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Summary (English)

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 asingle
market segment anymore. The businessskepticism that arises due to the uncertainty of
investments in such technologies is onlaugmented 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 segmentdased on usecase and subsequently
identify their Critical Success Factorand evaluate themagainst the real conditions of the
APPl EAAOCET T 068 AAPI T UI AT O xEOE Qficid deielopndE AEDAOQE
Following the results of these interactions this hesis presents an innovative approach that
enables to construct models for judging the maturity of enterprises for the deployment of
the respecive applications including the actual construction of these models for all the
EAAT OEZAEAA A-babd BedrietE Mbrédder, i0 @ Aatepart 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 assessmehof semantics incertain cases.

The results presented in later chapters are supported by the underlying background
researches in the fields of Semantic Technologies and IT assessment botlwlbse stateof-
the-art methods are described here. Usability of the current standardized methoqsuch as
those used in COBITjor assessing semantic applications is also considered with respect

the lack ofother best practices in businessleployment of semantics
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Résumé (Francais)

Résumeé (Francaig

Récemment plus et plus larges domaines de déploiement desapplications sont
couverts par des technologies sémantiques etn méme tempsleur taille et leur capacité
sont en constante augmentation. Les possibilités @pplications sémantiques sont
maintenant sivastesqudls ne peuventplus étre jugéscomme un seul segment du marché.
Le scepticisme du secteur des entreprises, résultant déncertitude de lanvestissement
dans cette technologien@st supporté que par ces différencest par rapport a ce faitcette
these se concentre sur leaspects qui peuvent aider a évaluer et a féiter non seulement
|@fficacité économiqued@ngager les technologiesémantiques dans les environnements

d@ffaires, mais aussi @fficacité de fairecomme ca

Cdte thése se concentre sur les facons de prouver les différencegarmi les
applications sémantiques, de définir leurs segments distincts sur la base de cdstitisation,
et ensuite Aidentifier leurs facteurs clés de réussite efes évaluer par rapport aux
conditions réelles de déploiement des applications avec la particiian de personnes
impliquées dans leur développement. Suite aux résultats de ces interactignsette these
présente une approche novatrice qui permet de construire des modéles poévaluer la
maturité des entreprises pour déployer les applications respectives, y compris laméme
construction de ces modélegpour tous les segments des casdatilisation identifiés dans les
sections précédentesEn outre, dans la derniére partie duce texte Evaluation avec ces
modeéles est montré a l@pplication AQUA (le résultat du projet, dont Guteur a été
personnellement impliqué), avec bndication des autres particularités qui peuvent aider a

évaluer I@fficacité 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 sémantiqued@valuer I@fficacité des
investissements en Tl et les deux sont décritavec des méthodes les plus couramment
utilisés. Les méthodes actuelles de standard (utilis€éomme par COBIT) pour &valuation
des applications sémantiques sonaussi considérés en ce qui concerne@bsenced@utres

meilleures pratiques d@ffaires dans le déploiement de la sémantique en entrejse.
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Introduction

1 Introduction

The information age has brought a vast amount afiew information sources. The
overall acceptation of the HTTRHyper Text Transfer Protocol)standard and more or less
standardized HTML(Hyper Text Markup Larguage)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 Wb was viewed by both acadmic
spheres and general public as a large set of hypertext documents, static or dynaniiged
together and more or less available. But then irthe turning of years 2000 and 2001this
view was changed when Tim Bernerd.ee, director of the W3 consortium, made a speech in
a keynote session at XMI[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 webpages on the current internetare written in the mentioned HTML, a
language that is useful for publishing information intended only for human consumption.
Humans can read the Web pageasnd understand them, but the inherent meaning is not
available in a way thatwould allow interpretation by computers. The Semantic Welaims 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 2001the 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 decisionmaking, annotating and indexing of any content,
up to such different tasks adnformation Extraction from unstructured sources, and even

so-called Business Intelligence.0 (Raden, 2007)

Notwithstanding that the possibilities of semantic technologies are vassometimes

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

1 http://www.w3.0rg
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economic spherethat is not only shown throughout literature, e.g(Cardaso, et al., 2008 pp.
6-13), (Alani, et al., 2005 pp. 91), (Morville, 2005 pp. &15) or (Daconta, et al., 2003 pp.
35-38) but also confirmedby my personal experience from visiting several conferences on
Semantic Webwith the participation of experts from interested enterprises? and also from
meeting with business people from the banking, ¢lco and consulting industries onan
occupational level.This skepticism, its origins, legitimacy and waysof how to justify against
it are a central point of this dissertationthesis and the main motivation for the related

research.

Another proof of this being a serious topic is that recently, ithe beginning of 2009, a
project co-funded by the EUCommissionas a part of a seventh frameworlprogramme was
set up under a name of VALUE3. The main effort of £ EO D O lailhdd AQprotading n,
market driven alignment of EU Research and Technology Development, fostering innovation
and accelerating adoption of Semantic Technologies the Enterprise (STE)(citation from
(Gogra, et al., 2009) and is planning to achieve this goal bynalyzing the supply of and
especially the demand forSTEs.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 | 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 thefollowing sections of introduction that are structured
according to directives ofthe 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

technologiesin a real world industry, this thesisconcentrates 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.p) where | have had also th@pportunity to present my ongoing research.
3 http://www.value -it.eu
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and evaluate not only the economic efficiencgf engaging the semantic technologies in a

business environmentbut also the effectivenes®f doing so.

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

distinct subthemes the structureand sequenceof which can be summarizeds follows:

1 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.

1 Delimiting the semantic technologies , investigating the substantial
differences between semantic and secalled classical applications and where
to draw the line.

1 Defying the generalization of semantics. The cover d semantic applications
is so broad nowadays that there is no way any possible business case can
judge them & a whole and yet the skeptigare often doing soEven the most
successful consulting companies, such as McKinseglisclaim a general
approach to such broad issues and prefer to structure the problem as it is
proven to be more beneficialRasiel, et al., 2001 pp. 380). This is whyin my
opinion a proposition of classification scheme for semantic applications is
an integral part of this research so that the effectiveness of deplmg a
particular application could be judged by its extent, technology background,
use case, usr profiles and otherimportant aspects

1 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 toe established and
evaluated depending on the particular class of applicatia The classification
of applicationsand their limitations and presumptions is supported by a set of
40 case studies of successful semantic technology applicaas and one
project | had opportunity to partake personally in (AQUAproject, described in
chapter 6.1in detalil).

-12-
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1 Establishing the Maturity Models of Enterprises for Semantics is the
meridian of the researchpresented in this thesisBased 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 @mpanies and tocompile 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.

1 Reusing and maintaining the consistency of enterprise knowledge base
As there areoften many taxonomies, ontologiesand thesaurialong with other
structured diagrams, UMLschemes and business process models in a form of
documentation in enterprise knowledge base, published as a recommended
standard by subjects like W3 consortiumor contained in the best practice
approaches as is the ITH, 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 developmeniealing with this subject in a
general manner would be wortha separate research ambit and tbrefore in
this work it is considered only as a part of a particular case studyf applying

the semantic technologieson Information Extraction (The aforementioned
AQUAproject).

The results of all the above listed points need to be supported by the relfe course
of successful semantic technologprojects and therefore a survey with the participants of
some of the 40 mentioned case studies and a detailethquiry of the AQUAproject 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 d&fined 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), Informationdchnology (IT) development and IT operations
http://www.itil -officialsite.com
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http://www.itil-officialsite.com/

Introduction

justification consists of estimating the initial conditions of the financial, processand
performance efficiency and the overall deployment effectiveness and evaluating the
efficiency and effectiveness afterwardsSetting up the framework of Critical Success Factors
for the deployment of different semantic projects can also help toestimate whether a
particular project meets all necessary conditions for being beneficial. Furthermore the
Maturity Models that follow can help an individual enterprise to decideeven if the

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

As for my individual motivation, it has arisen gradually. Originallyl was involved in
the MedlIEQ and K-Spacé projects that dealt with, amongst othes, automatizing the
annotation of web pages with use of the information extraction While | visited a couple
conferences presenting results of these projects | 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 applicatios. This was the first time | noticed the
skepticism towards semantic technologies that ruled amongst the business people and over
time the feeling thatthis needs to be addressed grew in me. That was then when | started to
collect information about how to promote a specific kind of informatics project in an
enterprise and found out about the Critical Success Factorand Maturity Models
approachesthat are common inassessing other projects, e.g. Busgss Intelligencesolutions
or enterprise Content Management Systems, and are backed up also by academic institutes
In the meantime | was also engaggl professionally in a leading ¢lco company in Czech
Republic at first and ten started to work for a Business Consulting company. Both these
occupations allowed me to meet with highly standing managers of banking and
telecommunication companies worldwide’ who were actually holding the budgets of these
industries. In contrast with the people that | 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 wermostly unaware of the

5 Project of Quality Labeling of Medical WelRontent using Multilingual Information Extraction, main output of
this project was the AQUAapplication described in more detail in Chapteb.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 Telefénica 02, Vodafone,-Mobile, Melita (telco), Unicredit, ReiffeisehPriorbank or Societé Genéral (banks)
amongst others
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existence of semantic tehnologies and those that have heard about it thought of it as of an
academic exercse. On the other hand | 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. | confronted the idea of Critical Success Factors and
Maturity Models with a couple of business consultanteind account managers and received
a positive feedback. That was the time when | decidatiat the semantic technologies need

some positive public relations workdonein this course.

1.1.3 Theme and Scientific Orientation of UEPDepartment s

Although | do this research primarily under the Department of Information and
Knowledge Engineering, the theme is in facinterdisciplinary and falls under the scope of
all three departments that accredit the Informatics® 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, ontologyengineering, machine learning and knowledge
induction, automatized annotation and information extraction This is where my research
originates because such systems, theapplication, and specifics arghe central point of this

work.

The Department of Information Technologie¥® focuses on integrating the
information and communication technologies with enterprise processesand 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 Factoesd Maturity Modelsapproaches)
enable to monitor the key perbrmance 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 depatment.

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
@omputer Sciencé AAAAOOA E O ikfbrAdtidnBoletrd, Afdrmdtibnddchnology, algorithms,
knowledge managementcomputational semantics, andocial science

10 http://kit.vse.cz
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The Department of System Analysi$ is oriented on the development of soft system
methodologies, social and team utilization of information technologies, the support of
managerial work by ITand knowledge managementin my opinion, my work is covered by
the orientation of this department twofold: Firstly the systems that are the subject of this
AAPAOOI A1 660 OOOAU j EsA8 O1T AEAT AT A OAAI 00ObBD
recently more and more oftensupported by semantic technologies and that is why | dealt
with a couple of them in a form the mentioned case studies. Secondllyy work helps the
managerial work in case the information project managemernis dealing with such systems,
where the evaluation of Critical Success Factordas 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 allowsaligning the subject with the
orientation of all three departments, these three parts areonnectedso tightly that it does
not make sense tospecify which part of the work falls under what scope.That is why |

prefer to describe the work as interdisciplinary rather than multidisciplinary.

1.2 State of the Research

As far as | know there is no other ongoing research that is dealirag this time with
the classification of STEs(Semantic Technologiesfor Enterprise) for the purpose of
structuring the Critical Success Factorsof their deployment and identifying the

prerequisites of Maturity Modelsfor Enterprises.

However, signs of the s&pticism towards the semantic technologies at first and
towards their business value later showed up gradually in the last decade in the literatufe
(Hepp, 2007), (Cardoso, et al., 2008 pp.-&3), (Alani, et al., 2005 pp. A1), (Morville, 2005
pp. 815) or (Daconta, et al., 2003 pp. 3838)) where the main distress is seen at the fact
that the positive return on investmentsinto STEsis questionable and does nohold up for a
sufficient competitive advantage in the mainstream business of todgylani, et al., 2005 pp.
9-11), yet some others argue that the competitivdisadvantage 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.-@3).

