and Statistics, University of Economics, Prague. 

The Department of Knowledge Engineering itself is oriented on researching the 

possibilities of knowledge systems, ontology engineering, machine learning and knowledge 

induction, automatized annotation and information extraction. This is where my research 

originates because such systems, their application, and specifics are the central point of this 

work. 

The Department of Information Technologies10 focuses on integrating the 

information and communication technologies with enterprise processes and ensuring its 

effectiveness. The main orientation is on selecting the projects that support the processes 

with key benefits and assessing and evaluating the costs and prerequisites of such projects. 

Causal models of relation between economic and ICT measures regarded by this 

department (that also include the Critical Success Factors and Maturity Models approaches) 

enable to monitor the key performance indicators of a project that ensure reaching a 

positive return on investments of a project. This is where my research theme corresponds 

directly also with the focus of this department. 

                                                        
8 http://kizi.vse.cz  
9 The translation of the study subject is literal as it is commonly endorsed at UEP not to translate it as 
ȰComputer Scienceȱ ÂÅÃÁÕÓÅ ÉÔ ÅÎÃÏÍÐÁÓÓÅÓ ÁÌÓÏ information science, information technology, algorithms, 
knowledge management, computational semantics, and social science. 
10 http://kit.vse.cz  

http://kizi.vse.cz/
http://kit.vse.cz/
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The Department of System Analysis11 is oriented on the development of soft system 

methodologies, social and team utilization of information technologies, the support of 

managerial work by IT and knowledge management. In my opinion, my work is covered by 

the orientation of this department twofold: Firstly the systems that are the subject of this 

ÄÅÐÁÒÔÍÅÎÔȭÓ ÓÔÕÄÙ ɉÉȢÅȢ ÓÏÃÉÁÌ ÁÎÄ ÔÅÁÍ ÓÕÐÐÏÒÔ ÁÎÄ ËÎÏ×ÌÅÄÇÅ ÍÁÎÁÇÅÍÅÎÔ ÓÙÓÔÅÍÓɊ ÁÒÅ 

recently more and more often supported by semantic technologies and that is why I dealt 

with a couple of them in a form the mentioned case studies. Secondly my work helps the 

managerial work in case the information project management is dealing with such systems, 

where the evaluation of Critical Success Factors has a direct impact on the fluency and 

profitability of a project and helps to prevent generating evitable losses. 

While the nature of my research theme allows aligning the subject with the 

orientation of all three departments, these three parts are connected so tightly that it does 

not make sense to specify which part of the work falls under what scope. That is why I 

prefer to describe the work as interdisciplinary rather than multidisciplinary. 

1.2 State of the Research 

As far as I know there is no other ongoing research that is dealing at this time with 

the classification of STEs (Semantic Technologies for Enterprise) for the purpose of 

structuring the Critical Success Factors of their deployment and identifying the 

prerequisites of Maturity Models for Enterprises. 

However, signs of the skepticism towards the semantic technologies at first and 

towards their business value later showed up gradually in the last decade in the literature ( 

(Hepp, 2007), (Cardoso, et al., 2008 pp. 6-13), (Alani, et al., 2005 pp. 9-11), (Morville, 2005 

pp. 8-15) or (Daconta, et al., 2003 pp. 35-38)) where the main distress is seen at the fact 

that the positive return on investments into STEs is questionable and does not hold up for a 

sufficient competitive advantage in the mainstream business of today (Alani, et al., 2005 pp. 

9-11), yet some others argue that the competitive disadvantage of not utilizing the semantic 

technologies can be the main driving force of their expansion in the business of tomorrow 

(Cardoso, et al., 2008 pp. 6-13). 

                                                        
11 http://ksa.vse.cz  

http://ksa.vse.cz/
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On the other hand all these publications show that there is a common awareness of 

the discrepancy between the theoretical possibilities of the up to date STEs and their 

deployment. That is the reason why the aforementioned VALUE-IT project was funded by 

the European Union Commission along with some major companies and institutions12 for 

Ȱhelping the semantic technologies cross the Chasmȱ ( (Radoff, et al., 2009)). The term Chasm 

for Semantics is used here as an analogy to the often cited Semantic Gap (e.g. (Ganguly, et 

al., 2002)) and has to illustrate the fact that even if all the fundamental problems of 

semantic technologies (tied with the conceptual symbolic representation and linguistics) 

have been solved, there still remains a chasm between the companies that are utilizing it 

and the mainstream market. The current state of STEs utilization throughout companies is 

illustrated on Figure 1.1 

This project started in the year 2009 and began with mapping the demand drive for 

mainstream adoption of STEs. The resulting Demand Driven Mapping Report (Radoff, et al., 

2010) that was released just recently (in June 2010) brings preliminary results from the 

                                                        
12 inmark, OVUM, DFKI, iSOCO and Telefónica 

 

Figure 1.1 - Illustration of the Chasm for STEs adoption (from (Radoff, et al., 2009)) 
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survey about present state of development, future trends and expected and market 

scenarios for STE. VALUE-IT preliminary findings show that the STE potential market in 

%ÕÒÏÐÅ ×ÉÌÌ ÓÉÚÅ ÕÐ ÔÏ ΌρȢττ" ÆÏÒ ςπρτȢ -ÅÁÎ×ÈÉÌÅȟ ËÎÏ×ÌÅÄÇÅ ÍÁÎÁÇÅÍÅÎÔ, decision 

support, interoperability, searching/linking information and collaboration are all top 

priority needs that will drive STE implementation. However the final findings and results 

are by the time of writing this yet to be released; the project outputs are promised to 

contain also a directory of over a thousand STE Supply and Demand players and a collection 

of STE use cases which would also be very beneficial for the future work tied with the 

theme of my thesis. 

On the other hand, some other findings of the first surveys done by the OVUM 

Consulting company13 as a part of the VALUE-IT project (consisting of interviews with more 

than 600 IT decision makers) identified some of the main reasons for the existence of the 

Chasm for Semantics. Some of them were published as a part of a study (Davis, 2009): 

¶ Many IT  decision -makers have little knowledge of STEs  

¶ Only information -driven industries will benefit first from STEs  

¶ Approaches taken will vary by sector requirements  

¶ Suppliers must make the business case clear  

These are also the preliminary findings of the VALUE-IT project; the aim of the 

project is to construct a roadmap for the Demand and Supply players of the STEs on what 

progress to expect in the mainstream adoption of STEs in the next few years. This roadmap 

however has not yet been made public and is going to be published only after the end of the 

project. 

The other research field that influences this work is the one about Maturity Models. 

The theory of a Maturity Model (often called fully Capability Maturity Model) was originally 

developed by the Carnegie Mellon University for the U.S. Department of Defense as a tool 

for objectively assessing the ability of company processes to perform a software project. 

The active development began in 1986 by Watts Humphrey (Humphrey, 1989), former IBM 

analyst, and a team at U.S. Software Engineering Institute and was based on the previously 

                                                        
13 http://www.ovumkc.com/   

http://www.ovumkc.com/
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known and back then widely used Quality Management Maturity Grid (Crosby, 1979). This 

research followed directly the concept of Success Factors developed by D. Ronald Daniel, 

former director  of McKinsey & Company, in 1961 (Daniel, 1961). The final results 

containing guidelines on using these models were published in 1994 (Paul, et al., 1994). In 

the meantime the Success Factors were refined further and finally the concept of Critical 

Success Factors (CSFs) emerged in (Rockart, 1981). Since then the Maturity Models and 

CSFs have been adopted in many further areas (Human Resources, Service Integration, or 

Business Intelligence etc.) and their use in the software development and deployment is 

adopted nowadays in the widely accepted and respected approaches like the ones of 

CMMI14, IT Infrastructure Library 15, COBIT16 or IEEE Computer Society17. The main 

ÐÒÉÎÃÉÐÁÌ ÏÆ -ÁÔÕÒÉÔÙ -ÏÄÅÌÓ ÒÅÍÁÉÎÓ ÔÈÅ ÓÁÍÅ ÁÎÄ ÔÈÅ ÔÏÄÁÙȭÓ ÁÃÔÉÖÅ ÄÅÖÅÌÏÐÍÅÎÔ ÉÎ ÔÈÉÓ 

area is oriented mainly on the integration of enterprise services and applying the results as 

guidelines for the gradual process improvement (in general). In many applications the 

Maturity Models are used hand in hand with the Critical Success Factors as a base for their 

entitlement (e.g. in (Johnson, et al., 1995)). 

1.3 Goals 

The main and partial goals of this thesis can be summarized as follows: 

¶ Provide a general overview of the field of semantic technologies and their use 

in production environment. 

¶ Investigate the best practices in assessing the investments in IT and 

possibilities on using these approaches on STEs. 

¶ Propose a classification approach for semantic applications to enable further 

refinement of STE assessment approaches. 

¶ Support the classification scheme by the case studies of existing semantic 

applications. 

¶ Identify typical STEs and their position in the proposed classification scheme. 

                                                        
14 http://www.sei.cmu.edu/cmmi  
15 http://www.itil -officialsite.com  
16 Control Objectives for Information and related Technology, described in Section 2.7 
17 http://www.computer.org   

http://www.sei.cmu.edu/cmmi
http://www.itil-officialsite.com/
http://www.computer.org/
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¶ Frame the most significant Critical Success Factors of the STE deployment. 

¶ Support the established Critical Success Factors with a survey. 

¶ Propose a structure of Maturity Models for deploying semantic applications in 

enterprises 

¶ Analyze in detail the impact of proposed approaches on the case study of 

Information Extraction project (AQUA) and describe other specific rudiments 

that may affect positively the return on investments of IE projects. 

1.4 Presumptions and Limitations  

Firstly all the work in this thesis is aimed at the deployment and customization phase 

of a semantic technology project and therefore it is not usable on the pure development 

period. However in case of semantic applications the customization phase can be very 

intensive because tailoring the central knowledge model (ontology or taxonomy) to the 

specific business needs is in some cases very complex and thus it is not possible always to 

draw a strict line between the development and customization stages. 

Secondly, some parts of this work can consider the whole spectrum of current 

semantic technologies (e.g. necessarily the part about classification of applications) but 

other cannot. Namely the part that considers the economical specifics of knowledge models 

usage in Information Extraction systems (described in section 6.3 below) is only as generic 

as the limited domain allows. As I would have very much liked to analyze the similar 

specifics of other identified archetypes of semantic applications, doing so would be enough 

for a separate research topic for each one of the applications. Thus, due to limited time and 

human resources and not to broaden the research topic too much I had to restrict myself 

only on an example approach and the Information Extraction systems were at hand because 

of using the AQUA project as an example case study. 

1.5 Contributions  

My research presented in this dissertation thesis contributes mainly by the fact that 

as far as I know it is the first approach ever that utilizes the best practices of assessing 

common IT projects like Business Intelligence for the sake of Semantic Technologies for 



 Introduction  

- 21 - 

Enterprise. This may well be one of the marginal steps that can help the semantic 

ÔÅÃÈÎÏÌÏÇÉÅÓ Ȱcross the Chasmȱ ÁÓ ÍÅÎÔÉÏÎÅÄ ÂÅÆÏÒÅȢ 

This main and major benefit is supported by three minor sub-assets: 

¶ Establishing a classification  framework for semantic applications  ɀ The 

proposed classification framework allows the discovery of current (also 

presented) and future archetypes of semantic applications that may be useful 

not only for their economical evaluation but also by any other research 

project that has to cover a broader range of such technologies. This part of the 

presented results can be used separately from the others and can make a 

starting point for any wide analysis of the STE topic. 

¶ Setting up a structure of Critical Success Factors  and Maturity Models  ɀ 

These are important for the aforementioned assessment of the STE projects 

and more importantly enable it in a way the usual IT methods and best 

practices are calibrated and responsible people are accustomed to. 

¶ Demonstrating the above on a real case study  ɀ This is an integral part of 

the whole topic and this is the one that proves the results are real and enables 

the reader to take the rest of the work seriously. 

1.6 Result Utilization  

The main results of this research (i.e. the Critical Success Factors and Maturity 

Models) can be used in two ways. The first one is the obvious, meaning it can help the 

potential buyer / customer / deployer of a semantic application to assess it beforehand in a 

traditional ROI-centric way that takes into account the actual conditions and state of the 

enterprise processes. Secondly it can be used by the developers (and sellers) of the 

semantic application as a supporting argument for proving the feasibility of actually 

deploying it in a particular environment. 

The other minor presented result ɀ the classification framework ɀ can be used 

separately from the rest of the work and can serve both as a mean of differentiation 

between totally different kinds of semantic applications and as an argument of its necessity. 

This classification framework could serve as a starting point in any research that considers 
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whole the broad topic of applications of semantic technologies that needs to overcome its 

generalization. 

1.7 Thesis Structure  

The structure of the thesis directly follows the composition of the researched theme 

and so the chapters are set as follows: 

Chapter 2 ɀ ȰAssessing the Investments in ITȱ contains a brief introduction to the 

state of the art methods that are used commonly for the assessment and feasibility 

evaluation of IT projects in top enterprises. Here the usability of these methods for 

assessing semantic applications is considered with respect to the lack of best practices in 

their business deployment. 

In chapter 3 ɀ ȰSemantic Web and Applicationsȱ ) ÄÅÓÃÒÉÂÅ ÔÈÅ ÓÐÅÃÉÆÉÃÓ ÏÆ 3ÅÍÁÎÔÉÃ 

Technologies, the commonly used approaches and languages and the implications their use 

has both on the deployment of a particular project and the course the whole business line. 

Wider topics, such as the impact of Linked Data initiative, are also touched here. 

The following chapter 4 ɀ ȰClassification Model for Semantic Applicationsȱ ÓÔÁÒÔÓ 

with defining the need not to judge the Semantic Applications as a homogeneous area due 

to the use-cases being so extensive. A multidimensional classification approach is proposed 

and demonstrated on a sample of 41 case-studies of real-life successful Semantic 

Application projects. For the multidimensional classification being too complex for 

everyday use I continue with identification of the typical use-case patterns through the 

means of cluster analysis of the available cases and present the results in the part 4.4. 

Chapter 5 ɀ ȰAssessing Semantic Technologies for Enterpriseȱ ÄÉÒÅÃÔÌÙ ÆÏÌÌÏ×Ó ÔÈÅ 

preceding parts by elaborating a structure of Critical Success Factors for the development 

and deployment of Semantic Applications based on the analysis of the aforementioned 41 

case-studies. Validity of these Critical Success Factors is then evaluated through the means 

of a survey with authors of the respected applications. The survey also helped to align the 

importance of individual success factors with the classification proposed previously and to 
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construct a brief structure of Maturity Models for deployment of STEs; this is presented as a 

final part of this chapter. 

In chapter 6 ɀ ȰApplication on Information Extractionȱ ÔÈÁÔ ÆÏÌÌÏ×Ó ) ÄÅÍÏÎÓÔÒÁÔÅ ÔÈÅ 

results of the previous parts on a particular case-study, the AQUA system for which I had 

the opportunity to partake in the development project. Also other specifics of Information 

Extraction field that this application deals with are discussed here. 

The thesis is of course closed ×ÉÔÈ ȰConclusionsȱ ÃÈÁÐÔÅÒ ×ÈÅÒÅ ) ÄÉÓÃÕÓÓ ÔÈÅ 

accomplishment of the goals set, its usability in scientific and business areas and the 

possibilities to expand this research field further. 
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2 Assessing the Investments in IT  

In the last decade the global approach to assessing the effectiveness of investments 

into information technologies has shifted radically. Less and less the technical parameters 

of the IT solution are judged and instead of this the real contribution to the business is 

assessed from various points of view such as the impact on enterprise processes, resources 

ÏÒ ÔÈÅ ÏÖÅÒÁÌÌ ÃÏÍÐÁÎÙȭÓ ÁÂÉÌÉÔÙ ÔÏ ÃÏÍÐÅÔÅȢ 4ÈÅ ÍÁÉÎ ÍÉÓÓÉÏÎ ÏÆ )4 ÁÐplications and 

services today is the integration of all functions and possibilities to the main business of a 

company and therefore not only the effectiveness but also the efficiency of deployment 

need to be assessed. As the Semantic Technologies are above all IT solutions, they cannot be 

judged in disregard of these global trends. 

As all the processes of the IT environment happen in the context of a company they 

should reflect the basic business strategy of a firm and support it. The existence of clearly 

set objectives aimed by the investments into STEs (and also other projects) and of metrics 

of satisfying these objectives enables the company to use the full potential of information 

technologies with respect to the current situation on the market and the future heading of 

the enterprise. 

On the other hand a greater transparency of the process mapping and the possibility 

to assess the STEs is a good support for the company management to understand the 

impact of some investments which in turn could bring a greater interest from its side to 

take part in such projects and a greater chance of such projects to succeed. 

A few years back the world experienced a failure of several expensive general IT 

projects (see for example (Roseman, 2006), (Hailstone, 2009), (Vermeulen, 2008)) and 

currently the credence of IT in general is on a much lower point than it used to be in the 

past. However the main reason for this lack of faith is (according to analysts as e.g. early (US 

General Accounting Office, 1998)) the fact that the companies do not have any methods in 

ÐÌÁÃÅ ÆÏÒ ÊÕÄÇÉÎÇ ÁÎÄ ÆÏÌÌÏ×ÉÎÇ ÔÈÅ ÉÍÐÁÃÔ ÏÆ )4 ÉÎÖÅÓÔÍÅÎÔÓ ÏÎ ÔÈÅ ÃÏÍÐÁÎÙȭÓ ÃÏÒÅ 

business. This impact should therefore be measured somehow. For the Semantic 

Technologies this is a great disadvantage because from the business side of view they are 



 Assessing the Investments in IT 

- 25 - 

still an unexplored area and their impact more or less unpredictable which does not 

contribute positively to the overall skepticism. 

Nowadays the dynamics and turbulence of the industry is so great that the enterprise 

has to react and accommodate any new trends sooner and faster than ever before. 

According to Gartner (Harris, et al., 2002) can the investments be effective only if the 

ÃÏÍÐÁÎÙȣ 

¶ ȣÔÉÅs the investments into IT to the expected and achieved improvement in 

business and financial indicators. 

¶ ȣÏÂÓÅÒÖÅÓ ÁÎÄ ÆÏÌÌÏ×Ó ÔÈÅ ÐÒÏÇÒÅÓÓ ÏÆ )4 and expects its possibilities for 

improving the business processes. 

¶ ȣÒÅÍÅÍÂÅÒÓ ÔÈÁÔ ÔÈÅ )4 is not a goal of the investments but merely a support 

of bringing any improvements and that the main purpose of the deployed 

system is defined by the business needs and the corporate strategy and the 

real goal is to support other processes and their automation, the 

ÓÉÍÐÌÉÆÉÃÁÔÉÏÎ ÏÆ ÕÓÅÒÓȭ ×ÏÒË ÁÎÄ ÍÏÎÉÔÏÒÉÎÇ ÏÆ ÔÈÅ ÅÎÔÅÒÐÒÉÓÅ ÓÔÁÔÕÓȢ 

Especially considering the second point the semantic applications need to be 

accounted for as the area develops rapidly and if the benefits of traditional IT systems are 

hard to assess then in the eyes of management the benefits of semantic applications are 

even more uncertain. 

