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ABSTRACT

One of the most important issues @amformation system (IS) research is the need to align
business with information systems and information technology (IT). Since information systems
facilitate the success of business strategies, the importance of busin@sstrategic) alignment

is unquestionable. Whilergangations address alignment achievement, they are continually
suffering from misalignments. These difficulties (the misalignments) encumber the achievement
of alignmentand lead us to the phenomenon of nligament ThisPh.D. dissertation deals with

the concept of misalignment, with special attention enterprise architecture(EA)based
analytical potentialn the followingstudy, the problem of businesi§ alignmentvill be translated

into the aspects andonceptsof enterprise architectureThe main purpose of the proposed
research is toanalyse strategic misalignment between the business dimensiod the
information systems dimensiom thisPh.D dissertation an analytical solution will be built to
approach the topic of strategic alignmeindbm an EAbased perspectivelThe study aims to
accomplish an EBased, systemat analysis of mismatches between business and information
systems.The operationthe correctness as well as the relevance of the framewaril be
validated viaa case studyThe contribution of theproposedstudy lies in connectintypical
misalignment symptomto relevant EA analysis tgpalong traditional alignment perspectve

The significance of the proposed reseaighhe clear and accurate ogound of research
methods and implementation instruments to approach-bEsed misalignment symptom
detection The results of the proposed research will contribute to alignment assestment
expanding the ways of addressing alignment problemspidpmosed researcframework has

the potential to extend our understanding on assessing the state of misalignment in a complex
EA modestructure
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1 | NTRODUCTION

The concept of IT strategyyd management has beairculatingaround my research interest
since | was introduced to the field of Businessrinfition Technology. During negucation |
immersed myself in Strategic Alignment studidgve started my Ph.D. studies in order to gain
insight into the theorédtal background as well as the practical application of IT strategy planning,
especially alignment assessmekity commitment to the cocept of Strategic Alignmentas

finally sealed whenldecameacquainted withthe concept ofmisalignmenti.e. approaches to
examine strategic alignmeifitom its shortages and deficiencies. In search of a relevant and
appropriate research tool for misalignmesgsessmentl was introduced to the concept of
Enterprise Architecture Management which proved to be a proper approach for assessing the
state of misalignment ian organgationalcontext. Theidea to connecstrategic alignment with
well-known enterpse architecturemethods and tools seemed to be a good method for
identifying misalignments by using already existing architecture models. In addition, using
misalignment symptogias a pivot to gérom strategic alignment perspectivdo enterprise
architecture assessment methodslicated a possible contribution to narrowing the research
gap around the possible methods of alignment assessri@etesearchframeworkintroduced

in thePh.Ddissertationcontributes to the support of busine$E alignmentThe proposedPh.D.
dissertation contains my devoted progression intiigbly respectednixture of research topics.

The aim of the introduction is to provide background for all the research detaits ¢tiatfollow

in the subsequent parts of ttetudy. This section sets the context of the proposed reseditoh.
introductionis considered as a focused overview withrti@n goal of stating the importance of

the research problem. In addition, this section aims to establish a general research model in order
to clear up the constituent parts as well as the inherent linkages of the proposed research.

1.1 Motivation

One of the most important issues on information systeriS) research is the need to align
business with information systerasd information technology (IT$ince information systems
facilitate the success of business strategiesiriportance of businesd (or strategic) alignment

is unquestionable. This connection indicates the importance of alignment between business and
information systems. The need for aligning business and IT consists of several reasons, e.g. using
IT effectivdy to achieve business goals, capturing the ability of IT to create business value,
bridging the gap between business and IT or integrating IT to business stragsgyn and goals

(Chan andreich, 2007).

While organgations address alignment achievement, they are continually suffering from
misalignments. These difficulties (the misalignments) encumber the achievensdigmnaient
and lead us to the phenomenon of misalignmewhich is referred to as theverse state of
strategic alignmentn this undesiredtate organistions fail to achieve or sustain alignment, i.e.
information systera and information technology are not used consistently withbilrgness
strategy In addition, strategies, structurgsrocessesand technology consideians are not
perfectly harmonied between busiess and IT domains in an orgaticsn.

Misalignment analysis (detecting, correcting anelpnting misalignmeiis an important step
in achievinglignmentsince it helps to understand the natusad the barriers of alignmeni
addition, it supports orgarasons in proposing certain steps to (re)achieve alignment.

12



Undeistanding the underlying cause of misalignments, as well as trying to correct the existing
misalignmentsare one of thepossibleways to achieve alignmef€arvalho and Sousa, 2008)
Misalignments, therefore,a key issue in alignment achievement. lbagansationcan catch the
evidenceof misalignment, it is on the waybeing able to correct them. If misalignmenidence

are corrected, the state of alignment candmhieved (Carvalho and Sousa, 2008)

Mosttraditionalalignment studies deal with achieving alignment. On the contrary, misalignment
issues (detectinggnalysing and correcting misalignmenare considerably underemphaegisin
literature. Thdittle attentionto misalignment isnadmisdile sinceorgansationsare in the state

of misalignment as long as they achieve the state of alignment. This fact indicates that more
attention ought to be paid to the phenomenon of misalignment, as well as to its symptoms and
effects. There are severalestions amonghe concept ofmisalignment.Answering these
guestions contributes to alignment achievemete Tost important issues of misalignment are

the following:

1) How to cetect misalignmensymptons?

2) How to alleviate identified symptoms?

3) How to reveal the underlying causes of misalignment
4) How to address these underlying causes?

The state ofrfis)alignment can be examined with several methddisst of the methodologies
approach ipigalignment from management, organgational culture, and communication
perspectives.In contrastto popular approaches,ne of the main research methodsr
(miglalignment evaluatioms enterprise architecturbasedassessmentEnterprise architecture
managemen{EAM)is becoming increasingly popular nowad&ysq it helps to reveathe state

of alignment A possible improvement of enterprise architecture based alignment assessment
to conduct the evaluation from the opposite perspective: assessing misalignhmengh
enterprise architecture modgl In thiscase the purpose ofanalsing enterprisearchitecture
models is to assess the state of misalignment and to reveal its emerging symptoms.

In order b assess the presence of misalignmienan organiation, several approaches can be
used (such as the approachesGdrvalhoand Sousa (2008nd Strong and Volkoff (201)0)
However, the innate ability of the enterprise architect(lE&) concept to support the detection

of misalignment signs is scantily addressed in literature (for exceptioesgs€astellanos and
Correal (2012), Pereira and Sousa (2005) and Sousa et al.).(Zi06)e same time, well
established alignment methods are rarely incorporated into misalignment assesasthots.
Equal importance shddi be given to the existing and the innovative ways of approaching
misalignmentince traditional alignment methods have been proven to be feaSibisPh.D.
dissertationdeals withthe phenomenon omisalignment, with special attentiam enterprise
ardhitecture-based misalignment analysis

1.2 Problem Statement

The proposed researclelates to the concept of strategic alignmenThe assessment of
organigtional alignment can be approached from several vighisresearch aims to approach
strategic alignment from the perspective of misalignmest from the opposite state. bhis
researchthe problem ofdetectingthe typical sympims of misalignmenwill be addresseth
order to assess the state of alignment inoagangation. Theresearch aims to provide suitable
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tools and instruments to detect the symptoms of misalignment. Misalignment assessment will be
based on the analysis thfe underlying enterprise architectunsodek.

For general context setting, the proposed research works with the concepts of strategic
alignment misalignmat and enterprise architectureFrom the alignment perspectivethe
research is built on the traditional Strategic Alignment Model §JS®AMHenderson and
Venkatramar(1993). Misalignment assessment relies on the symptom deteggiproach EA
basedanalysis uses the TOGg#erprise architecture framework (TOG, 2Q%8)d is based on

rule generationand testing The problem addressed in tRé.D. dissertatiois the identification

of suitable ways to approach $BAsed misalignment assessmeflignment assessment will be
performed from the perspective of misalignment. The state of misalignment will be revealed by
its symptoms. Symptom detection will be performeid an EAbased approach i.e. the
underlying EA modelwill beanalysed in order to reveal the symptoms. To achieveb&sed
misalignment symptondetection EA model matchingechniques will be used. Based on the
constituent parts, the reseah aims to build a framework for Ased misalignment symptom
detection.

1.3 Purpose of the Study

The study discusses strategic misalignnbehiveen the business dimensiondathe information
systens dimension.The aim of thestudyis to contribute to theabovementionedconcernsand
gapsby introducing a framework that addresses these issties.studyconductsmisalignment
analysidy proposing aenterprise architecturdased framework to detect the typical reigof
misalignment in amrgansation. The proposed framework performs misalignment analysis by
taking a symptonbased approacht aims to accomplish an Based, systematic analysis of
mismatches between business and information systems.

The framework builds on the traditional SAMdel, in particular on the concept of alignment
perspective (Henderson and Venkatraman, 199@)salignmensymptoms are connected to the

four traditional alignment perspectives (Strategy Execution, Technology Transformation,
Competitive Potential and Service Level). The framework identifies typical misalignment
symptons within the traditional alignmerperspectives. Relevant EA disiets and EA analysis
types are recommended to every detected symptalongthe perspectives. Thestification of
recommended artacts and EA analysis tyiees in the following: EA afeets may contain the
misalignment symptom in question, while EA analysis typegogr&unctionalityg able b detect

the symptom in the art@cts.Both the arguments for the chosen misalignment symptoms and
the arguments fo the selected EA analysis typedl be presented in detailThe specific
contribution of thestudylies in connecting typical misalignment symptoms to relevant EA analysis
typesalong traditional alignment perspectives

This Ph.D. dissertation first establishes the theoretical background of architectomsed
misalignmensymptomanalysis by the introduction of building blocks and related vEaked

on the theoretical foundatiorthe studyaims to conect these building blocks to each other in
order to create an architecturalignment perspectiveAfter settingtheoretical context, a
research model is given which contseenterprise architecturand msalignment assessmeloy
analysing misalignment symptoms in different architecture domain matches. The operation of
the proposed framework is introduced in detail by preserdiogse study
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The research contributes to theory and practice as welinnovative approacts conduciveo
academic busined3 alignmentesults. Additionally, its practical application helpgansgations

to detect and correct misalgnentin order to achieve the state of alignmeiihe proposed
research extends the existing body of knowledg¢he field of enterprise architecturand
strategic alignmentlt exploits and utilizes the innate connection between the concepts of
strategic fnigalignment and enterprise architecture. By proposing a formal approauiatge

the state of misalignment, it provides new conceptual insights into the researcH fiditghonent
assessmerdnd EA analysis.

The significance of the proposed research lies in the clear and accurate compound of research
methods and implementation instruments to approach-bBsed misalignmensymptom
detection The results of the proposed research will contribute to alignment assesdment
expanding the ways of addressing alignment problems. Bsoaghing alignment from the
perspective of misalignment, a fresh direction will be strengtheéndte field of alignment
assessment. Additionally, by using underlying EA mddel misalignment assessmette

implicit connection between the concepts afi§)alignment and enterprise architectuwall be

further cultivated. Finally, the use of formal analysis techniques will form the basis for precise EA
analysis methods. Frommethodological perspective, the significance of the research lies in the
combination of Design Science and Case Study researchoduolethies. In addition,
methodologically significant contribution lies in supportheyDesign Science Reseambthod

with additional EAased research methodologies.

Expected outcomes from the proposed research include:

EO1l: CLASSIFICATION OF FHRENT MISALIGNMESMMPTOM®: EAINDICATORS
ONMISALIGNMENTEADETECTION TECHNIQUES

EO2: A FRAMEWORK MCH CAN SUPPOREABASED (MIS)ALIGNMENT
ASSESSMENT

EO3: CASE STUDIES ON THEERATIONCORRECTNESBELEVANGRACCURACY
AND RESULTS OF TRAMEWORK

1.4 Research Foundation
1.4.1 RESEARCH OBJECTIVES

The main purpose of the study is émalyse strategic misalignmenbetween the business
dimenson and information systesdimension. The research addresses misalignment symptom
analysis by proposing an-Based framework to detect the typical indicat@f misalignment in

an organiation. It aims to perform an H#ased, systematic analysis of mismatches between
business and information systems domains. The main sebjective lies in identifying general
ways for detecting the symptoms of misalignment in the underlying EA snodel

The main research objective strongly connects to the problem statement formed in the previous
subsection. The subbjecives of theaboveintroduced research objective consist in the
breakdown of the main research objective into smaller, logically connected parts, viz.:
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RO1: WHAT ARE THE TYPIGMMPTOMS OF MISALMEWTACCORDING TO THE
OPERATION OF TSAMMODER

RO2: HOw TO TRANSFORM MLSBNMENT SYMPTO®E INTO FORMALLY
ANALBABLESTATEMENTS

RO3: WHAT ARE THE FORMAIAAYSIS METHODS DETECTING MISALIGNWE
SYMPTOM® IN ENTERPRISE AREETURKEODEIS?

1.4.2 RESEARCH QUESTIONS

Based on expected outcomes and research objectiveproposedresearch attempts to focus
on the following research questions:

RQ1: WHICH MISALIGNMENSYMPTOI@ CANBE DETECTED VIA ERFAEISE
ARCHITECTURSSESSMERT

RQ2: WHICH DIMENSIONS ANDDMAINSARE NEEDED TO EXAKINN ANEA
MODELTO DETECT MISALIGNWEYMPTOG?

RQ3: HoOw DOEAMODEISMANIFEST DIFFERENMSMLIGNMENSYMPTO?

RQ4: WITH WHICH METHODSNAVE EXPLORE THE HERENT MISALIGNMENT
SYMPTO® INEAMODEIS?

1.4.3 RESEARCH MODEL

The proposed research aims to addressaheveintroducedresearch objectiveand research
qguestions by building a framework for Hfased misalignmensymptom analysis. In this
subsectiona concise introduction will be given on the chosen concepts and instruments to
approach e research objectivegigure lintroduces the conceptual research model of the
study. In this Ph.D.dissertation an analytical solution will be built to approach the topic of
strategic alignmenfrom an EAbased perspectivahe problem of busines$ alignmentill be
translated into the aspects and analytical potential of enterprise architectinme proposed
research framework introduces an approach fotbBgedalignment assessmerite. a solution
for assessing alignment phenomenorEA modal. The research takes a Hilased approach to
reveal the symptoms of malfunctioning alignment areas. Thendssteps are aggregated into
three layers: 1) Misalignment Layer, 2) Enterprise Architecture Model Layerfaraly3)d ayer.

Misalignment Layes concerned with the construction and formal description of misalignment
symptons. Misalignment symptom construction is based on the matdiitige SAMalignment
domairs. A brmal description of misalignment symptoms consists of pageneraion.

EA Model Layaims at preparing the underlying enterprise architectncelek for misalignment
symptomdetection The phase consists of model transformatianefact decomposition and
export file generation.

16



Analysid ayelis concerned with the implemeritan details of the proposed research.-B#sed
misalignmentsymptomdetection will be performed by means of formal rukesting i.e. the
analytical potential of rule generati@md rule testing will be exploited. Misalignment symptoms
will be defined as formal rules. After rule constructiake testing approaches will be introduced.

(

ALIGNMENT ASSESSMENT w

.

RESEARCH METHODOLOGY

L

Strategic Alignment Model (SAM)
Alignment Domains

N\
AN ™
\\ MISALIGNMENT MANAGEMENT
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+ EA Domain Matchin = Control Misfits
9 + Rule-based
- J = Organisational Culture Misfits /

Figurel. Conceptual Research Model

1.4.4 SUMMARY OF RESEARCH METHODOLOGY

The research aims tanalyge the symptoms ofmisalignmentvia enterprise architecture
assessment. The goal of the research is to credt@mework that reveals the state and
symptoms of misalignmeint EA model

The framework described in the subsequent parts of the dissertation is-stavetlired, easy
to-use tool tasupport misalignmerdgymptomdetection The structue of the framework is based
on four mainparts:

1) Alignment perspectives are used to structure the approachmisélignmentsymptom
detection Alignment perspectives are decomposed into constituent@hhhinmatches.

2) A misalignmensymptomcatalogueis composed fromsymptom collections found ithe
recentliterature on misalignment.