11 http://ksa.vse.cz
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EARLY MAIN STREAM LATE
MARKETS : MARKETS : MARKET

Y l . |
- N
INNOVATORS EARLY EARLY LATE LAGGARDS
ADOPTERS MAJORITY MAJORITY
(VISIONARIES) (PRAGMATICS) (CONSERVATIVES) (SKEPTICS)

Figure 1.1 - lllustration of the Chasmfor STEsadoption (from (Radoff, et al., 2009)

On the other hand all these publications show that #re isa common awareness of

the discrepancy between the theoretical possibilities of the up to date STEsd their

deployment. That is the reason whythe aforementioned VALUEIT project was funded by

the European Union Commission along with some major companies and institutiosfor

(elping the semantic technologies cross the ChasnfRadoff, et al., 2009). The term Chasm

for Semanticsis used here as an analogip the often cited Semantic Gage.g.(Ganguly, et

al.,, 2002) and has to illustrate the fact thateven if all the fundamental problemsof

semantic technologies ied with the conceptual symbolic representation and linguistics)

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

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

illustrated on Figure 1.1

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

mainstream adoption of STEsThe resulting Demand Driven Mapping ReportRadoff, et al.,

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

2inmark, OVUM, DFKI, iISOCO and Telefénica
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survey about present state of developmentfuture trends and expect&l and market

scenarios for STEVALUEIT preliminary findings show that the STE potential market in

%001 PA xEI 1 OEUA Ob O ©Op8tt" A&l O, deison 8 - AA]
support, interoperability, searching/linking information and collaboration are all top

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

are by the time of writing this yet to be released; theproject 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 ofhie first surveys done by the OVUM
Consulting company? as a part of the VALUHT project (consisting of interviews with more
than 600 IT decision makers)identified some of the main reasons for the existencef the

Chasmfor Semantics.Some of them were published as a part of a studavis, 2009)

1 Many IT decision -makers have little knowledge of STEs

1 Only information -driven industries will benefit first from STEs
1 Approaches taken will vary by sector requirements
1

Suppliers must make the business case clear

These are also the preliminaryfindings of the VALUEIT project; the aim of the
project is to construct a roadmap for theDemand and Supply player®f the STEson what
progress to expect in the mainstream adation of STEs in the next few years. This roadmap
however has not yet been made public and is going to Ipeiblished 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
developedby the Carnegie Mellon Universityfor the U.S. Department of Defensas a tool
for objectively assessing the ability ofcompany processes to perform asoftware project.
The active development began in 1986 by Watts HumphregfHumphrey, 1989), former IBM

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

13 http://www.ovumkc.com/
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known and back thenwidely used Quality Management Maturity GridCrosby, 1979) This
research followed directly the concept ofSuccess Factordeveloped by D. Ronald Daniel
former director of McKinsey & Companyin 1961 (Daniel, 1961). The final results
containing guidelines on using these models were published in 1g@9Paul, et al., 1994)In

the meantime the Success Factors were refined further and finally the concept ©fitical
Success Factor@CSFs)emerged in (Rockart, 1981). Since then the Maturity Modelsand
CSFshave been adopted in many further areas (Human Resources, Service Integration,
Business Intelligenceetc.) and their use in the software development and deployment is
adopted nowadays in the widely accepted and respected approaches likéhe ones of
CMME4, IT Infrastructure Library 15, COBIT6 or IEEE Computer Society. The main
DOET AEPAI 1T &£ - AOOOEOU -1 AAT O OAI AET O OEA OAI A
area is oriented mainly on the integraton of enterprise services and applying the results as
guidelines for the gradual process improvement (in general)iln 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:

1 Provide a general overview of the field of semantic technologies and their use
in production environment.

71 Investigate the best practices in assessing the investments in ITand
possibilities on using these approaches on STEs

1 Propose a classificatiorapproach for semantic applicationsto enable further
refinement of STEassessment approaches.

1 Support the classificationscheme by the case studies of existing semantic
applications.

1 Identify typical STEsand their position in the proposed classificationrscheme.

14 http://www.sei.cmu.edu/cmmi

15 http://www.itil -officialsite.com

16 Control Objectives for Information and related Technologydescribed in Setion 2.7
17 http://www.computer.org
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1 Frame the most significant Critical Success Factoo$ the STEdeployment.

1 Support the established Critical Success Facswith a survey.

1 Propose a structure of Maturity Modeldor deploying semantic applications in
enterprises

1 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 investmentsof 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 technologyproject and therefore it is not usable on thepure development
period. However in case of semantic applications the customization phase can be very
intensive because tailoring the central knowledge model (ontologyr taxonomy) to the
specific business needs is in some cases very complex and thus it is nosgble 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 €.g. necessarily the part about classification of applications) but
other cannot. Namely the part that considers theconomicalspecifics of knowledge models
usage in Information Extractionsystems(describedin section6.3 below) is only as generic
as the limited domain allows As | would have very much liked tocanalyze the similar
specifics of other identified archeypes 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 | had to restrict myself
only on an exampleapproach and the hformation Extraction systems were at hand because

of using the AQUAoroject as an example case study.

1.5 Contributions

My research presented in this dissertation thesigontributes mainly by the fact that
as far as | know it is the first approach ever that utilizes the best practices of assessing

common IT projects like Business Intelligencefor the sake of Semantic Technologiefor
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Enterprise. This may well be one of the marginal steps that can help the semantic
OAAET T trésCthefCBastd AO | AT OET 1T AA AAE OAs8
This main and major benefit is supported by three minor sulassets:

1 Establishing a classification framework for semantic applications z The
proposed classification framework allows the discovery of current (also
presented) and future archetypes of semanti 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
starting point for any wide analysis of the STHopic.

1 Setting up a structure of Critical Success Factors and Maturity Models 7
These are important for the aforementioned assessment of the STiojects
and more importantly enable it in a way the usual ITmethods and best
practices are calibrated and responsibl@eople are accustomed to.

1 Demonstrating the above on a real case study z 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 Factoasid 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 cam 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 z the classification framework z 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 classificationframework could serve as a staihg point in any research that considers
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whole the broad topic of applications of semantic technologiethat needs to overcome its

generalization.

1.7 Thesis Sructure

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

and sothe chapters are set as follows:

Chapter 2 z QAssessingthe Investments in 16 contains a brief introduction to the
state of the art methods that are used commonly for the assessment aridasibility
evaluation of IT projects in top enterprises. Here the usability of these methods for
assessing semantic applicationss considered with respect to the lack of best practices in

their business deployment.

In chapter 3 z ®emanticWeb and Applications6 ) AAOAOEAA OEA ODPAAE
Technologies the commonly used approaches and languages and the implications their use
has both on the defpyment of a particular project and the course the wholdusiness line.

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

The following chapter 4 7 (Classification Model for Semantic Applicatond OOAOOO
with defining the need not to judge the Semantic Applications as a homogeneous area due
to the usecasesbeing so extensive. A multidimensional classificatioapproach is proposed
and demonstrated on a sample of 41 casdudies of reatlife successful Semantic
Application projects. For the multidimensional classification being too complex for
everyday use | continue with identificaton of the typical usecase patterns through the

means of cluster analysis of the available cases and present the results in the paa

Chapter 5 z Q\ssessingSemantic Technologiedor Enterprise6 AEOAAOI U Al 1 1
preceding parts by elaborating a structure of Critical Success Factdi@ the development
and deploymentof Semantic Applicationsbased on the analysis of the aforementioned 41
casestudies. Validity of these Critical Success Factors is then evaluatibdough the means
of a survey with authors of the respected applicationsThe survey ato helped to align the

importance of individual success factors with the classificatioproposed previously and to
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construct a brief structure of Maturity Modelsfor deployment of STESsthis is presented as a

final part of this chapter.

In chapter 6 z Q\pplication on Information Extractond6 OEAO Al 111 x0 ) AAI
results of the previous parts on a particular casstudy, the AQUAsystem for which | 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 closek E O€oncldsion®d AEADPOAO xEAOA ) £
accomplishment of the goalsset, its usability in scientific and business areas and the

possibilities to expand this regarch field further.
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2 Assessingthe 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
IO OEA 1T OAOCAI1T ATiIPBPATUB8O AAEI EOUplidhtions Aridi DA OA 8
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 above all IT solutions, they cannot be

judged in disregard of these global trends.

As all the processes of the I'€nvironment happen in the context of a company they
should reflect the basic business strategy of arfn and support it. The existence of clearly
set objectives aimed by the investments into STHand also other projects) and of metrics
of satisfying these objectives enables the company to use the fubtpntial 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 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 suede

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. eéd$
General Accounting Office, 1998)the fact that the companies do not have any methods in
pi AAA £ O EOACEI ¢ AT A AZE 11T xET ¢ OEA EI PAAO
business. This impact should therefore be measured somehow. For the Semantic

Technologiesthis is a great disadvantage because from the business side of view they are
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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 dhe 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
AT 1 PAT U8

T 8 O£the investments into ITto the expected and achieved improvement in
business and financial indicators

T 81 AGAOOGAO AT A A1 11 an® exgeadlits poSdibiftiosiio O
improving the business processes.

T 80AI Al AAOO iSrptla@oaldEtife inyedtments 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 corporastrategy and the
real goal is to support other processes and their automation, the
OEI Pl EEAEAAOQEIT 1T &£ OOAOOG xI1 OE AT A i

Especially considering the second point the semantic applications need to be
accounted for as the ara develops rapidly and if the benefits of traditional ITsystems are
hard to asses 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 sans of assessment
can be used on semantic applications and further elaborating this theme to unwind the
possibilities of evaluating the Critical Success Factor®n deploying the semantic
applications and then establishinga way of how the maturity of an enterprise for deploying

a semantic application can be judged.

The research connate with this chapter has leeady 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 ITSome of them are clear
and can be handled easily as do for example the financial indicator®thers 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 poioit view of
assets vs. liabilities or incomes vs. losses is not sufficient and considering the STES yet

even less adequate.

It also makes a huge difference whether the project is going to affeitte gait of the
whole company (as do BPRRrojects) 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
IT1Tu AU Oi1T1Aue AT A OEEO EO OEA AAOGA T &£ 1100

Apart from the size of the project (and its impact on the company as a whole) its
nature is also imprtant. 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 STEare 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
CAS8 or consultancy and license fees in case of COYSConsidering solely the financial

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

18 Custom Application Softwarea type of software that is developed either for apecific organization or
function
19 Commercial ofthe-shelfz a software thatis ready-made and available for sale, lease, or license
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assessing the investment in such soft systs needs to be supported by some of the muiti
criteria analysis.

There also is an increasingly popular possibility to run the application through the
means of Application Service Provider (ASPwhich 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 notthe expected case of STEand 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 ifhouse.

Every larger investment in IT(and therefore also in STEpthus 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 analyze@Bokova, 2008)and are

service
quality

I Stakeholder
Value

service
cost

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

1 Better support of business processes

1 Faster delivery of the services to customers
1 Higher quality of service

9 Lover service costs

M Lesser risk

Methods for evaluation of the effectiveness of ITlhvestments can be divided into two

groups:

M Financial

1 Qualitative

Although this distinction seans at first glance very strict in fact, the essencef
gualitative methods of multi-criteria evaluation is a methodology that uses financial
indicators as one of the criteria. Considering the details, no investment is ever evatad
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 tail 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 accountThese criteria can be for example such:

1 Predicative abilit ies z This is the main criteriabut it is not the only one. The
company will always choose a method with highest predicative abilities but
while this is quite geneml it will do so under conditions given bythe other

overall restrictions and costliness of the method.
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1 Financial costs z It is appropriate and often needed to consider the costs of
the evaluation itself relatively to the size of the project where theseosts
should always be diminishingly small.

1 Time costs z Again, the time costs of the assessment should be negligible in
comparison with the deployment of a project. However, as the deployment of
STEsdoes 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.

1 Demand for exact inputs zZ As noted before, the ITinvestments 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 apect is the most often cause of why the traditional financial
criteria are not sufficient for evaluation of IT investments (or STEivestments
in particular).

1 Comparabili ty of the results z 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.

1 Organizational structure strain s zZ Some assessmeninethods require the
cooperation of corporate processes and/or services and that can be
unacceptable especially for smaller companies that do not have a
standardized ITmanagement.

1 Appropriateness of the method for a particular case 7z Some d the
investment projects have qualitiesso specificthat 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 BE projects; this follows in the rest of this sectionAn overview of the overall
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evaluation of individual assessment methods (that make sense for STES) is presented at the
end of section2.4 on Figure 2.2.

2.3 Financial Methods
2.3.1 Net Present Value

The Net Present Value (NPMs currently probably the most popular and appropriate
financial method of assessing an investmer(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

v o~ o 60 .

DLW 00 'O 0Ov p—l Ov
where the variables are:
CF  cash flow in individual years r discount rate
DCF discounted CF IN investment costs

t project lifespan

An indisputable advantage of this method is that it cadescribe and account for any
expectable cash flow and the fact that the result is an absolute monetary value of a project
ET O AAUG O b @dmksdodtdpositiveEthed EhA proje@téa be recommended for
execution.

The biggest problem of NP\Mn this classical form is the manner of estimating the
desired discount rate. For the comparison of multiple alternatives the usuahte of profit in

the industry can be usedMayor, 2002) but not for assessing a single project.

This method is focused on the estimation of the best investment in JTnore than
evaluating the economic benefitsof 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 isirelatively easy to handle and the result can
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be established quickly. Primarily it looks at whether the NP\fs positive or negative - if
negative, the investment option is ignored. If posive, 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 lRP 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 criteriafor choosing the assessment method the NP¥an be

evaluated as such:

Criterion Score Comment

Predicative abilities Mid | With using sufficient inputs the NPVmethod assesses the
absolute financial impact but it cannot consider the non

monetary factors.

Financial costs Low | The calculation is cheap and modest on resources. Howey
in large cases there may be additional expenses (
consultancy and audit services for gathering the requirec

guantitative inputs.

Time costs Low | The time costs again depend on the ease of gathering t
inputs.
Demand for exact inputs High | This method requires an exact monetary enumeration (o

at least esimation) of both gains and costs which can b
problematic with STEs. Also the inaccuracies can b
introduced by the estimation of a discount rate which car

be instable in a long range.

Comparability of results Mid | By providing exact and gooeclass inputs this method
provides absolute monetary results thus it can be used fo
comparison of projects of similar natures. Projects tha
differ in non-monetary aspects cannot be assessed I

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

form of management.

2.3.2 Internal Rate of Return

The Internal Rate of Return (IRRRis 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:

00 006 000 —6 9 OO0
p Y

A great disadvantage of this classical assessment method is the possibility of
equivocations (Brealey, et al., 1998)where the IRRis negaive or has multiple solutions
which can happen in case of investments with noestandard 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 biggst advantage of IRRs 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 criteriafor choosing the assessment method the IRR

stands so:

Criterion Score Comment

Predicative abilities Mid | IRRalso cannot consider the normonetary factors but the
results can support other financial analyses.

Financial costs Low | Calculating IRRIis a dual problem to calculating NP\and
therefore it is exactly as demanding as the latter (from the
corporate, notmathematical point of view)

Time costs Low | Same as of NPV

Demand for exact inputs High | IRRalso requires enumeration of both gains and costs bu
compared to NP\t does not require the discount rate as ar|
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input.

Comparability of results High | This is the main advantage over NPWecause IRRprovides
a relative result that can be compared even amongst ver

different projects.

Org. structure st rain s Low | The determination of NPVdoes not require any explicit

form of management and so does not IRIRO.