This chapter is aimed at showing step by step how traditional means of assessment 

can be used on semantic applications and further elaborating this theme to unwind the 

possibilities of evaluating the Critical Success Factors on deploying the semantic 

applications and then establishing a way of how the maturity of an enterprise for deploying 

a semantic application can be judged. 

The research connate with this chapter has already been partially tapped at 

(Nekvasil, 2008). 
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2.1 The Benefits of Investments into IT  

There are many attitudes to what the investments bring to IT. Some of them are clear 

and can be handled easily as do for example the financial indicators. Others are not that 

straightforward but are no less important in judging the efficiency of investments. Such 

views can include indication of the value for the customer of the process quality of IT 

management. Nowadays the main knot in whole IT lies in that the classical point of view of 

assets vs. liabilities or incomes vs. losses is not sufficient and considering the STEs it is yet 

even less adequate. 

It also makes a huge difference whether the project is going to affect the gait of the 

whole company (as do BPR projects) or as it affect only some fractional components dealing 

with optimization of a minor specific area. A complex project would affect the whole 

enterprise which means that the impact of such project would be clearly distinguishable on 

the level of macroscopic financial indexes and operational results and that these can be 

therefore included in the evaluation metrics of the respective project. In case of minor 

project the impact will not be as visible but the more it is clear that it cannot be measured 

ÏÎÌÙ ÂÙ ȰÍÏÎÅÙȱ ÁÎÄ ÔÈÉÓ ÉÓ ÔÈÅ ÃÁÓÅ ÏÆ ÍÏÓÔ ÓÅÍÁÎÔÉÃ ÁÐÐÌÉÃÁÔÉÏÎÓȢ 

Apart from the size of the project (and its impact on the company as a whole) its 

nature is also important. The easiest to judge are projects that consist mainly of establishing 

new hardware architecture without any significant change of the accompanied processes 

because the cost side of such projects is easy to determine and it also is often quite clear 

what the expectances about the gains brought can be. This, however, is often not the case of 

semantic applications deployment; the STEs are bound to bring improvements to processes 

as do all projects that bring new application functionality. Here not only the gains for the 

company can be hardly quantified but also the costs are often not as easy to estimate 

beforehand because they consist primarily of the consultancy and development in case of 

CAS18 or consultancy and license fees in case of COTS19. Considering solely the financial 

indicators thus does not bring any significant estimation of the deployment efficiency; 

                                                        
18 Custom Application Software - a type of software that is developed either for a specific organization or 
function 
19 Commercial off-the-shelf ɀ a software that is ready-made and available for sale, lease, or license. 
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assessing the investment in such soft systems needs to be supported by some of the multi-

criteria  analysis. 

There also is an increasingly popular possibility to run the application through the 

means of Application Service Provider (ASP) which has the advantage of transferring the 

risk of costs variability to the provider. However ASP is used most often for outsourcing the 

routine support applications (such as the intranet, accounting software, HR application etc.) 

and this is not the expected case of STEs and even if it was (as the ASP leases the service, 

not the technological background) assessing the future benefits will be as complicated as in 

case of applications deployed in-house. 

Every larger investment in IT (and therefore also in STEs) thus needs to aim at few 

goals that on the whole yield a higher value for the customers and consequently also for the 

stakeholders. These goals have already been stated and analyzed in (Bokova, 2008) and are 

 

Figure 2.1 ɀ IT investment contributions (from (Kerzner, 2004)) 
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depicted briefly on Figure 2.1 and consist of: 

¶ Better support of business processes 

¶ Faster delivery of the services to customers 

¶ Higher quality of service 

¶ Lover service costs 

¶ Lesser risk 

Methods for evaluation of the effectiveness of IT investments can be divided into two 

groups: 

¶ Financial 

¶ Qualitative 

Although this distinction seems at first glance very strict, in fact, the essence of 

qualitative methods of multi-criteria  evaluation is a methodology that uses financial 

indicators as one of the criteria. Considering the details, no investment is ever evaluated 

only by financial indicators, but all the other "qualities" of its implementation are taken into 

account. In practice the use of financial and qualitative evaluation methods of investment 

necessarily always partly overlap and partly complement. 

2.2 Aspects of Assessment Methods 

There are many methods of assessing the investments and any one of them can be 

favorable under different conditions and circumstances while amongst the most important 

factors will always be the relative cost of the method to the total size of the project, the 

required assessment swiftness, demands on the organizational structure etc. 

This is why when deciding for which assessment method will be used several criteria 

always have to be taken into account. These criteria can be for example such: 

¶ Predicative abilit ies ɀ This is the main criteria but it is not the only one. The 

company will always choose a method with highest predicative abilities but 

while this is quite general it will do so under conditions given by the other 

overall restrictions and costliness of the method.  
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¶ Financial costs  ɀ It is appropriate and often needed to consider the costs of 

the evaluation itself relatively to the size of the project where these costs 

should always be diminishingly small. 

¶ Time costs  ɀ Again, the time costs of the assessment should be negligible in 

comparison with the deployment of a project. However, as the deployment of 

STEs does not belong to the fastest projects, it might be feasible to assess it 

with more complex and time costly methods. In this case the problems caused 

by the choice of a suboptimal assessment method can easily go beyond the 

expended assessment costs. 

¶ Demand for exact inputs  ɀ As noted before, the IT investments do often have 

an unclear structure and hardly quantifiable benefits side. It is therefore 

necessary to consider the availability of the exact inputs for the chosen 

method. This aspect is the most often cause of why the traditional financial 

criteria  are not sufficient for evaluation of IT investments (or STE investments 

in particular).  

¶ Comparabili ty of the results  ɀ In some cases the possibility of comparing 

the results of several variants from the quantitative side is needed. However 

most of the soft methods do not provide such comparable results. 

¶ Organizational structure strain s ɀ Some assessment methods require the 

cooperation of corporate processes and/or services and that can be 

unacceptable especially for smaller companies that do not have a 

standardized IT management. 

¶ Appropriateness of the method for a particular case  ɀ Some of the 

investment projects have qualities so specific that they directly imply the 

assessment method. The assessment method cannot be sadly judged by this 

criterion  in general. 

These criteria are far from forming an exact metric but they can provide general 

clues for choosing a particular assessment method for a given investment project. It is 

nonetheless possible to compile an overview of the most popular methods with respect to 

assessing the STE projects; this follows in the rest of this section. An overview of the overall 
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evaluation of individual assessment methods (that make sense for STEs) is presented at the 

end of section 2.4 on Figure 2.2. 

2.3 Financial Methods  

2.3.1 Net Present Value 

The Net Present Value (NPV) is currently probably the most popular and appropriate 

financial method of assessing an investment (Khan, et al., 1999). The NPV covers the whole 

lifespan of an investment project and the possibility of investing in an alternate project. It is 

usually calculated according to this formula 

ὔὖὠ ὈὅὊ Ὅὔ
ὅὊ

ρ ὶ
Ὅὔ 

where the variables are: 

CF cash flow in individual years 

DCF discounted CF 

t project lifespan  

r discount rate 

IN investment costs 

An indisputable advantage of this method is that it can describe and account for any 

expectable cash flow and the fact that the result is an absolute monetary value of a project 

ÉÎ ÔÏÄÁÙȭÓ ÐÒÉÃÅÓȢ )Æ ÔÈÅ .06 comes out positive then the project can be recommended for 

execution. 

The biggest problem of NPV in this classical form is the manner of estimating the 

desired discount rate. For the comparison of multiple alternatives the usual rate of profit in 

the industry can be used (Mayor, 2002) but not for assessing a single project. 

This method is focused on the estimation of the best investment in IT, more than 

evaluating the economic benefits of specific investments, i.e. helping to choose among 

several options. However, it may also be used to justify the investment. 

It is based on a comparison of investment costs and the present value of expected 

returns. This method is often used because it is relatively easy to handle and the result can 



 Assessing the Investments in IT 

- 31 - 

be established quickly. Primarily it looks at whether the NPV is positive or negative - if 

negative, the investment option is ignored. If positive, then it does not directly mean that 

the investment project is acceptable. The main problem of this method is that the NPV deals 

with all the possible investment projects equivalently, e.g. it does not make a distinction 

between the implementation of ERP systems and purchasing new computers. With the 

inclusion of non-cash or hardly ratable benefits (e.g. competitive advantage) the usage of 

NPV is therefore more than problematic. 

Considering the above criteria for choosing the assessment method the NPV can be 

evaluated as such: 

Criterion  Score Comment 

Predicative abilities  Mid With using sufficient inputs the NPV method assesses the 

absolute financial impact but it cannot consider the non-

monetary factors. 

Financial costs  Low The calculation is cheap and modest on resources. However 

in large cases there may be additional expenses on 

consultancy and audit services for gathering the required 

quantitative inputs. 

Time costs Low The time costs again depend on the ease of gathering the 

inputs. 

Demand for exact inputs  High This method requires an exact monetary enumeration (or 

at least estimation) of both gains and costs which can be 

problematic with STEs. Also the inaccuracies can be 

introduced by the estimation of a discount rate which can 

be instable in a long range. 

Comparability of  results   Mid By providing exact and good-class inputs this method 

provides absolute monetary results thus it can be used for 

comparison of projects of similar natures. Projects that 

differ in non-monetary aspects cannot be assessed by 

monetary measures.  
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Org. structure strain s Low The sole determination of NPV does not require any explicit 

form of management.  

2.3.2 Internal Rate of Return  

The Internal Rate of Return (IRR) is nothing else than a continuous relative revenue 

of an investment. It is defined as a discount rate for which the Net Present Value is zero: 

ὔὖὠ ὈὅὊὍὔ
ὅὊ

ρ ὍὙὙ
Ὅὔ π 

A great disadvantage of this classical assessment method is the possibility of 

equivocations (Brealey, et al., 1998) where the IRR is negative or has multiple solutions 

which can happen in case of investments with non-standard distribution of cash flow (that 

is typical for IT investments and therefore also for STEs). Another disadvantage is given by 

the fact that the calculated IRR does not include the risk and thus the estimated discount 

rate is too optimistic (but there of course exist adjusted calculation method for taking the 

risk into account). 

On the other hand the biggest advantage of IRR is that it yields the revenue rate 

percentage that can be easily elaborated into corporate plans and evaluated at any time. 

From the point of view of the criteria for choosing the assessment method the IRR 

stands so: 

Criterion  Score Comment 

Predicative abilities  Mid IRR also cannot consider the non-monetary factors but the 

results can support other financial analyses. 

Financial costs  Low Calculating IRR is a dual problem to calculating NPV and 

therefore it is exactly as demanding as the latter (from the 

corporate, not mathematical point of view) 

Time costs Low Same as of NPV 

Demand for exact inputs  High IRR also requires enumeration of both gains and costs but 

compared to NPV it does not require the discount rate as an 
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input. 

Comparability of results   High This is the main advantage over NPV because IRR provides 

a relative result that can be compared even amongst very 

different projects.  

Org. structure st rain s Low The determination of NPV does not require any explicit 

form of management and so does not IRR too. 

2.3.3 Payback 

The plain payback time of an investment is the simplest and least adequate but on 

the other hand mostly used economic criteria. The biggest gap in this assessment method is 

that it ignores all effect of the investments after the payback. The usual formulation of this 

indicator is such: 

Ὕ
Ὅὔ

ὅὊ
 

where the variables are: 

CF cash flow in individual years IN one-time investment costs 

The obvious limitations of this formula (inability to regard changing cash flow over 

years or the ignorance of the time factor) can of course be recompensed by more 

sophisticated elaborate approaches of payback time calculation. The core of this method is 

the time estimation of the monetary return of investment and as such it cannot be used as 

the main criteria for assessing an IT project. However it can serve well as secondary 

supporting criteria in the turbulent environment of information technologies; if the 

estimated time of new release of a product version is shorter than the payback then the 

investment efficiency is questionable. Thus in the context of IT and especially of STEs it 

makes ÓÅÎÓÅ ÔÏ ÃÏÍÐÁÒÅ ÔÈÅ ÐÁÙÂÁÃË ÔÉÍÅ ×ÉÔÈ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÏÐÅÒÁÔÉÏÎÁÌ ÌÉÆÅ ÔÉÍÅȢ 

In the means of the above criteria the Payback can be reckoned so: 

Criterion  Score Comment 

Predicative abilities  Low The Payback cannot be used neither for financial analysis of 
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the investment nor for comparison of completely different 

projects. 

Financial costs  Low The calculation is not very demanding. 

Time costs Low Same as for financial costs. 

Demand for exact inputs  High This method requires the same scale of inputs as IRR or 

NPV. 

Comparability of results   Mid The results can be compared very well in case of similar 

ÐÒÏÊÅÃÔÓ ɉÏÒ ÐÒÏÊÅÃÔȭÓ ÁÌÔÅÒÎÁÔÉÖÅÓɊ ÏÆ ÓÉÍÉÌÁÒ ÓÉÚÅ ÁÎÄ 

nature. 

Org. structure strain s Low There are no special requirements on management. 

2.3.4 Return on Investment  

The Return on Investment (ROI) is another of the basic financial indicators followed 

ÂÙ ÔÏÄÁÙȭÓ )4 management. It expresses the rate of yearly profit before interest and taxes to 

the invested capital: 

ὙὕὍ

В ὅὊ
Ὕ
ȿὅὊȿ

 

The higher is the Return on Investment the more attractive the investment is. The 

2/)ȭÓ ÎÕÍÅÒÉÃ ÖÁÌÕÅ ÉÓ ÔÈÅ ÒÅÌÁÔÉÖÅ ÒÅÖÅÎÕÅ ÒÁÔÅ ÐÅÒÃÅÎÔÁÇÅ ÁÓ ÉÎ ÃÁÓÅ ÏÆ )22. The ROI is 

often considered a supporting criterion to IRR. 

Nonetheless for many large IT projects the ROI method cannot be used. The more 

complex the project is the more complicated and elaborate the estimation of ROI and 

especially its interpretation becomes. For example Nucleus Research ɉ˒̙̌́̋̉̎ȟ ςππτɊ has 

shown that 57% of SAP R/320 customers did not achieve a positive ROI for the first three 

years of a project and this is not caused by the application quality but rather by the fact that 

the ROI method does not take into account all the risks of projects of such scale. This 

                                                        
20 http://www.sap.com  

http://www.sap.com/
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analysis has shown that in cases where the consultancy costs are twice the license costs the 

positive ROI cannot be achieved. 

Considering the above set of criteria ROI can be scored in such a manner: 

Criterion  Score Comment 

Predicative abilities  Mid Similarly to IRR the results of ROI assessment can be used 

in following financial analyses and compared to monetary 

interest rates but the non-monetary benefits are still not 

taken into account. 

Financial costs  Low Same as IRR. 

Time costs Low Same as IRR. 

Demand for exact inputs  Mid In case of basic undiscounted ROI the estimated average 

yearly profit is a sufficient measure of benefits in contrast 

with NPV or IRR. 

Comparability of results   High ROI is a relative measure and therefore is ideally 

comparable with other projects and financial indicators. 

Org. structure strain s Low ROI can be calculated from basic indexes and does not 

imply any requirements on management. 

2.3.5 Total Costs of Ownership  

With use of Total Costs of Ownership (TCO) companies often express the expenses 

on implementation and maintenance of IS/IT because it includes not only the initial size of 

an investment but also additional continuous costs given by the ownership of the resulting 

system. 

For expressing TCO of a large STE project it is necessary to gather all the expenditure 

inputs, not only those that directly affect the project deployment but also those that may 

arise later. These are for example: 

¶ The direct costs of hardware / software (price) 
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¶ Fees associated with the operation / maintenance (e.g. annual fees for 

licenses and updates) 

¶ Costs associated with system administration 

¶ #ÏÓÔÓ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÕÓÅÒÓȭ ÔÒÁÉÎÉÎÇ 

¶ The costs of ÓÙÓÔÅÍȭÓ ÉÄÌÅ ÐÅÒÉÏÄÓ ÔÈÁÔ ÁÒÉÓÅ ÂÅÃÁÕÓÅ ÏÆ ÒÅÐÁÉÒÓȟ ÕÐÄÁÔÅÓȟ ÅÔÃȣ 

The costs in this general method can be further structured, for example 

differentiation between fixed and variable costs is typical. 

Strict evaluation of projects by the costs side does not lead to objective conclusions 

as well ɀ it does not evaluate the benefits. TCO can thus be used for comparison of two 

projects that are the same in functionality (and e.g. differ by the provenance as in case of the 

usual deciding between the in-house operation and outsourcing). Either way, TCO is not 

ÓÕÉÔÁÂÌÅ ÆÏÒ ÁÓÓÅÓÓÉÎÇ Á ÐÒÏÊÅÃÔ ÔÈÁÔ ÉÓ ÐÁÒÔ ÏÆ ÔÈÅ ÃÏÍÐÁÎÙȭÓ ÃÏÒÅ ÂÕÓÉÎÅÓÓȢ 

TCO in the frame of above proposed set of aspects performs as follows: 

Criterion  Score Comment 

Predicative abilities  Low This method completely neglects the benefits side of 

projects 

Financial costs  Low This method is very cheap if the company can determine 

the respected prices and costs by itself. 

Time costs Low TCO is the fastest amongst all other methods. 

Demand for exact inputs  Low The costs side of investments can usually be determined 

ÅÁÓÉÌÙ ÁÎÄ ÅØÁÃÔÌÙ ÁÎÄ ÄÅÐÅÎÄÉÎÇ ÏÎ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÒÉÓËÓ ÃÁÎ 

be set by the current state of similar projects in the 

industry. This of course is not applicable on development 

projects. 

Comparability of results   Low The results can be compared only between projects of 

similar size and impact that target the same business need 

of the enterprise. 

Org. structure strain s Low The TCO follows directly from all prelim inary analyses of 
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projects and does not imply any special requirements on 

management. 

2.3.6 Economic Value Added 

Economic Value Added (EVA) is a method of calculating the real economic 

performance of a company. EVA is calculated as the Net Operational Profit after Taxes 

(NOPAT) minus the costs of invested capital. 

ὉὠὃὔὕὖὃὝὧȢὑ 

where the variables stand for: 

c weighted average cost of capital K capital employed 

For the calculation of EVA it is more appropriate to use the opportunity costs instead 

of the reported costs. 

EVA can be understood as an estimation of what the impact of a profit or loss on the 

demanded rate of return of the invested funds would be. A great advantage of this method 

is that through the price of capital it considers also the risks of an investment, both 

demanded and real in relative comparison. However in contrast with other methods EVA is 

a flow variable and it cannot be used for comparisons over time. 

The biggest disadvantage of EVA is the complexity of its calculation that is tied with a 

handful of problems, especially accounting ones related to estimation of operational profit. 

The aspects of EVA are: 

Criterion  Score Comment 

Predicative abilities  Mid EVA is not a relative indicator, but unlike NPV is a flow 

variable and by definition includes the comparison of the 

desired return  and opportunity costs. 

Financial costs  Mid EVA calculation is associated with administrative problems 

and often includes at least cursory analysis of the market. 

Time costs Mid Depending on the complexity of market analysis the time 
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costs can become notable. 

Demand for exact inputs  High EVA has at least the same demands as NPV and ROI, plus it 

requires information on the status of the company and its 

investment preferences. 

Comparability of results   High EVA can be compared amongst various investments 

because it is possible to relate it to the amount invested. 

Org. structure strain s Mid EVA calculation requires a certain way of budgeting in an 

organization and also depends on the preferences of a 

particular group of shareholders. 