3) An artdact cataloguds introduced, which summaeis potential containing EA mosdel

4) EA analysisataloguedescribes potential EA analysis typkat are suitable for revealing
misalignmensymptons in containing EA model

The proposed research methodology uses an alignment perspddtre@ approach. In the first
step traditional alignment perspectives are provided with typical misalignsyemptons. In the
secondstep, relevant artéacts are connected to the misalignment symptoms, which may contain
the symptom in question. In the thiglep suitable EA analysis tygpare recommended to the
misalignment symptomsThese EA analysis types are able to detect the symptoms in the
recommended containing afacts.

In researchdesign the interactive model oMaxwell (1996Wwill be usedThe structure of the
proposedframework will reflect the recommendations of the mddé\s for methodological
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choices, the research will be based on the inductpproachand will usea qualitative
methodology for data analysisn addition, theresearchwill utilise a mixed approach for
framework building and validatioin this mixe@pproachthe Design Science Reseaactl the
Case Study Reseanttethodologies will be mixed: Framework building will be supported by the
Design Science Research methodol@pfers et al., 2007)while empirical validation will be
conducted using the Case Study Research mgiind1994; 2013Theoperation as well as the
correctness and relevance of the framewavil| bevalidatedvia case studies. Different best of
breed organsationswill be examined in order tanalyse their enterprise architecturenodek

with the proposed framework. As a resualise studies will be created on the outcomes of the
architecture assessments

1.4.5 SUMMARY OF RESEARCH RESULTS

The main objective of the proposed research lies in identifying ways for detecting the symptoms
of misalignmentin the underlyng EA modsl The subkobjectives break down the research
objective into smaller, logically connected parts along the conceptual structure, i.e. misalignment
symptomidentification, formal description of misaligent symptoms and formal methods of EA
analysis. This subsection summesighe research results of the following parts of the Ph.D.
dissertation.To achieve the previously listed research objectives, the following results will be
producedin the Ph.D. disertation

RO1: WHAT ARE THE TYPIGMMPTOMS OF MISALMEWTACCORDING TO THE
OPERATION OF TBAMMODE?

>> |ssue Covered by:

The framework will include a misalignmegiptomcategorisition according
to the traditional alignment perspectis@nd alignment typda Section 3.5.2

RO2: How TO TRANSFORM MILSANMENT SYMPTO®E INTO FORMALLY
ANALBABLESTATEMENTS

>> |ssue Covered by:

Misalignment symptoms will be managed as formal rules. The proposed
frameworkin Section 3.5vill process rules via XML validatieahniques.

RO3: WHAT ARE THE FORMANAAYSIS METHODS DETECTING MISALIGNWE
SYMPTOM IN ENTERPRISE AREETURKEIODEIS?

>> |ssue Covered by:

In Section 3.4 aoncept categormtion will be presented on competing
methods for EAased misalignmensymptom detection In addition, the
proposed frameworln Section 3.5vill serve as a formal analysis method for
the research topic.

Research objectives were broken down iabt@lysable research questions in previous parts of
the section.To address theboveintroducedresearch questions, the following results will be
delivered in the subsequent sections of the Ph.D. dissertation:
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RQ1: WHICH MISALIGNMENSYMPTOIg CANBE DETECTED VIA ERFAEISE
ARCHITECTURSSESSMERT

>> Solution Provided:

The proposed framework will consist of an assessment3ection 3.5.2Table
27) for architecturescope misalignmentsymptons. Architecturescope
misalignment symptoms will be further examine®ection 3.5.fr providing
EAbased queries.

RQ2: WHICH DIMENSIONS ANDDMAINS ARE NEEDED EXAMINE IN ARA
MODELTO DETECT MISALIGNWMEBYMPTOME?

>> Solution Provided:

The proposed framewaork will consist ofemsessment tooBection 3.5.2Table
28) for EA model and specific model elements to be investigated for
misalignmensymptomdetection

RQ3: How DOEAMODEIS MANIFEST DIFFEREBNSALIGNMENSYMPTOM?
>> Solution Provided:

Listing specific model elements and pattgureries inSection 3.5.2Table28
will provide tracking for misalignmesymptommanifestation.

RQ4: WITH WHICH METHODSN.AVE EXPLORE THE HERENT MISALIGNMENT
SYMPTO®R INEAMODEIS?

>> Solution Provided:

A concept categordgionwill bepresentedon competing methods for H#ased
misalignmentsymptom detection in Section 3.4In addition, the proposed
framework willserve as a formal analysis method for the research topic.

The proposed research will produce structured data on the symptoms of misaligihmehtoad
sensethe usage of the proposed framework will facilitate and ease the plaanthgvaluation

of IT service portfolio in large, complex and hetereges organsations The proposed
framework will helporgangations to correct these strategic and structural deficiencies by
showing the content and the location of the mismatches found in their EA snadeaddition, by
formallyanalysing their EA modelsprgansationswill also be able to reveal fueh operational
characteristics that can heilized as e.g. indicators for new strategic directions.

Expected outcomes of the research were listed in previaus pf the section. To summagis
research outcomes of the Ph.D. dissertation, expected outsoane contrasted with the
research outcomes delivered in the subsequent parts of the Ph.D. dissertatfmected
outcomes of the proposed research will be covered by the following research outcomes of the
Ph.D. dissertation:
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EO1l: CLASSIFICATION OF FHRENMISALIGNMENSYMPTOM®: EAINDICATORS
ON MISALIGNMENEADETECTION TECHNIQUES

>> Research Outcome:

A classificatioscheme will be served in Section 3.4 in terms of dsad
indicators on misalignmeiind 2) EAased misalignment symptodetection
methods.

EO2: A FRAMEWORK WHICH CASUPPORTEABASED (MIS)ALIGNMENT
ASSESSMENT

>> Research Outcome:

An EAbased misalignment assessmémaimework will be proposed in Section
3, which is able to reveal mismatches betwdendifferent alignment doman
in the underlying EA modgl

EO3: CASE STUDIES ON THEERATIONCORRECTNESBELEVANGRACCURACY
AND RESULTS OF THRRAMMEWORK

>> Research Outcome:

Results will be produced ihe form ofa case studin Section 4Case analysis
will demonstrate the operation, correctness, relevance and accuracy of the
framework.

1.4.6 DELIMITATIONS OF THE STUDY

Delimitations of the study contain both conceptual and methodological perspective

As for conceptual limitationsthe research will not evaluate alignment maturity, nor soft
alignment characteristics (e.g. orgaat®nal culture, HR aspects, etdt)is known that not all
misalignmenphenomena can be detected via enterprise architecassessment, e.g. corporate
culture or shared values. In addition, due to the lack of documentation, several symptoms will
stay hidden in EA modelUnd@umented symptoms cannot be identified with the proposed
framework. Regarding thesmitations the research does not aim to identify every misalignment
symptom but onlythosethat can be detected via enterprise architectanedek. Furthermore
misalignment assessmeumnitll not apply the steps of misalignment correctmd prevention, nor

other classificatioschemes except the symptebased approach.

In terms ofmethodological perspectivethe proposed research will not wdithe benefits of
crosssectional case studies. Furthermore, the research instruments chosendis$ieetation
will only beused for case studgeneration and analysislaking these limitations into
consideration the research aims to use the proposed framewdajkto detect difierent
misalignmentsymptons, 2) to indicate misalignmensymptomsthat cannot be detected via
architecture assessmenand 3) to propose suggestions to solve the detected or indicated
misalignments.
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1.6 Organi sation of the Study
Theremainderof the Ph.D. dissertatiois organied as follows:

A Section Review of the Literatureviews existing literature on the research subjaéter
summarifng search description basitise theoreticalfoundation is given. It is followed by
the introduction of the main componenssues: 1) Strategic Alignme), Alignment
Assessment,)Misalignment4) Enterprise Architecture Managemes},EA Analysend
6) EAbased Alignment Assessment Methods.

A Section 3Research Methodologintroduces the researchmethod by choosing and
justifying its constituent partAfter introducingmethodologicalchoices, the proposed
framework and the proposa#gsearchmethodare presented. In thisubsectionan outline
is given on the main research stefitie section ends with summanigimplementation
details of the proposed research frawork.

A Section £ase StudyRoad Management Authoritijiscusseanempirical validatiowof the
proposed research framework. The case stehgils case and project introduction, the
presentation of EA modalructure and a detailed analysis on misalignmepinptom
detection At the end of thesection validation results are interpreted and discussion is
presentedon operatingthe proposed researcframework

A Section 5 Conclusicand Summaryintroduces conclusions together with a concise
summaryof contributions,expected research outcomesd research implications.

A At the end of the dissertatiomppendices and referencese listed.
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2 REVIEW OF THE LITERATURE

The theoretical foundation of theh.D. dissertatiooonsists 06 main parts. It commencestiv

a summanpof search description and search strategy. This subsection is followed by a succinct
foundation for researcttontextualgation. After creatingheoretical context, the lierature
review continues with armntroduction on the main conceps of the proposed research. It
commences with a widenge introduction orstrategic alignmentin this part different
alignment definitions, alignmendimensions including welknown alignment modelsire
presented.Special attention is paid to the w&hown Strategic Alignment Model (SAM
(Henderson and Véaatraman, 1993). Thedrategicalignment subsection is followed by aef
introduction on misalignmenDifferent misalignment definitions, misalignment management
strategies and misalignment assessmdnameworks are presented in this section.
Subsequently, enterprise architectirameworks and domains are sumnead. Finally, state

of the art EAbased alignment methodare presented.Special attention is paid to the TAG
framework TOG, 201p Different enterprise architecture analydigpes as well as EA
alignment methodsare presentedwhich are more closely related to the proposed framework.
To start with Figure 2oresensthe constituent parts of the literature review.
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Figure2. Components of the Literature Review

2.1 Search Description

In thissubsectioncriteria will be given for the selection of related literature resources and for
the process of developing the review of literatuFbe purpose of the following literature review

is to assess the state of the art in the research focus being investigatearveys the
contributions of existing literature tthe research subject under review. The literature review
aims to outline existing knowledge on the selected research fields and presents the milestones
of constituting research directions,.ite shav how far researchers have reached in the research
topic. The iterature review also allows the researcher to identify any gap in the research area.
Identified gaps provide aationak for the proposed research direction and methodology
(Webster and Watsqr2002).

A welldefinedsearch strategy faretrieving relevantiterature on theresearchtopic consists of
the following strategic choices and commitmemsdley et al., 2004
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Formulating a welllefined research question

Indicating the scope amglrpose of the review

Identifying componenissues

Identifying primary keywords in the research topic

Identifying alternative phrases or synonyms of the key topics

Narrowingthe search by pralefined criteria, e.g. language, date typg@etypf publication
A Categoming positions taken in the research, emfdvor, aganst, alternativeviewpoints

VDD D> D> D

Additionally, dteria for identifying resourcesonsist of the consideration of the followipgints
(Dudley et al., 2004)

A Using multiplébibliographic databases

Using bibliographies of existing literature reviews and state of the art articles

Using conference proceedings for up to date research directions in the area
Scanning key journals in the research topic

Using a cotrolled vocabularyhesaurus ¢ facilitate search retrieval by eliminating the use
of differentterminology for the same concept

> > > >

Finally, mclusiorgexclusion criteria are used to identify potentially relevant artidlesessment
of the literature includes some critertaken into consideration forselecting from existing
literature on the topicSelection criteria for resources to be included/excludethe literature
review can bsummarsedas followqTable ).

Tablel. Selection Criteria fdResources to be Included/Excluded in the Literature RgDedley et al.,
2004; Torraco, 2005)

CRITERION INTERPRETATION

Provenance List of the credentials of the author

Arguments supported by Usage otvidence e.g. primary historical materiabse

evidence studies, narratives, statistics, recent scientific findings

Objectivity The author takes an evdranded approach; fair and
impartial in treatment or judgment

Paper value The paper contributes in any significant way to the
understanding of the subgjé

Level of anviction The paper contains convincing arguments and conclusio

Relevance Relevance of the results to the topic being investigated

Recency Up to date results delivered to the existing knowledge on
the subject

Completeness Level oicompleteness in terms of e.g. topic, structure,
arguments, results, discussion, references

2.2 Theoretical Context

Search description is followed by a summary of theoretical coniéwd. purpose of the
Theoretical Gntext section is to contextuadignd framethe research topic being investigated in
the dissertation. This subsection creasaheoreticalfoundation for theresearch problenand
prepares the context for 1) literature review topics, 2) research framework proposition.

The theoretical catext part spans the areas of 1) Strategic Management of IT, 2) Enterprise
Engineering and 3Fjormal Methods for System DgsiFigure 3illustrates the areas and sub
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areas covered in the theoretical context section. It also contains assignments furétezaiew
topics, i.e. whicltheoretical context areas drive the literature review topic.

After succinctly framing theoretical context, the section continues with the main topics of the
literature review: 1) Strategic alignment and alignment assessimehniques, 2) Misalignment
assessment, 3) EAM and EA analysis methods;RHgEA alignment assessment frameworks.
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Figure3. Theoretical Context and Assignments for Literature Review Topics

2.2.1 STRATEGIC MANAGEMENT OF IT

From a strategic management perspective, the proposed research builds on the topics of
Strategic Management, IT Strategy Planning, IT governance and Organisatimistrategic
management, the areas of strategy plannisghools of strategie@Mintzberg, 2005)strategic

choices and optiongDoyle, 1990)and strategic management frameworks (awareness
frameworks, opportunity frameworks, positioning framewoik&ll, 1993)re referred to as

basic conceptsThese traditional topics are still generating considerable interest in terms of
general strategic management atite strategic management of IT as wAMl. for the strategic
management of IT, the influential grouping of EE®B9 1993; 199X(IS strategylM strategy, IT
strategy and techniques of IT strategy planning (e.g. the 7S Model, CCTA approach, Business
Systems Planning, Strategic Systems Planning, IT landscape management, Zachman Framework)
(IBM, 1981} edererand Sethi, 1988 achman, 1982;987)have to be notecs basic concepts
Subsequently, one of the pillars of IT governanceddas and Van Grembergen, 200&ill and

Ross, 2004) is strategic alignmembich is set to become a vital factomanagindT governance.

The topic of wategic management of IT brings us to the concepts of strategic alignment and
enterprise architectureAdditionally, the concept argangationalfit and different it models

(e.g. Strong and Volkoff, 20183¥olead ugto the topic of strategic alignmeand are attracting
considerable interest tadropics in this section will serve as theoretiggthlights and contextual
boundaies of the proposed research framework
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2.2.2 ENTERPRISE ENGINEERING

From an engineeringperspective the proposed researchuilds on the topics of Enterprise
Engneering (EE)and Enterprise Modling (EM) Enterprise Engineeringdgogervorst, 2009;

Dietz et al., 2013; De Vries et al., 20is&onsidered as a sutiscipline of industrial / systems
engineering.Two types of EE have been developed: 1) General EE, which is concerned with
engineering and management of enterprises and 2) Specific EE, which is concerned with software
engineering andrgerprise modelling. The former brings us to the concept of strategic alignment
while the latter leadsisto enterprise architectureEE methods include e.g. UML and Petri Nets.
Enterprise Mod#ing (Vernadat, 2002; Scheer, 2013)s its origins from systemsodelingand
information systera modeling Enterprise Modking consists of 1) Function Moliled, 2) Data
Modelling, 3) Business Process Mdidgl and 4) Systemiglodelling. EM techniques include
several methods (e.g. BPMN) ametamoddling frameworks (e.gGERAM One of the
techniques of EM is enterprise architecture. Business ReferencellMgdBRM)Fettke and

Loos, 2006; Becker et al., 2067¢onsidered aa related field of EM. A business reference model

is part of an EA framewaqrko the concept of BRM leads us to enterprise architectDtieer
related fields ofEM include economimodeling system thinking andntology engineering
(Uschold, 1998; Diet2p06; Dietz and Hoogervorst, 200Bdpics of enterprise engineering lead

us to the phenomena of strategic alignment and enterprise architecture. The areas listed in this
section will serve as the methodological basis of the proposed research framework.