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 criteriaThe biggest gap in this assessment mettias
that it ignores all effect of the investments after the payback. The usual formulation of this

indicator is such:

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 te 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 ITproject. 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 questiondle. Thus in the context of IT and especially of STHs
makesOAT OA O1 Al i PAOA OEA PAUAAAE OEIi A xEOE

In the means of the above criteridhe Paybackcan be reckoned so:

Criterion Score Comment

Predicative abilities Low | The Paybackcannot be used neither for financial analysis o
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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 IR&
NPV.

Comparability of results Mid | The results can be comparediery well in case of similar

DOl EAAOO 10 bDPOIEAAOSO Al

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 indicator$ollowed
AU OT1 ArAadaménent. 4t epresses the rate of yearly profit before interest and taxes to

the invested capital:

B 00
——
SUNC
The higher is the Return on Investmenthe more attractive the investmert is. The
2/ )80 1 0i AOEA OAI OA EO OEA OAI AGEOAne RAIGAT OA

often considered a supporting criterionto IRR.

YO 'O

Nonetheless for many large ITprojects the ROImethod cannot be used. The more
complex the project is the more complicated and elaborat¢he estimation of ROl and
especialy its interpretation becomes. Forexample Nucleus Research . ~ = 7~ " fas ¢t
shown that 57% of SAP R/#% customers did not achieve a positive RCibr the first three
years of a project and this is not caused by the applicatiaquality 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://lwww.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 criteri&Olcan be scored in such a manner:

Criterion Score Comment

Predicative abilities Mid | Similarly to IRRthe results of ROlassessment can be use
in following financial analyses and compared to monetary
interest rates but the nonmonetary 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 RCGhe estimated average

yearly profit is a sufficient measure of benefits in contrast
with NPV or IRR.

Comparability of results High | ROl is a relative measue and therefore is ideally

comparable with other projects and financial indicators.

Org. structure strain s Low | ROI can be calculated from basidndexes and does not

imply any requirements on management.

2.3.5 Total Costs of Ownership

With use of Total Costs of Ownership (TQQ@ompanies often express the expenses
on implementation and maintenance of 1S/ITbecause 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 TC@f a large STEroject 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 ee for example:

i The direct costs of hardware / software (price)
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Costs associated with system administration

9 #1 000 AOOI AEAOAA xEOE OOAOO8 OOAET ET C
9 ThecostsoDUOOAI 80 EAI A PAOET AO OEAO AOEOA

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 nd¢ad to objective conclusions

as well z it does not evaluate the benefits. TC©Oan thus be used for comparison of two
projects that are the same in functionality (and e.g. differ byhe provenance as in case of the

usual deciding between the irhouse operation and outsourcing). Either way, TCO is not

TCOin the frame of above proposed set of aspects performs as follows:

Criterion Score Comment

Predicative abilities Low | This method completely neglects the benefits side ¢
projects

Financial costs Low | This method is very cheap if thecompany can determine
the respected prices and costs by itself.

Time costs Low | TCOis the fastest amongst all other methods.

Demand for exact inputs Low | The costs side of investmentan usually be determined
AAGET U AT A AgAAOI U AT A AAD
be set by the current state of similar projects in the
industry. This of course is not applicable on developmen
projects.

Comparability of results Low | The results canbe compared only between project of
similar size and impact that target the same business nee
of the enterprise.

Org. structure strain s Low | The TCOfollows directly from all preliminary analyses of
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projects and does not imply any special requirements ot

management.

2.3.6 Economic Value Added

Economic Value Added (EVAis 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.

Owd 000 6 "
where the variables stand for:

C weighted average cost of capital K capital employed

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

of the reported costs.

EVAcan be understood as an estimation of what the impact of a profit or loss on the
demanded rate of eturn 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 EViA the complexity of its calculation that is tied with a

handful of problems, especially accountingnes related to estimation of operational profit.

The aspects of EVAre:

Criterion Score Comment

Predicative abilities Mid EVAis not a relative indicator, but unlike NPVis a flow
variable and by definition includes the comparison of the

desired return and opportunity costs.

Financial costs Mid | EVAcalculation 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 | EVAhas at least the same&lemandsas NPVand ROl 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

becauseit is possible to relateit to the amount invested.

Org. structure strain s Mid | EVAcalculation requires a certain way of budgeting in ar
organization and also depends on the preferences of

particular group of shareholders.

2.4 Qualitative Methods

Traditional measures of financial performance (RQINPV IRR or Payback are
problematic, because they needboth expensesand especiallygains expressedby money.
This problem maybe solved by multi -criteria (or multidimensional) methods, because they
take into account both dire¢ 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 possiblaot very straightforward ways.

The use of soft metrics is justified by many analyseaccording 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 Raisinghai (Raisinghani, 2001)even argues that three
guarters of all investments in IT do not have anyquantifiable market value. That is why

softer not just financial methods of assessmenteed to be followed.

According to (Merchant, et al., 2007)and (Gammelgard, et al., 2007)he most notable
methods used in Business Process Management (BPMnd Strategic Managementor

assessmentoday are:

1 Activity Based Costing z method of calculating theunit costs of a service or
product through the activities involved in the actual production.
1 Six Sigmaz a method of process management, monitoring, and evaluation

that aims at minimizing process exceptions and failures.

-38 -



Assessing the Investments in IT

1 EFQMz a method by European Foundation for Quality Manageent?! (EFQM)
for evaluation of business processes in comparison with an approved
common Business Excellence Model.

1 Portfolio M anagement z a management method for administering a large
portfolio of IT projects, applications, processes, services and resources

1 Balanced Scorecard z a standardized system of balanced indicators that
enable controlling the strategy realization via breaking the higher gals to
lower levels and mapping the partial targets to metrics.

1 Tableau de Bord z 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 wellestablished approach toBusiness FPocess Management since the
p w Y K&, et al., 1987)hat is based on managerial accountingut the possibility of
assessing an ITinvestment 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 TCtherefore it considers only the costs side of
projects, however the indirect impact on costs is taken into account this time. It is psible

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

As this method neglects other impacts of investments (like theapacity increase or
sales impact) it is also not completely sufficient to assess the Ifivestments as is. It is
however a basic approach and is used as an integral part of other methods (like Six Sigma

or Balanced Scorecarf

21 http://lwww.efgm.org
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2.4.2 Six Sigma

Six Sigm&2 has been originally developed by Motorola as a soft method for
identification and corrections of process errors and exceptionshe basis ofthis method is
the valuation of process parametrs deviations from normal distribution curve. If the
process parameters reach values in a specific area and do not depart more thax
standard deviations then practically no items will fail to meet the specifications andhe
quality of the processoutcomes will be high and stable.

AEEO [ AOET A EO OEOO AAOECI AA O1 1 AAOOOA
process quality. The ideal investment should bring improvements to the process flow and
by broadening the specifications lower the number of exg#ions which is cheaper for the
company. However there are many critics of Six Sigmaas a tool for IT investments
assessment (Hindo, 2007) because in principle it denies those projects that havea
significant impact on current processes structure and favors such projects that support

process rigidity and are inconsistent with innovation.

2.4.3 EFQM

YT  OEA A Anere Werepatbemmt® tO establish criteriafor the formation of a
successful companyKerzner, 2004) and soEuropean Foundition for Quality Management
was established asa non-profit membership foundation to help companies implement the

best practice strategies.

EFQMmodel is focused orthorough evaluaions of the company as a whole in aiggen
structure of 9 high-level areas (Leadership, Politics and Strategy, Resource Management,
Partnership, 0 OT AAOOAOh %i DI T UAAOGG 3AOEOAZAAOQEIT T Oh
Society, and Performance Measurement).

The basic measurement method used iInAQMis benchmarking which enables the
company to compare its projects to those of the industry leader®\ negative side of this

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

22 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 T Portfolio Management

IT portfolio management can be characterized as the application of systematic
approaches to the management aspects of the enterprise [erformance (Jeffery, et al.,
2004). An example of this can be a portfolio of project§l 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 objetively evaluate investment

alternatives.

The original objective of the ITportfolio management was onlythe management of
IT projects portfolios, but over time this method has evolved towards a less dynamic
inclusion of items such as applickon support and maintenance, which also consume a
significant portion of the spendingon IT (Kaplan, 2005). The main obstacle in the mapping
of these expenditures is the fact that IT budgetdo not usually cover themin sufficient
detail and therefore donot allow their effective monitoring. This however does not have a
direct impact on the assessment of STEs 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 Iif 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 servicesire 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 ITportfolio management is nowadays mostly associated with the

forming of these three portfolios:
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1 A portfolio of projects z Management of this portfolio addresses mainly the
particular problems associated with expenditures on deelopment and
innovations in the sense of the potential return on investmerg and
emphasizes the constraints on overlapping areas of investments across
projects.

1 Application portfolio z This portfolio focuses on comparing the costs of
groovy systems with their contributions. This comparison is based on the
level of benefits measuredeither as return on investment, or with other
incorporate factors such as user experience with the system or the
deployment of new technologies.

1 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 managementis trying to minimize the unused

enterprise resources.

The principle of this method lies in the fact tlat 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 assstin the company. In other words, managers evaluate new

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

As with financial portfolio management, also for ITportfolio, there is no best method
for evaluating the effectiveness and risks of its components, but here tleenphasis is on the
measurability of these quantities. The particular method of measurement is left open for

which the above stated financial indicatorsan be used.

Application of this method of managementand 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 criteriaand 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 thamay be subject to
evaluation. As such, it often allows the assessment of IT projects and that is why | included
it in the list of these methods.

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

the selectedcriteria is as follows:

Criterion Score Comment

Predicative abilities High | This method uses the parameters established for eag
investment areas that were chosen with regard to the
specific requirements in the area. Outpig may include
even evaluation of technical parameters of the subjec

matter of the investment.

Financial costs Mid | The portfolio management uses a consistent method (
evaluation and with respect to the large anticipated
number of investments reviewed economies of scaleare
realized. Obtaining the necessary inpw thus needs a

deeper analysis than simple financial techniques.

Time costs Low | IT Portfolio Managementemphasizes the flexibility of the
evaluation of individual investments and uses the stead

process of evaluation.

Demand for exact inputs High | Here the chosen metrics are very important but the actual
evaluation always includes at least some financie

indicators and technical aspects

Comparability of results High | Thanks to the consistency of metrics the results can b

compared mutually very well.

Org. structure strain s High | IT portfolio management requires the management o
applications, projects and resources ina form that yields

considerable demands on the organization structure.
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This view assumes that the companyis already undertaking the ewaluation of the
investment, application, and resource portfolio. Actual implementation of IT Portfolio

Managementconstitutes aseparate investmentin IT management.

2.4.5 Balanced Scorecard

In the nineties on twentieth century Kaplan and Norton developed the balance
scorecard method of assessmentKaplan, et al.,, 1996) Their intention was that the
evaluation of the companyshould not be limited to traditional financial indicators, but
should also include measures otustomer satisfaction, internal pocesses and ability to
innovate and thus he results achieved through implementationof additional criteria

should underpin future financial results.
Kaplan and Norton proposel a three-tier structure on any corporate perspectives:

1 Mission (e.g.to become a peferred supplier to customers)
1 Targets(e.g.to provide austomers with new products)

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

For the BSCto perform well enterprises must transform insights into metrics and
benchmarks to assess the situation anthese 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 evolvel 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 allocatiorof resources and finally

providing feedback and learning aboustrategy.

Different market situations, production strategies industry units and competitive
environments require different BSG according to their mission, strategy, technology and
culture. The basic structure of the BS@wust be tailored to the specific needs of monitoring
and verification functions for use in IT Lately however the IT BSCemerged. According to

work by Van Grembergen, Van Bruggen and Amelinckx(Yan Grembergen, et al., 1997)
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(Van Grembergen, 2000) and (Van Grembergen, et al., 2002) the default IT scorecard
consists of he following four perspectives:

company-wide benefits

)l
1 customer orientation
1 quality of service

)l

orientation to the future

This IT scorecard is obviously different from the corporate BSCbecause it is an
internal service provider scorecardthat addresses the abiliy of IT to support the main
strategic objectives of the companyThe four corporate perspectives the IT scorecard takes

into account are:

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

1 Customers (indicators of customer satisfaton such as order fulfilment time,
etc.)
Internal business processes (process efficiency)

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

There is a relationship between indicators that can be generally described as follows:
the more peoplewill be qualified and more modern technology will be used, the easier and
more efficiently business processes will run around and the better wilthe customerO &
needs be satisfied and competitive advantages realized, which shoulés a result bring
better financial indicators. In this view the financial indicators are the ultimate goal ofa
company, but other perspectives define the potential obnterprise in general. In the same
way one can define a system oBSCfor each department, including the department of IT
From this perspectiveit is needed to look at the financial perspecive as the contribution of

IT to business developmenbf the company.

Corporate strategic objectives can bé&ansformed into the strategic objectives of IT

for example, as shown in the table:

BSCPerspective Strategic objectives in terms of IT

Finance 1 Understanding of the ITcosts place in a common structure of the

corporate business
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The ability to control IT costs
Reducing ITcosts

SLA contracts for services and internal management

Customers Guaranteeing a defined level of service

= =4 =4 -4 =4

Monitoring the relationship between price, service level, anc
guantity for the supplied services
Ensuring functionality of IT infrastructure

User support

Internal business Monitoring productivity and performance of services

processes Effectiveness of internal processes

Skilled workers

Learning and growth Ensuring ITinfrastructure flexibility

= =4 =4 =4 -4 -4 -

Ensuring IT infrastructure changes required by the business
environment
I Formalization and transfer of knowhow in IT

91 Ability to make use of new technologies

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

follows:

Criterion Score Comment

Predicative abilities High | BSCtakes into account all possible aspects of the impact
the investment on the firm and its strategy. Evaluation
using the BSC should thus capturprecisely those aspects
of the investments that are most relevant to business

strategy.