2.4 Qualitative Methods  

Traditional measures of financial performance (ROI, NPV, IRR or Payback) are 

problematic, because they need both expenses and especially gains expressed by money. 

This problem may be solved by multi -criteria  (or multidimensional) methods, because they 

take into account both direct and indirect impacts. Example of such methods is an 

information economics (Birchler, et al., 2007), but its major problem is to determine the 

weighting of criteria yet there are of course other possible not very straightforward ways.  

The use of soft metrics is justified by many analyses: according to Gartner (Harris, et 

al., 2002), two thirds of the indicators that should be used when deciding on investments 

that are of non-financial nature and Raisinghani (Raisinghani, 2001) even argues that three 

quarters of all investments in IT do not have any quantifiable market value. That is why 

softer not just financial methods of assessment need to be followed. 

According to (Merchant, et al., 2007) and (Gammelgård, et al., 2007) the most notable 

methods used in Business Process Management (BPM) and Strategic Management for 

assessment today are: 

¶ Activity Based Costing  ɀ method of calculating the unit costs of a service or 

product through the activities involved in the actual production. 

¶ Six Sigma ɀ a method of process management, monitoring, and evaluation 

that aims at minimizing process exceptions and failures. 
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¶ EFQM ɀ a method by European Foundation for Quality Management21 (EFQM) 

for evaluation of business processes in comparison with an approved 

common Business Excellence Model.  

¶ Portfolio M anagement  ɀ a management method for administering a large 

portfolio of IT projects, applications, processes, services and resources. 

¶ Balanced Scorecard  ɀ a standardized system of balanced indicators that 

enable controlling the strategy realization via breaking the higher goals to 

lower levels and mapping the partial targets to metrics. 

¶ Tableau de Bord  ɀ a primal method similar to balanced scorecard. 

2.4.1 Activity Based Costing  

This approach is built upon a costing model that assigns costs to the resource 

activities to resulting products and services. The emphasis in this approach lies on 

determining the unit costs of diverse activities by dissolving all the indirect costs into the 

processes they are tied with. 

This is a well-established approach to Business Process Management since the 

ρωψπȭÓ (Kaplan, et al., 1987) that is based on managerial accounting but the possibility of 

assessing an IT investment with this method is rather limited. The basic philosophy is that 

for a project that is not a part of the enterprise core business and therefore does not 

directly generate profit to be profitable at least somehow it has to have a positive impact on 

the costs composition and size. Similarly to TCO therefore it considers only the costs side of 

projects, however the indirect impact on costs is taken into account this time. It is possible 

to evaluate two investment alternatives by comparing their impact on unit activity costs. 

As this method neglects other impacts of investments (like the capacity increase or 

sales impact) it is also not completely sufficient to assess the IT investments as is. It is 

however a basic approach and is used as an integral part of other methods (like Six Sigma 

or Balanced Scorecard). 

                                                        
21 http://www.efqm.org   

http://www.efqm.org/


 Assessing the Investments in IT 

- 40 - 

2.4.2 Six Sigma 

Six Sigma22 has been originally developed by Motorola as a soft method for 

identification and corrections of process errors and exceptions. The basis of this method is 

the valuation of process parameters deviations from normal distribution curve. If the 

process parameters reach values in a specific area and do not depart more than six 

standard deviations, then practically no items will fail to meet the specifications and the 

quality of the process outcomes will be high and stable. 

4ÈÉÓ ÍÅÔÈÏÄ ÉÓ ÔÈÕÓ ÄÅÓÉÇÎÅÄ ÔÏ ÍÅÁÓÕÒÅ ÁÎÄ ÅÖÁÌÕÁÔÅ ÔÈÅ ÐÒÏÊÅÃÔÓȭ ÉÍÐÁÃÔ ÏÎ ÔÈÅ 

process quality. The ideal investment should bring improvements to the process flow and 

by broadening the specifications lower the number of exceptions which is cheaper for the 

company. However there are many critics of Six Sigma as a tool for IT investments 

assessment (Hindo, 2007) because in principle it denies those projects that have a 

significant impact on current processes structure and favors such projects that support 

process rigidity and are inconsistent with innovation. 

2.4.3 EFQM 

)Î ÔÈÅ ÅÁÒÌÙ ρωωπȭÓ there were attempts to establish criteria for the formation of a 

successful company (Kerzner, 2004) and so European Foundation for Quality Management 

was established as a non-profit membership foundation to help companies implement the 

best practice strategies. 

EFQM model is focused on thorough evaluations of the company as a whole in a given 

structure of 9 high-level areas (Leadership, Politics and Strategy, Resource Management, 

Partnership, 0ÒÏÃÅÓÓÅÓȟ %ÍÐÌÏÙÅÅÓȭ 3ÁÔÉÓÆÁÃÔÉÏÎÓȟ #ÕÓÔÏÍÅÒÓȭ 3ÁÔÉÓÆÁÃÔÉÏÎȟ )ÍÐÁÃÔ ÏÎ 

Society, and Performance Measurement). 

The basic measurement method used in EFQM is benchmarking which enables the 

company to compare its projects to those of the industry leaders. A negative side of this 

approach (ITSM Library, 2007) is that it cannot be used with emerging technologies (like 

                                                        
22 http://www.isixsigma.com/   

http://www.isixsigma.com/
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STEs) until they go mainstream because until then there are no considerable benchmarks 

available. 

2.4.4 IT Portfolio Management  

IT portfolio management can be characterized as the application of systematic 

approaches to the management aspects of the enterprise IT performance (Jeffery, et al., 

2004). An example of this can be a portfolio of projects, IT services, and planned investment 

initiatives. The main objective of this approach is the ability to quantify the benefits of IT 

uncountable otherwise, or bring the ability to measure and objectively evaluate investment 

alternatives. 

The original objective of the IT portfolio management was only the management of 

IT projects portfolios , but over time this method has evolved towards a less dynamic 

inclusion of items such as application support and maintenance, which also consume a 

significant portion of the spending on IT (Kaplan, 2005). The main obstacle in the mapping 

of these expenditures is the fact that IT budgets do not usually cover them in sufficient 

detail and therefore do not allow their effective monitoring. This however does not have a 

direct impact on the assessment of STEs as there is no common way of covering them in the 

budgets. 

The method of portfolio management is based on the similarity of portfolio 

management of shares or other financial portfolios, but there of course are many 

differences. The main difference is that in case of IT it is not sufficient to monitor only 

financial indicators (as mentioned above), but it is also necessary to take into account 

certain non-financial aspects. Another difference lies in the nature of the monitored items, 

as IT projects and services are not nearly as liquid as bonds and stocks, so the composition 

of the IT portfolios cannot be changed operatively and the more important is the strategic 

task of the IT portfolio management to decide on continuation or termination of investment 

activiti es. 

The concept of IT portfolio management is nowadays mostly associated with the 

forming of these three portfolios: 
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¶ A portfolio of projects  ɀ Management of this portfolio addresses mainly the 

particular problems associated with expenditures on development and 

innovations in the sense of the potential return on investments and 

emphasizes the constraints on overlapping areas of investments across 

projects. 

¶ Application portfolio  ɀ This portfolio focuses on comparing the costs of 

groovy systems with their contributions. This comparison is based on the 

level of benefits measured either as return on investment, or with other 

incorporate factors such as user experience with the system or the 

deployment of new technologies. 

¶ A portfolio of resources  - This book follows the distribution of particular 

human resources in an organization and tries to identify the skills of 

individuals to balance their workload with their personal goals. The main goal 

of the resources portfolio management is trying to minimize the unused 

enterprise resources. 

The principle of this method lies in the fact that the investment is not seen as part of 

the costs, but as an asset held by the company, and therefore needs to be guided by the 

same rules as any other assets in the company. In other words, managers evaluate new 

investments according to the criteria of costs, revenues and risk as a separate project. 

As with financial portfolio management, also for IT portfolio, there is no best method 

for evaluating the effectiveness and risks of its components, but here the emphasis is on the 

measurability of these quantities. The particular method of measurement is left open for 

which the above stated financial indicators can be used. 

Application of this method of management and evaluation needs to match the 

corporate organizational structure, and in that lie its limitations and risks. A direct 

advantage is however the possibility of rapidly evaluating individual projects due to the 

established set of criteria and that the enterprise can react flexibly to the current progress 

of these projects. 
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IT portfolio management is therefore not purely a method for evaluating 

investments, but rather part of management methodologies for IT that may be subject to 

evaluation. As such, it often allows the assessment of IT projects and that is why I included 

it in the list of these methods. 

View of the IT portfolio management as a method for evaluation of investment over 

the selected criteria  is as follows: 

Criterion  Score Comment 

Predicative abilities  High This method uses the parameters established for each 

investment areas that were chosen with regard to the 

specific requirements in the area. Outputs may include 

even evaluation of technical parameters of the subject 

matter of the investment. 

Financial costs  Mid The portfolio management uses a consistent method of 

evaluation and with respect to the large anticipated 

number of investments reviewed economies of scale are 

realized. Obtaining the necessary inputs thus needs a 

deeper analysis than simple financial techniques. 

Time costs Low IT Portfolio Management emphasizes the flexibility of the 

evaluation of individual investments and uses the steady 

process of evaluation. 

Demand for exact inputs  High Here the chosen metrics are very important, but the actual 

evaluation always includes at least some financial 

indicators and technical aspects. 

Comparability of results   High Thanks to the consistency of metrics the results can be 

compared mutually very well. 

Org. structure strain s High IT portfolio management requires the management of 

applications, projects, and resources in a form that yields 

considerable demands on the organization structure. 
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This view assumes that the company is already undertaking the evaluation of the 

investment, application, and resource portfolio. Actual implementation of IT Portfolio 

Management constitutes a separate investment in IT management. 

2.4.5 Balanced Scorecard 

In the nineties on twentieth century Kaplan and Norton developed the balance 

scorecard method of assessment (Kaplan, et al., 1996). Their intention was that the 

evaluation of the company should not be limited to traditional financial indicators, but 

should also include measures of customer satisfaction, internal processes and ability to 

innovate and thus the results achieved through implementation of additional criteria 

should underpin future financial results. 

Kaplan and Norton proposed a three-tier structure on any corporate perspectives: 

¶ Mission (e.g. to become a preferred supplier to customers) 

¶ Targets (e.g. to provide customers with new products) 

¶ Measures (e.g. the rate of return on new products). 

For the BSC to perform well  enterprises must transform insights into metrics and 

benchmarks to assess the situation and these evaluations have to be repeated periodically 

and confronted with the goals set earlier. At first  the BSC was used as a performance 

measurement system and a tool for planning and management. Later, however, some 

companies evolved from this simple view and they found that the scale of the BSC can be 

used as a base management system for transferring the strategy, the adaptation of 

individuals and team strategy, short and long term allocation of resources and finally 

providing feedback and learning about strategy. 

Different market situations, production strategies, industry units and competitive 

environments require different BSCs according to their mission, strategy, technology and 

culture. The basic structure of the BSC must be tailored to the specific needs of monitoring 

and verification functions for use in IT. Lately however the IT BSC emerged. According to 

work by Van Grembergen, Van Bruggen and Amelinckx ( (Van Grembergen, et al., 1997) 
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(Van Grembergen, 2000), and (Van Grembergen, et al., 2002)), the default IT scorecard 

consists of the following four perspectives: 

¶ company-wide benefits 

¶ customer orientation 

¶ quality of service 

¶ orientation to the future 

This IT scorecard is obviously different from the corporate BSC, because it is an 

internal  service provider scorecard that addresses the ability of IT to support the main 

strategic objectives of the company. The four corporate perspectives the IT scorecard takes 

into account are: 

¶ Finance (financial targets and business results such as turnover or profit) 

¶ Customers (indicators of customer satisfaction such as order fulfillment time, 

etc.) 

¶ Internal business processes (process efficiency) 

¶ Learning and growth (e.g. higher qualification of employees) 

There is a relationship between indicators that can be generally described as follows: 

the more people will be qualified and more modern technology will be used, the easier and 

more efficiently business processes will run around and the better will the customerÓȭ 

needs be satisfied and competitive advantages realized, which should as a result bring 

better financial indicators. In this view the financial indicators are the ultimate goal of a 

company, but other perspectives define the potential of enterprise in general. In the same 

way one can define a system of BSC for each department, including the department of IT. 

From this perspective it is needed to look at the financial perspective as the contribution of 

IT to business development of the company. 

Corporate strategic objectives can be transformed into the strategic objectives of IT, 

for example, as shown in the table: 

BSC Perspective  Strategic objectives in terms of IT  

Finance  

 

¶ Understanding of the IT costs place in a common structure of the 

corporate business 
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¶ The ability to control IT costs 

¶ Reducing IT costs 

¶ SLA contracts for services and internal management 

Customers 

 

¶ Guaranteeing a defined level of service 

¶ Monitoring the relationship between price, service level, and 

quantity for the supplied services 

¶ Ensuring functionality of IT infrastructure  

¶ User support 

Internal business 

processes 

¶ Monitoring productivity and performance of services 

¶ Effectiveness of internal processes 

¶ Skilled workers 

Learning and growth ¶ Ensuring IT infrastructure flexibility  

¶ Ensuring IT infrastructure changes required by the business 

environment 

¶ Formalization and transfer of know-how in IT 

¶ Ability to make use of new technologies 

In the view of the above set aspects of assessment criteria the IT scorecards stands as 

follows: 

Criterion  Score Comment 

Predicative abilities  High BSC takes into account all possible aspects of the impact of 

the investment on the firm and its strategy. Evaluation 

using the BSC should thus capture precisely those aspects 

of the investments that are most relevant to business 

strategy. 

Financial costs  High Development of the BSC is associated with a number of 

analytical and consulting services. 

Time costs High This depends on whether there is for a given area already a 

generally accepted pre-processed structure of BSC, 

however for STEs there is none. 

Demand for exact inputs  Low BSC as a framework method takes into account those inputs 

that are available and does not have any entitlement to any 
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specific data. 

Comparability of results   Mid BSC comparability of outputs is relatively large, but it is 

ÌÉÓÔÅÄ ÁÓ Ȱ-ÉÄȱ for two reasons: First, the evaluations of two 

investments are comparable only if their assessments were 

carried out in the same structure of the BSC, which may not 

be the rule, if carried out by another group of experts with 

different experiences and covering a not yet standardized 

area (as are the STEs).  

Secondly the assessment of non-exact parts always 

depends on not only who is the performer of the 

assessment but also for whom the assessment is done 

(especially on the level of management for which the 

assessment is drafted). 

Org. structure strain s Mid BSC requires the development of a clearly formulated 

business strategy and processes mapped (ideally also 

mapped services) on the level on which the assessment is 

being performed. 

Specific BSC structures have been proposed for several popular areas like the 

deployment of ERP systems or general e-Business and surely once the STEs become 

popular in business in the future a common BSC structure will be formed for some Semantic 

Applications as well. However a particular BSC structure depends more on the application 

use case than on the technology background. 

Although the use of the BSC method in evaluation and management of investments 

has many positive aspects, there is also criticism. For example Voelper (Voelper, et al., 

2006) argues that excessive use of scorecard threatens the very survival of the company 

and literally calls it "a tyrannical regime straightjacket". According to him there are several 

reasons to this: 

¶ As an instrument for measuring the BSC is too rigid and unchanging 

¶ Using the BSC leads to decreasing the business processes flexibility and 

subsequently loss of the ability to respond swiftly to business environment 
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¶ External incentives for innovation are subdued by BSC 

¶ BSC does not allow open sharing of knowledge and active involvement in 

community research 

¶ BSC supports bureaucracy in conjunction with a solid organizational structure 

All the problems that Voelper mentions (and illustrates by examples from practice) 

are associated with strict application of static BSC metrics over a long period of time. It 

follows that the BSC can be used as a good guide to promote a certain decision localized in 

time, but the strategic goals should not be subordinated to the possibility to formulate them 

well in BSC. 

Since the main purpose of BSC ÉÓ ÔÏ ÅÖÁÌÕÁÔÅ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÐÏÔÅÎÔÉÁÌ ÔÏ ÈÅÌÐ ÔÈÅ 

company fulfill its mission it is the most direct assessment method amongst the soft 

metrics. It has been shown by KPMG consultants (Low, et al., 2005) that there are clear 

parallels between traditional balanced scorecard perspectives and the critical success 

factors. These parallels provide the basis for tailoring a balanced scorecard framework for 

many different purposes like internal audit or project assessment and can be underlain by 

CSFs. 

The CSFs can however be used for many other purposes, being usable as a soft 

assessment metric is one of them, but they can serve also as a base for other frameworks 

like the KPI structure of Maturity Models of the enterprise. This is why the next section is 

 

Figure 2.2 ɀ Comparison of Assessment Methods 

Evaluation Methods Comparison
Assessment Method NPV IRR Payback RoI TCO EVA Portfolio BSC

Predicative abilit ies Mid Mid Low Mid Low Mid High High

Financial costs Low Low Low Low Low Mid Mid High

Time costs Low Low Low Low Low Mid Low High

Demand for exact inputs High High High Mid Low High High Low

Comparability of results Mid High Mid High Low High High Mid

Org. structure strains Low Low Low Low Low Mid High Mid
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focused on their elaboration. 

2.5 Critical Success Factors 

The Critical Success Factors (CSFs) are a well-known and popular approach for 

estimating the feasibility of projects that was originally presented in 1981 in (Rockart, 

1981) and since then they have been adopted in many areas (Human Resources, Service 

Integration, or Business Intelligence etc.) and their use in the software development and 

deployment is adopted in the widely accepted and respected approaches as already 

discussed in the section 1.2 above. 

The main purpose of CSFs is to assess the specific requirements of distinct projects 

on the level of corporate processes, resources and environment. As measures of success, 

they are often mentioned with regard to Key Performance Indicators (KPIs (Parmenter, 

2010), (Fitz-Gibon, 1990)) that quantify management objectives and enable the 

measurement of strategic performance, but in contrast with them the CSFs are elements 

that are vital for a strategy to be successful. Shortly speaking the Critical Success Factors are 

a set of objectives that are necessary conditions for the company (or a project) to succeed. 

It is clear that the particular factors depend on the nature of the project that is in 

their scope. There are four basic types of CSFs: 

¶ Industry CSFs ɀ resulting from specific industry characteristics 

¶ Strategy CSFs ɀ resulting from the chosen competitive strategy of the 

business 

¶ Environmental CSFs ɀ resulting from economic or technological changes 

¶ Temporal CSFs ɀ resulting from internal organizational needs and changes. 

All these CSF fields need to be coalesced when establishing a structure of CSFs for a 

single project depending on its nature and capture the specific requirements on processes 

and resources. !ÓÓÅÓÓÉÎÇ Á ÐÒÏÊÅÃÔ ÔÈÒÏÕÇÈ ÔÈÅ ÍÅÁÎÓ ÏÆ #3&Ó ÔÈÕÓ ȰÏÎÌÙȱ ÅÎÁÂÌÅÓ ÔÈÅ 

company to see whether the project is feasible which, I think, may defeat the arguments for 

not deploying the STEs in many cases. 
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2.6 Maturity Models  

The theory of Maturity Models (often called Capability Maturity Models; CMM) was 

originally developed by the Carnegie Mellon University for the U.S. Department of Defense 

as a tool for objectively assessing the ability of enterprise processes to perform a software 

project.  