2.2.3 FORMAL METHODS FOR SYSTEM DESIGN

From the perspective of formal methods, the proposed research builds on the topics of Model
Driven Architecture and Engineering, metamodeling, model transformatiodel checking,
modelinglanguages and Domain Specific Mbdg!l In summary, these aredsing us to the
concept of enterprise architecturand to the constituent parts of the proposed research
methodology. ModelDriven Architecture (MDA) and Mdderiven Engineering (MDE) are
considered as approaekfor software design. MDA was tahed by the Object Management
Group (OMG), while the acronym M[#Ehmidt, 2006; Kent, 2008) used to refeto general
model engineering areas. MDPrankel, 2003;|&ppe et al, 2003; Mellor, 2004)ses a domain
specific language from the concept of Domain Specific Modeling (R&M)and Tolvanen, 2008;
Gray et al 2007; France and Rumpe, 200R¢lated standards include e.g. UMQF, and XMI.
MetamodelingvanGigch1991H n mo T Y N K séfriedoasiapmdess of creating models
of a model and includes the analysisnstruction and development otheories, rulesand
constraintsor generating metamodel$ypes omodelinglanguages include e.g. domain specific
languages(van Deursen and Klint, 2002nd architecture description languages (ADL)
(Medvidovic and Taylor, 1992000. Model transformation(Mens and Van Gorp, 2006;
Czarnecki and Helsen, 20@8)onsidered an pecially important area of MDA. An influential
standardin the field of model transformation is QW{Stevens, 2007)Finally, model checking
(Clarke et al., 1994;999; Baier et gl 2008)is referred to as the check whether a model of a
system meets a pwously given specificatioffhe introduced topics of formal methods for
system desigwill serve as the technical background for elaborating research methodology and
developing the proposed research framework.
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2.3 Strategic Alignment

This subsection introdes the main concepts of strategic or busiAdsalignment Firstly,
motivation, alignmendiefinitions and drivers are given. It is followeddgummary oinfluential
alignmentmodels, with special attention to theelkknown Strategic Alignment Model (SAM
The subsection ancludes with possible categai®ns for alignment typesalignment
dimensionsand alignment levels.

BusinessT alignment isegarded as one of the most important issueformation systera
researchsince information systems foster the successful etk@e of business strategies.
Organgationsaim to align theibusiness and Ifor several reasons, e.g. using IT effectively to
accomplish theibusiness goalsitilising the ability of IT to create business value, or integrating
ITinto their business strategynission and goals (Chan and Reich, 208tategic alignment is
referred to as an ideal situation in which orgations use appropriate IT instruments which
provide congruency with their business strateffjgnment is consideregis1) the degree of fit
between business and IT strateagyd infrastructure, as well @ thelevelof how IT strategy can
support the business strategy. BusinEBsligiment takes place if the orgaatonal goals and
activities are in harmony with the supporting information systémirfan andrier, 1999)The

first mention of the need fdousinesdTalignmentwere given by McLean and Soden (1977) and
Henderson and Sifonis (1988hese early studies referrad alignment as 1) the linking of
businessand IT plans or 2) establishing the congruence of business strategy with IT strategy and
vice versa, 3) investigating the relation between business needs and IS priorities. These
perspectives of alignment resultedtive strategicuse of IT and led to highperformance (Chan

et al., 2006)

Alignment has different defitions in literature. Henderson and Venkatraman (1993) define
alignment as a degree of fitetween business and IT strategs well as buséss and IT
infrastructure. Reicland Bensabat (1996) conceptualibe term alignment athe levelof how

IT strategy can sort the business strateg$auer and Yetton (1997) pointt that IT is a miar

for business managemerLuftman and Brier (1999) argtheat alignmat is the situation when
organisations apply appropriate Hat is congruent with business strategy.

The following phrases are consideregigalent terms of alignment:

A fit (Chan, 1992; Hendersamd Venkatraman, 1993),
linkage (Reich, 1993),

integration(Henderson an¥enkatraman, 1993),
bridge (Ciborra, 1997),

harmony (Luftman et al., 199and

A fusion (Smaczny, 2001).

> > > D

Drivers of alignment consist of both foreground ahdckground aspects. Foreground
antecedents (i.e. visible behawis which influence alignment) are e.g. leadership methods,
planning methods, communication styles or successful top manager relationships between
business and IT (Baker, 2004; Feeny €t92; Lederer and Mendelow, 1989; Cragg e2aD2;

Teo and Andl999). Background antecedents include e.g. corporate culture, shared knowledge,
corporate visionthe strategicrole of IT (Reich and Benbasat, 2000; Chan et al., 2006; Brown and
Magill, 199).
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Outcomes of alignment include several agpge.g. 1) increase of orgaatisnal performance

(Floyd and Woolridge, 1990; Powell, 1992; Cragg et al., 2002), 2) shift in industry performance, 3)
descriptively, i.e. presenting the value of IT (Henderaod Venkatraman, 1992), 4)
prescriptively, i.e. suggesting potential courses of actions (Henderson and Venkatraman, 1992)
and 5) dynamically, i.e. indicating aspects to be addressed over time (Henderson and
Venkatraman, 1992).

Alignment models are holistipproaches which can be used in a prescriptive maiugeithey
prescriptively define the method of achieving and sustaining the state of alignweerdus
approaches have been proposed to introduce a method for this ikkbeugh there are several
alignment models in the literature, some models are particularly influemiibiecognized, such
as the MIT Mdel (Scott Morton, 1991jhe MacDonald Mdel (1991)the BaetsModel (Baets,
1992) the Amsterdam Information Model (AINWdes, 1999Maeset al, 2000)and Henderson
I YR + Sy IStiatedicYAligyireat Model (SAKL993) Figures 4-6 represent theBaets
Model, the MITModel, and the AIM Model respectively.

Alignment models have been gaining much attention duthéa further applicability.Much
researchhasextended the SAMhodel, e.g. Luftman et al. (1993), Goedvolk et al. (1997), Avison
et al. (2004).
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The SAMnodel can be referred to as the most cited alignment model in literature. The model
has four key domains of strategic chof{eek.a. alignment domash 1) Business Strategy, 2)
Organiational Infrastructure and Processes, 3)idt&gy and 4) IT Infrastructure and Processes.
The external axis of the model consists of the business and IT sttategins, while the internal
axis containgrgansgationaland IT infrastructure and processes. Business axis refbrsiness
strategyand business structuyevhile IT axis consists of IT strategy and IT strudfibheemodel

is based on two primary building block¥strategic fitand 2) functional integratior{(Henderson

and Venkatraman, 1993Jhe strategic fit dimension means the need to align the external and
internal domains of IT, while functional integration consists of the need to integrate business and
IT dmains.Figure 7introducesthe traditional SAM modeFurther analysis on the operation of
the SAM model will be proposed in the following subsections.
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For alignment type categosaBon several approaches can be used. Firstigtchingdifferent
SAMdomairs results iré different alignment typegSabherwal et al., 2Q):

1) Business alignmentusiness transformationthe matchingof business strategwnd
organigition infrastructure and processes

2) Strategic alignmenbusiness products and servictge matchingf business strateggnd
IT strategy

3) Structural alignment information systemproducts and servicesthe matching of
organgationand IS infrastructure and processes

4) IT alignmenttechnology transformatiqrthe matchingf IT strategyand IS infrastructure
and processes

5) and 6 Crossdimensional alignments the matching of business strategyand IS
infrastructure and processeand IT strateggnd organiation infrastructure and processes

Figure 8llustrates the 6 alignment type&cording to the corresponding SAlmainmatches

Another classificatiorior alignment typs provides alignment dimension$his classification
results in 1) Structural, 2) Functional, 3) Scaitural, 4)infologicaland 5) Contextual alignment
dimensionsFigure Sillustrates alignment dimensions proposed by Reich and Benbasat,(1996)
Magoulas et al. (2012) and Chan (2001).
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Alignment dimensions approach the alignment issue in differerd (i®sich anBenbasat, 1996;
Chan, 20012002:

A Strategic dimensiopf alignment means the degree to which business strasegly IT
strategyare connected to each other.

A Structural dimensioaf alignment refers to the businesdT structural fit

A Informaldimension Informalstructures are relatiofbased structures in aorgangation.
Informal dimension transcends th@mal structure (e.g. division t#bor, coordination of
tasks); inhis dimension business and IT aligned via informal lines.

A Sociadimensiorof alignment means the state in which business and IT units understand

each other and are committed the businessand IT strategies and goals.

A Cultural dimensiorefers to the cultural elements of alignment, such as business planning
style, communicatiostyle and common language.

Alignment level categoasion refers to the organgtional areas where alignment should be
present. In an idealtsation alignment is present atl levels of organisationscludingl) at the
organisitional level 2)the system level (Floyd and Woolridge, 1990; Campbell, 28Q&)pject
level (Jenkimnd Chan, 2006), ad) individual/cognitive level (Tan and Gallupe, 2006).
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Taking the internal and external domaafsalignmentinto consideration, there aradditional
alignment categoregions

A Forinternal domainsEarl (1989) states the need fagaing IT strateggnd infrastructure
with information system strategy (i.e. applicatiomasd information) in an orgarigon.

A Forboth internal and external domajridenderson and Venkatraman (198&ommend
that alignmenshould be both intenal and external to the orgaison. External alignment
means the alignment of business and IT strategies with industry and technology forces.
Internalalignment refers to the orgamional and I'processes ahinfrastructure.

A For external propositionsSledgianowski and Luftman (2005) propose the need for
leveraging IT assets on an enterpnide basis. It is performed in order to extend the
reach of the orgasation into supply chains of customers and sigppl Additionally,
Galliers (2004) recommends that alignment should also effect and be effected by external
partners(e.g. customers and suppliers)

In conclusion, several categ@ationsmay be given forbusinesdT alignment In thisresearch
the concepts of the SAKhodel will beutilised extensivelyln addition, alignment typesill be
used for classifying different symptoms of malfunctioning structédegmment dimensions and
alignment levelsvill frame research contexind will serve as possible tools for delimiting the
proposed research framework.

2.4  Alignment Assessment

General introduction on strategic alignmeéstfollowed by a summary of influential alignment
assessmeninmethods. In this subsection the concept of strategic alignment perspgcthve
process models of alignment and alignment approachesatailed. The section concludes
with critical success factors and challenges of alignment, which lead us to the following concept,
the phenomenon of misalignment

There are four dominant alignment perspectiveecalled crosslomain relationships in the

SAM 1) Strategy Execution, 2) Technology Transformation, 3) Competitive Potential and 4)
Service LevdgHenderson and Venkatraman, 1998Jignment perspectives cover 3 out of 4
alignment @mairs in order to define directiorfer alignment domain analysiBvery alignment
perspective consists of 2 alignment domain matches, a.k.a. perspective congp&iguniel0

shows traditional alignment perspectives. The figmay be interpreted as follows: Anchor
means that the perspective is driven by that particular domain. Every perspaitéets two
additional domainsthe intermediate domain is called pivot area, whihe ending point is
considered the area of impact.

Strategy Executigperspective deals with the supporting role of IT concerning business strategy
based business structureBusiness strategy iganslated into business process and
infrastructure to which IT processes and infrastructure provide appropriate support. The
perspective is business stratedpyven, which means that if there is a change in business strategy
direction, business structure is changed accordingly. Ircéisg IT structuremust be able to

adapt to renewed business structure via modified supports (Henderson and Venkatraman, 1993).

Technology Transformatioperspective is conceed with the business value of IT. In this
perspective IT provides innovative solutions in response to the business goals. Innovative
possibilities aréividedinto IT processes and infrastructure which enable the implementation of
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the innovative solutionsIn this perspective business structuredoes not constrain the
implementation of the innovative solution (Henderson and Venkatraman, 1993).

Competitive Potentigderspective is about emerging information technologies which are able to
provide new possibilities to the business. These new concepts affect the business,strategy
through which new business structungll be developed. In thigerspective IT provides new
distinctive competencies to the business. Business strategy is built according to the potentials
provided by IT. The perspective helps to exploit emerging IT capabilities in order to be able to
develg new business products and services (Henderson and Venkatraman, 1993).

Service LevpErspective deals with different ways through which IT can improve business service,
or IT can deliver the necessary capabilities to support business products andss&wivEe

Level perspective is intended for implertieg an IT serviebased organaion. Srvice levels

are defined by collaboration between business an@he&.IT service centaperates according

to the contracted service levels (Henderson and Veakstn, 1993).
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Figure10. Traditional Alignment Perspectives (adapted fl©aleman and Papp, 2006endersonand
Venkatraman, 1993)

The SAMmodel introduced only four dominant alignment perspedieeit of the 8 possible
perspectives. The 4dditional perspectives (Organisation IT Infrastructure, Owfaoris
Infrastructure Strategy, IT Orgaai$on Infrastructure and IT Infrastructure StrateggeFigure

11) are presented andnalysed by Coleman and Papp (2006).

Beside additional alignment perspectiseColeman and Papp (2006) also presented a concept
for alignment fusions. In thigpproach two alignment perspectives are combined and taken
simultaneouslyA combinationof alignment perspectives, a.k.a. alignment fusioagbe found

in thestudyof Cdeman and Papp (200&igure 1Zhows two examples of alignment fusions.
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Process models of alignment are basedwmachools of thoughhat were establishedegarding
alignment (Whittington1993).1) Processual vs classic schools of thought in which the former
concentrates on internal and power issues, while the latter focuses on a model of rational
adaptation. 2) Continuous managemenbofangationalcomponents (. continual calibration

of certain elements in the orgaitonal model) (Baets, 1996; Luftman and Brier, 1999; Rondinelli
et al., 2001; Sledgianowski and Luftman, 2005).

Process models of alignment accent the prodigssnature of alignment (vs. endagt). Several

process models of alignment dealth the evolution of alignment (i.e. how alignment has
changed overtimet KSaS Y2RSta AyOfdzZRS Soad GKS waidl 3¢
HnncoU X fUIKBQ WIXSRFE 0. dZNYy ¥ Oindethd SRv Stpuzh £ 2 BINA KHzE O
et al., 2001). The Strategic Alignment Process (SAP) presented by Scott Morton (1991) introduces
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a process for establishing and assessing alignifignire 13llustrates the operation dtrategic
Alignment Process
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Figurel3. Strategic Alignment Process (Scott Morton, 1991)

In literature there areseveralexamples of alignment assessmerdthods. Many attempts have
been made in order tolassify andnalyse alignment evaluatiotechniques. In general, alignment
can be measured by different approaches, including e.g. typologies and taxonomriedeft,
mathematical calculations, survey items, qualitative assessments andlpgicdl measures
(Chan and Reich, 2007). In recent yeagsowing body of literature has examined alignment
evaluation methods.

A recent review of literature on this subject was carried ouDdymiet al. (201b). It provided
a comparison of possiblelignment evaluationapproaches. In this comparisodifferent
approachesveresummarigd as well asimitations ofthe proposedapproacteswere detailed:

A

> > > >

>

A

A

Approach of EA (Zachman, 1987)

Approach of Urbanization of Information System@.8nLJS~ H AN A MU

Approach of Modeling and Construction of Alignment Oriented Needs (Bleistein, 2006)
Approach of Evaluation and Evolution of Strategic Alignment (Luftman, 2000)

Approach of Modeling and Construction of Alignment between the Environment,
Processes and the SystegqiSEAM (Wegmann et €005,2007)

Approach of Evaluation of the Degree of Alignment of the Business Process and
Information Systeng ACEM (Etien, 2006)

Approach of Evaluation of the Degree of Alignment between the Couple Strategy of the
Enterprise and (Business Process, Information Systi®STAL (Thevenet et al., 2009)
Approach Oriented Values: E3 Values (Gordijn and Akkermans, 2003)

Table 2describesand compares alignment approaches according to thectspé alignment
entity under review,modelinglevels, modelingtypes, and methods in use for construction,
evaluation and correction of alignment.

In addition, thee are als@dditionalalignment assessmeniethods, which were not included in
the comparisorof alignment approaches. Other approaches include e.g. the pluglT approach
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(Woitsch and Utz, 2009), the ServAlign approach (Ghose et al., 2013), the REFINTO framework
(Umoh et al., 2012) and the ALBIS framework {Cuamha, 2013).