Financial costs High | Development of the BSGs associated with a number of

analytical and consulting services.

Time costs High | This dependson whether there is for a given area alreadya
generally accepted pre-processed structure of BS,

however for STEghere is none

Demand for exact inputs Low | BSCas a framework method takes into account those input

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

Comparability of results

Mid

BSCcomparability of outputs is relatively large, butit is

I EOOAA foht@o réasdfsA Kirst, the evaluatios of two

investments are comparable onlyif their assessmentavere

carried out in the same structue of the BSC, which may ng
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 neexact parts always
depends on not only who is the performer of the
assessment but also for whom the assessment is doi
(especially on the level of management for which the

assessment is drafted).

Org. structure strain s

Mid

BSC requires the development of a cleagt formulated
business strategy and processes mapped (ideallyalso
mapped services) on the level on which the assessment i

being performed.

Specific BSCstructures have been proposed for several popular areas like the

deployment of ERP systems or general-Business and surely once the STESecome

popular in business in the future a common BSC structureill 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 BSG@nethod in evaluation and management of investments

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

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

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

reasonsto this:

1 As an instrument for measuring the BSG too rigid and undanging

1 Using the BSCeads to decreasing the business processes flexibility and

subsequently loss of the ability to respond swiftly to business environment
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1 External incentives for innovation are subdued by BSC
1 BSCdoes not allow open sharing of knowledge and active involvement in
community research

1 BSCsupports bureaucracyin conjunction with a solid organizational structure

All the problems that Voelper mentions (and illustratesby examples from practice)
are associated with strictapplication of static BSCmetrics over a longperiod of time. It
follows that the BSC can be used as a good guide to promote a certdaaision localized in
time, butthe strategic goals should not besubordinated to the possibility to formulate them
well in BSC.

Qu

Since the main purpose of BSEO O AOAI OAOA OEA DOl EAAOD
company fulfill its mission it is the most direct assessment method amongst the soft
metrics. It has been show by KPMG consultantgLow, 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 audt or project assessment and can be underlain by
CSFs

The CSFscan however be used for many dter purposes, being usable as a soft
assessment metric is one of them, buhey can serve also as a base for other frameworks

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

Evaluation Methods Comparison

Assessment Method NPV IRR Payback Rol TCO BEVA Portfolio BSC

Predicative abilities Mid Mid Low Mid Low Mid High  High
FHnancial 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

Figure 2.2 z Comparison of Assessment Methods

- 48 -



Assessing the Investments in IT

focusedon their elaboration.

2.5 Critical Success Factors

The Critical Success Factor¢CSFs) are a welknown 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 Intelligenceetc.) and their use in the software development and
deployment is adopted in the widely accepted and respected approaches as already

discussed in the sectiorl.2 above

The main purpose of CSFis 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 Ky 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 arelements
that are vital for a strategy to be succegsl. Shortly speaking the Critical Success Factors are

a set of objectives that are necessary corains for the company (ora 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

1 Industry CSFs z resulting from specific industry characteristics

1 Strategy CSFsz resulting from the chosen compeitive strategy of the
business

1 Environmental CSFs z resulting from econonic or technological changes

1 Temporal CSFs z resulting from internal organizational needs and changes.

All these CSHields need to be coalesced when establishing a structure of CSFs for a
single project depending on its natureand capture the specific requirements on processes
and resources.! OOAOOET ¢ A bDPOT EAAO OEOI Ocao OKRAAIARG O
company to see whether the project is feasible which, | think, may defeat the arguments for

not deploying the STE$n 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 Universityfor the U.S. Department of Defense
as a tool for objectively assessing the dlily of enterprise processes to perform asoftware

project.

A Maturity Model can be viewed as &et of structured levels tha describe how well
the behavias, 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 understandingvhat is needed to fully use the potential of a process or

project.

The Maturity Models are commonly used to judge he maturity of processes and
express the possible states as maturity levels. In the best practices (sinfaul, et al.,

1994)), there are usually five levels ofexisting) process maturity used:

0. Non-existent z Complete lack ofany recognizable processes. The enterprise
has not even recognized that there is an issue to be addressed.

1. Initial /Ad Hoc z There is evidence that the enterprise has recognized that the
issues exist and need to be addressed. There are, however, no stawiizrd
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 z 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 ee likely.

3. Defined z 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 sphisticated but are the formalization of
existing practices.

4. Managed z 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 ogd practice.
Automation and tools are used in a limited or fragmented way.

5. Optimizing Z 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 proces®s, five Key Performance Areasare evaluated i.e.goals
commitment, ability, measurement andverification. The usage of this approach is nowadays
widely adopted in software development and deployment and used byespected
approaches like the ones of CMMH, IT Infrastructure Library 24, IEEE Computer Socie8p or
COBIT(see2.7 below).

However the original CMMapproach 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
i ATU OOPPIUET C AT OAOPOEOAO 100 OEAwAtoBdOET C
highest level possible the preparedness of customers is really the main obstacle in projeits
deployments and thus in my opinion the CMM in the traditional form is not enough for STE
assessment. In this thesis | propose an approach of how to leverage tinaditional Maturity
Modelsparadigm to an enterprise levekhat enables judging the maturity of a customer; this

is presented later, in sectiorb.6.

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

-51-


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

Assessing the Investments in IT

2.7 COBIT

The Control Objectives for Information and related Technology  (COBIT) is a set
of best practicesfor IT management, created bylSACAS and ITGIR?. First version was
released in1996 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 & already discussed).

COBITprovides managers, auditors, and ITusers with a set of generally accepted
measures, indicators, processesand best practicesto assist them in maximizing the
benefits derived throughthe use of information technologyand developing appropriatelT

Governance and control in a company.

According to COBITthe 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 measuremerdriven methodology. Enterprises need to
measure where trey 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:

1 Maturity models to enable benchmarking and identification of necessary
capability improvements

1 Performance goals and metrics (KPls, basically) for the processes,
demonstrating how processes meet business goals and are used for
measuring internal process performance based orbalanced scorecard
principles.

1 Activity goals for enabling effective process performance

In this notion COBITintegrates most of the approaches mentioned previously in this
chapter and by their use frames the best practices on 34 well defined process#s four

domains: Plan and Organie, Acquire and Implement, Deliver and Support andMonitor and

26 Information Systems Audit and Control Associatiorhttp://www.isaca.org
27|T Governancelnstitute, http://www.itgi.org
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Evaluate The use ofcertain methods however is slightly altered, compared to the

traditional approach; e.g. the usef CMMs is customized.

Maturity modeling for management and control over processeis based on a method
of evaluating the organization, so it can be rated from a maturity level of neexistent (0) to
optimized (5). This approach is derived from the CMMby Software Engineering Institute
described in sectimm 2.6 above Although concepts bthe SEI approach are followedhe
COBITimplementation 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 @ AA OOE AEA A6 8
COBIT, a generic definition is provided for the COBIT maturity scale, which is similar to
#--) AOO ET OAOPOAOAA &I O OEA T AOOOA 1T &£ #/ ") 458
provided from this generic scale foreach of / " ) 4 8 O sses. WBa@VeAtde model, the
scalesare too granular, as that would render the system difficult to useand 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 Iprocesses that an enterprise would
recognize as descriptions of possible current and future states. Theyeanot 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 COBIE O | AOOOEOU 11T AAT Oh OfT 1|
SEI CMMapproach, 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

COBITis highly relevant to this thesis as a methodology that utilizes the traditional
IT assessment methods foformalizing a best practices management approach in a derived
field, namely IT Governance However, it shows the flexibility of the KPIs, BS(&nd thus
also CSFsand CMMs methods that will prove essential in evaluating the preparedness of
enterprises for STEs which is carried on in Chapter5 7 G\ssessingSemantic Technologies

for Enterpriseo 8
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3 Semantic Web and Applications

The Internet and especially its application in the form of World Wide Wekhas
changed over the time the way peopleteract with each otherand with the introduction of
e-Commerce (Chaudhury, et al., 2002)t affected alsothe way the business is condued 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 broaderrange 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 distributinghe 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 thelntroduction, i T OO0 1T £ OE Ais 4ill idtehded Or the A A
human interaction; even Web content that is generated automatically from databases
usually presented without the original structural information. This is the basic point that is
addressed for a change in the vision of Semantic Wéh(Berners-Lee, et al., 2001) The
Semantic Web aims tadefining ways to allow Web information to be used by computers for
interoperability and integration between systems and applicationsby 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 Webin a way the computers
can read and process it new standards and languages were developed, including the well
known Resource Description FramewonfRDF (Miller, et al., 2004)) and the OWL2 Web
OntologyLanguage(OWL 2 (Hitzler, et al., 2009). The descriptive information provided by
such languages allowslenoting 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 applicationsthat make use of similar
technologies and thereforez thanks to the use of standardized knowledge structureg
enablethe standardized interoperation of the processed informatiorare an integral part of

the whole Senantic Webvision and are oftendenoted asSemantic Applications

The cornerstone of these semantic systems are ontologiesas a formal support for
communication and exchange of knowledgerepresentations. @ntologyd A O AvasOA OI
formed from the Greekiy, genitive 4 z g of beingand -} v r Zesgience, study, theoryand
originates in the field of philosophy.In this context it is denoted as (definition from

Encyclopaedia Britannic&s):

@an a priori discipline that colhk OAOAAT OEA AOGOAT AAOG 1T &£ O
metaphysicss called in modern philosophy @ £ O Al 61 Hdedhairdst€dWith special
OOACEITTAI 11011 1npbded nfonatue)d mdEhemadd, md& Aulture, and
OAT EGQEI T 8

The traditional goal of ontological inquiry in paticular is to discover those
fundamental categoriehh 1T O EET AOh EIT ObjectsfallHnitte fisioRartificialO1 A6 O
intelligence the researchers hae recognized that capturing knowledge is in fact similar to
creating new ontologies as computational models that enable certain kinds of automated
reasoning.Today the termontology 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 ontologyn the sense of computer sciencetlfat
will be used exclusivdy through the rest of this work unlessnoted 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 200&6taab,
et al., 2004)and is such:

ntologyis an eplicit and formal specification of asharedconceptualizationd

28 http://www.britannica.com , an Englishlanguage encyclopdia published by Eryclopeedia Britannica, Inc.,
that is commonly regarded asthe most scholarly of encyclopdias.

-55-


http://www.britannica.com/

Semantic Web and Applications

Generally it can be said that arontology 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 theonsidereddomain.

The relation between concepts often includes the hierarghof classes. The hierarchy
specifies the fact that a clas€is a subclass of another clasé @ every object of the clasCis
at the same time an object of the clags.oThis kind of relationship is called a generalization

Z specialization relationship.

Apart from the hierarchical relation of classes the ontologiesan contain other

knowledge like:

1 Class properties (i.e. relations between classes other than generalization
specialization or datatype attributes)
1 Restrictions on values of properties (either relational or date-type)
1 Disjoint classes(no object can be member of both)
1 Restriction on object relation cardinality
1 Other various axioms
From the point of view of semantic applications the ontologieenable sharirg 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-basedcommunication reduces or ideally eliminates the terminological and

conceptual confusion by the definition and sharing of a formalized understandin@he most

Ei b1 OOAT O OiI1 A OEA 110111 CEAO bbofhGuppoit theDT AAUGS

communication, coordination and cooperation of human actorsand offer unambiguous

definitions of values passed througlsoftware systems.

In an ideal case thisformalized understanding of concepts, i.e. the ontologyin a
software system is separatedrom 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 Consortiygther 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 knethwow) is a basic
presumption for the feasibility of Semantic Webitself and is needed for maintaining the
robustness and integrity of knowledge models amongst syems and the interoperability o

information processed.

In reality many of the ontologiesused 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 structureis something that the
non-semantic applicatiors can never achieveTherefore there is one usecasethe semantic
applications areby my opinion predetermined to succeed indata and system integration .

Of course the state of the art useases are much richer, to name at least sométhem:

1 Knowledge management z The flexible and extensilte nature of ontologies
allows constructing knowledge managementsystems that do not presume an
apriori known structure of recorded knowledge.

1 Electronic Data Interchange z 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 thetransformation of data in such
systems is simpler than in case of any other heterogeneous systems.

1 Unstructured information processing Z Systems for processing the
unstructured information (such as information extraction sysems) can
benefit from the flexibility of data structure the ontology standards allow and
OEAOAZEI OA OOI OET ¢ OEA AGOOAAOAA ET £ OI A
Moreover the knowledge structure can serve as an input for the extractio
process.

1 B2Celectronic commerce z The ontologystandards 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 additionalrelations 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 eventdriven marketing.

1 Personal agents z There are some use cases still fictions z that emerged
along with the original vision of Semantic Webthat expect the future
existence of autonomous and proactive parts of code callesbftware agents
that process the requests and queries of the users by collecting information

from available Webresources and interacting with other agents. These agents

should be in theory able to compare information depending on thd OA OO &

preferences do some decision of its relevance and pass the desired answer or

result back to the user.