A Maturity Model can be viewed as a set of structured levels that describe how well 

the behaviors, practices and processes of an organization can reliably and sustainably 

produce required outcomes. A Maturity Model can be used as a benchmark for comparison 

and as an aid to understanding what is needed to fully use the potential of a process or 

project. 

The Maturity Models are commonly used to judge the maturity of processes and 

express the possible states as maturity levels. In the best practices (since (Paul, et al., 

1994)), there are usually five levels of (existing) process maturity used: 

0. Non-existent ɀ Complete lack of any recognizable processes. The enterprise 

has not even recognized that there is an issue to be addressed. 

1. Initial /Ad Hoc ɀ There is evidence that the enterprise has recognized that the 

issues exist and need to be addressed. There are, however, no standardized 

processes; instead, there are ad hoc approaches that tend to be applied on an 

individual or case-by-case basis. The overall approach to management is 

disorganized. 

2. Repeatable ɀ Processes have developed to the stage where similar 

procedures are followed by different people undertaking the same task. There 

is no formal training or communication of standard procedures, and 

responsibility is left to the individual. There is a high degree of reliance on the 

knowledge of individuals and, therefore, errors are likely. 

3. Defined  ɀ Procedures have been standardized and documented, and 

communicated through training. It is mandated that these processes should 

be followed; however, it is unlikely that deviations will be detected. The 
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procedures themselves are not sophisticated but are the formalization of 

existing practices. 

4. Managed ɀ Management monitors and measures compliance with procedures 

and takes action where processes appear not to be working effectively. 

Processes are under constant improvement and provide good practice. 

Automation and tools are used in a limited or fragmented way. 

5. Optimizing  ɀ Processes have been refined to a level of good practice, based 

on the results of continuous improvement and maturity modeling with other 

enterprises. IT is used in an integrated way to automate the workflow, 

providing tools to improve quality and effectiveness, making the enterprise 

quick to adapt. 

In this judging of processes, five Key Performance Areas are evaluated, i.e. goals, 

commitment, ability , measurement, and verification. The usage of this approach is nowadays 

widely adopted in software development and deployment and used by respected 

approaches like the ones of CMMI23, IT Infrastructure Library 24, IEEE Computer Society25 or 

COBIT (see 2.7 below). 

However the original CMM approach is targeted solely on the individual enterprise 

processes (and current models include also services and their mutual integration) the usage 

on judging the maturity of an enterprise as a whole for a particular kind of project is not 

standardized. However the original approach is nowadays reaching its limits and with 

ÍÁÎÙ ÓÕÐÐÌÙÉÎÇ ÅÎÔÅÒÐÒÉÓÅÓ ÏÕÔ ÔÈÅÒÅ ÈÁÖÉÎÇ ÔÈÅÉÒ ÐÒÏÃÅÓÓÅÓȭ ÍÁÔÕÒÉÔÙ ÆÉÎÅ-tuned to the 

highest level possible the preparedness of customers is really the main obstacle in projectsȭ 

deployments and thus in my opinion the CMM in the traditional form is not enough for STE 

assessment. In this thesis I propose an approach of how to leverage the traditional Maturity 

Models paradigm to an enterprise level that enables judging the maturity of a customer; this 

is presented later, in section 5.6. 

                                                        
23 http://www.sei.cmu.edu/cmmi  
24 http://www.itil -officialsite.com  
25 http://www.computer.org   

http://www.sei.cmu.edu/cmmi
http://www.itil-officialsite.com/
http://www.computer.org/
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2.7 COBIT 

The Control Objectives for Information and related Technology  (COBIT) is a set 

of best practices for IT management, created by ISACA26 and ITGI27. First version was 

released in 1996 and with iterative updates it reached the current version 4.1 in May 2007 

(IT Governance Institute, 2007) (This methodology is however keeping tracks with the 

rapid development of business sphere and thus a draft of version 5 is already discussed). 

COBIT provides managers, auditors, and IT users with a set of generally accepted 

measures, indicators, processes, and best practices to assist them in maximizing the 

benefits derived through the use of information technology and developing appropriate IT 

Governance  and control in a company. 

According to COBIT, the basic need for every enterprise is to understand the status of 

its own systems and to decide what level of management and control the enterprise should 

provide; therefore COBIT is a measurement-driven methodology. Enterprises need to 

measure where they are and where improvement is required, and implement standards to 

manage and monitor this improvement. These issues are dealt with in COBIT with use of the 

following:  

¶ Maturity models  to enable benchmarking and identification of necessary 

capability improvements 

¶ Performance goals and metrics  (KPIs, basically) for the processes, 

demonstrating how processes meet business goals and are used for 

measuring internal process performance based on balanced scorecard  

principles. 

¶ Activity goals for enabling effective process performance. 

In this notion COBIT integrates most of the approaches mentioned previously in this 

chapter and by their use frames the best practices on 34 well defined processes in four 

domains: Plan and Organize, Acquire and Implement, Deliver and Support, and Monitor and 

                                                        
26 Information Systems Audit and Control Association, http://www.isaca.org  
27 IT Governance Institute, http://www.itgi.org  

http://www.isaca.org/
http://www.itgi.org/
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Evaluate. The use of certain methods however is slightly altered, compared to the 

traditional approach; e.g. the use of CMMs is customized. 

Maturity modeling for management and control over processes is based on a method 

of evaluating the organization, so it can be rated from a maturity level of non-existent (0) to 

optimized (5). This approach is derived from the CMMI by Software Engineering Institute 

described in section 2.6 above. Although concepts of the SEI approach are followed the 

COBIT implementation differs considerably from the original SEI, which is oriented toward 

software product engineering principles, organizations striving for excellence in these areas 

and formal appraisal of maturity levels so that software developers could be ȰÃÅÒÔÉÆÉÅÄȱȢ )Î 

COBIT, a generic definition is provided for the COBIT maturity scale, which is similar to 

#--) ÂÕÔ ÉÎÔÅÒÐÒÅÔÅÄ ÆÏÒ ÔÈÅ ÎÁÔÕÒÅ ÏÆ #/")4ȭÓ ÍÁÎÁÇÅÍÅÎÔ ÐÒÏÃÅÓÓÅÓȢ ! ÓÐÅÃÉÆÉÃ ÍÏÄÅÌ ÉÓ 

provided from this generic scale for each of #/")4ȭÓ στ ÐÒÏÃÅsses. Whatever the model, the 

scales are too granular, as that would render the system difficult to use and suggest a 

precision that is not justifiable because, in general, the purpose is to identify where issues 

are and how to set priorities for improvements. The purpose is not to assess the level of 

adherence to the control objectives. 

The maturity levels are designed as profiles of IT processes that an enterprise would 

recognize as descriptions of possible current and future states. They are not designed for 

use as a threshold model, where one cannot move to the next higher level without having 

fulfilled all conditions of the lower level. With COBITȭÓ ÍÁÔÕÒÉÔÙ ÍÏÄÅÌÓȟ ÕÎÌÉËÅ ÔÈÅ ÏÒÉÇÉÎÁÌ 

SEI CMM approach, there is no intention to measure levels precisely or try to certify that a 

level has exactly been met. A COBIT maturity assessment is likely to result in a profile 

where conditions relevant to several maturity levels will be met. 

COBIT is highly relevant to this thesis as a methodology that utilizes the traditional 

IT assessment methods for formalizing a best practices management approach in a derived 

field, namely IT Governance. However, it shows the flexibility of the KPIs, BSC (and thus 

also CSFs) and CMMs methods that will prove essential in evaluating the preparedness of 

enterprises for STEs, which is carried on in Chapter 5 ɀ ȰAssessing Semantic Technologies 

for EnterpriseȱȢ 



 Semantic Web and Applications 

- 54 - 

3 Semantic Web and Applications  

The Internet and especially its application in the form of World Wide Web has 

changed over the time the way people interact with each other and with the introduction of 

e-Commerce (Chaudhury, et al., 2002) it affected also the way the business is conducted and 

looked upon. This progress had also a direct impact on how the computers are thought of. 

Originally they were designed for performing numerical calculations and executing 

algorithms but this view gradually shifted towards a broader range of activity based uses, 

such as storing and processing data, executing application logic, gaming, and multimedia 

reproduction and interaction. Later the view in business and academic spheres has shifted 

further from processing the data to processing and distributing the information and today 

the computers are regarded by the general public as the entry points to information 

highways (Antoniou, et al., 2004).  

As mentioned in the Introduction , ÍÏÓÔ ÏÆ ÔÈÅ ÔÏÄÁÙȭÓ 7ÅÂ is still intended for the 

human interaction; even Web content that is generated automatically from databases is 

usually presented without the original structural information. This is the basic point that is 

addressed for a change in the vision of Semantic Web ( (Berners-Lee, et al., 2001)). The 

Semantic Web aims at defining ways to allow Web information to be used by computers for 

interoperability and integration between systems and applications by formalizing and 

standardizing the knowledge needed to process the considered information. 

3.1 Nature of Computational Sema ntics  

For the means of providing information (mainly on the Web) in a way the computers 

can read and process it new standards and languages were developed, including the well-

known Resource Description Framework (RDF (Miller, et al., 2004)) and the OWL 2 Web 

Ontology Language (OWL 2 (Hitzler, et al., 2009)). The descriptive information provided by 

such languages allows denoting exactly and individually the resources in the world (and on 

the Web) and describing the relationship between them. 
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However the considered systems and applications that make use of similar 

technologies and therefore ɀ thanks to the use of standardized knowledge structures ɀ 

enable the standardized interoperation of the processed information are an integral part of 

the whole Semantic Web vision and are often denoted as Semantic Applications. 

The cornerstone of these semantic systems are the ontologies as a formal support for 

communication and exchange of knowledge representations. ȰOntologyȱ ÁÓ Á ÔÅÒÍ was 

formed from the Greek ♅ʉ, genitive ♅ʉʐʋʏ ɀ of being and -ʇʋɾʚɻ ɀ science, study, theory, and 

originates in the field of philosophy. In this context it is denoted as (definition from 

Encyclopædia Britannica28): 

Ȱȣan a priori discipline that coulÄ ÒÅÖÅÁÌ ÔÈÅ ÅÓÓÅÎÃÅÓ ÏÆ ÔÈÉÎÇÓȢ ȣ 4ÈÉÓ ÇÅÎÅÒÁÌ 

metaphysics is called in modern philosophy a ȰÆÏÒÍÁÌ ÏÎÔÏÌÏÇÙȱ ÁÎÄ is contrasted with special 

ȰÒÅÇÉÏÎÁÌ ÏÎÔÏÌÏÇÉÅÓȟȱ ÓÕÃÈ ÁÓ ÔÈÅ Ïntologies of nature, mathematics, mind, culture, and 

ÒÅÌÉÇÉÏÎȣȱ 

The traditional goal of ontological inquiry in particular is to discover those 

fundamental categoriesȟ ÏÒ ËÉÎÄÓȟ ÉÎÔÏ ×ÈÉÃÈ ÔÈÅ ×ÏÒÌÄȭÓ Ïbjects fall. In the field of artificial 

intelligence the researchers have recognized that capturing knowledge is in fact similar to 

creating new ontologies as computational models that enable certain kinds of automated 

reasoning. Today the term ontology has been adopted in the computer science and is used 

to refer to both a theory of a modeled world and a component of knowledge systems.  

The most accepted definition of an ontology in the sense of computer science (that 

will be used exclusively through the rest of this work unless noted otherwise) was 

originally proposed by Thomas Gruber in 1995 (Gruber, 1995) and further refined by 

Willem Nico Borst in 1997 (Borst, 1997) and Steffen Staab and Rudi Studer in 2004 (Staab, 

et al., 2004) and is such: 

ȰOntology is an explicit and formal specification of a shared conceptualization.ȱ 

                                                        
28 http://www.britannica.com , an English-language encyclopedia published by Encyclopædia Britannica, Inc., 
that is commonly regarded as the most scholarly of encyclopedias. 

http://www.britannica.com/
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Generally it can be said that an ontology is a formal description of a domain of 

interest; it consists of a finite set of terms and their relations and these terms denote 

specific concepts of the considered domain. 

The relation between concepts often includes the hierarchy of classes. The hierarchy 

specifies the fact that a class C is a subclass of another class #ȭ if every object of the class C is 

at the same time an object of the class #ȭ. This kind of relationship is called a generalization 

ɀ specialization relationship. 

Apart from the hierarchical relation of classes the ontologies can contain other 

knowledge like: 

¶ Class properties  (i.e. relations between classes other than generalization ɀ 

specialization or data-type attributes) 

¶ Restrictions on values of properties  (either relational or date-type) 

¶ Disjoint  classes (no object can be member of both) 

¶ Restriction on object relation cardinality  

¶ Other various axioms  

From the point of view of semantic applications the ontologies enable sharing a 

framework of understanding in any area of interest, in other words the domain knowledge 

and its concepts. 

3.1.1 Comparison of Traditional and Semantic Applications  

Ontology-based communication reduces or ideally eliminates the terminological and 

conceptual confusion by the definition and sharing of a formalized understanding. The most 

ÉÍÐÏÒÔÁÎÔ ÒÏÌÅ ÔÈÅ ÏÎÔÏÌÏÇÉÅÓ ÐÌÁÙ ÉÎ ÔÏÄÁÙȭÓ ÓÙÓÔÅÍÓ ÉÓ ÔÈÁÔ ÔÈÅÙ ÃÁÎ both support the 

communication, coordination and cooperation of human actors and offer unambiguous 

definitions of values passed through software systems. 

In an ideal case this formalized understanding of concepts, i.e. the ontology, in a 

software system is separated from the application code. If the domain the particular system 

deals with is not case specific the ontology should be shared. Ontologies for some of the 

most common domains are standardized and backed up by the W3 Consortium, other are 
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developed and offered for reuse by large academic or commercial subjects. This sharing of 

knowledge (that does not necessarily include the sharing of data or know-how) is a basic 

presumption for the feasibility of Semantic Web itself and is needed for maintaining the 

robustness and integrity of knowledge models amongst systems and the interoperability of 

information processed. 

In reality many of the ontologies used by semantic applications are proprietary and 

build from scratch which negates the advantages mentioned before. However leastwise in a 

compromise case where the proprietary ontology is built on top of a standardized 

dictionary, some of the data can still be interoperated in other systems. 

This ability to standardize and share the underlying knowledge models on an 

application level, and therefore also information and data structure, is something that the 

non-semantic applications can never achieve. Therefore there is one use-case the semantic 

applications are by my opinion predetermined to succeed in: data and system integration . 

Of course the state of the art use-cases are much richer, to name at least some of them: 

¶ Knowledge management  ɀ The flexible and extensible nature of ontologies 

allows constructing knowledge management systems that do not presume an 

a priori known structure of recorded knowledge. 

¶ Electronic Data Interchange  ɀ The EDI systems can benefit from the 

possibility of sharing the underlying information structure amongst systems 

that were not originally designed to be integrated. Even in case the data 

structure cannot be shared directly the transformation of data in such 

systems is simpler than in case of any other heterogeneous systems.  

¶ Unstructured information processing  ɀ Systems for processing the 

unstructured information (such as information extraction systems) can 

benefit from the flexibility of data structure the ontology standards allow and 

ÔÈÅÒÅÆÏÒÅ ÓÔÏÒÉÎÇ ÔÈÅ ÅØÔÒÁÃÔÅÄ ÉÎÆÏÒÍÁÔÉÏÎ ÉÎ Á ȰÓÅÍÁÎÔÉÃȱ ÆÏÒÍ ÉÓ ÁÔ ÈÁÎÄȢ 

Moreover the knowledge structure can serve as an input for the extraction 

process. 

¶ B2C electronic commerce  ɀ The ontology standards are designed to support 

the automated logical reasoning (or at least in some version of the languages) 
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that can be used for identifying additional relations in the data that are not 

explicitly included. In some applications this ability is used for individual 

targeting of services and products and generally can be a huge opportunity to 

improve direct and event-driven marketing. 

¶ Personal agents  ɀ There are some use cases ɀ still fictions ɀ that emerged 

along with the original vision of Semantic Web that expect the future 

existence of autonomous and proactive parts of code called software agents, 

that process the requests and queries of the users by collecting information 

from available Web resources and interacting with other agents. These agents 

should be in theory able to compare information depending on the ÕÓÅÒÓȭ 

preferences, do some decision of its relevance and pass the desired answer or 

result back to the user. 

Of course, many of the use-cases can be run without the use of semantic technologies, 

the use of standardized data and knowledge formats and structures can ease their 

deployment when used appropriately. Therefore the "additional semantic step" the 

ÔÒÁÄÉÔÉÏÎÁÌ ÍÁÉÎÓÔÒÅÁÍ ÁÐÐÌÉÃÁÔÉÏÎÓ ÎÅÅÄ ÔÏ ÔÁËÅ ÉÓ ÔÏ ÌÅÔ ÔÈÅ ÓÅÍÁÎÔÉÃ ÔÅÃÈÎÏÌÏÇÉÅÓ ȰÃÒÏÓÓ 

ÔÈÅ ÃÈÁÓÍȱȟ ÁÃÃÅÐÔ ÔÈÅÍ ÁÓ ÁÌÓÏ ÔÒÁÄÉÔÉÏnal and mainstream and use them for what they are 

best at: indexing and integrating various data and performing logical reasoning. 

3.1.2 Definitions of Semantic Applications  throughout literature  

Although it is precisely defined what an ontology is, what is the structure of the used 

languages, and what are the best ways to store, share and process data, information and 

knowledge, there is no universally accepted definition of what precisely a Semantic 

Application is. There of course are proprietary definitions by various authors. While some 

(or most) of the authors, e.g. (Cardoso, et al., 2008), (Allemang, et al., 2008), (Antoniou, et 

al., 2004), (Daconta, et al., 2003), assume in their definitions that a semantic application is 

tied somehow with the distribution of data via some form of interaction or integration with 

the Web environment I chose for the purpose of this work a more general definition from 

(Staab, et al., 2004): 
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ȰAny application that stores data separately from the meaning and content files, and in 

the same time does not have the meaning hard-wired into the application code, can be called a 

semantic application Ȣȱ 

That means that even applications somehow separated from the WEB environment 

are in the scope of this work on the condition that they carry out the separation of the 

meaning of data in a standardized way that is accepted as a semantic technology. 

3.2 Common Semantic Technologies  

The current semantic technologies are usually presented in a structure resembling a 

ȰÌÁÙÅÒÅÄ ÃÁËÅȱ, a metaphor introduced by Tim Berners-Lee in the original talk (Berners-Lee, 

2000) and article (Berners-Lee, et al., 2001). This layered structure describes in general the 

whole idea of an approach that eases achieving the consensus on small steps of standards 

development yet the details were reviewed over and over in the following years. Finally in 

2006 a recommended structure29 of the layers was fixed by W3 Consortium but this still  is a 

subject of criticism, e.g. by James Hendler (Hendler, 2009), co-author of the very same 

original article. So there still exist many components that are not included in the 

recommended version of the diagram. On Figure 3.1 there is one of the most complete and 

illustrative versions of these layers available30. 

In building one layer of the Semantic Web on top of another, these two principles 

need to be maintained: 

¶ Downward compatibility  ɀ systems that are processing information on 

higher levels of the scheme should also read, process and interpret the 

information written on lower levels. This means that the higher levels do not 

override the lower ones but rather enhance them. 