Most of the introduced approaches for alignment measurement build on strategic and/or
functional lerel assessment and include tdpwn castruction approachModelingstructures of
these studies incorporate some feasible and applicable methods (e.g. Godirigo@tology)
which will also be listed in the possible implementation directions subseotiche other hand,

the minority of the cited approaches deal with the evaluagiod correction of alignment, which
significantly decreases the applicability of these methods for misaligrasestsment

Table2. Comparison of Alignment Approaclfieased orDoumiet al., 201b)

CRITERION | ALIGN MODELING | CONSTRUC | MODHEING | EVALUA CORREE€
STubDY MENT LEVELS TIONOF TIONOF TIONOF

ENTITY ALIGNMENT ALIGN ALIGN

MENT MENT

Luftman, Strategy/ | X X X None None
2000 IT
Zachman, Enterprise | X X Artefact None None
1987 strategy classification

and IT, BP,

System,

Environ

ment, etc.
Bleinstein Strategy/ | Strategy TopDown Goal None None
2006 Business Modelling

process (9]
Wegmann et| Environ Functional TopDown X None None
al., 2005, ment/
2007 Business

process
Etien 2006 | Business | Functional TopDown Ontology Yes None

process/IS
[ 2 y 3$SLJ Strategy/IS| Functional TopDown X None None
2001
Gordijn and | Strategy/ | Strategy/ TopDown Goal None None
Akkermans, | business, | Functional Modeling/
2003 process, IT Business

Model

Thevenet et | Strategy/ | Strategy/ TopDown Card None None
al., 2009 business Functional Formaism

process|S

To conclude alignment assessmemtthods, the section ends with some aspects on critical
success factors and typical challenges of alignment achievement. This summary on success
factors and difficulties will lead us to the second main construct of the literature review, to the
phenomenorof misalignment

Therehave been many attempts in recent alignment literature to propose success factors of
alignment achievement. Several lists are available on critical success factors of alignment (e.qg.
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Burn and Szeto, 2000; TedaAng, 1999). To give some examples, CSFs of alignment include e.g.
1) choosingan appropriate alignment approach (Burn and Szeto, 2000), 2) the commitment of
top management to the strategic use of IT (Teo and Ang, 1999), 3) the confidence of top
managemat in IT (Teo and Ang, 1999), 4) the efficiency and rel@nideservices (Teo and Ang,
1999),and proper communication between business and IT (Teo and Ang, 1999). Many studies
have been published on alignment success factors. CSFs have been receiviaiention due

to its role in achieving and sustaining alignment.

Finally, there is a vast amount of literature on typical alignment challenges. Most of them list
challenges around alignment achievement, e.g. the laokgainsationalcommitment towads
alignment and missing documentatioroofjansationalstrategy missionand goals (Baets, 1996;
Reich and Bensabat, 2000). Chan and Reich (2007) propose a satiegoscheme for
difficulties that mightoe encounteed while achieving alignment. According to their proposal
challenges in attaining alignment candadegorsed into three groupsl) Challenges related to
knowledge, 2) Challenges related to the locus of corgjdhallenges related to orgaatisnal
charge. Table3 summarses some of the challenges in attaining alignmastording to their
categorigsition scheme

Table3. Sample Challenges in Attaining Alignment (Chan and Reich, 2007)

CHALLENGEATEGORY | CHALLENGEXAMPLES

Challenges related t{ A Unknown corporate strategy (Reich and Bensa|

knowledge 2000)

A Lack of awareness or belief in the importance
alignment (Baets, 1996)

A Lack of industry and business knowledge (Ba
1996)

Challenges related to th A The status of IT (Campbell et 8005)

locus of control

Challenges related t{ A Response to orgarional changdVan Der Zeg

organiational change and De Jong, 1999)

In thisresearch misalignmentassessmenwill be based on traditional alignment assessment
techniques. Strategic alignment perspediveill be used for driving misalignment symptom
categorisition. The Strategic Alignment Process will serve as a tool for tracking misalignment
symptoms in EA modebver time. The proposed research reflects various alignment approaches
from the aboveintroducedalignment evaluatiomoolset. CSFs and challengdsalignment will

be utili’ed in misalignment symptom generation.

2.5 Misalignment

To investigatéhe state of businesH alignmenin an organiation, two general perspectives can
be consideredl) to analyse its presence (alignment assessnjeot 2) analyse its absence or
deficiencies (misalignmeassessmentChan and &ch, 2007; Carvalho and Sousa, 2008
common way of evaluating the state of businEsslignment is alignment evaluatjorhich
analyses the presence of this phenomenorithéncaseof analysing its absence or deficiencies,
misalignment assessment is conductEde innate need faanalysing misalignment hs already
been mentioned by Chan and Reich (2007heir highprofile literature review on business
alignment.

36



In thissubsectionthe corcept of misalignmenwvill be introduced. After collecting drivers and
motivation of the misalignment phenomenothe section commences with definitions on
misalignment. It is followed by a summary of influential misalignment mode[sr@resses. In

this part, special attention is paid to the symptoms of misalignment. Recent literature on
misalignment symptorncatalogueand categoriation schemes are examined at the end of the
section.

While organiations are continually trying to achieve alignment, they are suffering from
difficulties which encumber the achievement of alignment. This observation points out the
phenomenon of misalignmenivhich is referred toasthie2 LILJ2 aA 0S¢ 2 F @i NI (S
when strategy, structure, processes and teabgy are not perfectly harmomd. Most
traditional alignment studies deal with alignment achievemaevttjle misalignment issues are
scarcelycovered irliterature. However, orgarasions are in the state of misalignment as long as
they achieve (or at least approach) the state of alignment. This fact indicates that considerable
attention should be paid to the phenomenon of misalignment. Migakmt analysis is an
important step in achievinglignmentsince it helps to understand the nature and the barriers of
alignment. In addition, it supports orgamigons in proposing certain steps to -exhieve
alignment.

To give a decent definition on ralgnment several approaches were studied. The different
views on the topic resulted different definitions, which will be showed hereafter.

A The state of busined3 alignmentan beanalysed either through its presence (alignment)
or through its absence or deficiencies (misaligniméntthissense misalignment can be
referred to as a state whaergangationsfail toachieve or sustain alignment (Carvalho and
Sousa, 2008This definition stresses that misalignment is an undesired thatenustbe
avoided or corrected.

A Another perspective declares that migafinents are different problemsccurring while
an organgation is trying to achieve alignmenfccording to thizoncept, misalignments
are aggravating circumstances. If we accept that alignmeheislesiredstate of an
organgation, we define misalignments as complicating factors with whighngations
are facing whilachieving alignment (Carvalho and Sousa, 2008

A Chen et al(2005)statethat misalignmenis any business proce$st is not appropriately
aligned with the requirements.

To sum up the different views on mlignmentdefinition a collection of general misalignment
characteristics is given. According to the diffedefinitions it can be stated that

A misalignmenhas an innate negative connotation,

A alignment andnisalignmentire antonyms,

A misalignmenmustbe eliminated and substituted with alignment,
A misalignments a difficulty that impedes alignment,

A misalignmenindicates alisorder in the operation of thergangation.

There are several misalignmemiodels mentioned in litéture. The very first mentioof
misalignment was conducted by Luftman (2008)o collected a set of misalignment sympsom
Therelevance of this work was tfadd, 1) it declared that misalignment can be detected by its
symptoms; 2) it stated that misalignment inhibits the achievement of alignment. The next
relevant work on misalignment was condudbgdPereira and Souga004) They gave a summary
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of key issues concerning Busin€Bg\lignment. In thewwork, they identified misalignment as one

of the key alignment concern&dditional frameworks on misalignment incldddifferent
aspects regarding salignment.Fritscher and Pigneur (2011) proposedasiness model
ontology for misalignment identification. Zarvic and Wieringa (2006) introduced the GRAAL
framework Guidelines Regarding Architecture Alignmegid and Soh (2007) presented the so
calledSiaSoh model, while Strong and Volkoff (20d@poseda categoriation for misfit types.

The most famous misalignment models are BISMAMmodel (Business and Information
Systems MisAlignment Model) Gprvalho and Sousa (20@8d the BITAM method (Business IT
Alignment Method) by Chest al. 005).

The BITAM approach gaveetfirst structured conceptuaiition on misalignmentt dealt with
business and IT architecture misalignment management. It wasngineeringprincipled
misalignment detection and correction method which set up 12 steps to detect and correct
misalignment.

The BISMAMmodel gave special attention to thendling of misalignmentn themodel an
analogy was showm iwhicha medical sciences approach was used to set up misalignment
nomenclature. The model introduced misalignment from a medical science perspective, using the
analogy of detecting, correcting and preventing illnesses. The approach defined a basis for
misalignment classificatioand misalignment techniques, based on detection, correction and
prevention steps.

Since misalignmeris a nondesired state, orgarasions aim to eliminate itOrgangationscan

avoid this condition by detecting, correcting and preventing misalignment(s). The triad of 1)
detecting, 2) correcting and 3) preventing misalignment(s) is the general process of handling the
phenomenon (Chen et al., 2005; Carvalho and Sousa, 2008).

A Misalignment detectiormeans the diagnosis of this undesired state. It includes the
processes of a) misalignmedentification and b) symptom analysis.

A Misalignment correctiois the process afaligningbusiness process with information
systens. The correction step is about terminating the symptoms by correcting the
malfunctioning procedures.

A Misalignment preventiofis the process that helps to avoid the state of misalignment
Prevention means an array of activities with which the-aesired condition can be
avoided. Prevention includes detection and correction skills as well.

Problems, complicating factors and aggravating circumstances that occuongéilsationsare
trying to achieve alignment are considered the indicators of misalignriientlassify these
indicators, several approaches can be takaetegoritnge.g. by organs, by sigis; syndromes
or by symptoms. Carvalho ar&busa (2008) provide different classificattmmemes for the
indicators of misalignmentable4 describesheseclassification schemes.

While organiations are trying to achieve alignment, different problems, complicating factdrs
aggravating circumstances are occurring. Misalignment symptoms are constieleaceof
inefficiencies, difficulties or inabilities that encumber alignment achievement. The existence of
these symptoms demonstrates the state of misalignmanan orgarsgation. Misalignment
symptom detectiordeals with the identification of such indicators. Matching the domains of the
SAMresults in general types of misalignment symp@dagure 14llustrates some examples of
symptom groups between different SAM dom@aiatches.
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Tabled. Classification Schemes for Misalignment Indica@asv@lho and Sous2008)

CLASSIFICATION| DESCRIPTION
CATEGORY
by Organ System| Organigtioncomponents involved in misaligient
by Symptom Evidenceexperienced by business actors
by Sign Evidence experienced by exteraad internal business actors
by Syndrome Set of symptomand/or signghat frequently occur together
by Etiology Underlyingcauses that induce misalignment
UNEXPLOITED TECHNOLOGY TRANSFORMATION
UNPROPOSED COMPETITIVE POTENTIAL
BUSINESS & IT
STRATEGY STRATEGY

UNCOVERED
BUSINESS
GOALS

STRATEGICALLY % P

UNDEDUCED

UNCOVERED IT
GOALS

STRATEGICALLY

BUSINESS L'XDEDL%‘ED IT
STRUCTURE STRUCTURE
BUSINESS IT
— —
STRUCTURE J i

UNEXPLOITED IT POTENTIAL

UNCOVERED BUSINESS STRUCTURE
Figurel4. Matching of SANDomains Results in General Types of Misalignment Symptoms

Toapproach misalignmemqthenomenain a more practical mannethe introductioncontinues
with some exampleg.able5 shows some explanatory misalignment sympofrhesevidence
can demonstrate the state of misalignment inoagansation.

Tableb. Explanatory Misalignment Symptoms (proposed by Carvalho and Sousa, 2008)

MISALIGNMENSYMPTOM

Undefined organisational strategy and orgatitmal goals
Undefined business procegsals

Undefined security requirements over the information entities
Users managed differently in different applications
Undefined capacitgnd performance requirements

Lack of dat ownership

Multiple hierarchy or lines of reporting

Lack of application interfaces

Multiple applications managing the same information

Several misalignmensymptom collections have been proposed in recent literature on
misalignment. These collections contain different types of misalignment symptoms. Some of
them will be able to be detected via-BAsed techniques, others will not be applicable in the
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proposed framewrk. The former type of symptoms will be subsequently used in the proposed
framework. The latter type of symptoms will dmitted since these type of symptoms consist

of rather soft signs (communication, governance), or even too technical lsigiman 2000)
proposedan alignment maturity framework in which several sigfimaalfunctioning structures

are presented. In this maturiffamework misalignment symptoms are categasinto criteria,

e.g. symptoms relateto communication, governance partnership.Most of these symptoms

are considered soft factors fan{galignment assessmerg.g. symptoms related to governance
structure, skills or partnership between business and IT. Luftman (2003) presented a list of typical
misalignmeat symptoms perceived by orgaai®ns. Most of these symptoms can be refened

as typical symptoms for ceing businessT relationship andraditional alignment areas, e.g.
alignment satisfaction, missing skills and competencies, conflict®edéethe business and IT
side. Carvalho and Sou28@8 proposeal a shortened andlsoan extended lisbf misalignment
signs and symptom¥he symptoms listed in thesentributiors are considered wefitructured

and easyto-handle symptoms for Edasedmisalignment assessmeiiRereira and Sou$2005)

as well as Sousa et al. (2008}ed typical alignment heuristics. In their approalehuristics are
presentedaccording to EA domain matches, e.g. alignment éetvmbusiness architectuand
information architecture layers, alignment between information architecture and application
architecture layers, etc. These symptoms are related to technical problems between architecture
layers, rather than specific alignment problems between these layidosvever, these lists
contain several potential symptoms for-E#sed assessmenAppendixB lists the complete
misalignment symptoroatalogus found in recent studies on misalignment

Misalgnment symptoms can be categexsvia different approachekuftman(2000) proposes
an alignment assessmefitamework in which the categoason of 1) Communications, 2)
Competency/Value Measurementg,Bovernance, 4) Partnership, 5) Scope & Architeciode
6) Skillds givenThese areas of alignment assessment can also be used forclagsification
i.e. misalignmensymptons can beclassified into these categoridgdisalignment symptoms can
alsobe classifid via different misfit categomsions. Strong and Volkoff (P0) provide a possible
categorisition scheme by classifying misalignment symptoms into 1) Functionaldgta?)3)
Usability, 4Role, 5) Control and 6) Orgaatienal Culture misfit type&aat et al. (2010) propose
a classification by IT system and businessgoaies. In their scheméhe IT system category
consists ofl) interoperability,2) availability,3) security,4) usability ands) accuracygroupings,
while the business category consists Dfefficiency and?) effectivenessaspects Finally, the
alignment perspectiveof the SAMnodel (Hendeson and Venkatraman, 1993) can also be used
as a classification scheme for misalignment symptoms. Inptbposed framework the
categorisition of traditional alignment perspectives will be used.

To sum up, the proposedesearch will extensively utdighe technique of misalignment
detection. The research framework will reflect the recent studies of misalignment models and
processes, especially the concepts BISMAM and BITAM approacheslhe proposed
misalignment assessmeritamework will usea symptombased method.A msalignment
symptomcataloguewill be generated from recent literature on misalignment symptoms. Finally,
traditional alignment perspectigewill serve aa symptom categosation scheme.
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2.6 Enterprise Architecture Management

Literature summary on strategic alignmeabhd misalignmentis followed by a succinct
introductionto enterprise architecturenanagement. After giving a dafion for EA and EAM,
motivation,driversandwellknown EA frameworkare presentedriefly. Special attention is paid
to TGGAFRarchitecture framework. The section concludes with some details oroHding, tool
support for EA and BAodelinglanguages.

Architecture is regarded as the fundamental structure of a system, including its components and
their relationshipsilt is a formal descriptiowhich alssshows the main architectural principles

and guidelineghat facilitate the construction and operatiasf the system. In this respect
enterprise architectur¢EA) is the construction of an enterprise, described lepiitsesand their
relationships EAis anorganisng logic for business processand IT infrastructure in order to
review, maintain and control the whole operation of an enterprise. This einatogic acts as

an integrating force between business planning, business operations and enabling technological
infrastructure. Enterprise ahitecture integrates information systemand business processes

into a coherat map. Enterprise architectusipporsIT strategylTgovernanceand business$T
alignment(Zachma, 1987). It also helps to capture a vision of the entire system its all
dimensions and complexiffOG2015. Enterprise architéare is a structure which helps)
coordinate the many facets that make up the fundamental essence of an enterpris® and
provide a structure for business processes and supportive information sy3t@@&2015.