Of course, many of the useasescan be run without the use of semantic technologies,
the use of standardized data and knowldge formats and structures can ease their
deployment when used appropriately. Therefore the "additional semantic step" the
OOAAEOQEITAI 1 AET OOOAAI APDPI EAAOCEIT O 1T AAA
OEA AEAOI 6 h AAAAD @l abddainstréad and Us® themGad vhatEnéyEate

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 ontologyis, 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 nouniversally accepted definition of what precisely a Sweantic
Application is. There of course areproprietary 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 Webenvironment | chose for the purpose of this work a more general definition from
(Staab, et al., 2004)
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Q\ny application that storeslata separately from the meaning and content files, and in
the same time does not have the meaning havded into the application code, can be called

semantic application 8 6

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 usuallpresentedin a structure resembling a
Ol AU A O AaAmetAphdE ittoduced by Tim BernersLee 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 approachhat eases achieving the consensus on small steps of standards
developmentyet the details were reviewed over and ovein the following years. Finally in
2006 a recommended structuré® of the layers was fixed by W3 Consortiunbut this still is a
subject of criticism, e.g.by James Hendle{Hendler, 2009), coauthor of the very same
original article. So trere still exist many components that are not included in the
recommended version of the diagram. Ofigure 3.1 there is oneof the most complete and

illustrative versions of these layers availablé®.

In building one layer of the Semantic Welon top of another, these two principles

need to be maintained:

1 Downward compatibility 7z systems that are processing information on
higher levels of the schemeshould 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.

1 Upward partial understanding z 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 partigll

29 Available athttp://www.w3.0rg/2007/Talks/0130 -sb-W3CTechSemWeb/layerCaldkepng
30 Released under the Creative Commons License by Benjamin Nowack in 2009, available at
http://bnode.org/media/2009/07/08/semantic_web
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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 weblayered structure; together they allow referencing,

accessing and transferringhe resources and information about them.

Uniform Resource Identifier (UR) 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 addressedsource by
the use of some particular internet protocol. The Hyper Text Transfer ProtocgHTTP) is a
preferred choice in case of the Welnd thus of the Semantic Wels well. The idea of using

URIs for the identification of all resources is quite substantial because it provides an

The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

Querying allows fine-grained data access

Standardized information exchange is key

Formats are necessary, but not too important
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Figure 3.1 - The Semantic Technology Stack
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identification of every resource that in ideal case is unique in the whole world which
reduces or eliminates the emergence of homonymous conceptBhe URIs should also be

persistent to ensure further robustness and disambiguity of the referenced resources.

The Unicodeis a standard of consistent representation and handling of text and it
encompasses most of the existing writing system$Vhile the preferred way of recording the
higher level semantic languages is XMand XML is a sophisticated textual format, Unicode
serves asa mean for encodiy all the necessary formalization of information and

knowledge.

3.2.2 XMLand 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 userdefined vocabulary but does not allow

denoting any semantic restrictions of the meanin@f these documents.

XML Schema (XML Schema Working Group, 2004¢xpressshared vocabularies and
thus describethe type of a XML documentfThe XML Schema is typically expressed in a form

of further restrictions and constraints on the particular type of XML documentsXML

XML data structu re example

<?xml version="1.0"?>
<xs:schemaxminsxxs="http://www.w3.0rg/2001/XMLSchema">

<e:entity name="e:A" xmIns.e="http://example.com#'>
<epropertyXtype="xssstring">
valuel
</e:propertyx>
<e:propertyY>
<eentity name="e:B">
<e:propertyXtype="xsstring">
value2
</e:propertyx>
</eentity>
</e:propertyY>
</eentity>

</xs:schema>

Figure 3.2 z XML data structure example
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Schemas allowdefining a normative dictionary of elements used in the document, imposing
restrictions on the values the attributes of elements can have and furthermore introducing

the datatypes of values

A brief example of a data structure denoted in XMformat is shown on Figure 3.2.
This example also illustrates how the identification of etities can make use of the URIs and
how the XML Schemaan be incorporated with tse of namespacedn this example there is

a data entity A that has a property and incorporates a relation to an entitys.

3.2.3 RDF

Even though RDKResourceDescription Framework) is often called a language, it is
in fact adata model whose specificationsare another recommendation of W3 Consortium
and can be found in(Miller, et al., 2004) The basic building blocls of this model are triples

of subjectpredicate-object that are referred to asstatements

Onecan look at the first member of the RDFriple, the subject as a thing or concept
that is being told something about in the statement, i.e. is the subject of the statememhe
subject is considered to be a resource (as every concept does) aa&l every resource it is

specified bya unique and unequivocalURI

The predicatesin the context of RDFstatements denote the properties or attributes
that are being stated about the subjects’he properties in RDF are also considered a special
kind of resource and therefore they are denoted by a unique and unequivocal U&d well.
The role of properties is to describe relations between other resourcesr to some datatype

values.

The third part of the RDFstatement, the object denotes a value of theespective

property. The object can occur in two forms:

1 A resource denoted by an URt in this case the property describes a relation
between two concepts (or objects) and is called apbject property.
1 Aliteral - a literal is a primitive value, in the specifications understood as a

string of characters.In this case the poperty is called adatatype property.

There are three ways the RDEontent can be formalized.
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Firstly the RDFcan be written in form of raw statement triples3?. 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 predicateP relates the objectx to the objecty. In fact, pure
RDF offers only binary predicatse and therefore a list of such triples is a fulfeatured RDF
document.Example of such RDF notation is shown dfigure 3.3 (in a widely usedN-Triples
format) where objects A and B are defined, both having a propertyX with an additional

relation Y between them (with Abeing related toB).

Secondly a graphical representation can be used to visualize a RbBéntent. 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 casthe lines are
directed from the resource (subject) to the value (object)This king of graph is knownas 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 we small snippets of a knowledge
base.This is clearly visible onFigure 3.4 where the same knowledge base from previous

example is shown.

Thirdly there is the XMLnotation of RDF(RDF Working Group, 2004) which isthe
most used one in praxisThe main advantage of thisiotation is the machine readability and
the flexibility in the sense of interoperating the record with the higher layers of Semantic
Web.

The XMLsyntax of RDFuses 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 humari$ie XML notation of

the knowledge base from previous examples is shown dfigure 3.5 where the equivoality

31 There a several possibilities of setting the syntax of writing down the raw RDFiples. Currently the most
notorious are

Notation 3 (http://www.w3.org/Designissues/Notation3),

N-Triples (http://www.w3.org/TR/rdf -testcases/#ntripleg,

or the new simpleTerse RDF Triple Languadeom 2008, Turtle (http://www.w3.0rg/TeamSubmission/turtle)
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RDF triples example

<http://example.com#A> <http://example.com#propertyX> "valuel".
<http://example.com#A> <http://example.com#propertyY> <http://example.com#B> .
<http://example.com#B> <http://example.com#propertyX> "value2".

Figure 3.3 7 RDFtriples examplein N-Triplesformat

RDF gaph example

http:// example.com¥#property X N

http:// exam;ilmy > valuel

http:// example.com#propertyY

v

‘\ http:// example.con¥propertyX

http:/ / examplecom#B

value2

Figure 3.4 z RDFgraph example

RDF XML notation example

<ml version="1.0"?>
<rdf:RDF
xminsrdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins.e="http://example.com#">
<rdf:Description rdf:about="http://example.com#A'>
<e:propertyX>valuel</epropertyX>
<e:propertyY rdf:resource="http://example.com#B" />
</rdf:Description>
<rdf:Description rdf:about="http://example.com#B'>
<e:propertyX>value2</e:propertyx>
</rdf:Description>
</rdf:RDF>

Figure 3.5 z RDFXML notation example

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.
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Apart from the human readability the RDFhas many other drawbacksAs already
mentioned, RDF supports creating only binary prediates 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 modé

Another huge problem of RDFs the absence of data types. RDF in itself does not
O00DPDPiI OO0 OEA AAEET EOEI T 1 A this pugpdde Aé @didgendy 60 A
XML Schemes is often used. Nonetheless this is not an adequate solution for afeditured

resource description framework.

Moreover, statements of quite diférent nature can be formed in RDFWhilst the
properties are considered a unique kind of resources themselvesthey can stand in
statements not only as predicates but also in the position of subject or objetm. this way it
is possible to create statements about the properties. Similarly it is possible to create also

statements about the statements, this mechanisiis calledreification.

An undisputable advantage of RDFks that it has arelatively unlimited ability to
express any facts on top of which the further layers can be buileeily. 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 RDFSchema

RDF, as noted, is a universal language used for fornmdtion of data models that
allows users to describe resources and their relations by the use of some paefined
vocabulary. RDF in itself does not make any assumptions about the described domain and
even does not define any semantics of any particular dmin. 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 XM&chema are to XMLThe thorough definition of this
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layer can be found a{RDF Schema Working Group, 2004yhich is also a recommendation

of W3 Consortium

How does then the RDFSchema help in a description of a particular domainPhe
main advantage it brings above the plain RDF is that apart from describing the individual
objects it allows the descriptions ofclassesthat define the types of objects. Individual
existing objects are in this view considered to be the instances ofaslses A great benefit of
introducing the concept of classes is the ability to restrict what can and cannot be contained
in the RDF statementsabout instances of these classes by the further use of RDF Scheim
the programming languages the restrictionsare most commonly in form of typing, for
which the types of variables are designed. In the formalization of domain ontologigke
need is similar and so RDFSallows 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 RDF&troduces a possible hierarchical
relationship between the concepts callednheritance. Formally the inheritance in RDFS has
the same meaning as it does in other commarbject approaches and mulple inheritance is
allowed here (which can be of coursebe a source of inconsistencies in modelsPverall the
inheritance between classes means that those classes are in a generalizatign

specialization relationship as noted insection 3.1 alove.

The introduction of inheritance in this kind of data models has one interesting
implication: while the properties in RDFare considered a special kind of resources and on
the level of resources the classes are introduced,is also possible to set up aimheritance
of properties. Therefore apart from the fact hat a class can be a subclass of another class
also a property can be a subproperty of another propertyhich can have its significance.
Generally this behaviorcan be expressedo: a propertyPis a subproperty ofQif and only if

it is true that P(x, y)X Q(X, y)

The above noted traits of RDF8an be denoted in RDFor which the XMLnotation is

used.From the RDF point of view RDFS defines a set of classes and propertied can be
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used and refined in a particular RDF documenfpart from that the fundamental classes
(such as class of classes or class of properties) and fundamental properties (such as
DOl PAOOGEAO 001 AA A OOGAAI AOO 1 Adcorhplate B3O A A
these elements is described in the RDFS specificatilRDF Schema Working Group, 2004)

A simple RDFSsample is shown onFigure 3.6 as a followup of the previous
examples. Here it is demonstrated how the clagntity can be defined and objecf set as its
instance along with the definition of the propertyY with entity instances both as a domain

and range.

The principal benefit of RDFSs that it brings a certain yet limited form of semantic
structure to the documents. In comparison with RDRhat is merely a datamodel RDFS can

be considered a kind of an ontological language.

3.2.5 OWL

The expressivity of RDFand RDFSare limited to a certain point. RDF is restricted to

RDFSexample

<?2ml version="1.0"2>

<rdf:RDF
xminsrrdf="http://www.w3.0rg/1999/02/ 22-rdf-syntax-ns#"
xminsrrdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins="http://example.com#">

<rdf:Description rdf:about="entity">
<rdf:type rdf:resource="http://www.w3.0rg/2000/01/rdf-schema#Class'/>
<rdfs:subClassOf rdf:resource="http://example.com#concept"/>
</rdf:Description>

<rdf:Property rdf:about="propertyY"
rdfsdomain="#entity"
rdfsrange="#entity"/>

<rdf:Description rdf:about="A">
<rdf:type rdf:resource="entity"/>
<propertyY rdf:resource="B" />

</rdf:Description>

<7rdf:RDF>

Figure 3.6 z RDFSexample

-67 -



Semantic Web and Applications

binary predicates and RDFS to classes, propertiesnd their hierarchy and domain and

range definitions.

Web Ontology Working Group that is part of W3 Consortium activities tied with
Semantic Webhas identified a handful of cases where a proper ontology language would
require a lot more expressiveness than RDEnd RDFScan 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

= =4 =4 4 -4

Sufficient expressiveness

The importance of a welldefined syntax is clear and is known from numerous other
programming and markup languages whilst it is a necessary condition for the formalized
information being procesed by machines.RDFand RDFSlo have a welldefined syntax in
this sensehowever 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 interfdée

The requirement of formal semantics is needed basically for enabling the exact and
unequivocal description of any domairwhich means that the semantics cannot reference in

any way the individual intuition nor can it be interpreted ambiguously.

The existence 6 formal semantics is a presupposition for any possible support of
reasoning over the formalized knowledgeThe 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

consideredfor creation of larger ontologies

RDFand RDFSsupport the formalization of only some of tle ontological knowledge.

These are some exemplar cases where the possibilities of RDF and RDFS are not sufficient:

32 Most notorious example ofontology editing GUI tool is Protégéhttp://protege.stanford.edu/
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values a property can pick up throughout the whole domainone cannot
however restrict the values a property can have in context of a particular
class.

1 Disjunction of classesg RDFScannot express a situation where instances of
two classes are disparate and therefore the classes disjoint.

1 Boolean combinations of classes RDFSdoes not allow formulating a class as
a union, intersection or a complement of other classes.

1 Cardinality restrictions z restriction of number of values a property can have
is also not possible using solely RD&nd RDFS

1 Special property characteristicsz RDFSdoes not contain the means for
fomalizAOET 1T 1T &£ OT 1 A OPAAEAI DOIi DAOOEAOGS
several properties, uniqueness in domain or specification of inverse

properties.

These requirements and insufficiencies of RDABad to a need of creating a higher
and richer ontology language Historically a few languages were constructed to satisfy this
need, for example Ol and DAML-ONT34 that emerged independently and DAMIOIL35
that was formed by their merger. Later, the DAMLOIL was used by a delegated W3
Consortiumworking group as a ground for further researchin the aim of creating a unified
ontology language of the Semantic Weénd in a few years WelDntology Language (OWL
was presented(Web Ontology Working Group, 2004)Of coursethe 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 RDRhe XMLbased syntax of RDF is used for their notation for

the ease of machine processing.