¶ Upward partial  understanding  ɀ The enhancements by the higher levels are 

only at the necessary spots and therefore systems not tailored for work with 

the higher levels should still be able to process them at least partially. 

                                                        
29 Available at http://www.w3.org/2007/Talks/0130 -sb-W3CTechSemWeb/layerCake-4.png 
30 Released under the Creative Commons License by Benjamin Nowack in 2009, available at 
http://bnode.org/media/2009/07/08/semantic_web  

http://www.w3.org/2007/Talks/0130-sb-W3CTechSemWeb/layerCake-4.png
http://bnode.org/media/2009/07/08/semantic_web_technology_stack.png


 Semantic Web and Applications 

- 60 - 

Some of the most notable layers deserve to be described in the following sections. 

3.2.1 URI, HTTP, Unicode 

URI (URI Planning Interest Group, 2001), HTTP (Hypertext Transfer Protocol Bis 

(Active WG), 2009) and Unicode (Unicode Consortium, 2009) are the basic and lowermost 

building blocks of the semantic web layered structure; together they allow referencing, 

accessing and transferring the resources and information about them. 

Uniform Resource Identifier (URI) is used to identify a name or a resource on the 

internet. It is recommended that the URIs used should be dereferenceable, which means 

that it should be possible to retrieve a copy or representation of an addressed resource by 

the use of some particular internet protocol. The Hyper Text Transfer Protocol (HTTP) is a 

preferred choice in case of the Web and thus of the Semantic Web as well. The idea of using 

URIs for the identification of all resources is quite substantial because it provides an 

 

Figure 3.1 - The Semantic Technology Stack 



 Semantic Web and Applications 

- 61 - 

identification of every resource that in ideal case is unique in the whole world which 

reduces or eliminates the emergence of homonymous concepts. The URIs should also be 

persistent to ensure further robustness and disambiguity of the referenced resources. 

The Unicode is a standard of consistent representation and handling of text and it 

encompasses most of the existing writing systems. While the preferred way of recording the 

higher level semantic languages is XML and XML is a sophisticated textual format, Unicode 

serves as a mean for encoding all the necessary formalization of information and 

knowledge. 

3.2.2 XML and XML Schema 

Extensible Markup Language (XML) (XML Working Group, 2008) is found still near 

the very bottom of the layered structure. Shortly, XML is a language that contains the syntax 

for writing structured do cuments with a user-defined vocabulary but does not allow 

denoting any semantic restrictions of the meaning of these documents. 

XML Schemas (XML Schema Working Group, 2004) express shared vocabularies and 

thus describe the type of a XML document. The XML Schema is typically expressed in a form 

of further restrictions and constraints on the particular type of XML documents. XML 

 

Figure 3.2 ɀ XML data structure example 

XML data structu re example
<?xml version="1.0"?>

<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema">

<e:entity name="e:A" xmlns:e="http://example.com#">

  <e:propertyXtype="xs:string">

value1

  </e:propertyX>

  <e:propertyY>

    <e:entity name="e:B">

      <e:propertyXtype="xs:string">

value2

      </e:propertyX>

    </e:entity>

  </e:propertyY>

</e:entity>

</xs:schema>
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Schemas allow defining a normative dictionary of elements used in the document, imposing 

restrictions on the values the attributes of elements can have and furthermore introducing 

the data-types of values. 

A brief example of a data structure denoted in XML format is shown on Figure 3.2. 

This example also illustrates how the identification of entities can make use of the URIs and 

how the XML Schema can be incorporated with use of namespaces. In this example there is 

a data entity A that has a property and incorporates a relation to an entity B. 

3.2.3 RDF 

Even though RDF (Resource Description Framework) is often called a language, it is 

in fact a data model whose specifications are another recommendation of W3 Consortium 

and can be found in (Miller, et al., 2004). The basic building blocks of this model are triples 

of subject-predicate-object that are referred to as statements. 

One can look at the first member of the RDF triple, the subject, as a thing or concept 

that is being told something about in the statement, i.e. is the subject of the statement. The 

subject is considered to be a resource (as every concept does) and as every resource it is 

specified by a unique and unequivocal URI. 

The predicates in the context of RDF statements denote the properties or attributes 

that are being stated about the subjects. The properties in RDF are also considered a special 

kind of resource and therefore they are denoted by a unique and unequivocal URI as well. 

The role of properties is to describe relations between other resources or to some datatype 

values. 

The third part of the RDF statement, the object, denotes a value of the respective 

property. The object can occur in two forms: 

¶ A resource denoted by an URI ɀ in this case the property describes a relation 

between two concepts (or objects) and is called an object property. 

¶ A literal  - a literal is a primitive value, in the specifications understood as a 

string of characters. In this case the property is called a datatype property. 

There are three ways the RDF content can be formalized. 



 Semantic Web and Applications 

- 63 - 

Firstly the RDF can be written in form of raw statement triples31. This method uses 

the logical interpretation of the statements. If the triple (x, P, y) is thought of as a logical 

formula P(x, y), where the binary predicate P relates the object x to the object y. In fact, pure 

RDF offers only binary predicates and therefore a list of such triples is a full-featured RDF 

document. Example of such RDF notation is shown on Figure 3.3 (in a widely used N-Triples 

format)  where objects A and B are defined, both having a property X with an additional 

relation Y between them (with A being related to B). 

Secondly a graphical representation can be used to visualize a RDF content. The 

result of this rendering is a directed graph in which the labeled nodes denote the particular 

resources and the oriented arcs represent the properties in which case the lines are 

directed from the resource (subject) to the value (object). This king of graph is known as a 

semantic net. Its main advantage over the other two methods of representing RDF data is a 

very good readability for humans, but only in a case of very small snippets of a knowledge 

base. This is clearly visible on Figure 3.4 where the same knowledge base from previous 

example is shown. 

Thirdly there is the XML notation of RDF (RDF Working Group, 2004), which is the 

most used one in praxis. The main advantage of this notation is the machine readability and 

the flexibility in the sense of interoperating the record with the higher layers of Semantic 

Web. 

The XML syntax of RDF uses the XML flexibility and the descriptions are given in a 

certain order, therefore it imposes serialization. The order of the elements and sometimes 

even their nesting however is not fixed and so the same RDF content can be expressed in 

many different ways in XML even if using the same syntax norm. This and the overall nature 

of XML make large RDF documents very hardly readable for humans. The XML notation of 

the knowledge base from previous examples is shown on Figure 3.5 where the equivocality 

                                                        
31 There a several possibilities of setting the syntax of writing down the raw RDF triples. Currently the most 
notorious are  
Notation 3 (http://www.w3.org/DesignIssues/Notation3),  
N-Triples (http://www.w3.org/TR/rdf -testcases/#ntriples),  
or the new simple Terse RDF Triple Language from 2008, Turtle (http://www.w3.org/TeamSubmission/turtle )  

http://www.w3.org/DesignIssues/Notation3
http://www.w3.org/TR/rdf-testcases/#ntriples
http://www.w3.org/TeamSubmission/turtle/
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of transcribing the knowledge base into XML is clearly visible. Notwithstanding that 

although the XML notation is equivocal, its meaning is explicit and the structure is flexible. 

 

Figure 3.3 ɀ RDF triples example in N-Triples format 

 

Figure 3.4 ɀ RDF graph example 

 

Figure 3.5 ɀ RDF XML notation example 

RDF triples example
<http://example.com#A>   <http://example.com#propertyX> "value1" .

<http://example.com#A>   <http://example.com#propertyY>   <http://example.com#B> .

<http://example.com#B>   <http://example.com#propertyX> "value2" .

RDF graph example

http:/ / example.com#A

http:/ / example.com#B

value1

value2

http:/ / example.com#propertyX

http:/ / example.com#propertyX

http:/ / example.com#propertyY

RDF XML notation example
<?xml version="1.0"?>

<rdf:RDF

    xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

    xmlns:e="http://example.com#">

  <rdf:Description rdf:about="http://example.com#A">

    <e:propertyX>value1</e:propertyX>

    <e:propertyYrdf:resource="http://example.com#B" />

  </rdf:Description>

  <rdf:Description rdf:about="http://example.com#B">

    <e:propertyX>value2</e:propertyX>

  </rdf:Description>

</rdf:RDF>
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Apart from the human readability the RDF has many other drawbacks. As already 

mentioned, RDF supports creating only binary predicates albeit in many cases using 

predicates with more arguments would be much more natural. The multi-argument 

predicates can be transformed to binary by introducing abstract resources but that 

increases further the complexity and artificiality of the model. 

Another huge problem of RDF is the absence of data types. RDF in itself does not 

ÓÕÐÐÏÒÔ ÔÈÅ ÄÅÆÉÎÉÔÉÏÎ ÏÆ ÁÒÇÕÍÅÎÔÓȭ ÄÁÔÁ ÔÙÐÅÓ ÁÎÄ ÓÏ ÆÏÒ this purpose the contingency of 

XML Schemes is often used. Nonetheless this is not an adequate solution for a full-featured 

resource description framework. 

Moreover, statements of quite different nature can be formed in RDF. Whilst the 

properties are considered a unique kind of resources themselves they can stand in 

statements not only as predicates but also in the position of subject or object. In this way it 

is possible to create statements about the properties. Similarly it is possible to create also 

statements about the statements, this mechanism is called reification. 

An undisputable advantage of RDF is that it has a relatively unlimited ability to 

express any facts on top of which the further layers can be built easily. The RDF today is a 

widely accepted standard and the advantages of storing semantic data in RDF can be 

compared to the advantages of storing other various data structures in XML. 

3.2.4 RDF Schema 

RDF, as noted, is a universal language used for formalization of data models that 

allows users to describe resources and their relations by the use of some pre-defined 

vocabulary. RDF in itself does not make any assumptions about the described domain and 

even does not define any semantics of any particular domain. The user is left the option to 

make such descriptions with the use of RDF Schemas. 

The RDF Schemas (RDFS) are designed to restrict the possibilities of creating 

statements in RDF on a particular domain and their name has been chosen to imply the fact 

that they are related to RDF as the XML Schemas are to XML. The thorough definition of this 
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layer can be found at (RDF Schema Working Group, 2004) which is also a recommendation 

of W3 Consortium. 

How does then the RDF Schema help in a description of a particular domain? The 

main advantage it brings above the plain RDF is that apart from describing the individual 

objects it allows the descriptions of classes that define the types of objects. Individual 

existing objects are in this view considered to be the instances of classes. A great benefit of 

introducing the concept of classes is the ability to restrict what can and cannot be contained 

in the RDF statements about instances of these classes by the further use of RDF Schema. In 

the programming languages the restrictions are most commonly in form of typing, for 

which the types of variables are designed. In the formalization of domain ontologies the 

need is similar and so RDFS allows the restriction of object classes that are used as 

parameters of predicates and in the statements stand either as subjects (this is considered 

restricting the domain of a property) of objects (which is restricting the range of a 

property).  

While introducing the principle of classes RDFS introduces a possible hierarchical 

relationship between the concepts called inheritance. Formally the inheritance in RDFS has 

the same meaning as it does in other common object approaches and multiple inheritance is 

allowed here (which can be of course be a source of inconsistencies in models). Overall the 

inheritance between classes means that those classes are in a generalization ɀ 

specialization relationship as noted in section 3.1 above. 

The introduction of inheritance in this kind of data models has one interesting 

implication: while the properties in RDF are considered a special kind of resources and on 

the level of resources the classes are introduced, it is also possible to set up an inheritance 

of properties. Therefore apart from the fact that a class can be a subclass of another class 

also a property can be a subproperty of another property which can have its significance. 

Generally this behavior can be expressed so: a property P is a subproperty of Q if and only if 

it is true that P(x, y) Ҝ Q(x, y). 

The above noted traits of RDFS can be denoted in RDF for which the XML notation is 

used. From the RDF point of view RDFS defines a set of classes and properties that can be 
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used and refined in a particular RDF document. Apart from that the fundamental classes 

(such as class of classes or class of properties) and fundamental properties (such as 

ÐÒÏÐÅÒÔÉÅÓ ȰÔÏ ÂÅ Á ÓÕÂÃÌÁÓÓ ÏÆȱ ÏÒ ȰÔÏ ÂÅ ÁÎ ÉÎÓÔÁÎÃÅ ÏÆȱɊ ÁÒÅ ÄÅÆÉÎÅÄȢ A complete list of 

these elements is described in the RDFS specification (RDF Schema Working Group, 2004). 

A simple RDFS sample is shown on Figure 3.6 as a follow-up of the previous 

examples. Here it is demonstrated how the class entity can be defined and object A set as its 

instance along with the definition of the property Y with entity instances both as a domain 

and range. 

The principal benefit of RDFS is that it brings a certain yet limited form of semantic 

structure to the documents. In comparison with RDF that is merely a data model RDFS can 

be considered a kind of an ontological language. 

3.2.5 OWL 

The expressivity of RDF and RDFS are limited to a certain point. RDF is restricted to 

 

Figure 3.6 ɀ RDFS example 

RDFSexample
<?xml version="1.0"?>

<rdf:RDF

    xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

    xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"

    xmlns="http://example.com#">

  <rdf:Description rdf:about="entity">

    <rdf:type rdf:resource="http://www.w3.org/2000/01/rdf-schema#Class"/>

    <rdfs:subClassOf rdf:resource="http://example.com#concept"/>

  </rdf:Description>

  <rdf:Property rdf:about="propertyY"

rdfs:domain="#entity"

rdfs:range="#entity"/>

  <rdf:Description rdf:about="A">

    <rdf:type rdf:resource="entity"/>

    <propertyYrdf:resource="B" />

  </rdf:Description>

  ...

</rdf:RDF>
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binary predicates and RDFS to classes, properties and their hierarchy and domain and 

range definitions. 

Web Ontology Working Group that is part of W3 Consortium activities tied with 

Semantic Web has identified a handful of cases where a proper ontology language would 

require a lot more expressiveness than RDF and RDFS can offer and enumerated a list of 

features that will satisfy them (Web Ontology Working Group, 2004): 

¶ Well -defined syntax  

¶ Formal semantics  

¶ Appropriate formulation of expressions  

¶ Effective support for reasoning  

¶ Sufficient expressiveness  

The importance of a well-defined syntax is clear and is known from numerous other 

programming and markup languages whilst it is a necessary condition for the formalized 

information being processed by machines. RDF and RDFS do have a well-defined syntax in 

this sense however it is questionable whether the syntax is user friendly enough (but this 

does not necessarily imply the complex syntax is a disadvantage because either way 

complex models are most often created with use of some graphical user interface32). 

The requirement of formal semantics is needed basically for enabling the exact and 

unequivocal description of any domain which means that the semantics cannot reference in 

any way the individual intuition nor can it be interpreted ambiguously. 

The existence of formal semantics is a presupposition for any possible support of 

reasoning over the formalized knowledge. The possible automated reasoning includes cases 

like classification of instances, equivalence of classes, derivation of relations or the overall 

consistency of the knowledge base. The support for automated reasoning is important 

especially in cases where the use of several knowledge bases and/or their merging is 

considered for creation of larger ontologies. 

RDF and RDFS support the formalization of only some of the ontological knowledge. 

These are some exemplar cases where the possibilities of RDF and RDFS are not sufficient: 

                                                        
32 Most notorious example of ontology editing GUI tool is Protégé, http://protege.stanford.edu/ 

http://protege.stanford.edu/
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¶ ,ÏÃÁÌ ÒÅÓÔÒÉÃÔÉÏÎ ÏÆ ÐÒÏÐÅÒÔÉÅÓȭ ÒÁÎÇÅ ɀ in RDFS it is possible to restrict the 

values a property can pick up throughout the whole domain; one cannot 

however restrict the values a property can have in context of a particular 

class. 

¶ Disjunction of classes ɀ RDFS cannot express a situation where instances of 

two classes are disparate and therefore the classes disjoint. 

¶ Boolean combinations of classes ɀ RDFS does not allow formulating a class as 

a union, intersection or a complement of other classes. 

¶ Cardinality restrictions ɀ restriction of number of values a property can have 

is also not possible using solely RDF and RDFS. 

¶ Special property characteristics ɀ RDFS does not contain the means for 

formalizÁÔÉÏÎ ÏÆ ÓÏÍÅ ÓÐÅÃÉÁÌ ÐÒÏÐÅÒÔÉÅÓȭ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÌÉËÅ ÔÒÁÎÓÉÔÉÖÉÔÙ ÏÆ 

several properties, uniqueness in domain or specification of inverse 

properties. 

These requirements and insufficiencies of RDFS lead to a need of creating a higher 

and richer ontology language. Historically a few languages were constructed to satisfy this 

need, for example OIL33 and DAML-ONT34 that emerged independently and DAML-OIL35 

that was formed by their merger. Later, the DAML-OIL was used by a delegated W3 

Consortium working group as a ground for further research in the aim of creating a unified 

ontology language of the Semantic Web and in a few years Web Ontology Language (OWL) 

was presented (Web Ontology Working Group, 2004). Of course the research is still going 

on and recently, by the end of 2009, OWL 2 Web Ontology Language was approved and the 

specifications released in (Web Ontology Working Group, 2009). Because OWL and OWL 2 

are fundamentally based on RDF, the XML based syntax of RDF is used for their notation for 

the ease of machine processing.  

                                                        
33 Ontology Inference Layer ɀ developed in 2001 as a part of the IST OntoKnowledge project, published in 
http://www.cs.man.ac.uk/~horrocks/Publications/download/2001/IEEE-IS01.pdf  
34 The DARPA Agent Markup Language ɀ developed in a project of The US Defense Advanced Research 
Projects Agency, published in http://www.daml.org/2000/10/daml -ont.html  
35 Developed by Lucent Technologies and submitted to W3 Consortium, description available at 
http://www.w3.org/TR/daml+oil -reference  

http://www.cs.man.ac.uk/~horrocks/Publications/download/2001/IEEE-IS01.pdf
http://www.daml.org/2000/10/daml-ont.html
http://www.w3.org/TR/daml+oil-reference
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In an ideal case the unified ontology language should be a backwards compatible 

extension of RDF and RDFS and also should support all the above listed requirements. Sadly 

all the ontology languages have an unfavorable peculiarity: the greater the expressiveness 

of formalization is the lesser are the possibilities of reasoning over a particular domain. 

That is why the original OWL was proposed in three versions, each with a different target 

application: 

¶ OWL Full ɀ This is a complete version of the language that enables to use all 

the features along with combining them with the components of RDF and 

RDFS. The biggest advantage of this version is its full compatibility, both 

semantic and syntactic, with RDF; every RDF document is in the same time an 

OWL Full document and every derivable result of the appropriate RDF 

Schema is also a result of OWL Full. However, OWL Full is that much general 

and extensive that it practically forbids any effective reasoning on the 

formalized knowledge base. 

¶ OWL DL ɀ For the purpose of achieving computational effectiveness the DL 

ÖÅÒÓÉÏÎ ɉÁÎ ÁÂÂÒÅÖÉÁÔÉÏÎ ÏÆ Ȱ$ÅÓÃÒÉÐÔÉÏÎ ,ÏÇÉÃȱɊ ÏÆ /7, ×ÁÓ ÐÒÏÐÏÓÅÄȢ 4ÈÉÓ 

version of the language is restricted in the use of the OWL Full constructs. 