Enterprise architecture management is a managemenbgphy concerned with corporate
change. Factors leading to the need for strategic E&vbe summaréxl asfollows (Ahlemann

et al., 2012; Lankhorst, 2013; Schekkerman, 2dQ4)he fact that adaptation to the changing
environment means a competitive fact@) The observation that poorly coordinated changes
generate risks angaralye business 3) The percegdbn that complex enterprise architecture
increases costs and risks, and decreases flexibility and transpdiainleg summarigsdifferent
conceptualiations of EAM.

Table6. Different Conceptuabsions of EAM (Ahlemann et al., 2012)

CONCEPT INTERPRETATION

EAM as a Aholistic way to understand, plan, develop and contrabiansationQ a

management architecture

philosophy

EAM as an Asupporive function to enable and improve existing strategy planning

organkational strategy implementation processes

function

EAM as a Aset of management practices that helps to improve the quality of

methodology decisionmaking

EAM as a An open approach to reach consensus among managers on the basis

culture their shared vision of establishing a global optimum for the firm, free o
local and personagaismand opportunism

Enterprise architecture managemeptovides instrument¢o maintainthe abovementioned
concerns. lthelpsto improlS 'y SYGSNILINAASQA LISNF2NXI yOSo
architecture results in increased transparency, documented architecture vision and clear
architecture principles and guidelineghese factors contribute to efficient resource allocation,
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the creationof synergies, bettealignment and reduced complexityn theend, better business
performance can be achieved by using the EAM conEépiipromotes the vertical integration
betweenstrategic directionandtactical concepts, desigtecisionsand operaions. Additionally,
it provides horizontahlignment betweenbusinesschangeand technology In addition,EAM
improves the capability of an enterprise for perceiviggalsing and responding to
organisitional changes. It helps 1) to align trgangation with strategic goals, 2) to coordinate
interdependencies in business and IT, 3) to preparergangation for an agile reactiorEAM
plays arole in strategy formulatias well Strategic EAM helpstb)analyse the current situation,
2) assess strategoptions, 3) formulate strategic initiativesdéyelop an architecturaision, 5)
roadmap migration activities, 6) assesd proritise project portfolio and) monitor architecture
evolution(Ahlemann et al., 2012 ankhorst, 2013

In order to copewith architecture complexity, different frameworkagthods and tools have
been developedAn enterprise architecturédramework is a collection of descriptions and
methods to create and manage enterprise architectubeveral enterprise architecture
frameworks are available, e.g. the IEEE Standard-20Xd(Maier et al., 2001)the Zachman
Framework (Zachman, 1987), the TO@#&Rework TOG2015 or the DODAF framework (DOD,
2009. The most recogeed frameworks are the Zachman Framew(dk rather theoretical
purposes)and the TOGAF framewof(kor rather practicalusage) The development of EA
frameworks started ithe 1980s.Table 7summarigs the key milestones in the development of
EA frameworks.

Table 7. Key Milestones in the Development of EA Frameworks (Ahlemann et al., 2012)

RELEASE| EAFRAMEWORK

DATE

1987 Zachman Framework

1989 NIST Enterprise Architecture

1991 Technical Architecture Framework for Information ManagerGEAFIM)

1992 {LSsF1Qa 9YGSNILINKRAS ! NOKAGSOI dz

1996 A The Open Group Architecture Framework (TQGAF
A Command, Control, Communications, Computers, Intelligence,

Surveillance and Reconnaissance (C4ISR)

1997 Treasury Informatio®ystem Architecture Framework (TISAF)

1999 Federal Enterprise Architecture Framework (FEAF)

2000 Treasury Enterprise Architecture Framework (TEAF)

2002 Federal Enterprise Framework (FEA)

2003 A The Department of Defense Architecture Framework (DoDAF)
A Extended Enterprise Architecture Framework (E2AF)

EA frameworks have developed from vasisourcesTable8 demonstrates some examples of
thesevarious sources together with EA framework examples.

The most commonly used EA frameworks are the ZachmaneWwmk and the TOGAF
Framework. While the Zachman Frameworlefinéd as a taxonomy for orgaimig architectural
elements, TOGAF is a procesgnted EA framework which breaks an EA into different EA layers.
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TableB8. The Most Established EA Frameworks (Ahlemann et al;, SfHekkerman, 2004

TYPE EAFRAMEWORK
Enterprise A The Open Group Architecture Framework (TQGAF
developed A Generalied Enterprise Reference Architecture and Methodology (GERAN
Frameworks | A Reference Model of Open Distributed Processing(RN)
A Guide to the Enterprise Architecture Body of Knowledge (EABOK)
Commercial A Integrated Architecture Framework (IAF)
Frameworks | A Zachman Framewk
A Architecture of Integrated Information Systems (ARIS
A OBASHI Business & IT methodology and framework (OBASHI)
Defence A Command, Control, Communications, Computers, Intelligence, Surveilla

Industry and Reconnaissance (C4ISR)

Frameworks Department of Defence Architecture Framework (DoDAF)

NATO Architecture Framework (NATO)

Technical Architecture Framework for Information Management (TAFIM)
UK Ministry of Defence Architecture Framework (MODAF)

International Defence Enterprise Architect@gecification (IDEAS)
Federal Enterprise Architecture Framework (FEAF)

Government Enterprise Architecture (GEA)

Treasury Enterprise Architecture Framework (TEAF)

NIST Enterprise Architecture (NIST)

Treasury Information System Arcloiiere Framework (TISAF)

Extended enterprise architectufilamework (E2AF)

{LSsF1Qa 9YGSNIINRAS | NOKAGSOGdzNB

Government
Frameworks

Other
Frameworks

DL O I PP P 2

Y%l OK Y| yk@oin fearBewérk (Zachman, 1987) is considered to be a Istficeture of an
enterprise. It represents the whole enterprise in descriptive building blocks. It is an evolving
framework in its latestversion an enterprise ontology was introduced. The main advantages of
this framework are that it is quite easyunderstand and it is independent of methodologies.

TOGAKThe Open Group Architecture Framew@®G, 2015%)is a commonly used architecture
framework. Itis a holisti@pproach whicldescribes a metamod#ir enterprise arhitectureand
proposes different methods for building and maintaining enterprise architecturiks.
framework has four main components) Architecture Capability Framework, 2) Architecture
Development Method (ADM), 3) Argldture Domains and 4) Enterprise Continuum. The latter
consists of different reference models (e.g. Technical Reference Model, Standards Information
Base, The Building Blocks Information Ba$e core of the TOGAF approach is the Architecture
DevelopmehMethod (ADM), which proposes an iterative method for developing and managing
enterprise architecture. It consists of 10 phases. Phd3e®ver the four architecture domains
(1-4), respectivelyArchitecture domains are consideretifferent conceptualgions of an
enterprise. TOGAF provides 4 architecture domains: 1) Business Architecture, 2) Data
Architecture, 3) Application Architecture and 4) Technology Architedturiheir approach
Business Architecture is served by Data, Application and Technology Archité&ginesl5

shows the main structure of the architecture domains according to the TOGAF framework.
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DATA APPLICATION TECHNOLOGY
ARCHITECTURE ARCHITECTURE ARCHITECTURE

Figurel5. Architecture Domain Structure accong to TOGAfased on TO@015H

TOGAmetamodelis a reference model which satp the formal structure of an EA moadsed

well as provides implementation guidance on core building blocks and their relationships. The
metamodel depicts the core entities of the 4 architecture domains. Entities are connected to each
other within andbetweenarchitecture domains. Business Atebture is primarily connected

with the other 3 architecture domains via Business Service. BusinessiSdahacefore a bridge
between several entities, refracting the direct routes between the different i(é@s, 2016
Fgure 16 depicts the TOGAF metamodel addition, TOGAF defines several views for describing
EA.Table9 shows TOGAF views with the concerns addressed in each view.

The general introduction on TOGAFollowed by some details on E¥ddding, tool support for
EA andnodelingdescription languages. Efodelingdeals with transforming real widrconcepts
into an ads or tobe phase EA model. According to Lankhorst (2013nde&linghas three
dimensions: 1) external or internal,i®havioror structure, 3) individual or collective.
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Figurel6. TOGAMetamodel (TOX015H
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Tabled. TOGANiews with Addressed Concerns (T23.5

VIEW ADDRESSEBONCERNS
Business Architecture View| People, Process, Functionality, Business Information,
Performance

Enterprise Security View Security, Protection of information

Software Engineering View| Development approach, Software modularity andise,
Portability,Migration and Interoperability

System Engineering View | System requirements

Communications Technology requirements

Engineering View

Data Flow View Organisational Data Use, Data Storage, Data Retrieval, Data
Processing, Data Security

Enterprise Managability Security, Software, Data, Computing/Hardware, Communicat

View

Acquirer View Cost, Standards

EAmoddingworks with a layeconcept, i.e. describes Eidifferent EA layers. Typical layers of
an EAmodel are business,organgation, and processes, information systen{including
applications, data and integratipand IT/IS infrastructuré business procedmsed example
illustrates the collaboration of di#rent layers and constient modding objects inFigurel?.
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Figurel7. An Example of EAM Motleg (Ahlemann et al., 2012)

EA tools support thgeneration angnanagement of EA modeRAhlemann et al. (201pyroposes
qualities of EA tools by the neéat 1) Meeting different stakeholder need®) Providinguser
friendly model development interface8) Providing support for automatiord) Supporting
extersibility and customisation5) Providing support for amgsis and reporting6) Providing a
robust yet flexible repository7) Offering good value for money and sufficient vendor support
Tablel0gives an overviewf popular EA tools:
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Tablel0. List of Popular EA Togiesed omAhlemann et al., 2012nd Schekkerman, 20p4

VENDOR

TooL

alfabetAG

PLANNINGT

BOC Information Technologies Consulting Gmbk

ADQT, ADONIS

IBM WEBSPHERBBUSINES®MODELER
Software AG ARISPLATFORM
iGrafx ENTERPRISMODELER

MEGAInternational GmbH

MEGAMODELLINGUITE

Troux Technologies Inc.

TROUX7.1

Techniques anéhguages fodescribing informationystens can be classifiehto three groups
(Bernus et al., 2013)) Data and objectmodelinglanguages?) Activity and processiodeling
languagesand 3)Multi-view languagedata and objectodelinglanguages are used for the
modelingof the information viewTheycontain the information that is stored or processed by
the information system ding its lifecycle. Activity and processodelinglanguages are used for
specification, design anonplementation purposes. Multiew languages are used for the
representation of different view3heyserve the needs of multiplaodelinglevels Example®f
desciption languages are IDEF, BPMN, TestB&SUnified Modding Language (UML) and
Architecture Description Languages (ARahkhorst, 2013)ADLg IEEE 1474tandard provides

a conceptual model for architecture description (E@gre 18):
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Figurel8. Conceptual Model of Architecture Descriptibar(khorst2013) by the IEEE 1472D000/ISO/IEC

42010 Standard (Maier et al. 2001)

ArchiMateis acommonlanguage foEAmodding developed by The Open Gro(fMS, 2012)
ArchiMate contains layer metamodels for business, application and technology layers. Layer
content is classified into core and extension building blocks. Core contents contain business,
application and technolgglayer concepts. Extension contents contain the concepts of 1)
Motivation Extension and 2) Implementation & Migration Extension. Mathiuses several
viewpoints. Core viewpointsclude Introductory, Organisation Actor CooperationBusiness
Function Product, Service Reahsion, Business Process CooperatidBusiness Process
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Information Structure Application CooperatignApplication UsageApplication Behaviour
Application Structurelnfrastructure Infrastructure Usagand Implementation &Deployment
viewpoints.Extension Viewpointsiclude: 1)StakeholderGoal Realaion, Goal Contribution
PrinciplesRequirements Readison and Motivation viewpoints for Motivation Extension and 2)
Project Migrationandimplementation and Migratiofor Implementation & Migration Extension.
ArchiMate alsomatches layer metamodels whicksultin 1) Business Layer and Lower Layers
Alignmentand 2)ApplicationTechnology Alignment

In the proposed researchithe concepts ofTOGAFRwill be usedfor EAbased misalignment
symptomanalysisin particular, the partition of architecture domains and the TOGAF metamodel
will be utilsed. Nevertheless, the research framework will alsflect the concepts of EA
modding andmodelingdescription languages.

2.7 EA analysis

In thissubsectiondifferent techniques will be introduced for EA analysis. Firstly, phenomena of
architecture principles and architure patterns wilbe summaried. The section continuestivi

a broader summargf the artefactapproach of TOGABubsequently, EA analysis techniques are
presented from recent literature. The section concludes with tool support for EA analysis

Architecture principles and patterns are used for framing the architecture cofiteasi et al.,
2011; Proper and Greefhorst, 20L0Architecture principles arexplicitly defined values,
decisions about the structure and content of the EA. Architegbatterns are harvested from

best practices attempting to describe the successful implementation of a solution in a particular
contexto6 Y2 (i1 S S iThe kedntéxEof architeatute pdiples is summaséd inFigure 19.
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Figurel9. The Context of Architecture Principles (Proper and Greefhorst, 2010)

Pattern collections are referred to as the container of patterns, which manifest either in a pattern
catalogue2 NJ Ay | LI G§GSNY f I y3dz éhBlogads BoisidGed & listoF f ® >
a collection of pattern items. The relation of patterns isnemtessadly presentin acatalogue A

pattern language is a structured method of describing pattditmste areonlya small number of

pattern collections on EA development, including the EAM PaisialogudErnst, 2008; Buckl

et al., 2010) and a patterrcatalogueby Lankhorst and Oude Luttighuis (2009). The EAM Pattern
Catalogugprovidesfurther detailsand guidance for systematically established EAM. The pattern
cataloguedescribed by Lankhorst and Oude Luttighuis is a multichannel managatsogue
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to helporgangationsin managing and aligning different information channels used in customer
comnunication.Y 2 (i T S S (iproposedichabasteristies dor ftern generatio (Tablel1).

Tablelld / KIF N} OGSNRAaAdGAOa F2NIt+FdGSNYy DSYySNI G

ID CHARACTERISTICS

cho1 A patternis grounded in a domain by being associatea context as well as other
patternsand has no meaning outside the design domain or thtepalanguage it
forms part of

ch02 A patternimplies an artéact

ch03 A patternbridges many levels of abstraction

cho4 A patternis both functional andon-functionaland should include the reason(s) and
rationale why the solution is recommended, and what traffs are involed when
such gpattern is used

ch05 A patternis both a process and a thing, relating the design processteucture of the
end product

ch06 A patternis validated by use and cannot be verified or validated from a purely
theoretical framework, without its practical apgaltion in its relevant context

cho7 A patterncaptures a big idea and is meant to focus on key problems within actont
and implies maximum reusability

ch08 A patternconformsto a particular template

ch09 A patternshould be part of a pattern language where different patterns work toget
to solve a recurring complex problem in a artr context

TOGAIRprovides a minimum set of necessary EA ngydellledartefacts(TOG2015. There are
both descriptive and composite afacts in the recommended afteet list. These artiacts are

attached to certain ADM phasésshortened artéactlist is given ifablel2. The table contains
brief content and the corresponding ADM phaBee complete TOGAF afact listcontains 56

artefacts. The entire list with brief descriptiran be found ilppendibxC

Tablel2. A SortenedArtefact List for ExemplaryPurposeslfased onTOG2015

TOGAF
ARTEACT BRIEFCONTENT ADM
PHASE
Business Service/Function | A functional decompositioto identify capabilities | Phase B
Catalogue of anorganigtion
Goal/Objective/Service A mapping to show how a service contributes to| Phase B
Diagram the achevement of a business strategy
Data Entity/Business A list that links data entities and businassctions | Phase C
FunctionMatrix within an organiation
Process/Application A diagram to depict the sequence of events whe| Phase C
Realiation Diagram multiple applications are involved iRexuting a
business process
Application/Technology A mapping of apfdations to technology platform | Phase D
Matrix

Enterprise architecture analysis types are methods that are capable of assessing EAawmpdel
evaluating dependencigisolated objects, complexityr heterogeneity A number of research
efforts have focused onrgposing models for EA analysis, E&based analysis types that are
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capable of assessing EA modBisschle et al. (201andUllberg et al. (2010htroduced general

process models for EA analy3ise process consists of three steps: 1) EA Assessment Scoping, 2)
Evidence Collection and 3) EA Analyischle et al. (2011), Lankhorst (2013) and Niemann
(2006)proposeal potential EA analysis categattions accading to e.g1) quantitative/qualitative

or 2) staticlynamic groupingd.ankhorst (2013) gives a categation of quantitative, portfolio

and functional analyses. Quantitative analyses include e.g. performance analysis, oq@antitati
modelingand quantitative analysis. Functional analyses cover static and dynamic EA analysis
types. Niemann (2006) classifies EA analysis types as analysis potential for examining 1)
dependencies, 2) coverage, 3) interfaces 4ncomplexityTablel3 summarigs a classification
schanefor EA analysis approaches (Buckl et al., &009

Tablel3. Classification Scheme for EA Analysis Approaches (Buckl et a)., 2009

BODY OFANALYSIS Sructure | Behaviar statistics | Dynamic behaviar
TIME REFERENCE Bx-post | Bx-ante
ANALYSIFECHNIQUE Expertbased | Rilebased | Indicatorbased
ANALYSIEONCER Functional | Non-functional
SELFREFERENGLITY None | Snglelevel | Multi-level

Lantow et al. (2016htroduced an assessment framework based on the classificaiemeof

Buckl et al. (2009. They assessed EA analysis approaches from recent literature against the
classification schenaf Buckl et al. (20G8). In theirassessmenthey revealed that there was no
instance for experbased analyses. In addition, the minority of EA analyses worked on the basis
of dynamic behavior or prescriptive manner.