33 Ontology Inference Layerz developed in 2001 as a part of the IST OntoKnowledge project, published in
http://www.cs.man.ac.uk/~horrocks/Publications/download/2001/IEEEISO1.pdf

34 The DARPA Agent Markup Languagedeveloped in a project ofThe US Defense Advanced Resehrc
Projects Agency published inhttp://www.daml.org/2000/10/daml -ont.html

35 Developed by Lucent Technologies and submitted to W3 Consortiymescription available at
http://www.w3.org/TR/daml+oil -reference
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In an ideal case the unified ontologyanguage should be a backwards compatible
extension of RDFand RDF&nd also should support all the above listed requirement$Sadly
all the ontology languages have aanfavorable peculiarity: the greater the expressiveness
of formalization is the lesser are the possibilities of reasoning over a particular domain.
That is why the original OWLwas proposed in three versions, each with a differentarget

application:

1 OWLFull z This is a complete version of the language that enables to use all
the features along with combining hem with the components of RDFand
RDFS The biggest advantage of this version is its full compatibility, bbt
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.

1 OWLDL z For the purpose of achievingcomputational effectivenessthe DL
OAOOETT j AT AAAOAOCERHEAGQ 14 IOBAOCADEDDBOI
version of the language is restrictedn 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 fulfillthe
prerequisites of description logic. There are of course other restrictions too
whose effect is that the resulting language suppost automated logical
reasoning. However, due to these restrictions OWL DL is not compatible with
RDFSany more.

1 OWLLIite z This version restricts OWL DL further. For example constructs like
the denotation of disjoint classes or properties cardinality areomitted. Main
advantage of OWL Lite is the simplicity; main disadvantage of course is its

limitedness.

The current OWL2 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

=4 =/ 4 A4 -4 -2

enhanced annotation capabilities

There are also some slight changes to the versions of the language; especially the
restrictions of OWLDL have been relaxed to a point so that the compatibility with RDFR#d
description logic reasonershas besn improved. Moreover, three completely new profiles

(or syntactic subsets as is the former OWL Litegf OWL have been introduced:

1 OWL2EL z This subset is designed to be particuldy useful in applications
using ontologieswith 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 tira@d the
implementations are therefore highly scalableat the cost of that the reasoning
logic is limited and supports only existential quantification (therefore the
AAOT T UI O%, 6(Q8

1 OWL2 QL z This profile is targeted at applicatiors 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 queies which can be implemented using
conventional relational database systems (usually based ostandards like
sQnn OEA AAOITTUI 01,6 EO OOAA & O OEEO
standard relational Query Langageg. The expressiveness is highly limited
but as a gain the queries can be evaluated with logarithmic complexity.

1 OWL2RL z The third language subset is aimed at systems that rage
scalable reasoning without losing too much expressivenes3he reasoning
system in this case can be implemented with use of ruleased reasoning
enginesand the reasoning setting written in a standard Rule Languagé&énce
OEA AAOIT 1A $ubs& B reasGning problems can be solved also in
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OWL example

<?xml version="1.0"?>

<rdf:RDF
xminsrdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xminsrrdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins.owl ="http//www.w3.0rg/2002/07/owl#"
xmins="http://example.com#">

<owl:Qass rdf:ID="entity">
<rdfs:subClassOf rdf:resource="http://example.com#concept"/>
</rdf:Description>

<entity rdf:ID="A">
<propertyY rdf:resource="#B" />
</entity>

</rdf:RDF>

Figure 3.7 z OWLexample

polynomial time, however not & full scale of the OWL 2 EL possibilities which

Is balanced by the increased expressive power.

All these profiles and original OWLdialects are designed to offer a possibility to
balance the expressiveness wh the reasoning capabilities or time effectivenessAll of the
profiles however are the same in that they are primarily part of the OWL (2) standartbr
the formalization of ontologies and the OWL documents in all forms can contaiclasses,
properties, individuals and data values OWL ontologies themselves are primarily
exchanged as RDEocuments and can be closely interoperated with other custom data
writt en in RDF A simple example of this interoperation is shown orFigure 3.7 where it is
visible that apart from allowing many more feature the OWL syntax can be simpléhan the
sole RDFS

The OWLfamily 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 stateof-the-art language for the Semantic WeBpplications.
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3.2.6 SPARQL

As noted, a@cuments in RDFcan be represented as directedrad labeled graphs as
well as those in RDF&nd OWLdue to the backwards compatibility of these higher layers.
Even thaugh the RDF data are most often stored and communicated in the Xkikhtation the
usual XML querying languages (such as XP&thor XQuery¥’) are not sufficient for
retrieving the considerable parts of RDF data because the XML lies on a lower layer of
abstraction. This means that me 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 RBifises.In the
past several query languages (e.g. R&LRDQES, N3QI4%, SeRQ# and many others) have
been developed for this purpose until finally in 2008 SPARQErotocol and RDF Query
Language (which actually is a recursive acronym for SPARQL) was published by W3
Consortiumas a recommendatiorin (RDF Data Access Wking Group, 2008)

SPARQEO | AET DPOOPT OA EO O1 Alli1x OEA OOGAOO
across diverse data sources, whether the data is stored natiyehs RDFor viewed as RDF
via middleware. The specification contains both a query language syntax and a protocol for
distributing the query to multiple SPARQL endpoints, coputing it distributedly, and

gathering the results @ procedure known adederated query.

Although it is possible to execute SPARQyueries on OWLdatabases, a a query
language, SPARQL is "datiented" in that it only queries the information held in the
models (available in RDF; there is no inference in the query language itseddind the OWL
reasoning is to be left on a separate enginEven though the SPARQL is a sophisticated and

complex language idoesnot do anything other than takingthe description of what the user

36 W3 Consortiumrecommendation from 1999, and from 2007 in version 2.0, description available at
http://www.w3.org/TR/xpath20/

37 W3 Consortiumrecommendation from 2007, description available ahttp://www.w3.org/TR/xquery/
38 http://www2002.0rg/CDROM/refereed/329/

39 http://lwww.w3.0rg/Submission/RDQL/

40 http://lwww.w3.org/Des ignlssues/N3QL.html

41 http://lwww.openrdf.org/doc/sesame/users/ch06.html
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SPARQL example

PREAX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFAX e: <http://example.com#>
SH ECT DISTINCT 2propertyX
WHERE{
X rdftype eentity .
X e:propertyX PpropertyX
}
ORDERBY ?propertyX

Figure 3.8 z SPARQlexample

(or application) wants, in the form of a query, and reirning that information in the form of

a set of bindings or an RDF graph.

The basic querying in SPARQtonsists of formulatinga set of triple patterns called a
basic graph pattern A basic graph pattern matches a subgraph of the RDfata and the
terms in that subgraph may be substituted for the variablesThe result isan RDF graph
equivalent to the subgraphthat matches the query which may refer tosingle 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 querlanguages like
SQUE2. A simple example of a SPARQL query is shown Bigure 3.8 where it picks up on the

previous examples andselects values of propertyXfrom all entitiesin the knowledge base.

3.2.7 Logic, Proof, Trust and Application s

The higher layers of the Semantic Wektack 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 OWLRDFand RDF$

The logic layer is used to enhance the ontologjanguage furher 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 thentology language theyhave a direct

impact on the formulation and standardization of the lower layers.Some of the most

421992 ANSI standard for querying relational databases, published &S 9075 ISO/IEC 9075:1992

-74 -



Semantic Web and Applications

common tasks that can be performed in context of the logic layer over the knowledge base
include checking ontology consistency, satisfiality of concepts, concept subsumption,
checking of instances or conjunctive query answeringdt is because of these use cases of the
logic layer the Semantic Applicatios are considered something diffeent from the

traditional software.

The proof layer involves the actual deductive process as well as the representation of
proofs in Weblanguages from the lower layers and proof validationAnd 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, agentsertification authorities,
consumer bodies or on general rating.This is why most of the Semantic Weblayers
diagrams (including Figure 3.1) include a specialsecurity / encryptionlayer. Sometimes the
OAOI O7 AA# lisAsed © diéate 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 z Applications Beng located at the top of the pyramid or supporting many layers all
the way to the top, the applications are a crucial concept; the Wetill only achieve its full
potential when the users have means to apply the great benefitd the lower supporting

layers to the reatworld businessor 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 ternmLinked Data“ refers to a set of best practices for
exporting, publishing, sharing and connecing 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 withimitless assertion possible. The latest progress in this area

is discussed for example irfBizer, et al., 2009)

43 Described in the catext of PGP encryption approaches, for example hitp://www.wim.uni -
koeln.de/uploads/media/The_PGP_Trust_Model.pdf
44 Described more closely at a dedicated portdittp://linkeddata.org
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Unlike the traditional web of hypertext, for data thelinks between arbitrary things
are described by RDFand referenced by URIsThe URIs identify any kind of object or

conceptbut for the growth of the web of Linked [ata some expectation need to be met:

1 For the naming of concepts the URIs are used

1 URIs dereferenceable by HTTRare used exclusively to enable pedp to
lookup things and the machines to fetch additional resources

T On the location referred by URIla useful information is provided using
standards (OWL RDR8

1 Descriptions of concepts link to otheisources to provide broader context

Following these simpleprinciples can help the Semantic Welvision carry through
the simple yet powerful pointz the common context of data and shared knowledgén fact

the Linked Datais viewed commonly as an integal part of Semantic Web

However, linking the data together does not say anything about tireaccessibility
and in fact many of the data are not meant to be public. Therefore sharing the knowledge
and the data context on a cqorate level is outweighed by the risk of implied sharing of

know-how.

On the other hand there is an initiativeand a group projectsupported by W3
Consortium Semantic WebEducation and Outreach Interest Gnop#> called Linking Open
Data®. The aim of this project is toextend the Webwith data commons by publishing
various open data sets as RD&#ocuments 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 operdata sets that are shown orFigure
3.947,

These interlinked dataare open notonly in the sense of their accessibility that is not
burdened with patents and copyrights but alson that they enable the navigationfrom a
data item within one data source to related datéems within other sources. This additional

data can be accessed by the Semantic Wetowsers or crawlers of Semantic Welsearch

45 http://lesw.w3.org/SweolG
46 http://lesw.w3.0rg/SweolG/TaskForces/CommunityProjects/LinkingOpenData
47 The scheme is released ohttp://richard.cyganiak.de/2007/10/lod/ under Creative Commons License 3.0
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Figure 3.9 - Data sets included in Linking Open Datproject as of the begining of 2010

engines and the results come out in the form of standard RD&+ OWL documents and
therefore can be used within any semantic application. In my opinion this is the true power

of Semantic Web.
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4 Classification Model for Semantic Applications

As alreadydiscussedin the Introduction, while the Semantic Wehis becoming more
and more popular, the semantic technologies are being utilized in broader and broader
areas.As the semantic technologies are beeing more wide-spread it is more difficult or
even impossible to assess and evaluate them in general. In this chapter | describe my
approach on how to deal with a widening range of Semantic Application®arts of this

approach havealready been presented in(Nekvasil, et al., 2009)

4.1 Motivation for Classification

This broad cover of semantic (also known as knowledgeased) technologies is not
caused by their omnipotence but on the contrary by the fact thathere is no generally
accepted definition of what a semantic application is and what it is not. This has alia
been mentioned in section3.1.2 aboveand for the purpose of this work a definitionhas
been selectedfrom (Staab, et al., 2004)hccording 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 ontologlanguages (such as RDARDF$S OWL, etc.) and
rule-based systems. Therefore the concept of semtic technologies (or semantic web

technologies) is far from being exclusive to the Web environment nowadays.

The W3CSemantic WebEducation and Outreach (SWE®) Interest Group collects
and publishes case studies of existing applications and potential use cases that take
advantage of semantic technologies in praxigSemantic Web Educationand 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 linted (by the time of assessing the lisit
consisted of 27 case studies and 13 use casbst it is still growing over the time). To obtain
a list of case studies as large as possible | included also the AQpraject that | had

opportunity to partake in personally and that is described in detail in sectios.1 below.

48 http://lwww.w3.0rg/2001/sw/  sweo/
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Of course, for a semantic application to be feadéin 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 dfficult not to say impossible. It is caused by the fact that
the main advantages of such systems are of nononetary 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 lossmaking.

However, asalready mentioned, the notion of semantic application is very diverse
from project to project, hence the conditions ofeasibility and potential profitability cannot
be set generally (yet, some overviewfave also been published, se€Sauermann, 2008)
but it is necessary to identify somecategoriesof semanticapplicationsin 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 wk 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 ait the applications have
been categorized. On this level of abstraction it will much more suitable testablish 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 usekthe 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 thecategorization of knowledgebased applications isnecessarily
a multidimensional problem. The particular dimensions (i.e. categorization criterip

however haveyet to be identified. Thishas already beeraccomplishedby the preliminary
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analysis of the mentioned case studies published by the W38WEOinterest group
(Semantic Web Education and Outreach Intest Group, 2010) i.e.working through them in
detail. Thanks tocomparison of the individual cases the following aspects of differentiation
of the semantic applications emergedn my opinion the results are credible because of the
fact that the SWEOcatalogue gathers together cases that represent more than single

software a distinctive kind of applications.

As the set of available case studies is limited (4dere available for this and late
analyses)the list of criteria cannot be too extensive because digging into deep details would
not be beneficial as the classificationwould be overfitting. Eight high-level criteria were
identified and these can be divided into two significant groups: semantiespecific 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 exséd

for nearly any existing application.

4.2.1 Classification data provenance

The method of identifying the classificationdimensions and then ewluating 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 sessiong® on which we were focused on the differences between individual

semantic application casesnd producing as many distinction factors as possible.