Firstly in contrast with OWL Full it is forbidden here to use the elements of 

the language on themselves which ensures that the formalism fulfills the 

prerequisites of description logic. There are of course other restrictions too 

whose effect is that the resulting language supports automated logical 

reasoning. However, due to these restrictions OWL DL is not compatible with 

RDFS any more. 

¶ OWL Lite ɀ This version restricts OWL DL further. For example constructs like 

the denotation of disjoint classes or properties cardinality are omitted. Main 

advantage of OWL Lite is the simplicity; main disadvantage of course is its 

limitedness.  

The current OWL 2 has a very similar structure to the original OWL and it retains 

most of the original building blocks, yet adds some new features and possibilities among 

which can be listed these: 
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¶ keys 

¶ property chains 

¶ richer datatypes and data ranges 

¶ qualified cardinality restrictions  

¶ asymmetric, reflexive, and disjoint properties 

¶ enhanced annotation capabilities 

There are also some slight changes to the versions of the language; especially the 

restrict ions of OWL DL have been relaxed to a point so that the compatibility with RDFS and 

description logic reasoners has been improved. Moreover, three completely new profiles 

(or syntactic subsets as is the former OWL Lite) of OWL have been introduced: 

¶ OWL 2 EL ɀ This subset is designed to be particularly useful in applications 

using ontologies with very large number of properties and/or classes with 

respect to possible time complexity of reasoning. Reasoning in knowledge 

bases formalized in OWL 2 EL can be performed in a polynomial time and the 

implementations are therefore highly scalable at the cost of that the reasoning 

logic is limited and supports only existential quantification (therefore the 

ÁÃÒÏÎÙÍ Ȱ%,ȱɊȢ 

¶ OWL 2 QL ɀ This profile is targeted at applications that use knowledge bases 

highly populated with instances. Query answering is the most important task 

in such systems and so the language subset is designed with respect to the 

conjunctive evaluation of queries which can be implemented using 

conventional relational database systems (usually based on standards like 

SQLȠ ÔÈÅ ÁÃÒÏÎÙÍ Ȱ1,ȱ ÉÓ ÕÓÅÄ ÆÏÒ ÔÈÉÓ ÐÏÓÓÉÂÉÌÉÔÙ ÏÆ ÒÅ×ÒÉÔÉÎÇ ÑÕÅÒÉÅÓ ÉÎ 

standard relational Query Languages). The expressiveness is highly limited 

but as a gain the queries can be evaluated with logarithmic complexity.  

¶ OWL 2 RL ɀ The third language subset is aimed at systems that require 

scalable reasoning without losing too much expressiveness. The reasoning 

system in this case can be implemented with use of rule-based reasoning 

engines and the reasoning setting written in a standard Rule Language (hence 

ÔÈÅ ÁÃÒÏÎÙÍ Ȱ2,ȱɊ. A subset of reasoning problems can be solved also in 
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polynomial time, however not at full scale of the OWL 2 EL possibilities which 

is balanced by the increased expressive power. 

All these profiles and original OWL dialects are designed to offer a possibility to 

balance the expressiveness with the reasoning capabilities or time effectiveness.  All of the 

profiles however are the same in that they are primarily part of the OWL (2) standard for 

the formalization of ontologies and the OWL documents in all forms can contain classes, 

properties, individuals and data values. OWL ontologies themselves are primarily 

exchanged as RDF documents and can be closely interoperated with other custom data 

writt en in RDF. A simple example of this interoperation is shown on Figure 3.7 where it is 

visible that apart from allowing many more feature the OWL syntax can be simpler than the 

sole RDFS. 

The OWL family contains many species, serializations, syntaxes and specifications 

that may be confusing without an adoption of a consistent approach. Further description of 

OWL variations and specifics is out of the scope of this work, however nowadays OWL is the 

one and only state-of-the-art language for the Semantic Web Applications. 

 

Figure 3.7 ɀ OWL example 

OWL example
<?xml version="1.0"?>

<rdf:RDF

    xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

    xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"

    xmlns:owl ="http://www.w3.org/2002/07/owl#"

    xmlns="http://example.com#">

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

    <rdfs:subClassOf rdf:resource="http://example.com#concept"/>

  </rdf:Description>

  ...

  <entity rdf:ID="A">

    <propertyYrdf:resource="#B" />

  </entity>

  ...

</rdf:RDF>
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3.2.6 SPARQL 

As noted, documents in RDF can be represented as directed and labeled graphs as 

well as those in RDFS and OWL due to the backwards compatibility of these higher layers. 

Even though the RDF data are most often stored and communicated in the XML notation the 

usual XML querying languages (such as XPath36 or XQuery37) are not sufficient for 

retrieving the considerable parts of RDF data because the XML lies on a lower layer of 

abstraction. This means that one piece of RDF data can be represented in XML in several 

possible ways and therefore there is no definite query for retrieval of a particular part of 

the data. 

This is the reason why the need for query language on the level of RDF arises. In the 

past several query languages (e.g. RQL38, RDQL39, N3QL40, SeRQL41 and many others) have 

been developed for this purpose until finally in 2008 SPARQL Protocol and RDF Query 

Language (which actually is a recursive acronym for SPARQL) was published by W3 

Consortium as a recommendation in (RDF Data Access Working Group, 2008). 

SPARQLȭÓ ÍÁÉÎ ÐÕÒÐÏÓÅ ÉÓ ÔÏ ÁÌÌÏ× ÔÈÅ ÕÓÅÒÓ ÔÏ ×ÒÉÔÅ ÇÌÏÂÁÌÌÙ ÕÎÁÍÂÉÇÕÏÕÓ ÑÕÅÒÉÅÓ 

across diverse data sources, whether the data is stored natively as RDF or viewed as RDF 

via middleware. The specification contains both a query language syntax and a protocol for 

distributing the query to multiple SPARQL endpoints, computing it  distributedly, and 

gathering the results (a procedure known as federated query). 

Although it is possible to execute SPARQL queries on OWL databases, as a query 

language, SPARQL is "data-oriented" in that it only queries the information held in the 

models (available in RDF); there is no inference in the query language itself and the OWL 

reasoning is to be left on a separate engine. Even though the SPARQL is a sophisticated and 

complex language it does not do anything other than taking the description of what the user 

                                                        
36 W3 Consortium recommendation from 1999, and from 2007 in version 2.0, description available at 
http://www.w3.org/TR/xpath20/    
37 W3 Consortium recommendation from 2007, description available at http://www.w3.org/TR/xquery/   
38 http://www2002.org/CDROM/refereed/329/   
39 http://www.w3.org/Submission/RDQL/  
40 http://www.w3.org/Des ignIssues/N3QL.html  
41 http://www.openrdf.org/doc/sesame/users/ch06.html  

http://www.w3.org/TR/xpath20/
http://www.w3.org/TR/xquery/
http://www2002.org/CDROM/refereed/329/
http://www.w3.org/Submission/RDQL/
http://www.w3.org/DesignIssues/N3QL.html
http://www.openrdf.org/doc/sesame/users/ch06.html
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(or application) wants, in the form of a query, and return ing that information in the form of 

a set of bindings or an RDF graph. 

The basic querying in SPARQL consists of formulating a set of triple patterns called a 

basic graph pattern. A basic graph pattern matches a subgraph of the RDF data and the 

terms in that subgraph may be substituted for the variables. The result is an RDF graph 

equivalent to the subgraph that matches the query which may refer to single or multiple 

objects and/or literals. SPARQL allows the user to obtain either the RDF graph of result or 

the variable bindings; the latter is then very similar to using classical query languages like 

SQL42. A simple example of a SPARQL query is shown on Figure 3.8 where it picks up on the 

previous examples and selects values of property X from all entities in the knowledge base. 

3.2.7 Logic, Proof, Trust  and Application s 

The higher layers of the Semantic Web stack are mainly proposed for the further 

support of application treatment of the formalized knowledge that is provided by the 

ontology languages in the lower layers (mainly OWL, RDF and RDFS).  

The logic layer is used to enhance the ontology language further and to allow the 

writing of application -specific declarative knowledge. Many aspects of the logical reasoning 

and the implications of encompassing it have been denoted above and as they are tied with 

the compromising against the expressiveness of the ontology language they have a direct 

impact on the formulation and standardization of the lower layers. Some of the most 

                                                        
42 1992 ANSI standard for querying relational databases, published as DIS 9075, ISO/IEC 9075:1992 

 

Figure 3.8 ɀ SPARQL example 

SPARQLexample
PREFIXrdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX e: <http://example.com#>

SELECT DISTINCT ?propertyX

WHERE {

  ?x rdf:type e:entity .

  ?x e:propertyX ?propertyX

}

ORDERBY ?propertyX
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common tasks that can be performed in context of the logic layer over the knowledge base 

include checking ontology consistency, satisfiability of concepts, concept subsumption, 

checking of instances or conjunctive query answering. It is because of these use cases of the 

logic layer the Semantic Applications are considered something different from the 

traditional software. 

The proof layer involves the actual deductive process as well as the representation of 

proofs in Web languages from the lower layers and proof validation. And finally there is an 

emergent trust layer that originates from the use of digital signatures and other kinds of 

knowledge based on recommendation by trusted parties, agents, certification authorities, 

consumer bodies or on general rating. This is why most of the Semantic Web layers 

diagrams (including Figure 3.1) include a special security / encryption layer. Sometimes the 

ÔÅÒÍ Ȱ7ÅÂ ÏÆ 4ÒÕÓÔȱ43 is used to indicate that the trust itself will be organized and 

distributed in the same chaotic way the todays Web is. 

Often there is one more layer displayed in the context of the structure of Semantic 

Web ɀ Applications. Being located at the top of the pyramid or supporting many layers all 

the way to the top, the applications are a crucial concept; the Web will only achieve its full 

potential when the users have means to apply the great benefits of the lower supporting 

layers to the real-world business or other problems. 

3.3 Linked Data  

The biggest implication of the Web in its core is that it enables to link related 

documents together. Similarly if the view is not restricted to just HTML pages the Web 

enables to link related data. The term Linked Data44 refers to a set of best practices for 

exporting, publishing, sharing and connecting structured data on the Web. These best 

practices are being adopted by an increasing number of data providers and will hopefully 

lead to a global data space with limitless assertion possible. The latest progress in this area 

is discussed for example in (Bizer, et al., 2009). 

                                                        
43 Described in the context of PGP encryption approaches, for example in http://www.wim.uni -
koeln.de/uploads/media/The_PGP_Trust_Model.pdf 
44 Described more closely at a dedicated portal http://linkeddata.org   

http://www.wim.uni-koeln.de/uploads/media/The_PGP_Trust_Model.pdf
http://www.wim.uni-koeln.de/uploads/media/The_PGP_Trust_Model.pdf
http://linkeddata.org/
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Unlike the traditional web of hypertext, for data the links between arbitrary things 

are described by RDF and referenced by URIs. The URIs identify any kind of object or 

concept but for the growth of the web of Linked Data some expectation need to be met: 

¶ For the naming of concepts the URIs are used 

¶ URIs dereferenceable by HTTP are used exclusively to enable people to 

lookup things and the machines to fetch additional resources 

¶ On the location referred by URI a useful information is provided using 

standards (OWL, RDF ȣɊ 

¶ Descriptions of concepts link to other sources to provide broader context 

Following these simple principles can help the Semantic Web vision carry through 

the simple yet powerful point ɀ the common context of data and shared knowledge. In fact 

the Linked Data is viewed commonly as an integral part of Semantic Web. 

However, linking the data together does not say anything about their accessibility 

and in fact many of the data are not meant to be public. Therefore sharing the knowledge 

and the data context on a corporate level is outweighed by the risk of implied sharing of 

know-how. 

On the other hand there is an initiative and a group project supported by W3 

Consortium Semantic Web Education and Outreach Interest Group45 called Linking Open 

Data46. The aim of this project is to extend the Web with  data commons by publishing 

various open data sets as RDF documents on the Web and by setting RDF links between 

these data items a thus interlink different data sources. By the beginning of 2010 these 

interlinked data contained already a handful of open data sets that are shown on Figure 

3.947.  

These interlinked data are open not only in the sense of their accessibility that is not 

burdened with patents and copyrights but also in that they enable the navigation from a 

data item within one data source to related data items within other sources. This additional 

data can be accessed by the Semantic Web browsers or crawlers of Semantic Web search 

                                                        
45 http://esw.w3.org/SweoIG  
46 http://esw.w3.org/SweoIG/TaskForces/CommunityProjects/LinkingOpenData  
47 The scheme is released on http://richard.cyganiak.de/2007/10/lod/  under Creative Commons License 3.0 

http://esw.w3.org/SweoIG
http://esw.w3.org/SweoIG/TaskForces/CommunityProjects/LinkingOpenData
http://richard.cyganiak.de/2007/10/lod/
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engines and the results come out in the form of standard RDF or OWL documents and 

therefore can be used within any semantic application. In my opinion this is the true power 

of Semantic Web. 

 

 

Figure 3.9 - Data sets included in Linking Open Data project as of the begining of 2010 
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4 Classification  Model for Semantic Applications  

As already discussed in the Introduction , while the Semantic Web is becoming more 

and more popular, the semantic technologies are being utilized in broader and broader 

areas. As the semantic technologies are becoming more wide-spread it is more difficult or 

even impossible to assess and evaluate them in general. In this chapter I describe my 

approach on how to deal with a widening range of Semantic Applications. Parts of this 

approach have already been presented in (Nekvasil, et al., 2009). 

4.1 Motivation for  Classification  

This broad cover of semantic (also known as knowledge-based) technologies is not 

caused by their omnipotence but on the contrary by the fact that there is no generally 

accepted definition of what a semantic application is and what it is not. This has already 

been mentioned in section 3.1.2 above and for the purpose of this work a definition has 

been selected from (Staab, et al., 2004) according to which every application that stores 

data separately from the meaning and content files can be called a semantic application. 

This concept includes the use of ontology languages (such as RDF, RDFS, OWL, etc.) and 

rule-based systems. Therefore the concept of semantic technologies (or semantic web 

technologies) is far from being exclusive to the Web environment nowadays. 

The W3C Semantic Web Education and Outreach (SWEO48) Interest Group collects 

and publishes case studies of existing applications and potential use cases that take 

advantage of semantic technologies in praxis (Semantic Web Education and Outreach 

Interest Group, 2010). Thanks to this overview it is possible to gain insight into the current 

state of semantic applications and their usability it the production environment, however 

the extent of this catalogue is yet still rather limited (by the time of assessing the list it 

consisted of 27 case studies and 13 use cases but it is still growing over the time). To obtain 

a list of case studies as large as possible I included also the AQUA project that I had 

opportunity to partake in personally and that is described in detail in section 6.1 below. 

                                                        
48 http://www.w3.org/2001/sw/ sweo/  
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Of course, for a semantic application to be feasible in the commercial environment it 

is necessary to justify the investments tied with it. Analogous to other areas of information 

technology, the costs of such investment can be identified with certain degree of endeavor 

but quantifying the gains is very difficult not to say impossible. It is caused by the fact that 

the main advantages of such systems are of non-monetary merits and there are many views 

on what the actual gains are. Much more essential by the time of assessing the investment is 

estimating (or defending) its feasibility and determining the necessary conditions under 

which the whole project will not be loss-making. 

However, as already mentioned, the notion of semantic application is very diverse 

from project to project, hence the conditions of feasibility and potential profitability cannot 

be set generally (yet, some overviews have also been published, see (Sauermann, 2008)) 

but it is necessary to identify some categories of semantic applications in the first place. Only 

once these categories are identified, it would be possible to formulate the requirements, 

because each kind of semantic application can be substantially different. 

There are several goals of this work and identification of the most common 

categories of semantic applications is the first one of them. It will be possible to isolate 

some of the substantial properties according to the categories after the applications have 

been categorized. On this level of abstraction it will much more suitable to establish a 

framework for assessing the semantic application projects which is further elaborated in 

chapter 5 below. 

4.2 Multidimensional Classification  

The semantic applications cannot be considered as a compact area of interest, 

because in fact they are really very heterogeneous uses of the appropriate technologies. The 

individual applications can differ between each other in many aspects (e.g. the scale of the 

used database, number of interested parties, kind of inputs and outputs or the subject of 

operation). 

Thanks to this fact the categorization of knowledge-based applications is necessarily 

a multidimensional problem. The particular dimensions (i.e. categorization criteria) 

however have yet to be identified. This has already been accomplished by the preliminary 
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analysis of the mentioned case studies published by the W3C SWEO interest group 

(Semantic Web Education and Outreach Interest Group, 2010), i.e. working through them in 

detail. Thanks to comparison of the individual cases the following aspects of differentiation 

of the semantic applications emerged. In my opinion the results are credible because of the 

fact that the SWEO catalogue gathers together cases that represent more than single 

software a distinctive kind of applications. 

As the set of available case studies is limited (41 were available for this and later 

analyses) the list of criteria cannot be too extensive because digging into deep details would 

not be beneficial as the classification would be over-fitting.  Eight high-level criteria were 

identified and these can be divided into two significant groups: semantics-specific criteria 

and general criteria. The difference between them is that the first group of criteria is 

meaningful only in the context of semantic technologies the second group can be evaluated 

for nearly any existing application. 

4.2.1 Classification  data provenance  

The method of identifying the classification dimensions and then evaluating the 

individual cases was neither easy nor straightforward. 

Firstly with  5 colleagues from Department of Information and Knowledge 

Engineering, all experts in semantic technologies, and one from Department of Information 

Technologies, expert in assessment of enterprise applications, we arranged several 

brainstorming sessions49 on which we were focused on the differences between individual 

semantic application cases and producing as many distinction factors as possible. 

Afterwards I checked this rather chaotic list against the real cases in SWEO catalogue 

and stripped it down to the most notable dimension and organized them in the two groups 

of four criteria . The number of classification criteria had to be reasonably small for this size 

of case-studies dataset for the following analyses not to over-fit th e classification structure. 

This organized list of criteria was then again reviewed and approved by the fellow experts. 

                                                        
49 &ÏÒ ÔÈÉÓ ) ÈÁÖÅ ÙÅÔ ÁÇÁÉÎ ÔÈÁÎË ÔÏ 6ÏÊÔñÃÈ 3ÖÜÔÅËȟ 4ÏÍÜĤ +ÌÉÅÇÅÒȟ *ÁÎ .ÅÍÒÁÖÁȟ /ÎÄĠÅÊ £ÖÜÂ-Zamazal, 
Jan Zemánek and Ota Novotný.  Without them achieving similar results would be much tougher and the results 
much less credible. 
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Then considering the classification of individual cases also the team approach was 

tried at first. However firstly we tried to formalize the classification verbally but after a few 

iterations it was clear that the compiled results will always be inconsistent as each expert 

has his own attitude to the classification. This is when I decided to make the classification as 

straightforward as possible, binarized the individual criteria values and evaluated all the 

cases by myself. This way the resulting values contain a notion of my individual attitude but 

this is the price for them being consistent. 

The description of the particular criteria follows and it is provided along with the 

analysis of the observed values the case studies had. The charts display the relative 

frequencies of the distinct values of individual criteria. Note that the values are mostly not 

disjoint, the observations can occur simultaneously, and therefore the relative frequencies 

do not sum up to 100%. 

4.2.2 Semantics-specific Criteria  

First set of the criteria are those that have sense only to evaluate on the application 

that encompass semantics. These criteria were formulated with the consideration only of 

the use and deployment of an application and not the specific technological details. 