Buckl et al. (20G8 2009h, Nemann (2006) and Wagter et §2012) proposal EA analysis
collections. According to the object being investigated (e.g. Dependency, Coverage, Interfaces,
Heterogeneity Complexity and Conformity) different analysis procedures are introduc&h
andysis type will be introdiced and assessed in a subsequent seclioGARISo contains some
detailson EA analysis and EA assessntghtanalysis techniques provided by TOGZEkdegap
analysis architecture compliance reviewenterprise coherence assessmebushness value
assessment techniquaydhitecture governance assessmeaichitecture maturity assessment

In addition,to assess the architecture landscape, TOGAF provides several resources to review:
consolidated gaps, solutigrdependencies matriA state evolution tablbusiness interaction
matrix, ISsinteroperability matrix business footprint diagram, governance log, responses to
architecture compliance reviewaturity model§TOG2015).

To summaris the analytical pential of EA evaluatiomethods, a comparative study will be
introducedbriefly. Hoffmann (208) proposel an indepth analysis of EA evaluation methods by
using the evaluation criteria of 1) Business Architecture, 2) Information Architecture, 3)
TechnologyArchitectureand 4) Financial Assessmentthis study, EAevaluation methods are
classified into theseategories and strengthand addressed evaluation needs asted to each
evaluation methodTable14 summarigs the analysis of EA evaluation method#ibjfmann
(2008.

Thecataloguefor possible EA evaluationethods is largely applicable for research framework
incorporation for severakasons. Firstly, the categ@i®n scheme of methods can be built into
the proposed Efased misalignment assessmdramework. Secondly, some of the used
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techniques can also be applicable for misalignm&yrmptom detection e.g. conceptual
modding. On the other hand, some tof-scope evaluation methods are also listed in this
comparison from the perspective of applicability (e.g. financial methods and
technology/infrastructure architecture evaluation). Tools for supporting the process of EA
analysis are expounded by Buck&kt(2011), Buschle et al. (2011), Bock et al. (2016), Simpson
and Storer (2015) and Ramos et al. (2015). Rule generation and testing can also be used for EA
analysis and EA assessment (for examples see e.g. Beakra009).

Tablel4. Analysis of EA Evaluatidethods (based on Hoffmann, 2008)

EAEVALUATION

METHODCATEGORY TECHNIQUE INUSE
METHOD
Business Architecturd Governance Modelling | A Conceptualmodelingand review
Business Process A onceptualmodelingand review
Modelling
Business Process A S9mulation
Simulation
Information a2z2ReéQa CNI|A Reviews and metrics
Architecture (Moody and Darke,
1998)
Technology/ Benchmarking A Performance, reliability, and cost
Infrastructure measurement

Architecture
FinanciaMethods for | Business Value Index | A Priority-based assessment of future

assessing the businey (BVI) investments
value of IT Total Economic Impact | A Riskadjusted Return on Invest calculation
investments (TEI
VallT A Value governace, Portfolio management,
and hvestment management
Applied Information A T investment assessment through
Economics (AIE) mathematical and scientific methods

In conclusion,everal works have addressed the problem of EA analysis. All these works explore
the applicability of EA alysis for EA evaluatiphowever, they do not speciai€A analysis for
(migalignment assessmenthe proposed research aims to narrow this gap by introducing a
framework for EAased misalignmensymptom detection In this research the concept of
architecture patterns will be applied, i.e. misalignment symptoms will be degeatiserding to

the guidelines opattern generation This research item will be connectiedTOGATFrtefacts,

which will serve as containing models for misalignment symptoms. The proposed research
framework willutilise several EA analysjgpes, which will be described in detail in the following
subsections. Finally, the research will use certain parts from the studies on EA analysis
approaches.

2.8 EA Alignment Methods

There have been many attempts to investigateiprocal contributions between strategic
(migalignment assessmeahd EA analysis. Recently, there has been an increased interest in EA
based alignment assessment, especially in matcBifigdomains to evaluate thetate of
alignment in an orgarasion. The followingubsection provides insight into the components of
this concept The state ofalignment can be examined via several methods. One of the main
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research methods ofnalsing aligyment is enterprise architectufigased assessment. This
method assesses how IT is aligned withangationalgoals. While earlier studies on alignment
assessment primarily focused on strategic and holistic perspectivesynsig® connection
between business models and architectuteave not been revealed (Chen et al., 2005).
Enterprise architecture describes the logical structure of the different architecture layers and
links all levels from business stratégyT implementation. In thisense EA enables us to assess
the alignment between business and IT. Undertaking an architectural assessment is a helpful way
to determine the state of alignment and to identify-aechitecture needs. Architecture
assessment consists of sole architecture layer analysis, as welhay/ts between the different
layers. After architecture assessmentatighment (or rearchitecture) techniques are used
(Enagiand Ochoche, 2013)Architecture alignment methods combine different alignment
analysis types, alignment assessnisrheworksand EA analysis techniques in order to propose
EAbased tools for alignment assessment.

Many authors have linked enterprise architectwoestrategic alignmentPereira and Sousa
(2004) identified that the operation of the different architecture components relates to
alignment performance. Bounabat (20@Bshedthe different EA layers in @er to assess the
state of alignmentElhariand Bounabat (2010; 2011) set up an architechased maturity
model for alignment assessmeflYegman et al. (2005) proposed an EA framework that is able
to check alignment alongtictional andrgangationalhierarchies. Dahalin et al. (2D)Jroposed

a methodology to define how relevant BAn addressing strategic alignmeXtsconcelos et al.
(2007) as well as Sousa et al. (2008¢termined measures to assess information system
architecture.

The problem of enterprise architectuaignment has been extensivelyidied in literature. Aier
and Winter (2009) focesl on the ntegrationof business and IT architecture domaifkeir
frameworkcollectsrequirements for architecture alignment and propsagefacts for alignment
architecture. The Kalcasframework (Castellanos and Correal, 201®alt with the semi
automaticbusiness procesmd data architecture alignment. It detects alignment patterns in the
EA domaindlt is an ontologynatchingbasedmodel which supports the alignment of business
architecture and data architecture via detecting potential alignments and misalignments
between the architecture domains. The LEAP me{idark et al., 2013)roposedan approach
which supports architecture alignmeittincludes a texbasedanguage and a method to match
asis and tebe architecture stages as well as to simulate logical and physical EA.1Radtekt

al. (2010) introduc# an EAmetamodelfor different business$T alignmentsituations.SEAM
framework(Wegmann et al2005,2007)provideda descriptiorof an ideal alignment situation

in which alignment exists between the business and IT donizéeeupling mechanisngsier

and Winter 2009)focusdon the integration of business and IT architectures. These instruments
collect requirements for archit¢éure alignment and propose aféets foralignment architecture.

In Saat et al. (201n EAmetamodelwas introduced for different busined3 alignmat
situations. The metamodel consists of enterprise entities, erdftyibutes and entity
relationshipsMagoulas et al. (2012) propaba framework and a comparative analysis for the
usage of architectural approaches in attaining aligrim&hey investigatk four alignment
approaches (Zachman framework, TOGSERAM, E2AF) in the context of aligning the
constitutional parts of an EA. The analysis is nadoleg the previously introducealignment

51



dimensionsviz. socieultural alignment, functional alignment, structural alignmarfglogical
alignment and contextual alignment.

The aboveintroduced studies on architecturbased alignment assessmambve that it is a
relatively young, evolving topic. Some issues on architecture alignment assessment are still open
to debate. To give an example, the different view$idrich layers to aligawill be introduced.

Chen (2002argues that 1) business mddge2) business architectiweand 3) IT architectures

have to be aligned with each oth&¥ieringa et al. (2003tressthe importance of application
architecture and business architecture alignmdpereira and Sousa (2004)gae that 1)
business, 2) information, 3) application and 4) technical architecture alignment is necessary. It
means that all mentioned layers have to be aligned with all other layerbutast least, Enagi

and Ochoche (2013) poimiut that aligning 1pusiness and application, 2) application and
information as well as 3) business and information legmersatisfactory.

Architecturebased alignment assessmeas introduced above is a useful wayat@lyse the
state of alignment through enterprise architectuwemponents. This method is also applicable
to the concept of misalignmeno rephrase the definition of misalignment in the context of
enterprise architecture, it can be stated that misalignment is an irregular conditianl)
destroys the different architecture components as well as the desitsetfieen them2) means

the inaccurate mappings between the different architecture Bf@hen et al., 2005; Carvalho
and Sousa, 2008)

There are a few studies ondased misalignment assessméntiterature. They primarily deal
with misalignmentdetection methods. The first iy on architecturdased misalignnre
assessmentvas conducted by Pereira and Sousa (200#ky pointed out the relationship
between architecture componentsnd alignment performance, statinghat alignment
performance catbe assessed by measuring misalignments between the architecture layers. They
argued that misalignment can be deduced from three different perspectiyesom the
improperness of business procesal business information alignnteR) from the improperness
of business prcess and application alignment a@)drom the improperness of application and
business information alignmerh addition, hey identified that misalignment occurs when the
state of alignment splits up between thbovementionedlayers.Finally, theyntroduced a set
of questions which helps to detect misalignments between the different layers.

The BITAM approach (Chen et 2D05)dealt with business and IT architecture misalignment
management. It was an engineerpigncipled misalignment detection and correction method
that connected misalignment with architecture. It set up 12 steps threugbh misdignment

can be detected and corrected. The aim of the twelve steps was foutjdio:capture the
business goals and visions and to negotiate them between the stakeh8)erdpcument the
different architectures3) to measure and assess misalignmami4) to determine realignment
strategies. In the BITAlgroject a threelevel model was defined, in which business model,
business architectureand IT architecture wereanalyed, trying to define the signs of
inappropriate mappings between the different layers. The goal of this method was to manage
misalignment through fitting the different architecture layers, i.e. business architecture, IT
architecture, application architecturand technical architectureThe approach stressed the
effects of misalignment on architecture layers.
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The BISMAMapproach (Carvalho and Sousa, 2088 connected misalignmettd enterprise
architecture This model pointed out that enterprise architecture alignment is a prosperous way
to implement misalignment detectiortorrection and prevention. It was a symptebased
approach defimg a set of preliminary sigrsat forecasts the danger of misaligant. The model
stressed that misalignment identification can be best executed by symptom and sign analysis. It
provided an initial misalignment cause library and collected misalignment detection techniques.
The main idea of th8ISMAMmodel was that misgihment symptora can be connected to
possible misalignment therapies and weesa. The model defined the nomenclature of
misalignment, created the general denotation of misalignment and provided several exaimples
misalignmenclassification

Elhari and Bounabat (2011) examined the different relations between the architecture layers.
They proposed a platform that measured the difficulties in the IS elements. They stated that these
difficulties harm thestate of strategic alignmenfThey suggested different efforts to improve
strategic alignment in aorgangation.

EA alignment methods try to integrate alignment evaluatimmeworks, misalignment
assessmerframeworks and EA analysis techniques to propogsaieéd tools fomigalignment
assessmentHowever, for the most part, existing approaches have no explicit patéoti
misalignment symptondetection None of the proposed techniques can be directly applied to
this problem. The contribution of this study extends results on approachidgaded
misalgnment symptom detectiarnhe framework proposedihne dissertationcan be considered
as aprecursorstep for integrating the concepts and potentials of EA analysigalignment
assessment and EA alignmenttHa proposedramework typical misalignment symptomvs|
be connectedto relevant EA adfacts and suitable EA analysis typdong traditional alignment
perspective. This section introduced the theoretidadckground of the studyh& dissertation
continues with an introductioto research methodology.

In this sectiona literature overview was given on research foundation and the topics of 1)
strategic alignment, 2) misalignment and 3) enterprise architechanagement. It was followed

by a succinct introduction to Exased alignment assessment techniques, with special attention
to the recent literature on EBased alignment and misalignment analysis. In the next section,
the research methodology will begsented in detail.
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3 RESEARCH METHODOLOGY

This section proposes an overviefithe research methodology used in the Ph.D. dissertation.
The Research Methodology part commences thighbasics of research design. It is followed by
some methodological chmes, i.e. the decisions for inductive and qualitative reseancha
succinct introductiortio research methodologies chosen for framework building (Design Science
Researchand empirical validatiofCase Study Reseaychhe section contairsrehearsal of the
research questions as welldditionally, he research methodology seatiintroduces a concept
categorisitionfor EAbased misalignment ass@mento provide alternative ways of approaching
the research topicSubsequentlyto provide methods for answering research questions, the
section presents the proposed research methodoldhye Research Methodolgy section
concludes witlthe description ofhe implementaton. In this part of theection details are given

on how to develop queries for Based misalignmersymptomdetection Finallythe Research
Methodology section ends with the descriptiomwéthods for data collection, dataalysisand
result interpretation.

3.1 Research Design

The research methodology section contains the overall strategy to choose andtating
constituent parts of the study. A momentous phase of composing the research methodology is
research design. It constructs the blueprint of the research approach, i.e. the mixture of chosen
research methods as well as data collectiomgasurement and data analysis techniques.
Research design ensures that the research strategy is built in a coherent and logical way. In
addition, it supports the research approach to addhesresearch problem and realighe

specific research objectives (De Valf12 Creswell, 1994).

In constructing the research approach the interactive model of research design will be used
(Maxwell, 1996). The structure of the proposed research model will reflect the recommendations
of the model. All the justifications for theaden research methods will be introduced in the
subsequent parts of the sectidrigure20 shows the structure of the interactive model.

Research
Purposes

Conceptual
Context

Research
Questions

Research
Methods

validity

Figure20. Interactive Model of Research Design (Maxwell, 1996)

3.2 Methodological Choices in  Research

Choosing appropriate 1S research methodologies is a key point in constructing the research
approach (Galliers and Land, 1987). As an ipli@de a decision has to be made the nature

of the proposed research. In tlsigsbsectionthe decisioron an inductive or a deductive approach

will be given. While the deductive approach deals with hypothetical testing of deduced
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assumptions, the inductive approach aims at exploring and describing new and theoretically
unexplored research areas. Explorat@yearch goals build on the inductive logic, i.e. theories
are devéoped according to the generaiton of analysed research data (Babbie, 1983he
research will be based on tiveductiveapproachsince my research has an exploratory manner:

it aims to explore a less grounded research area and prepeseways ofinalysingthe subject.