Afterwards | checked this rather chaotic list against the real cases in SWE@talogue
and stripped it down to the most notable dimension and organized them in the two groups
of four criteria. The number of classificatiorcriteria had to be reasonably small for this size
of casestudies dataset for the following analyses not to ovetfit th e classification structure.

This organized list of criteria was then again reviewed and approved by the fellow expert

2981 O OEEO ) EAOA UAO ACAET OEATE O1 61 EORam&zal3 OUOAER 411
JanZemanek and Ota Novotny. Without them achieving similar results would be much tougher and the results
much less credible.
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Then considering the classificationof 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 | decided to make the classification as
straightforward as possible, binarized the individual criteriavalues and evaluated all the
cases by myselfThis way the resulting values contan 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@he charts display the relative
frequencies of the distinct values of individual criteria. Note that thevalues are mostly not
disjoint, the observations can occur simultaneouslyand therefore the relative frequencies

do not sum up to 100%.

4.2.2 Semantics-specific Criteria

First set of the criteriaare 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 apjation 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 semanticsspecific criteria are the following:

71 Information sources Zz The semantic character of considered applications
directly implies that at least one knowledge model (ontologyor taxonomy)
has to be used. Some applications also use other knowledge modefseven
expect a variable knowledge base. Apart from that the applications can of
course usealsoother data of various kinds. Knowledgebased 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 onFigure 4.1.
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1 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 thedata are created excluwely for the

semantic systemthe cases where this is done manually, automatically from

Information Sources
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uses structured knowledge uses structured data uses unstructured data

Figure 4.1 z "Information sources" classificationdimension relative frequencies
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data arise elsewhere data are created data are created manually
automatically

Figure 4.2 - "Data Source Provenance" classificatiodimension 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 frequemies of
the individual values are show orFigure 4.2.

1 Accuracy of inputs and outputs . Considering the semantic applications
different approaches of transforming inpus to outputs occur throughout the
example case studiesHere 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 amt 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.

1 Subject of operation . From the analysis of case studidsmanaged 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 datawhere the system integration is the
grand pursue of many projecty. From these, several other activities which
support the main purpose of the applicationcan be derived for example, they
are enabling better searching capahties (indexing + integration),
heterogeneous database browsing and navigation in the domain (integration
+ indexation), recommending new relations among entities gpplied
OAAOITTETCcq AT A AllTiTxeEIT ¢ OEA AAADOAAEIE
structures (data integration). The observed relative frequencies of the basic

three subjects of operation are displayed ofrigure 4.4.

4.2.3 General Criteria

Apart from the above specit criteria the semantic applications differ of course also
in other means common even for the traditional systemsI'hese general criteria judge the

application also from the point of view of use, deployment and reuse of thpgoject.

The identified general classificatiorcriteria are the following:
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Accuracy of Inputs and Outputs
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Figure 4.3 7 "Accuracy of Inputs and Outputs" classificationlimension relative frequencies

Subject of Operation
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Figure 4.4 - "Subject of Operatiofi classification dimension relative frequencies

1 Number and kind of users . Users of semantic applications may constitute of
unprofessional individual users, professional uses (domain experts),
knowledge experts and management. Applications can also be distinguished

according to whether they are intended for individuals, working groups or
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thousands of users in social networks.The occurrences of the expected
numbers of users a shown in form of relative frequencies orFigure 4.5.

User x provider relationship . Herel managed to identify severalexpected
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 nonprofitably; the users are the
customers of the provider; and finally the users are the employees of the
provider. For the last two possibilitiesthere can bedistinguished cases where
the operation of the application is the core business of the company and
where it is only a sipporting process and can therefore be considered as a
possible target for outsourcing. The cases when the operation is ensured by
the community can befurther broken down by whether the operation is
centralized or decentralized. Relative frequencies of tle observed
user x provider relationships are shown onFigure 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 manuastart of the
application). The observations of what the relative frequencie®f access to
the application are shown onFigure 4.7.

Domain -specificity and reusability of applications . Because of the
separation of data from their meaning the semantic applications should be
much less domaindependent than conventional solutions, but even here
there are exceptions, which include, for example, specific interfaces tailoreal

a specific domain or particular treatment of data on the application levelhe
dependency on a particular domain or even a special case is shown again in

form of relative frequencies of observations orfFigure 4.8.
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Of course, one caimagine 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 aspect3.he rest of this chapter is dedicated
to elaborating the similarities between the applications and refining some prototypal or

archetypal uses of semantic technologies.
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4.3 Intuitive Archetypes

While reviewing several case studies of semantic applicatianone begins to notice
some similarities in the uses cases some tiem take advantage of.A few archetypaluse

cases can be identified intuitively (with the gained expert knowledge) in the list of case

Frequency of Access
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Figure 4.7 7 "Frequency of Access" classificatiodimension relative frequencies
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studies | have been working with. While this approach is not backed up by arexact
methodology it has the advantageof that the identified archetypes can be named and

describedverbally.
In this way | noticed four distinguished semantic technologies use€asearchetypes:

T O)i bOl OAA EA AdRE apdlidatibns focus on indexing the data,
often associated with integrating data from variousother systems where the
data aregenerated automadically. These automatically acquireddata are also
often accompanied bymanual 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
heterogeneous data base and the creation of complex queries without the
need for apriori knowledge of data structures. In other aspects, however, they
can vary greatly, sosuch different applications as support for annotatingand
searching of files on a personal compute¥, a public portal for searching for
findings of Chinese mediciné! and management of sound recordings archives
by a Norwegian radio statior¥2 can ke classified here.

T O$ ABDAI x OET ¢ EThésA apfikdidhsfdlow the abilities of the
previous archetype but enhancenot only the possibility of displaying diverse
content (videos, articles, chemical formulg, efc.), but also the possibility of
visual data browsing, regardless of their structure. These applications are
mainly focused on the useby professionals and are operated either
commercially for internal use or nonprofitably to support a professional
community (and simultaneouslypromoting the technology). Examples of this
archetype can bee.g.systems for theaggregationof medical data, whether in

order to facilitate the treatment of patients®3 or achieving savings in the

50 http://nepomuk.semanticdesktop.org
51 http://lwww.cintcm.com

52 http://lwww.nrk.no/

53 http://www.pharmasurveyor.com/
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development of new drug$* or a portal for the associdgion of programming
knowledge byOracleb>.

O2AAT I 1T AT AET The tatui® 6fAhksé 8pplications is the derivation
of new relationships between entities. Moreover,apart from all other types of
source data these applications oftenutilize data that are automatically
generated as a side effect of normal user activity, whignables inter alia, to
propose new relationships on the basis of the currentiserO éontext. The user
is often the customerof the provider, be itis run either as a paid service,
public service (eg. designng of individual city tours in Zaragoza&®) or a
commercial way to personalizeadvertisement targeting together with the
provision of services (such as a system for recommending services to users of
mobile devices’). Applications in this category often work with uncertainty,
thus one can also include a variety of expert systems.

O$AO0OA ET OAOAE Ad QpAratigh® éf lpdlicatiofstin this category
(because of their nature) are distributed, thus these knowledgebased
OUOOAT © OT 11 Udhe #rlctuile %f dddd excBendgedBigtween the
participants, regardless of their content. This content can evodvover time
and be adapted to the needs of a particular bilateral exchange relationship
and yet be transmitted in a stadardized format. An example is thenitiative
for the establishment of semantic datanterchange in the worldwide oil and

gas industryss,

Of coursethe list of possible archetypes of semantic applications is not limited to

these four, however, | have foundthese four to bethe most usual. Of course there are also

applications that cannot be assigned to any of these archetypeas well as dters which, on

the contrary, liein betweentwo or more.

54 http:/fwww.lilly.com

55 http://otnsemanticweb.oracle.com/

56 http://www. zaragoza.es/turruta/Turruta/en/index_Ruta

57 http://lwww.w3.0rg/2001/sw/sweo/public/UseCases/SaltLuxKTF/KTF.pdf
58 http://lwww.w3.0rg/2001/sw/sweo/public/UseCases/Chevron/
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Whilst having four intuitively identified, defined, and described STEarchetypes is
nice, establishing a more sophisticated and exact approach tiee classificationof 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 archetypaluse-cases of semantic
applications (or typical design patterns of STEsone might say) should surely be done
through means ofdata-mining as it offers statistically backed methods for identification of

patterns in data sets.

A particular task of datamining that is appropriate for the intention to find the
typical use caes of STE$n a set of annotated use cases is clustanalysis as it identifies
clusters of similar records and is a well described and investigated method (eaready 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 analysisis 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 calledclustersin 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 clusteringnethods and actual algorithms the best
choice of which depends much on what is the nature of dataset one is working withs the
clustering directly follows the multidimensional classificationapproach and analysis of case
studies | performed earlier, the structure of dataset is set by that. The dataset consists of 41
entries (or observations, one for each case study) amg there are 8 criteriawith 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 clusteranalysis:
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{1 Select a distance measure z The distance measure specifies means for how
the actual similarity of two observations is calculated. As the binary attributes
have all the sane scale and the statespace can be interpreted as orthogonal,
choosing the traditional squared Euclidean distance measure sufficient as
described e.g. in(Deza, et al., 2006) Another advantage of choosing this
distance meaure is that it is calculated simply and is already implemented in
most statistical tools.

1 Choose a clustering method and algorithm z A common clustering method
that uses squared Euclidean distance measure and that is suitable for this task
and | decided to use ik-meansclustering. Although k-means clustering is
more frequently used for clusering 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 ina handful of statistical and datamining
tools%®. This method employs a heuristic algorithm thatselects the cluster
means Centroids in a way thatminimizes the intra-cluster variance however
it does not determinethe number of clusters which it takes as an input as do
all the commonly used clustering methods

1 Select an appropriate number of clusters z The number of clusters, a
quantity often labeledk (as in the k-meansmethod), is not easy to determine
and this is a frequent problem in data clustering This task is nomntrivial in a

scale that deserves a separate subsectitimat follows immediately.

4.4.2 Finding the Right Number of Clusters

The choice ok, the number of clusters is often ambiguous and in most redife 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 datasefurthermore, a
greater k will always reduce the error of the resulting clusteringwith the extreme caseof

zero error if each observationforms its own cluster. Therefore the optimal k has to

59 Among which theR software environment (http://www.r -project.org/) and Microsoft Analysis Services 2008
(http://www.microsoft.com/sqlserver/2008/en/us/analysis-services.aspxwere used.
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compromise betweenoversimplification and overfitting (Ketchen, et al., 1996)and if not

known beforehand ithas to be chosen somehowvor 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 clusterspproximately on the dataset

size if there is no other indicationby the formula

Q &xc T

where n is the number of observations. In the case of 41 case studies in the dataset
this equalsapproximately 4.53. This simple approach is proposetb avoid the emergence of
small clusters that would be statistically insignificant (where the minimum size of the
statistically significant cluster is usually reduced to £¢¥¢ 7Qwhich 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 onActual Cluster Sizes
On this size of dataset it is possibland 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 ifrigure 4.9.

In this graph, each line displays the size of a clusten number of observations
assigned to it (where the clusters are sorted by their sizand distinguished by line colo).
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 greatethan five because past this point

insignificant clusters of size 3 and lesstart to emerge.
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4.4.2.3 Based onVariance Explained

Another approach that is often used in estimating the optimal number of clusteris
basedon the variance in observations that is explained by the clusterin@his approach is
knox T A1 Tre Eldo® M&@hod(Goutte, et al., 1999).

In the core of this method is an assumption that while the increasing number of
clustersincreases the observations variance that isxplained 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 byet 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 thecentroid mean variance depending on the number of clusterin
case of the STEease studies dataset is captured in a chart dfigure 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 shers. This

common criterion does not thus yield any hint on what the best number of clustsiis.

Cluster Sizes

Number of Cluster Members

Number of Clusters (k)

Figure 4.9 - Clustersizes by number of clusters
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4.4.2.4 Basedon Dimension ality Reduction
Recently,one more way of determining the optimal number of clustershas been
developed and that is through the means ofPrincipal Component Analysi€Joliffe, 2002)

This analysis aims to reducehe number of dimension of a space through the means of

Cluster Variance
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Figure 4.10 - Inter -cluster variance 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 andyze and visualize the information distortion of clustersthrough
the means of Principal Components Analysidimensionality reduction to one dimension

has beenset and presented in(Schonlau, 2004)with the use ofclustergrams

The clustergrammethod visualizes PCAveighed mean of the centroids in the sense
of PCA dimensionality reductionby the number of clusters This methodenables 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 th&izes 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 STEEase studies the clustergranis depicted onFigure 4.11. In this
view it is clear that by moving to a larger number of clusterthe distances between clusters
do not increase proportionally and in case of five clusters there practicallgre effectively
engagedonly four of them. Therefore thanks to this approach it is finally possible to decide

that the optimal number o 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 clusteringalgorithm (k-meang are selected and the appropriate
number of clusters(4) has been determined, it is finally possible to run the clustering and

analyze the resuls it yielded.

There aretwo 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 clustediscrimination that shows what values are preferred by the cluster and
thus what are the typical observations in that clustebecause it reflects the structure of the

mining model.
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Therelative frequencies of individualA O O O E A O Gabeii@plaged bnBidu@ 4.12.
The individual clusters found are labeled C1 through C4due to lack of any preliminary
knowledge of their interpretation. In individual columns the principal frequencies of
occurrences are listed and for completenessof the view the statistics overthe 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 need to beinvestigated.