Therefore the usage of particular semantic languages and technologies is not important 

enough to be included as a criterion. 

The identified high-level semantics-specific criteria are the following: 

¶ Information sources  ɀ The semantic character of considered applications 

directly implies that at least one knowledge model (ontology or taxonomy) 

has to be used. Some applications also use other knowledge models or even 

expect a variable knowledge base. Apart from that the applications can of 

course use also other data of various kinds. Knowledge-based applications can 

be divided according to whether they process structured knowledge, 

structured data or unstructured data. The actual relative frequencies of the 

individual possibilities are show on Figure 4.1. 



 Classification Model for Semantic Applications 

- 82 - 

¶ Data source provenance . Semantic applications can be distinguished 

according to whether the information they are working with arise in other 

systems (or are already available in a structured form) or whether they are 

created specifically for this system. If the data are created exclusively for the 

semantic system the cases where this is done manually, automatically from 

 

Figure 4.1 ɀ "Information sources" classification dimension relative frequencies 

 

Figure 4.2 - "Data Source Provenance" classification dimension relative frequencies 
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other sources or as a side effect of other activities (such as normal user 

behavior) can be distinguished further. The observed relative frequencies of 

the individual values are show on Figure 4.2. 

¶ Accuracy of inputs and outputs . Considering the semantic applications 

different approaches of transforming inputs to outputs occur throughout the 

example case studies. Here the applications can be divided e.g. into those 

firmly relying on full precision of data, applications that expect that the data 

may be incomplete but do not expect them to be inconsistent and do not work 

with uncertainty, and finally, applications that include treatment of 

uncertainty. How often these behaviors occur is shown in relative frequencies 

on Figure 4.3. 

¶ Subject of operation . From the analysis of case studies I managed to identify 

several main types of activities of semantic applications. These are data 

indexing, data integration and reasoning. These activities are, however, in 

most cases the means rather than the purpose of the activity (the exception is 

the integration of heterogeneous data where the system integration is the 

grand pursue of many projects). From these, several other activities which 

support the main purpose of the application can be derived, for example, they 

are enabling better searching capabilities (indexing + integration), 

heterogeneous database browsing and navigation in the domain (integration 

+ indexation), recommending new relations among entities (applied 

ÒÅÁÓÏÎÉÎÇɊ ÁÎÄ ÁÌÌÏ×ÉÎÇ ÔÈÅ ÁÄÁÐÔÁÂÉÌÉÔÙ ÔÏ ÃÈÁÎÇÅ ÔÈÅ ÓÙÓÔÅÍÓȭ ÄÁÔÁ 

structures (data integration). The observed relative frequencies of the basic 

three subjects of operation are displayed on Figure 4.4. 

4.2.3 General Criteria  

Apart from the above specific criteria the semantic applications differ of course also 

in other means common even for the traditional systems. These general criteria judge the 

application also from the point of view of use, deployment and reuse of the project. 

The identified general classification criteria  are the following: 
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¶ Number and kind of users . Users of semantic applications may constitute of 

unprofessional individual users, professional users (domain experts), 

knowledge experts and management. Applications can also be distinguished 

according to whether they are intended for individuals, working groups or 

 

Figure 4.3 ɀ "Accuracy of Inputs and Outputs" classification dimension relative frequencies 
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thousands of users in social networks. The occurrences of the expected 

numbers of users are shown in form of relative frequencies on Figure 4.5. 

¶ User × provider relationship . Here I managed to identify several expected 

options for operating the applications: the user is an individual and operates 

the application for his/her own use; there are a few users and they are more 

or less equal subjects or form a social network and the operation is granted 

commercially, by the community or non-profitably; the users are the 

customers of the provider; and finally the users are the employees of the 

provider. For the last two possibilities there can be distinguished cases where 

the operation of the application is the core business of the company and 

where it is only a supporting process and can therefore be considered as a 

possible target for outsourcing. The cases when the operation is ensured by 

the community can be further broken down by whether the operation is 

centralized or decentralized. Relative frequencies of the observed 

user × provider relationships are shown on Figure 4.6. 

¶ Frequency of access to the application and its availability . Applications 

may be used continuously (24/7), at random, regularly or by a single 

opportunity. Furthermore, a distinction must be also made by the availability 

of such applications: either the application must be available constantly, in 

defined intervals or on demand (e.g., the reactive manual start of the 

application). The observations of what the relative frequencies of access to 

the application are shown on Figure 4.7. 

¶ Domain -specificity and reusability  of applications . Because of the 

separation of data from their meaning the semantic applications should be 

much less domain-dependent than conventional solutions, but even here 

there are exceptions, which include, for example, specific interfaces tailored to 

a specific domain or particular treatment of data on the application level. The 

dependency on a particular domain or even a special case is shown again in 

form of relative frequencies of observations on Figure 4.8. 
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Of course, one can imagine a semantic application that is classified by the mentioned 

aspects more or less arbitrarily, but in the presented case studies certain coincidences and 

clusters can be identified amongst the various aspects. The rest of this chapter is dedicated 

to elaborating the similarities between the applications and refining some prototypal or 

archetypal uses of semantic technologies. 

 

Figure 4.5 ɀ "Number of Users" classification dimension relative frequencies 
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4.3 Intuitive Archetypes  

While reviewing several case studies of semantic applications one begins to notice 

some similarities in the uses cases some of them take advantage of.  A few archetypal use 

cases can be identified intuitively (with the gained expert knowledge) in the list of case 

 

Figure 4.7 ɀ "Frequency of Access" classification dimension relative frequencies 
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studies I have been working with. While this approach is not backed up by any exact 

methodology it has the advantage of that the identified archetypes can be named and 

described verbally. 

In this way I noticed four distinguished semantic technologies use-case archetypes: 

¶ Ȱ)ÍÐÒÏÖÅÄ ÓÅÁÒÃÈ ÅÎÇÉÎÅȱȢ These applications focus on indexing the data, 

often associated with integrating data from various other systems where the 

data are generated automatically. These automatically acquired data are also 

often accompanied by manual annotation. Applications of this type work with 

both structured data and unstructured data (using automatic filters and 

wrappers). The main benefit of these applications is to enable searching in 

heterogeneous data base and the creation of complex queries without the 

need for a priori knowledge of data structures. In other aspects, however, they 

can vary greatly, so such different applications as support for annotating and 

searching of files on a personal computer50, a public portal for searching for 

findings of Chinese medicine51 and management of sound recordings archives 

by a Norwegian radio station52 can be classified here. 

¶ Ȱ$ÁÔÁ-ÂÒÏ×ÓÉÎÇ ÉÎÔÅÒÆÁÃÅȱȢ These applications follow the abilities of the 

previous archetype, but enhance not only the possibility of displaying diverse 

content (videos, articles, chemical formulas, etc.), but also the possibility of 

visual data browsing, regardless of their structure. These applications are 

mainly focused on the use by professionals and are operated either 

commercially for internal use or non-profit ably to support a professional 

community (and simultaneously promoting the technology). Examples of this 

archetype can be e.g. systems for the aggregation of medical data, whether in 

order to facilitate the treatment of patients53 or achieving savings in the 

                                                        
50 http://nepomuk.semanticdesktop.org  
51 http://www.cintcm.com  
52 http://www.nrk.no/   
53 http://www.pharmasurveyor.com/  

http://nepomuk.semanticdesktop.org/
http://www.cintcm.com/
http://www.nrk.no/
http://www.pharmasurveyor.com/
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development of new drugs54 or a portal for the association of programming 

knowledge by Oracle55. 

¶ Ȱ2ÅÃÏÍÍÅÎÄÉÎÇ ÓÙÓÔÅÍȱȢ The nature of these applications is the derivation 

of new relationships between entities. Moreover, apart from all other types of 

source data these applications often utilize data that are automatically 

generated as a side effect of normal user activity, which enables, inter alia, to 

propose new relationships on the basis of the current userÓȭ context. The user 

is often the customer of the provider, be it is run either as a paid service, 

public service (e.g. designing of individual city tours in Zaragoza56) or a 

commercial way to personalize advertisement targeting together with the 

provision of services (such as a system for recommending services to users of 

mobile devices57). Applications in this category often work with uncertainty, 

thus one can also include a variety of expert systems. 

¶ Ȱ$ÁÔÁ ÉÎÔÅÒÃÈÁÎÇÅ ÆÒÁÍÅ×ÏÒËȱȢ Operations of applications in this category 

(because of their nature) are distribute d, thus these knowledge-based 

ÓÙÓÔÅÍÓ ȰÏÎÌÙȱ ÁÌÌÏ× ÔÏ ÕÎÉÆÙ the structure of data exchanged between the 

participants, regardless of their content. This content can evolve over time 

and be adapted to the needs of a particular bilateral exchange relationship 

and yet be transmitted in a standardized format. An example is the initiative 

for the establishment of semantic data interchange in the worldwide oil and 

gas industry58. 

Of course the list of possible archetypes of semantic applications is not limited to 

these four; however, I have found these four to be the most usual. Of course there are also 

applications that cannot be assigned to any of these archetypes, as well as others which, on 

the contrary, lie in between two or more. 

                                                        
54 http://www.lilly.com   
55 http://otnsemanticweb.oracle.com/  
56 http://www. zaragoza.es/turruta/Turruta/en/index_Ruta  
57 http://www.w3.org/2001/sw/sweo/public/UseCases/SaltLux-KTF/KTF.pdf  
58 http://www.w3.org/2001/sw/sweo/public/UseCases/Chevron/  

http://www.lilly.com/
http://otnsemanticweb.oracle.com/
http://www.zaragoza.es/turruta/Turruta/en/index_Ruta
http://www.w3.org/2001/sw/sweo/public/UseCases/SaltLux-KTF/KTF.pdf
http://www.w3.org/2001/sw/sweo/public/UseCases/Chevron/
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Whilst having four intuitively identified, defined, and described STE archetypes is 

nice, establishing a more sophisticated and exact approach to the classification of semantic 

applications is needed. This is elaborated further in the following section. 

4.4 Cluster  Analysis  of the Samples 

A more sophisticated approach to identifying archetypal use-cases of semantic 

applications (or typical design patterns of STEs one might say) should surely be done 

through means of data-mining as it offers statistically backed methods for identification of 

patterns in data sets. 

A particular task of data-mining that is appropriate for the intention to find the 

typical use cases of STEs in a set of annotated use cases is cluster analysis as it identifies 

clusters of similar records and is a well described and investigated method (e.g. already in 

(MacQueen, 1967)) that is still being developed and ameliorated up till today (see e.g. 

(Abonoi, et al., 2007)). However performing and interpreting the cluster analysis is an 

elaborate task and so it is described in next few subsections. 

4.4.1 Cluster  Analysis  Groundwork  

Cluster Analysis or clustering is a task whose objective is to assign observations into 

groups called clusters in a way that the observation in the same cluster are similar to each 

other in some manner. As a common technique for statistical data analysis it is a method of 

unsupervised machine learning. 

There are many described types of clustering methods and actual algorithms the best 

choice of which depends much on what is the nature of dataset one is working with. As the 

clustering directly follows the multidimensional classification approach and analysis of case 

studies I performed earlier, the structure of dataset is set by that. The dataset consists of 41 

entri es (or observations, one for each case study) and as there are 8 criteria with three non-

disjoin values the dataset has 24 binary attributes and yields a matrix of almost a thousand 

elements. 

There are three most important steps in the preparation of cluster analysis: 
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¶ Select a distance measure ɀ The distance measure specifies means for how 

the actual similarity of two observations is calculated. As the binary attributes 

have all the same scale and the state-space can be interpreted as orthogonal, 

choosing the traditional squared Euclidean distance measure is sufficient as 

described e.g. in (Deza, et al., 2006). Another advantage of choosing this 

distance measure is that it is calculated simply and is already implemented in 

most statistical tools. 

¶ Choose a clustering method and algorithm  ɀ A common clustering method 

that uses squared Euclidean distance measure and that is suitable for this task 

and I decided to use is k-means clustering. Although k-means clustering is 

more frequently used for clustering of continuous data it is also suitable for 

such bases with binarized attributes. This method is described in detail for 

example in (Kanungo, et al., 2002). The k-means method has also the 

advantage of being implemented in a handful of statistical and data-mining 

tools59. This method employs a heuristic algorithm that selects the cluster 

means (centroids) in a way that minimizes the intra-cluster variance however 

it does not determine the number of clusters which it takes as an input as do 

all the commonly used clustering methods. 

¶ Select an appropriate number of clusters  ɀ The number of clusters, a 

quantity often labeled k (as in the k-means method), is not easy to determine 

and this is a frequent problem in data clustering. This task is non-trivial in a 

scale that deserves a separate subsection that follows immediately. 

4.4.2 Finding the Right Number of Clusters  

The choice of k, the number of clusters, is often ambiguous and in most real-life cases 

no solution is more correct than others. The interpretation of the optimal number differs 

with the size, shape, scale and distribution of points within a dataset. Furthermore, a 

greater k will always reduce the error of the resulting clustering with the extreme case of 

zero error if each observation forms its own cluster. Therefore the optimal k has to 

                                                        
59 Among which the R software environment (http://www.r -project.org/) and Microsoft Analysis Services 2008 
(http://www.microsoft.com/sqlserver/2008/en/us/analysis-services.aspx) were used. 

http://www.r-project.org/
http://www.microsoft.com/sqlserver/2008/en/us/analysis-services.aspx
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compromise between oversimplification and overfitting (Ketchen, et al., 1996) and if not 

known beforehand it has to be chosen somehow. For this there are several methods: 

4.4.2.1 Based on Dataset Size 

Throughout literature (e.g. already in (MacQueen, 1967)) there is mentioned a 

general rule of thumb to base the number of desired clusters approximately on the dataset 

size if there is no other indication by the formula 

Ὧ ὲȾς Ⱦ 

where n is the number of observations. In the case of 41 case studies in the dataset 

this equals approximately 4.53. This simple approach is proposed to avoid the emergence of 

small clusters that would be statistically insignificant (where the minimum size of the 

statistically significant cluster is usually reduced to ὲȾςȾὯ which in fact is in this case 

numerically equal to k, i.e. 4.53). This simple hint suggests that the number of clusters 

should be at most four or five but not more; this however deserves further confirmation 

and rectification. 

4.4.2.2 Based on Actual Cluster  Sizes 

On this size of dataset it is possible and time-feasible to compute the clustering 

iteratively for more possible initial counts of clusters. The sizes of clusters that came out of 

these iterations are captured on the graph in Figure 4.9. 

In this graph, each line displays the size of a cluster in number of observations 

assigned to it (where the clusters are sorted by their size and distinguished by line color). 

The red dashed line represents the minimal significant size of a cluster whereas it is clearly 

visible that the number of clusters should not be greater than five because past this point 

insignificant clusters of size 3 and less start to emerge. 
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4.4.2.3 Based on Variance  Explained  

Another approach that is often used in estimating the optimal number of clusters is 

based on the variance in observations that is explained by the clustering (this approach is 

kno×Î ÁÌÓÏ ÁÓ ȰThe Elbow Methodȱ (Goutte, et al., 1999)). 

In the core of this method is an assumption that while the increasing number of 

clusters increases the observations variance that is explained by the clustering, the increase 

is not proportional and there is a number of clusters after which adding another cluster 

adds only a little to the explained variance. The variance that is explained by the clustering 

can be calculated simply as the mean variance of the cluster centroids dimensional 

coordinates and what this method expects is that the marginal raise of this variable will be 

decreasing by the increased number of clusters. 

The course of the centroid mean variance depending on the number of clusters in 

case of the STEs case studies dataset is captured in a chart on Figure 4.10. Sadly, in this case 

there is no significant inflection on the variance curve and with increasing number of 

clusters the explained variance rises more or less linearly all the way to nine clusters. This 

common criterion does not thus yield any hint on what the best number of clusters is. 

 

Figure 4.9 - Cluster sizes by number of clusters 

0

5

10

15

20

25

2 3 4 5 6 7 8 9

N
u

m
b

e
r 

o
f 

C
lu

st
e

r 
M

e
m

b
e

rs

Number of Clusters (k)

Cluster Sizes



 Classification Model for Semantic Applications 

- 94 - 

4.4.2.4 Based on Dimension ality  Reduction  

Recently, one more way of determining the optimal number of clusters has been 

developed and that is through the means of Principal Component Analysis (Joliffe, 2002). 

This analysis aims to reduce the number of dimension of a space through the means of 

 

Figure 4.10 - Inter-cluster variance by number of clusters 

 

Figure 4.11 - PCA-weighed mean of clusters by number of clusters 
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rotation of eigenvectors. This approach allows the reduction of dimensionality with a 

minimal gain of samples entropy and loss of information in the sense of Theory of 

Information. 

An approach to analyze and visualize the information distortion of clusters through 

the means of Principal Components Analysis dimensionality reduction to one dimension 

has been set and presented in (Schonlau, 2004) with the use of clustergrams. 

The clustergram method visualizes PCA-weighed mean of the centroids in the sense 

of PCA dimensionality reduction by the number of clusters. This method enables to visually 

compare the similarity of the clusters by their distance in one dimension that can be easily 

plotted. Furthermore color and thickness of lines is used to denote the sizes of clusters and 

the interconnection lines signify the swapping of individual observation between clusters 

as the cluster space increases in size. 

For my dataset of STE case studies the clustergram is depicted on Figure 4.11. In this 

view it is clear that by moving to a larger number of clusters the distances between clusters 

do not increase proportionally and in case of five clusters there practically are effectively 

engaged only four of them. Therefore thanks to this approach it is finally possible to decide 

that the optimal number of clusters in this dataset is four. 

4.4.3 Cluster  Analysis  Results 

Once the dataset is ready, the distance measure of the observations (squared 

Euclidean distance) and clustering algorithm (k-means) are selected and the appropriate 

number of clusters (4) has been determined, it is finally possible to run the clustering and 

analyze the results it yielded. 

There are two ways of how to describe the resulting clusters, either through the 

means of cluster characteristics via relative frequencies of individual attributes or through 

the means of cluster discrimination that shows what values are preferred by the cluster and 

thus what are the typical observations in that cluster because it reflects the structure of the 

mining model. 
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The relative frequencies of individual ÁÔÔÒÉÂÕÔÅÓȬ ÖÁÌÕÅÓ are displayed on Figure 4.12. 

The individual  clusters found are labeled C1 through C4 due to lack of any preliminary 

knowledge of their interpretation. In individual columns the principal frequencies of 

occurrences are listed and for completeness of the view the statistics over the whole 

population are repeated. This view shows only the actual status of the cluster and does not 

display significantly the reasons of the clusters selection. For this the cluster discrimination 

by attributes value needs to be investigated. 

The discrimination factors of clusters in the resulting clustering model are shown on 

Figure 4.13. The numbers in individual cells indicate the likelihood of whether an 

observation that embodies the concerned value is a member of the particular cluster where 

number greater than zero indicates a positive impact on the likelihood and negative 

number indicates a negative impact. Also higher numbers in a row indicate a higher 
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resulting total weight of an attribute. This view captures the very essence of the findings of 

the clustering model and enables the interpretation of the clusters. 