The second influential choice on the research approach lies in the decision on quantitative or
qualitative researh. Quantitative research works with mathematitatistical resources in the

data analysis phase. It focuses on the statistical analysis of large amounts of data. By means of
the qualitativeresearchwe are able to explore and understand the researctteca. Qualitative
research works with #depth analysis techniques, however,amal\sing only small amourd of

data. Patton, 1990Myers, 1997PDenzin and Lincoln, 200&rom this point of view, this research

uses thequalitative approachsince the mia goal of the proposed researchtisexplorenew

theories by developing new approaches foigfalignment assessment

The proposed research combines methods from both social sciences and informatiors system
studies. In additionhie research usesraixed approachior framework building and validation

Mixed methods researciC(eswell and Clark, 2007; Creswell, 2044requently used both in

social sciences and in IS resealrtithis research the Desi§tiencdresearcland the Case Study
Researchmethodologies will be mixediramework building will be supported by the Design
Science Research methodology, while engdinalidation will be conducted by using the Case
Study Research metho@ase Study Research is ever more often combined with then&B&d

both in general terms and in recent IS studies (for some examples see e.g. the studies of
Nabukenya (201) and Peffers et al. (200@)pththe Design Science Research and the Case Study
Researcimethodologies will be introduced briefly in the following subsections.

3.2.1 DESIGN SCIENCE RESEARCH FOR FRAMEWORK BUILDING

In theproposed research the Design Science Res@&Rmethodology will be used to support
frameworkbuilding.It is a stegby-step research method for buildimgsearch artéacts.Design
Science Research is a freqtly used research method in information syssestudies Klevner
and Chatterjee, 2010; Hevner et al., 2004; March and Storey, @@, 2014Peffers et al.,
2007 Sunkle et al., 20}5Figure21 introduces the general procesds DSRIn the proposed
research the DSR process will be used to define reseaethcist

Process Iteration

v v £ I
=1 ®
% £ £
IDENTIFY @ DEFINE DesiGN & ® | Demonstration E EvALUATION g COMMUNICATION
. 2 | oBiECTVESOF | > | DEVELOPMENT | 3 % | onsorve h 5
Nominal process & MoTIVATE § ASOLUTION S é Find suitable 2 e?lee'::lzve Ve Scholarly
2 ; ; 57
SO Define problem £ What would a 3] Artifact e confext % efficient E publications
< -
Show beer artifact § Usoarofactto | S | featebackto | & | Professional
importance accomplish? solve problem % design @ publications
£ o
=
DESIGN &
PROBLEM- OBJECTIVE- DEVELOPMENT- CuLient/
CENTERED CENTERED CENTERED CoNTEXT
INITIATION SoLUTION INITIATION INITIATED
Possible Research Entry Points

Figure21. Design Science Reseakbbthodology: Process Map (Peffers et al., 2007)
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3.2.2 CASE STUDY APPROACH FOR EMPIRICAL VALIDATION

The proposed research will use the Case Study Regé&8ftmethod for empirical validation

and testingThe case studyethod allows an hilepth analysis of a research problem. It helps to
narrow the field of study by focusing on some typical empirical examples. In addition, it provides
ways to test whether a proposed theory or model applies toweald phenomena (Yir1994;
Eisenhardt, 198%take, 1996

The use of the case studyethod is preferred when the concepts under inigegion and their
relations cannbbe examined in an isolated manner. Case studies will be used to evaluate the
correlation of practice and main theoretical concepts. There are several guidelines for building
case studies (Darke et al., 1998; Woodside and Wilson, 2003; Atkins and Sampson, 2002) and for
building case studies in the IS field (Shanks, Z&l@nks and Parr, 2003avaye, 1996; Smith,
MppnT 5dz0S | YhR airh of NS therscasa stuslybmethod is threefold (Eisenhardt,
1989): 1) to illustrate or explain a theory, 2) to create an applicable theory, 3) to validate and test
an existing theoryyin (1994) listthe potentialsourcesof research strategies as follows:

Experimentsresearchepobservations
Questionnaire surveysnterviews
Secondary analyseslocumentations
Historical analysesrchival records
Procession of a case study
Physical agfacts

v >y B>y D D

Case studies are usually based on combined ddlactionmethods which can resuith both
qualitative and quantitative analysé%atures of case studgsearch strategielge in (Bensabat
et al., 1989):

>

investigaing a phenomenon in its natural setting

using multiple method#or datacollection

collecting observatigfrom one or more entities

its exploratory nature

the potential of exploring complex situations

the factthat no experinental control or manipulatiors needed

the factthat no dependent or independent variablei® defined

0KS FIFOG GKFG NB&adzZ §a RSLISYR 2y GKS N
the possibility of changing datallectionmethods throughout the research
the nature ofthe normalphenomenon of a routine procedure

relating to a single or multiple events

its idiographicnature

> D> B> D> D> D> D D>
&
Q)¢
(V)

Advantages of using case studies as a research tool lie in 1) providing an overalbfpibaure
research problem, 2) providing ardapth understanding ofhie problem, 3) revealing hidden
relationships and explanations, 4) providing waege flexibility, 5) enabling interaction
between data collection and data analysis, 5) providing detailed illussdBaibie, 1989;
Galliers, 1992).

Drawbacks of thease studyapproach can be listed as follows: 1) inaccurate descriptilamge
populations, 2) providing suggestions instead of conclusions, i.e. definitive conclusimh®ean
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deduced from the results, 3) the lack weaknessof relabiity, 4) inadequacy to generais
findings, 5) the lack aweaknes®f setting and experimeneproduction, i.e. results canhbe
reproduced by others, 6) the distortion of the model (Babbie, 1989).

Yin 013 summariss the process of case stuagthod as followsHigure 22):

Prepare

Collect

——| Design
=,
PR,
A
'

i,

Figure22. The Process of Case Study Method (Yin, 2013)

To avoid any threats dhe case studypproach, Babbie (1989) provides five criteria to be met:
1) Definition of a relatively neutral aji3) The use of known data sour¢c83Adequate time frame
for examination4) The e of known data collection methods) Consistency with state of the
art knowledge on the topic

For empiricalalidation the Case Study Reseantiethod will be usedn the researchAfter
developing the research model with the BfpiRroach, the model will be empirically tested with
the Case Study Research method.

3.3 Resear ch Questions

As listed in the Introduction section, the research focuses on the following research questions:

RQ1: WHICH MISALIGNMENSYMPTOIg CANBE DETECTED VIA ERFAEISE
ARCHITECTURBSSESSMERT

RQ2: WHICH DIMENSIONS ANDDMAINS ARE NEEDED EXAMINE IN ARA
MODELTO DETECT MISALIGNWEYMPTOE?

RQ3: HoOw DOEAMODEIS MANIFEST DIFFERBNSALIGNMENSYMPTOM?

RQ4: WITH WHICH METHODSN.AVE EXPLORE THE HERENT MISALIGNMENT
SYMPTOM® INEAMODEIS?

With the support of the Interative Model of Research Desigg Maxwell(1996) and the
methodological choices presented previoudlye following subsections aim to provide an
appropriate research methddr answering research questions.
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3.4 Concept Categoris ation for EA-based Misalignment Assessment

In thissection an overview is given on potential concepts foibBsed misalignment assessment
Related concepts and solutions includeans ofboth theory and implementation. This section
aims to exhibit the setting and background oftia8ed misalignmertssessment.e. all pssible
means of approachingisalgnment assessmeritom an EAbased perspective. In treection
the more influential and realble approachesare deeply emphasied, while less feasible
concepts are mentioned as alternative ways and are less expourigede23 presents the
concepts under review in the following subsections.

4 REVIEW OF MEANS OF
BUSINESS AND MODEL
IT AREAS OVERVIEW

..............................................................................

' MEANS OF SYMPTOM

: ANALYSIS SUPPORTIVE

: CONCEPT

: MEANS OF MODEL FRAMEWORKS
ANALYSIS :

o
------------------------------------------------------------------------------

POTENTIAL DIRECTIONS OF
\ IMPLEMENTATION /

——mm mm mm Em Em Em Em Em Em o Em Em .
i NN

Figure23. Areas of Concept Categaition

3.4.1 REVIE W OF BUSINESS AND IT AREAS

Based on the SAkhodel there are some influential areas in argangation that haveto be
reviewed in order to get a comprehensive picture about business and IT operation and
relationship.Table1l5 summarses the most importanbrgangationalareas that are needed to
comprehend before proceeding BusinesdT assessments.

Tablel5. The Most Important Busine$B Areas tdRevew

AREA SUB-AREA ORGANSATIONAIMODELCONCEPTS
Business Business Strategy| A  Business Strategy
A Business Goals, KPIs, Performance Measuremg
A Customers, Market Segments
A Products and Services
A Value Chain
Organisational A Organisational Structure, Business Units and
Infrastructure and Functions, Business Roles
Processes Business Process Map and Process Models
Project Portfolio
IT IT Strategy IT Strategy

IT Governance
Standards, Best Practices
Risk Management

Value Transfer

D> > > B > >

(Continues)
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Table 5. (Continue€)

AREA SUB-AREA ORGANSATIONAIMODELCONCEPTS
A Service Level Agreements and Architecture
Contracts
IT Infrastructure A IT Process Map and Process Models
and Processes A IT Functions
A IT Organisational Structure, IT Roles, Precess
Serviceand Appkation Owners
A Application Portfolio, Application Interfaces
A IT Service Portfolio and Servitatalogue
A Service Quality
A Capacity Management
A Configuration Management Database,
Infrastructure Repository
Enterprise A EA modd
Architecture A Business Architecture
A Data Architectureincl. Data Entities, Physical
andLogicalData Components
A Application Architecturéncl. Application
Interfaces Physical andogicalApplication
Components
A Technology Architecturécl. Physical and
LogicalTechrologyComponents and
TechnologySandards
A Architecture Repository
A Views and Viewpoints
A Artefacts
A Architecture Maturity and EA Model Confidence
Business$T Relationship A Demand Management
A Business/IT Ideas, Propositions, Innovation
A Requirements
A Complaint Handling
A Service Level Management
A BusinessT Organisational Maturity
A Investment Planning
A Business and IT Stratedykage, Businesd
Alignment

EAbased misalignment assessmeetds to takell the above introducedrgangationalareas
into consideration However, the expansivity of these areas makes it difficult to compile a
comprehensive assessment framework.

3.4.2 MEANS OF SYMPTOM ANALYSIS

Matching the different domains of tr@AMresults indifferenttypes ofmisalignmensymptons

in the underlying EA mode{Coleman and Papp, 2006; Henderson and Venkatraman, 1993; Saat
et al., 2010)Misalignmensymptomsfound in related works (Carvalho and Sousa, 2008; Pereira
and Sousa, 2005; Sousa et al., 2005) wililseel during the EBased misalignment assessment
Misalignment gmptomsfrom the related literature arecomposedinto a symptomcatalogue
Thiscatalogueconsiss of specific misalignment symptommghich were observed in orgaat®ons

and published ipreviousliterature on misalignment.
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After collecting misalignmeistymptons, descriptiveand classificatiorapproachesan beused
Firstly, symptom description techniques are presentedsajnment symptoms can be
descrbed from different perspective) as patterns of malfunctits, 2) by using description logic
(DL), 3with rules. In the firsapproachthe concept of design patterns (Gamma et al.,5)99
utilised. By using description logic, misalignmegmptoms are described &l statements
(McGuinness and Wright, 199& the lastapproach rule generationtechniques are used for
symptom descriptionde Moura Araujo et al., 201@ohen et al., 20)5Secondly, means of
misalignment classification are givéfisalignment symptoms cdoe classified in different ways:
1) Symptoms can be collectadcordingto SAMperspectives. Preliminary results are available
on perspectivebased symptoms (se&ppendixs). 2) Another way of classification includes the
localsation-based methodIn thisapproach symptoms can be located in a descriptive elaaf

an organiation, e.g. the TOGARetamodel(TOG2015 (for preliminary results se&ppendidd).
Further classification directions include: 3) symptoms collected to differentcaisfiforigtions
(Strong and Volkoff, 2010) and 4) enbigsed symptom categoason. In the latter symptoms
are collected to nsising entity contents, missing entity liaisons and multiple eeliyions

There are several methods for revealing symptoms in underlying EAsmb@&AEBerves the
gap analysis technique, in whichigsand tebe archiecture states are aligned fdisting
differences in the states (TOZ)15. Additionally,Frantz et al. (2011) proposed a method for
error detection in enterprise application integrati@olutions which is also applicable for
misaligment symptomdetection Another work on detection was proposed by Khellady et al.
(2015), in which a methodology was introduced to reveal complex changes miatsgodel
executionSubgquently, Heiser et al. (2015) presented a method for revealing hidden structures
in organsational transformationFurthermore, gmptoms can also be revealed with 1) EA analysis
types that are able to detect the symptoms in question, 2) containing &Acistthat encompass
the symptom and 3) EA analysis types that are able to detect certain classes of misfit tyyees.
proposed framework the last three approashill be used.

In literature, different misalignmeitssessmertechniques have been put forward to succeed in
dealing with alignment evaluatidrom misalignment perspective. Most of them are symptom

based (e.g. Carvalho and Sousa, 2008; Sousa et al., 2005), while other works such as by Pereira
and Sousa (2005) focused on proposing a process for misalignment assessment. Several
approaches have lea developed, but they providrinor support for EAased implementation.

3.4.3 OVERVIEW OF ORGANIS ATIONAL MODELS

Besides symptom analysisisalignmentaissessmerglsoincludes an overview of orgaai®nal
models.This processan be approached in two influential ways. On the one hanatiitecture
domains can be reviewed usjmgg. the achitecture landscape technique other architecture
overview methods. On the other hgr@AMalignmentdomairs can be reviewed can EAbasis.

The approach ofarchitecture domain overviewncludes 1) perspectives of the architecture
landscapes (e.g. views, viewpoints and differreference models, TOGAdftefact-based
overview, artéact chairs, in-layer and betweetayer artdact groups, architecture domain
building blocks), 2) different architecture overview methods (e.g. portfolio analysis, domain
analysis, change impact ars landscape management, blueprint management) (Lankhorst,
2013 Ahlemamet al., 2012Sunkle et al., 201 ¥an der Linden et al., 2011; Simon and Fischbach,
2013 and 3) supportive concepts for architecture overview (e.g. EA raotiglrelationships,
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EA measurement items, architecture principles or architecture pajtélcaskhorst, 2013; Aier
et al., 2012Hoogervorst, 2009

A feasible approach fan EAbased alignment domaimverviewisto connect theSAMdomairs
(Henderson and Venkatraman, 198&h TOGARrtefacts (TOR015. In thisapproach TOGAF
artefacts are attached to corresponding SAM domains, alignment tgpésalignment
perspective. In the proposed framework this kind of-Bésed alignment domain overview will

be used. Preliminary results on matchif@GAF arfacts with SAM domains are available in
Appendix GThis approach also supports a dynamic view of the SAM model, i.e. tracking changes
in the underlying EA modshnd artéacts over timeThe Strategic Alignment Process (SAP) serves
as a practicable method for tracking EA model charigether work shoulde undertaken b

this subject

3.4.4 MEANS OF MODEL ANALYSIS

After collecting and classifying misalignmgnnptons, analytical operations can be performed
on the EA modsl Means of EA model analysis includBEsalignment domainmatching
techniques) architecture domain matching techniques @8)dhe use oEA analysis tyge

Firstly, #ignment domainmatching can be approached via.g. the ArchiMate language
(Lankhorst, 2013), the I* technique (Gordijn and Akkermans, 2003), goal modelling techniques
(Doumiet al., 201%; Cohen et al., 20)%nd e business value assessment technique of TOGAF
(TOG2015.

Secondly, hitecture domain matchingechniques includee.g. landscape mapping analysis
(Sunkle et al., 2013), decoupling mechanism (Aier and Winter, 20@@)pgy matching
techniques (vonBrocke et al., 20t4Castellanos and Correal, 20Eandkuhl et al., 20)1%and
different technigues for integrating architecture domains (see e.g. Lankhorst, 2013).

Finally EA analysis tyggrovide feasible techniques for model analy$tsere are different types
of EA analyses, e.g. dependency analgsisvork analysjscoverage analysigiterface analysis
complexity analysisheterogeneity analysienterprise interoperability assessmepnterprise
coherence assessmerimconsistency checkifBuckl et al., 20G8 2009hHadar and Zamansky,
2015;Niemann, 2006; Wagter et al., 2012). Frameworks for EA analysis include some TOGAF
based techniques, e.g. architecture compliance review, architecture goveraaeessment,
architecture maturity assessment or performance analysis (A@®&,Lankhorst, 2013). Sources
for EA analysis may also include some T&@sé¢d approaches, egpnsolidated gaps, solutions
and dependencies matrix, EA state evolution taltlesiness interaction matrix, information
systens interoperability matrix, business footprint diagram, governance lodpitexture
compliance reviewogandmaturity assessment log (TQZB15).