The discrimination factors of clustersin 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 values a member of the particular cluster where
number greater than zero indcates a positive impact on thelikelihood and negative

number indicates a negative impact.Also higher numbers in a row indicate a higher

ClustA O O 8racteHshics
o Cluster .
Criteria a o S o Population
cluster size 11 11 10 9 41
uses structure d knowledge 9% 73% 60% 22% 41%
Information sources uses structure d data 91% 100% 50% 100% 85%
uses unstructure d data 9% 36% 90% 56% 46%
dataarise elsewhere 55% 64% 60% 78% 63%
Datasourceprovenance  dataare created automatically 0% 27% 50% 78% 37%
dataare created manually 82% 55% 70% 33% 61%
" full accuracy 91% 18% 60% 78% 61%
ﬁﬁf;;?gy ofinputsand  _ ial accuracy 0% 82% 40% 22% 37%
treatsuncertainty 0% 36% 0% 0% 10%
dataindexing 91% 73% 90% 89% 85%
Subject of operation dataintegration 18% 82% 50% 100% 61%
inference 18% 64% 30% 22% 34%
1-10 users 0% 0% 0% 33% 7%
Number and kind of users 10-100 users 0% 36% 0% 67% 24%
100+ users 100% 45% 100% 0% 63%
- user = provider 9% 18% 0% 33% 15%
:Jeslzrtizr‘:;mder user = employees 27% 64% 60% 67% 54%
user = customer 82% 27% 60% 11% 46%
Frequency of accessto the accessregularly 0% 9% 0% 44% 12%
application and its accessirregularly 9% 45% 20% 56% 32%
availability access24/7 91% 45% 90% 0% 59%
. o domain independent 18% 36% 80% 22% 39%
rDe?uns]:E)ri]Iiiseo?gsptmcaaqzjons domain specific 18% 55% 0% 67% 34%
case specific 64% 9% 20% 11% 27%

Figure 4.12 7 Cluster characteristics
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resulting total weight of an attribute. This view captures the very essence of the findings of

the clustering modeland enables the interpretation of the clusters

Thanks to these twoviews it is possible to describe the individual clustersas follows:

9 Cluster C1z 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 applications not used for data

integration but the results the applicationyields are fully accurate and it uses

solely structured data. The deployment of such application is however mostly

casespecific.

9 Cluster C2z Applications in this cluster are characterize by their ability to

treat uncertainty and work with partial accuracy and they also use structured

Inf ormation sources

Data source provenance

Accuracy of inputs and
outputs
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Number and kind of users

User x provider
relationship
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Figure 4.13 7 Clustersdiscrimination factors
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knowledge for this purpose. These characteristics are in such cases used
mainly to exert inference on tke knowledge bases rather tharto index the
data. These applicatios are used by several to many userghat most often are
employees of the providerand it is counted on the possibility to use the
application irregularly.

1 Cluster C3 z Applications in this cluster are typically designed for the
integration of data from various sourcesas the only cluster they usamainly
unstructured data that are processedboth automatically and manually but
with full or occasionally partial accuracy. These applications are used by
hundreds of users and the funtonality is independent on a particular
domain.

1 Cluster C4 z These applications are typically used only by a few users (or
even a single user) who are at the sanmt@me 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 ffer even amongst this

cluster.

4.4.4 Archetypes Approv al

The cluster analysis introduced four large clusters of STEshat can be partially
aligned with the previously intuitively identified archetypal usecases;however these two
structures will be overlappingonly to a point. The other clusters can of course be named

and constituted as additional usecase archetypes.

1 Cluster C1z A typical usecase of applications in this cluger can be named
OET 1T x1 AACA IONOHBAIBATABAAOOA EO EO OOAA |
manually entered data by manyd O1T O Eepl@y€es It is very similar to the
POl DI OAA OEI pOT OAA OAAOAE Aitpsbydtie AOAEA
targeting at employees instead of general users.

1 Cluster C2z These applications catch almost exactly on the structure of the
DOl bl OAA OOAAT I T AT AET C OUOOAI 6 AOAEAOUD
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automated inference over the structured knowledge and its opening to many

users.

archetypal usecase. Such applications are targeted at integting and

displaying various data of heterogeneous structuresSome applications of the
OAAOA ET OAOAEAT CA MEOAI AxT OE6 x1 O1I A Al Ol
differentiated from the previous by the absence of the visualization
capabilities.

71 Cluster C4z This cluster constitutes of applications that can be characterized
as Personal desktop indexer§ because it is characterized by the small
number of users and the orientation on data indexing and integrationThis
group is not reflected in the few aforementioned archetypes, but the small
number of usersis the only thing that distinguishes it clearly from the other

clusters.

The clusteranalysis thus introducedone additional kind of semantic applications not
considered at first sight There is no pretension that this list is complete, its inevitable that
other use-cases exist or will emerge in the future, however they were not significantly

represented by the used datase

Therefore through analyzing a greater number of case studies more archetypade-
cases shall be discovered. | propose this a subject of future work because a list of over a
thousand case studies is promsed to be released by the VALUHT project that was
mentioned in section1.2 onceit 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 Iprojects in general in chapter2, the
specifics of Semantic Applicationdn chapter 3 and elaborating their classification and
differences in chapter4, this chapter aims at compiling all these findligs into a possible

approach to assessg the STEs

This is accomplished firstly through setting up a structure of critical success factors
and followed by its evaluation Finally | propose a possibldramework of Maturity Models
of enterprises for semantics. Parts othe work presented in this chapter havealready been
published in (Nekvasil, et al., 2010)

5.1 Critical Success Factors of Semantic Applications

There have been developed methods for determining the CSksseveral areas, but
sadly not for STEsIn 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 SWE@asestudies 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 thadign the CSF to the discovered
clusters / typical use-cases of STEs discovered in sectiof.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 Factorsf Semantic Applicationsare of course of two sorts:
firstly there are the factors given by theuse of semantic technologies and secondly factors

that are more general and depend on the application usease
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5.2 Semantics-Specific CSFs

By the synthesis of risks mentioned in individual case studieis the aforementioned
set of casestudies 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 Factora/as again
performed by me and thus it may be affected by an individual notion in my attitude. This list
is as complete as possikl to include all the thinkable semanticsspecific 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 CSFsare however not valid universally but more likely their relevance
depends on the kind of semantic applicatiomne isdealing with. By a thorough walkthrough

of the cases it was possible to identify these factotkat can be grouped as follows

5.2.1 CSFsried with Business Case

1 Effectible benefit z 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 quantiéd) at the time of the
deployment of the system; this is what previously mentioned assessment
methods like BSCare for. Operating costs are mostly comparable to
conventional applications, but in the phase of ddoyment, it is necessary to
AT 01 O xEOE OAIl Bl OA pdductivily Zseeds523 Aelow).EorOOA OO S
an application to be successful, this temporary decreasshould not be so

serious that it overshadows its potential benefits.

5.2.2 CSF=f Used Knowledge Model

1 Correctness of the core ontology /taxonomy z 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 highquality analysts and knowledje
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)).

1 Will and disci pline of all parties to use common knowledge model Z In
case the operation of application is distributed, it is necessary that all
interested parties use a central shared knowledge model. There tiserefore a
potential risk in terms of the need to negotiate on its form and content.

1 Synchronized distribution of central ontology =z 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.
523 CSFd £ 50A006 "AEAOEI O

1 Sufficiently steep learning curve of end -users / user -friendliness z This
applies to applications that have individual end users. Semantics used in this
type of applications entails quite atypical method of combl 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
Al AOEOU AT A AAAOOAAU 1T &£ OEA 1 00POOO AT A

1 Sufficient number of users z 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 fahe promotion of an emerging system.

T 50A006 | Iz0HsGrAiCIEdctbr occurs at two levels. The first is in the

time of the introduction of a new application while the user experiences a
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negative stimulation in the form of the slow rise of the leaming 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 durther 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 laborintensive 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 tehnologies (e.g. SPARQuerying).

5.2.4 CSFof Data Treatment

1 Sufficient supply of data z 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 givesimilar results as traditional methods but with
higher initial costs.

71 Diversity of sources and forms of data z The richer the knowledge
modeling language is (namely, its part actually used in the application), the
more beneficial results can be produced byapplications 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 systemslivi
therefore likely not pay off.

1 Data consistency z This is essential for naintaining at least the same
accuracy of results as the sulsystems if there are any. Applications that
integrate data of some source systems are at risk of finding an inconsistency
in the aggregated results. Thevery functionality of semantic applications is

not subject to consistent data, but the possible inconsistency should be
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expectedin the design. Good estimation of the reliability of data sources is
thus crucial at this point.

1 Reliability of parsers and wrappers <z If the application handles
unstructured data, it is dependent on the output of parsers and wrappers of
various content ard, 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 away.

Of course, thesecritical 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 approjate context,one can
expect a relativdy steep learning curve, and thushe 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 aa starting point before aligning them to

individual use-cases

5.3 General CSFs

Apart from the CSFsspecific for the applications that utilize semantic technologs
there are also CSFs of those very same applicatiotigt 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
j . T 01 O Lh A Thask ICHitahSucgesstRaciorsre often identified based on the

areas they cover.

1 CSFsof strategy and planning z These factorsare 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 succed 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 strategyand targets

1 CSFsof resource availability z 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 eatrand
acquiring of new resources need to be manageable and affordable.

1 CSFsof deployment quality z 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 deploymentis finished.

1 CSFsof implementation z These CSFs include requirements on the project
management of the deployment, namely the quality of project plans focused
on meaningful details and neglecting hidden agendasfkequirements on the
possible modular implementation also need to be formalized clearly along
with all the dependenciesand drawbacks

1 CSFsof maintenance z These factors are to assuréhe maintenance of the
APDbPl EAAQEIT 1 £O0T ACET T AT EOU AT A NOAIT EOQOU
satisfaction) over the time without increasing its complexity and volatility and

without exceeding the originally estimated costs.

The basic role of these genetaCSFsis to ensure the alignment of the deployed
application with enterprise processesand 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 usecase

5.4 Evaluation o ver the Case-Studies

To map how the actual projects from the dataset of available castudies are
performing in a reaklife environment | decided to contact themost competent onesz
people directly involved in the development and deployment of the applications of concern.
For this purpose | performed a survey with a questionnairgargeted at the developers and

managers (alas the gathering of contacts was a realime-costly procedure).
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For achieving the maximum response rate possible the questionnaire was light
weight and composed according to the methodology fron{Schwarz, 2007) split into
sections of fewquestions and gave theespondent the possibility to express hisopinions
and experiences in a level of detail he wisheshe full wording of the questionnaire is listed

asAppendix B

| received a total of 18 responses and out of 41 castudies thisyields 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 understandabas 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 knoskow. Luckily enough | received
responses evenly on applications from all of the four identified cluster&ll clustersyielding
5 or 4 responses); although this is just a coincidence it ensures that the resilare as

general as other conditions allow.

The questions in the surveyapart from the few formal open quesions that aimed at
identifying the respondent and collecthis feelings) were addressed on the areas tied with
the identified CSFsnamely:
T ' AT AOAT NOAOGOETT O AAI OO OEA amdthellemdl C 1 /£ -
of costsasked to gather some relevant statistics about these factors.
 QuestionsAAT OO OEA 0OO0d&asked® gakkAnEightdi Whéthethere
are any special requirements from and strains on the users.
1 Questions about the used knowledge model asked to uncover the
requirements on ontologiesused.
1 Data-related question s cover the success factors about the treatment of

inconsistencies and uncertainty.

The particular results are elaborated and their impact on CSHs discussed in the

next subsections.

| have also recompiled the fredext answers some of the respondents provided into a
few discrete categorieso present them clearly. These categtes are not always necessarily

the same as the possible answers in the questionnaire.
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5.4.1 Questions about Successand Costs

The first relevant aspect of a project the survey concentrated on (in questior&sand
3) was its successand benefits. The compiled results of this part are shown oRigure 5.1
where on the left are shown piecharts for the results on the level of clusterand on the
right there is an aggregated view at all the projects (andiso the following figures adhere to

this structure).

The result here is quite optimisticas 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 usediace the authors of an unsuccessful project would likely not list it in
the SWEQatalogue. On the other hangven in this biased list22% of the authors reported
that the benefits acleved were not as high as expected; this ironically supports the

motivation for the early STEsassessment.

The second set of chart®n Figure 5.2 displays the status of what the actual costef

Was the project successful?
Cc2

C1
knowledge recommending
management systems systems

all projects
= still being developed
A\ / promoted
Y g = works but not with
B / expected benefits
C3 c4 = yielded unexpected

data-browsing personal desktop benefits

interfaces indexers

= depends on future
use of Linked Data

= works as desired

Figure 5.1 z Success of case studies
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development and deployment of the project were compared to a classical n@@mantic
alternative (based on question4). Interestingly enough, only one respondent listed that
there is no nonsemantic alternative to their solution, othersresponded 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 wasthat some features are implemented more
easily without a strict data structure or a shared knowledge modelSuch casesightfully

deserve an intensive PR in the sake of promotion of semantics.

Most of the projects were however listé as having the costs approximately the same
a standard solution while the developmentmethodology and management are essentially
the samewhich opens a possibility for using the cosbased assessment methods mentioned

in chapter 2 where appropriate.

Were the costs high?

C1 c2
knowledge recommending
management systems systems

all projects

= comparable to a
classical solution

= higher than of a
classical solution
Cc3
data-browsing personal desktop
interfaces indexers

= lower than of a
classical solution

= there is no non-
semantic alternative

Figure 5.2 7 Relative costs of projects
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Is semantics noticeable in the UI?

Cl c2
knowledge recommending
management systems systems

all projects

= not at all

= yse of semantics is

C3 C4 voluntary
data-browsing personal desktop -
interfaces indexers = some training
required
= semantics controls
' are critical
Figure 5.3 z Impact on user interface
Figure547z5 OA006 DAOOEAEDPAOGEIT ET AAOA DOI OAT .
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