Thanks to these two views it is possible to describe the individual clusters as follows: 

¶ Cluster  C1 ɀ The first and biggest cluster is characterized by the following: 

The application is used by more than a hundred users who are mostly 

customers of the application provider. The application is not used for data 

integration but the results the application yields are fully accurate and it uses 

solely structured data. The deployment of such application is however mostly 

case-specific. 

¶ Cluster  C2 ɀ Applications in this cluster are characterized by their ability to 

treat uncertainty and work with partial accuracy and they also use structured 

 

Figure 4.13 ɀ Clusters discrimination  factors 
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knowledge for this purpose. These characteristics are in such cases used 

mainly to exert inference on the knowledge bases rather than to index the 

data. These applications are used by several to many users that most often are 

employees of the provider and it is counted on the possibility to use the 

application irregularly. 

¶ Cluster  C3 ɀ Applications in this cluster are typically designed for the 

integration of data from various sources; as the only cluster they use mainly 

unstructured data that are processed both automatically and manually but 

with full or occasionally partial accuracy. These applications are used by 

hundreds of users and the functionality is independent on a particular 

domain. 

¶ Cluster  C4 ɀ These applications are typically used only by a few users (or 

even a single user) who are at the same time providers of the system. These 

applications do not mostly utilize structured knowledge and do not treat 

uncertainty. Main purpose of these applications is in data integration and 

indexing but other aspects are not so definite and differ even amongst this 

cluster. 

4.4.4 Archetypes Approv al 

The cluster analysis introduced four large clusters of STEs that can be partially 

aligned with the previously intuitively identified archetypal use-cases; however these two 

structures will be overlapping only to a point. The other clusters can of course be named 

and constituted as additional use-case archetypes. 

¶ Cluster  C1 ɀ A typical use-case of applications in this cluster can be named 

ȰËÎÏ×ÌÅÄÇÅ ÍÁÎÁÇÅÍÅÎÔ ÓÙÓÔÅÍȱ ÂÅÃÁÕÓÅ ÉÔ ÉÓ ÕÓÅÄ ÍÁÉÎÌÙ ÆÏÒ ÉÎÄÅØÉÎÇ ÔÈÅ 

manually entered data by many ÐÒÏÖÉÄÅÒÓȭ employees. It is very similar to the 

ÐÒÏÐÏÓÅÄ ȰÉÍÐÒÏÖÅÄ ÓÅÁÒÃÈ ÅÎÇÉÎÅȱ ÁÒÃÈÅÔÙÐÅ ÁÎÄ ÉÔ ÅØÔÅÎÄÓ it just by the 

targeting at employees instead of general users. 

¶ Cluster  C2 ɀ These applications catch almost exactly on the structure of the 

ÐÒÏÐÏÓÅÄ ȰÒÅÃÏÍÍÅÎÄÉÎÇ ÓÙÓÔÅÍȱ ÁÒÃÈÅÔÙÐÅ ÂÅÃÁÕÓÅ ÏÆ ÔÈÅ ÄÅÐÌÏÙÍÅÎÔ ÏÆ 
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automated inference over the structured knowledge and its opening to many 

users. 

¶ Cluster  C3 ɀ 4ÈÉÓ ÃÌÕÓÔÅÒ ÒÅÓÅÍÂÌÅÓ ÇÒÅÁÔÌÙ ÔÏ ÔÈÅ ȰÄÁÔÁ-ÂÒÏ×ÓÉÎÇ ÉÎÔÅÒÆÁÃÅȱ 

archetypal use-case. Such applications are targeted at integrating and 

displaying various data of heterogeneous structures. Some applications of the 

ȰÄÁÔÁ ÉÎÔÅÒÃÈÁÎÇÅ ÆÒÁÍÅ×ÏÒËȱ ×ÏÕÌÄ ÁÌÓÏ ÂÅ ÐÁÒÔ ÏÆ ÔÈÉÓ ÃÌÕÓÔÅÒ ÁÎÄ ×ÉÌÌ ÂÅ 

differentiated from the previous by the absence of the visualization 

capabilities. 

¶ Cluster  C4 ɀ This cluster constitutes of applications that can be characterized 

as ȰPersonal desktop indexersȱ because it is characterized by the small 

number of users and the orientation on data indexing and integration. This 

group is not reflected in the few aforementioned archetypes, but the small 

number of users is the only thing that distinguishes it clearly from the other 

clusters. 

The cluster analysis thus introduced one additional kind of semantic applications not 

considered at first sight. There is no pretension that this list is complete, it is inevitable that 

other use-cases exist or will emerge in the future, however they were not significantly 

represented by the used dataset. 

Therefore through analyzing a greater number of case studies more archetypal use-

cases shall be discovered. I propose this a subject of future work because a list of over a 

thousand case studies is promised to be released by the VALUE-IT project that was 

mentioned in section 1.2 once it is finished; this will be an ideal ground for expanding this 

research. 
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5 Assessing Semantic Technologies  for Enterprise  

After showing the possibilities of assessing the IT projects in general in chapter 2, the 

specifics of Semantic Applications in chapter 3 and elaborating their classification and 

differences in chapter 4, this chapter aims at compiling all these findings into a possible 

approach to assessing the STEs. 

This is accomplished firstly through setting up a structure of critical success factors 

and followed by its evaluation. Finally I propose a possible framework of Maturity Models 

of enterprises for semantics. Parts of the work presented in this chapter have already been 

published in (Nekvasil, et al., 2010) 

5.1 Critical Success Factors of Semantic Applications  

There have been developed methods for determining the CSFs in several areas, but 

sadly not for STEs. In case of STEs uncovering the substantial CSFs will be aggravated by the 

differences amongst the STE base and the lack of homogeneity that was dealt with in 

chapter 4. In my opinion a best way to achieve a thorough approach to establishing a 

complete framework of CSFs for STEs is to gather a list of individual success factors of 

particular cases (from the already used SWEO case-studies catalogue (Semantic Web 

Education and Outreach Interest Group, 2010)) as exhaustive as possible by walking 

through them one by one and assess the CSFs expertly then align the CSF to the discovered 

clusters / typical use-cases of STEs discovered in section 4.4. Finally, to approve the 

framework, the results need to be evaluated with the authors, sponsors and users of the 

particular applications. 

The Critical Success Factors of Semantic Applications are of course of two sorts: 

firstly there are the factors given by the use of semantic technologies and secondly factors 

that are more general and depend on the application use-case. 
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5.2 Semantics-Specific CSFs 

By the synthesis of risks mentioned in individual case studies in the aforementioned 

set of case-studies it is possible to draft the most frequent critical success factors in the 

development of semantic applications and their deployment into the production 

environment. The compilation of these particular Critical Success Factors was again 

performed by me and thus it may be affected by an individual notion in my attitude. This list 

is as complete as possible to include all the thinkable semantics-specific CSFs that were 

relevant in more than one case in the complete list of case studies. These CSF were later 

evaluated via survey with the people involved in the particular cases, this is elaborated later 

in section 5.4 below. 

These CSFs are however not valid universally but more likely their relevance 

depends on the kind of semantic application one is dealing with. By a thorough walkthrough 

of the cases it was possible to identify these factors that can be grouped as follows: 

5.2.1 CSFs Tied with Business Case 

¶ Effectible benefit ɀ Or the potential of possible benefits to compensate the 

temporary reduction in productivity during implementation and learning (as 

well as operating costs) in other words. The benefits of the applications are 

very diverse and often very vague (in contrast with conventional solutions) 

and thus can be hardly estimated (and quantified) at the time of the 

deployment of the system; this is what previously mentioned assessment 

methods like BSC are for. Operating costs are mostly comparable to 

conventional applications, but in the phase of deployment, it is necessary to 

ÃÏÕÎÔ ×ÉÔÈ ÔÅÍÐÏÒÁÒÙ ÄÅÃÒÅÁÓÅ ÏÆ ÕÓÅÒÓȭ productivity (see 5.2.3 below). For 

an application to be successful, this temporary decrease should not be so 

serious that it overshadows its potential benefits. 

5.2.2 CSFs of Used Knowledge Model  

¶ Correctness of the core ontology /taxonomy  ɀ This factor holds for most 

knowledge-based applications and the more complicated and less volatile the 
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used model is the more crucial is its correctness. Achieving this success factor 

entails the need for recruitment of high-quality analysts and knowledge 

engineers in the phase of development and deployment of the application, 

which involves considerable costs. The quality and reach of the used 

ontologies is not limitless; apart from the costs of creation it also has other 

more structural constraints (see (Hepp, 2007)). 

¶ Will and disci pline of all parties to use common knowledge model  ɀ In 

case the operation of application is distributed, it is necessary that all 

interested parties use a central shared knowledge model. There is therefore a 

potential risk in terms of the need to negotiate on its form and content. 

¶ Synchronized distribution of central ontology  ɀ Gradually, there may be 

modifications of the central knowledge model that arise subsequently and if 

the operation is distributed, it is necessary that these changes are properly 

disseminated amongst interested parties, or else this could lead to some 

inconsistencies. While these changes and modifications take place the 

previous item still holds. 

5.2.3 CSFs ÏÆ 5ÓÅÒÓȭ "ÅÈÁÖÉÏÒ 

¶ Sufficiently steep learning curve of end -users / user -friendliness  ɀ This 

applies to applications that have individual end users. Semantics used in this 

type of applications entails quite atypical method of control compared to 

standard applications and the learning curve is rising very slowly. Not only a 

comprehensive and intuitive user interface of the system is a must, but also 

ÃÌÁÒÉÔÙ ÁÎÄ ÁÃÃÕÒÁÃÙ ÏÆ ÔÈÅ ÏÕÔÐÕÔÓ ÁÎÄ ÒÅÓÕÌÔÓ ÉÓ ÖÉÔÁÌ ÆÏÒ ÔÈÅ ÕÓÅÒÓȭ ×ÏÒËȢ 

¶ Sufficient number of users  ɀ If the respective semantic application is based 

on social data, its success is conditioned by the existence of a large enough 

number of users that produce this data. The risk in this case occurs in the 

form of necessary expenses for the promotion of an emerging system. 

¶ 5ÓÅÒÓȭ ÍÏÔÉÖÁÔÉÏÎ ɀ This critical factor occurs at two levels. The first is in the 

time of the introduction of a new application while the user experiences a 



 Assessing Semantic Technologies for Enterprise 

- 103 - 

negative stimulation in the form of the slow rise of the learning curve. The 

user thus lacks the motivation to learn to deal with the system in the first 

moment. Moreover the user that does the work is not always the one who 

benefits from it (discussed in (Hepp, 2007)) which can be of a further burden. 

The second is in the actual phase of operation; a common source of data for 

the semantic systems of all sizes is the manual annotation, whose creation is 

up to a certain point very labor-intensive for the users. Partial source of 

motivation  may be a potential benefit of the better results or a facilitation of 

work in the future. In addition the user can be motivated by the possibility of 

using the experience gained elsewhere, while even the most different 

semantic applications use similar technologies (e.g. SPARQL querying). 

5.2.4 CSFs of Data Treatment  

¶ Sufficient supply of data  ɀ For applications that use some reasoning having a 

sufficient data source is very essential for providing beneficial results (i.e. 

utilizing the added value of semantics). Even for applications based on data 

indexing, having enough data is critical to the success, because for small 

volumes of data they give similar results as traditional methods but with 

higher initial costs. 

¶ Diversity of sources and forms of data  ɀ The richer the knowledge-

modeling language is (namely, its part actually used in the application), the 

more beneficial results can be produced by applications based on the 

derivation of new relationships. Likewise, the greater is the diversity of data 

content the more useful are the results given by applications performing 

semantic integration. The use of semantic technologies on trivial systems will 

therefore likely not pay off. 

¶ Data consistency  ɀ This is essential for maintaining at least the same 

accuracy of results as the sub-systems if there are any. Applications that 

integrate data of some source systems are at risk of finding an inconsistency 

in the aggregated results. The very functionality of semantic applications is 

not subject to consistent data, but the possible inconsistency should be 
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expected in the design. Good estimation of the reliability of data sources is 

thus crucial at this point. 

¶ Reliability of parsers and wrappers  ɀ If the application handles 

unstructured data, it is dependent on the output of parsers and wrappers of 

various content and, where appropriate, the natural language processing 

systems. Here again the same applies as in the previous point, namely that it is 

necessary to correctly estimate the reliability of the information obtained in 

such a way. 

Of course, these critical factors will be weighted differently it the scope of different 

applications. If, for example, the source application collects data automatically and passes 

the outputs to the user in almost natural language and in an appropriate context, one can 

expect a relatively steep learning curve, and thus the period of reduced productivity is quite 

minimal and as a result it will be compensated enough even by minor benefits. These 

critical success factors can only be taken as a starting point before aligning them to 

individual use-cases. 

5.3 General CSFs 

Apart from the CSFs specific for the applications that utilize semantic technologies 

there are also CSFs of those very same applications that should be based on other corporate 

needs. 

Such success factors have already been elaborated and evaluated in other areas like 

Project Management (Kerzner, 2004) or deployment of other IT systems like ERP or BI 

ɉ.ÏÖÏÔÎĻȟ Á ÄÁÌĤþȟ ςππυɊ. These Critical Success Factors are often identified based on the 

areas they cover: 

¶ CSFs of strategy and planning  ɀ These factors are critical to the success of 

the organization and positive results with respect to these factors are 

absolutely necessary for an organization to achieve its vision, remain 

competitive and succeed in the industry. This is the highest level of CSFs that 

can be derived from the requirements on the application functionality and it 
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means that the company needs to make sure that the impact of the considered 

application conforms to the global strategy and targets. 

¶ CSFs of resource availability  ɀ These CSFs consider the impact of the 

deployed application on the current systems in the sense of technical, 

financial, spacetime, and human resources. The extended usage of current and 

acquiring of new resources need to be manageable and affordable. 

¶ CSFs of deployment quality  ɀ These factors are needed for the project to be 

in line with corporate quality management and ensure the all quality 

standards still hold after the application deployment is finished. 

¶ CSFs of implementation  ɀ These CSFs include requirements on the project 

management of the deployment, namely the quality of project plans focused 

on meaningful details and neglecting hidden agendas. Requirements on the 

possible modular implementation also need to be formalized clearly along 

with all the dependencies and drawbacks. 

¶ CSFs of maintenance  ɀ These factors are to assure the maintenance of the 

ÁÐÐÌÉÃÁÔÉÏÎ ÆÕÎÃÔÉÏÎÁÌÉÔÙ ÁÎÄ ÑÕÁÌÉÔÙ ÏÆ ÓÅÒÖÉÃÅ ɉÁÎÄ ÔÈÕÓ ÁÌÓÏ ÕÓÅÒÓȭ 

satisfaction) over the time without increasing its complexity and volatility and 

without exceeding the originally estimated costs.  

The basic role of these general CSFs is to ensure the alignment of the deployed 

application with enterprise processes and to ensure its profitability. The concretization of 

this high-level view will however be possible only under the known conditions of 

deployment and the particular use-case. 

5.4 Evaluation o ver the Case-Studies 

To map how the actual projects from the dataset of available case-studies are 

performing in a real-life environment I decided to contact the most competent ones ɀ 

people directly involved in the development and deployment of the applications of concern. 

For this purpose I performed a survey with a questionnaire targeted at the developers and 

managers (alas the gathering of contacts was a really time-costly procedure). 
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For achieving the maximum response rate possible the questionnaire was light-

weight and composed according to the methodology from (Schwarz, 2007), split into 

sections of few questions and gave the respondent the possibility to express his opinions 

and experiences in a level of detail he wishes; the full wording of the questionnaire is listed 

as Appendix B.  

I received a total of 18 responses and out of 41 case-studies this yields a response 

rate of 43.9%. However some of the participants agreed to provide me with their responses 

on the condition of me publishing only the aggregate results. This is understandable as the 

survey was addressed on employees of subjects like NASA, Audi, Renault or Vodafone and 

in the responses they had to share parts of their know-how. Luckily enough I received 

responses evenly on applications from all of the four identified clusters (all clusters yielding 

5 or 4 responses); although this is just a coincidence it ensures that the results are as 

general as other conditions allow.  

The questions in the survey (apart from the few formal open questions that aimed at 

identifying the respondent and collect his feelings) were addressed on the areas tied with 

the identified CSFs, namely: 

¶ 'ÅÎÅÒÁÌ ÑÕÅÓÔÉÏÎÓ ÁÂÏÕÔ ÔÈÅ ÆÅÅÌÉÎÇ ÏÆ ÐÒÏÊÅÃÔȭÓ ÓÕÃÃÅÓÓ ÒÁÔÅ and the level 

of costs asked to gather some relevant statistics about these factors. 

¶ Questions ÁÂÏÕÔ ÔÈÅ ÕÓÅÒÓȭ ÂÅÈÁÖÉÏÒ asked to gain insight on whether there 

are any special requirements from and strains on the users. 

¶ Questions about the used knowledge model  asked to uncover the 

requirements on ontologies used. 

¶ Data-related question s cover the success factors about the treatment of 

inconsistencies and uncertainty. 

The particular results are elaborated and their impact on CSFs is discussed in the 

next subsections. 

I have also recompiled the free-text answers some of the respondents provided into a 

few discrete categories to present them clearly. These categories are not always necessarily 

the same as the possible answers in the questionnaire. 
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5.4.1 Questions about Success and Costs 

The first relevant aspect of a project the survey concentrated on (in questions 2 and 

3) was its success and benefits. The compiled results of this part are shown on Figure 5.1 

where on the left are shown pie-charts for the results on the level of clusters and on the 

right there is an aggregated view at all the projects (and also the following figures adhere to 

this structure). 

The result here is quite optimistic as all of the applications that left the development 

stage are used and with a deal of success. However there surely is a correlation to the 

source of the data used since the authors of an unsuccessful project would likely not list it in 

the SWEO catalogue. On the other hand, even in this biased list, 22% of the authors reported 

that the benefits achieved were not as high as expected; this ironically supports the 

motivation for the early STEs assessment. 

The second set of charts on Figure 5.2 displays the status of what the actual costs of 

 

Figure 5.1 ɀ Success of case studies 

3
17%

4
22%

1
5%

1
6%

9
50%

still being developed
/ promoted

works but not with
expected benefits

yielded unexpected
benefits

depends on future
use of Linked Data

works as desired

2
40%

1
20%

2
40%

1
25%

1
25%

2
50%

2
50%

2
50%

1
20%

1
20%

3
60%

C1
knowledge 

management systems

C2 
recommending

systems

C3
data-browsing

interfaces

C4
personal desktop

indexers

all projects

Was the project successful?



 Assessing Semantic Technologies for Enterprise 

- 108 - 

development and deployment of the project were compared to a classical non-semantic 

alternative (based on question 4). Interestingly enough, only one respondent listed that 

there is no non-semantic alternative to their solution, others responded approximately 

evenly on the standard possibilities. 

The main reason listed for the costs being higher was that the semantic version of a 

system offers a lot more features that need to be programmed, tested and polished. On the 

contrary the reason for the lower costs was that some features are implemented more 

easily without a strict data structure or a shared knowledge model. Such cases rightfully  

deserve an intensive PR in the sake of promotion of semantics. 

Most of the projects were however listed as having the costs approximately the same 

a standard solution while the development methodology and management are essentially 

the same which opens a possibility for using the cost-based assessment methods mentioned 

in chapter 2 where appropriate. 

 

Figure 5.2 ɀ Relative costs of projects 
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Figure 5.3 ɀ Impact on user interface 
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