While all theaboveintroducedmodel analysis techniques can be applicable for misalignment
assessmentin the proposed research framewonkodel analysis will be performed with EA
analysis methods. Further details on EA analysigieea in the literature review section as well
as in the subsequepartsof the section

Besides model analysis types that assist the analytical probess, areseveralinfluential
concept frameworks in the field of #Ased alignment assessmeiltat may support the
establishment of the research methodology.The Building Blocks for Enterprise Architecture
Management Solutions (BEAMS) approach is built on the interplay of design and theory building
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by constructing a methb to EAbased research solutions (Buckl et al., 201@) Meta-
methodology concept (Noran, 2009) is considered a method to build differdveded research
methods. It provides a systematic method to set up research frameworks. It aims to combine
conceps, related researcmodels and empirical data collections in order to define the research
model. The concept builds on transformatiogic, i.e. to produce new knowledge from input
knowledge by means of operating the constructed research framework. The model is controlled
by best practices, environmefatctors and project scope, while EA frameworks and tools provide
supportive resoures. 3) The LEAP method (Clark et al., 2012) proposes an approach which
supports architecture alignment. It includes a #eated language and a method to matchsas

and tobe architecture stages as well as to simulate logical and physical EA.Aotst SEAM
framework (Wegmamet al., 2007) provides a descriptiofan ideal alignment situation in which
alignment exists between the business and IT domains.

These supportive methods can be used in constructing the research frambwaaittition, the
DSRprocess can be extended with two of the above introduced, supportive methodologies.
Besidsthe general DSR process, the BEAMS approach can sapgfaxttdesign and the Meta
methodology concept can suppdhie connection of research concepts, related models and
empirical data collections (misalignmesyimptomcatalogues artefact catalogues EA analysis
catalogueyin the research framework.

3.4.5 DIRECTIONS FOR | MPLEMENTATION

After reviewing the areas of symptom analysis, model overview and model analtesisial
directions ae given for implementing EBased misalignment assessmantl symptom analysis.
Tablel6 summarses potential directions for implementation. Each approach is briefly explained
and attached withhe relevant literature reference of the field.

Tablel6. Summary of Potential Implementation Directions

APPROACH DESCRIPTION LITERATURE
REFERENCE

Graphbased In this approach dependency analysiperformed on the XML | Lee, 2013;

approach for format EA modelsDependency analysis reveals dependencie§ Gonaand

dependency between EA model entities. Graphsedvisualzation can be Smith, 2011

analysis used to show the results of the dependency analysis. Rules ¢

identified and interpreted in the gragbasedvisualzation.

Rule Misalignment patterns described as DL statements will be Mishra and

construction transformed into formal rules. Rule construction can be Sueka 2015;

and testingga | supported by the Semantics of Business Vocabulary and Rul§¢ Moschoyiannis

patternbased (SBVRgtandard. SBVR helps to formalisisalignmenpatterns | et al., 2010;

approach with
DL statements

as rules. Rule description can be performed by using the Obje
Corstraint Language (OCL). Since OCL is a declarative langu

Bajwa and Lee
2011 Cohen et

describing rules, it is able to describe rules which were al., 2015 Baier

constructed according to the SBVR standard. et al., 2015
XMl:based In thisapproachformal rules are tested with XML analysis tool| de Boer et al.,
analysis tools | It means that the aboveescrbed formal rules of misalignment | 2005

symptomns can be identified in the afftect chairs by using
different XML analysis tools. The approaches of XML matchin

XML schemanatching and XML parsing serve as rtdsting

(Continues)
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Table 6. (Continud)

APPROACH DESCRIPTION LITERATURE
REFERENCE
instruments. XML parsing allows usbt up information in the
XML document into its constituent parts. XML schema is a
descriptionof an XML document, therefore XML schema
matching enables us to check constraints on the structuretan
content of an XML document. Finally, the Scala language sup
the creation of queries for XML matching.
EA analysis in | In this aspect adimplementation EA analysis is performed in a | Dietrich et al.,
standabne standalone implementation. There are availabiiplementations | 2008;
implementation | for e.g.dependency analysiseterogeneity analysend network | Franke et al.,
analysisThese analyses are able to reveal redundancies and | 2009;
existence or lack of model entitglationships in bothvithin-layer | Bucklet al.,
and betweeHrayer EA models 200%;

Johnson et al.,
2007

Graphbased In thisapproachthe concepts of hypergragland graph Deiters et al.,
approach for databases are used. Logical languages, such as the $aolegs | 2009;
additional a quey language above the constrect hypergraphs from EA | Buckl et al.,
analyses models Objectoriented processing techniques, pattematching | 2008;
techniques, graph transformatio®etri nets and queries with Binz et al.,
semantic web languages, such as JENA are also available in| 2012
perspective of implementation. Holschke et al.,
2008;
Raderius et al.,
2008
Ontologybased | This approach supplies the analytical capaxdityntology Sunkleet al.,
EAlayer matching.Ontology is built from the EA modstuctureand 2013;
matching ontology queries are executed in order to reveal misalignmen| vom Brocke et
techniques symptoms al., 2014;

Castellanos an
Correal, 2013;
de Sainte
Marieet al.,
2011

van der Werf
et al.,2012

Aswe can sedrom theaboveintroducedimplementation direction collection, there are several

ways for approaching Hfased misalignment assessmaithe implementationlevel. In the
proposed research framework the ridased and the XMhased analysis toolkitvill be utilied

for symptom analysig.hese directions will be combined, i.e. formal rules will be tested via XML

based tools.

To summaris conceptcategorigtion, Figure 2 andFigure25 containand synthesise areasthat
are needed for EfAased misalignment assessmehtiese constructs summagiand integrate
related concepts andstablisha model forA) SAMbased knisjalignment matchingFigure24)
and B) TOGAbased misalignmentanalysis(Figure 25). Figure24 and Figure % presenta
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schematic view for concept summary, whilppendix Dand AppendixE contain the whole
concept categoration scheme.

Figure 2 can be interpretd as follows: In this categat®n SAMdomairs (indicated as blue
rectangles) are matched. SAM domains are desciilithddifferent domain conceptualiions.
SAM domain matches are supplied with techniques for detoagiomain assignments. Matching
on the infrastructure level resudtin analyticalnputs for symptom detectianAfter symptom
detection techniges, potetial means of symptom categaton are given. The operation is
assisted with two types of supportive frameworks.

Business Strategy

IT Strategy

A 'y

Frameworks for Frameworks for
Structure-to- R . .. Structure-to-

Organisational

Strategy Matching E Matchi * Strategy Matching
H atching H
: Frameworks ]
: Matching Techniques é

Infrastructure

Frameworks for Matching Analysis ‘

Views of EA Models Views of EA Models

EA Analysis Types

Sources for EA Analysis

Methods for EA Methods for EA
Land: . : Landscape
Supportive Concepts | Management o = Supportive Concepts | Management
and Tools B T T T T T T 14 and Tools

I Means of Symptom Detection
Frameworks
for Analysis

Means of Symptom Categorization

Supportive
Frameworks

Figure24. Categoriation of Concepts for Eifased Misalignment Assessment

Figure & can be interpreted as follows: The four concepts on the top may influence the
Architecture Definition Document (ADD), while information sources of ADD are incorporated into
the archtecture definition document. In this concept architecture repository consists of 1) EA
analysis techniques, 2) the ADD and 3) views of the architecture landscape. Sources of EA analysis
are incorporated into EA analysis technigWggoendix Eontains thecomplete list of concepts

for TOGAMbased misalignmeranalysis

F Reaui d qur: ?f | Architecture Architecture Request for Architecture \

v
) equire ) ¢ .mca Patterns Principles Work (RAW)
Functionality

Architecture Definition
Document (ADD)

4

Sources of ADD

4

/ Architecture Repository \

Views of Architecture
Landscape

l Techniques for EA Analysis ]
\ /  sources of EA Analysis ) /

y

Figure25. Concept Categoation for TOGABased Misalignment Analysis
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Finally, toease tracability, concept categoriion areas are connected to esponding
research questions, viz.:

RQ1: WHICH MISALIGNMENSYMPTOIg CANBE DETECTED VIA ERFAEISE
ARCHITECTURBSSESSMERT

CORRESPONDING CONGEPT
3.4.2Means of Symptom Analysis

RQ2: WHICH DIMENSIONS ANDDMAINS ARE NEEDED EXAMINE IN ARA
MODELTO DETECT MISALIGNWEYMPTOG?

CORRESPONDING CONGEPT

3.4.1Review of Business and IT Areas
3.4.30verview of Orgaragional Models

RQ3: How DOEAMODEIS MANIFEST DIFFERBNSALIGNMENSYMPTOM?

CORRESPONDINGONCEPTS

3.4.30verview of Orgarasional Models
3.4.5Directions for Implementation

RQ4: WITH WHICH METHODSN_AVE EXPLORE THE HERENT MISALIGNMENT
SYMPTO®R INEAMODEIS?

CORRESPONDINGONCEPTS

3.4.2Means of Symptom Analysis
3.4.4Means of Model Analysis
3.4.5Directions for Implementation

3.5 Proposed Solution

This subsection introduces the proposed solution. Inpiis an analytical solution will be built

to approach the topic of strategic alignmenbm an EAbased perspective. The problem of
businesdT alignmenwill be translated into the aspects and anabitigotential of enterprise
architecture The section has two main parts. First, the conceptual design will begaithe
research framework. This part will be followed by the introduction of the proposed research
methodblogy.Both parts reflect theesearch questionand maintain the coherence of research
design Proposed framework and proposed research methodology stem from previously
introduced research methodddy choices and concept categatien aspectsResearch steps
ensure the achievement of research objectives presented in the Introduction section. The
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achievement of the research objectives is guaranteed by the use of the interactive research
model introduced in the Research Methodologgties.

3.5.1 CONCEPTUAL DESIGN

After categorigg research conceptte main steps of the proposed research will be introduced.
The section lists the sequence and the brief content of each research phase. The subsection
presents an approach for Easedmisalignment assessmenite. a solution for assessittge
misalignmenphenomenorin EA model. The research takes a rlased approach to reveal the
symptoms ofmalfunctioning alignment areas. The rasdasteps are aggregated into three
layers: 1) Misalignment Layer, 2tétpriseArchitectureModel Layer and 3nalysid.ayer.The

layers refer to the research questicmsd the previously intragted research quésn ¢ concept
categorisition matches In this sense

A Misalignment Layaefersto
A RQ1andRQ2
A EA Model Layeefersto
A RQ3
A Analysis Layeaefers to
A RQ4
In the followingsubsectionsevery research step will be explained briefly.

3.5.1.1 Misalignment Layer

The research stems from the concept of alignment assessidenertheless, it takes an inverse
perspective, i.e. alignment assessment is performed fronagpect of misalignment®he state

of misalignment is approached from its symptoms. Misalignment symptom analysis is executed
in order to assess the state of alignment.

This phase is concerned with the construction and formal deseriptimisalignmensymptons.
Misalignment symptom construction is based on the matabiihge SAMalignment domais. A
formal description of misalignmesymptomsncludespatterngeneration Table ¥ contains the
steps of the first research phase.

Tablel7. Research Steps in Misalignment Layer

RESEARCSTEP | DESCRIPTION

Alignment Matching of alignment domains& the SAMmodel enables us to constru
DomainMatching | misalignmentsymptoms These symptoms describe typical mismatches betw
the domains of the Strategic Alignment Model.

Misalignment Misalignment symptoms identified in the previous step will be classifie
Symptom traditional alignment perspectives The classificationhelps to manage
Classification misalignmensymptomsn a structured manner.

Misalignment Misalignment symptoms will be converted imtdsalignmenipatterns. To do so
Pattern the analogy of design patterns will be used. Misalignment symptoms w|
Generation identified as alignment angiatterns that encumber the achievement of alignme

The patternbased approach tes the foundation of symptotbhased identification
in the underlying EA models
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3.5.1.2 Enterprise Architecture Model Layer

The concept of enterprise architectureanagement will be used as an analytic tool for
misalignmentissessmentSymptoms of misfits will be investigated in the underlying EA model
Thus, he second research phase aims &garing the underlying enterprise architecture madel
for the misalignment symptomietection The phase consists of model transformatiarefact
decompositionand export file generatiormable B contains the steps of the second research
phase.

Tablel8. Research Steps in EA Model Layer

RESEARCBTEP | DESCRIPTION

Organsational Organistional model transformatiodeals with the conversion of differemtodel
Model sources(process maps, process models, orgatimal charts, landscape mag
Transformation balanced scorecards, value chaliagrams, etc.) into enterprise architectu
models The transformation will be executed on the basis of the T@@#bBach.
Artefact Definition| Transformed enterprise @hitecture modek allow us to défie analysable
architecture artéacts. EA modslwill be écomposed into architecture artefact
The artéacts will be selected acating to the ability of the arfactto identify the
symptoms of misalignmenifter determining necessary architectuartefacts,
artefact chainswill be developed. Arfact chains will serve asnnectors between
architecturedomainssince artéact chains are able to cover the necessary matc
between the business, data, application and technology architecture domain
Model Export To prepare the EA modelsr symptom detectionEA models and architectur
artefacts will be exported to XML format.

3.5.1.3 Analysis Layer

The third phase is concerned with the implementation details of the proposed research. In the
analysidlayer, a certain kind of enterprise architeiire analysiswill be performed EAbased
misalignmentsymptomdetection will be conductedby means of formal ruléesting i.e. the
analytical potential of rule generati@md rule testing will be exploited. Misalignment symptoms
will be defined as formaliles. After rule constructiomnyle testing aproaches will be introduced.
Tablel9 contains the steps of the third research phase.

Tablel9. Research StepsAmalysid.ayer

RESEARCBTEP | DESCRIPTION

Rule Construction| Misalignment patterns will be transformed into formal rukesle construction wil
use an XMbased technique, i.e.ule construction will be supported b
Schematron, a patterbased XML validatidanguage.

Rule Testing Rules will be tested with XNhlidationtools. Formal rules will beletectedin the
artefact chairs by using XML analysis tools. Schemdtased queries enable U
to check constraints on the structure and content of an XML docunxé&rdth
enables us to reach particular nodes in X¥ked EA model&Rules described i
Sclematron languagwvill be tested on the XMhased EA models.

Output Schematrorbased testing results can be processed with differgstialzation
Generation tools. Firstly, Schematron Report Language can be usgedtea reportabout
testing results. Secondly, graphsedvisualzationtools and XML schenvéewers
can be used to visuadigesting results. Finally, XSL Transformationatsmbe
performed to create an output on testing results.

67



3.5.2 PROPOSED RESEARCH METHODOLOGY

This section provides an overvieivthe components and the construction of the proposed
research methodologylhe framework described in the subsequent parts of this section is a well
structured, easyo-use tool to suppommisalignmensymptomdetection The proposed research
methodology builds on the above introduced conceptual design andtiees-layer approach.

The frameworkas bur main partswhich ae connected to the correspondicgnceptual design
layers:

1) Alignment perspectiveare used to structure the approach of misalignmsyptom
detection Alignment perspectives are decomposed into constituent@hhinmatches.
A This part of the framework refers 19 Misalignment Layer

2) Amisalignmenisymptomcatalogueis composed fromsymptom collections found ithe
recentliterature on misalignment.
A This part of the framework also refersifpMisalignment Layer

3) Anartefact cataloguesintroduced which summares potential containing BAodeb.
A This part of the framework refers & EA Model Layer

4) EA analysisataloguedescribes potential EA analysis tyjlat are suitable for revealing
misalignmensymptons in containing EA model
A This part of the framework refers & Analysis Layer

The proposedesearch methodologyses an alignment perspectideven approach. In the first

step, traditional alignment perspectives are provided with typical misalignayemptorns. In the
secondstep, relevant arefacts are connected to the misalignment symptomsclvimay contain

the symptom in question. In the thislep suitable EA analysis tygpare recommended to the
misalignment symptoms. These EA analysis types are able to detect the symptoms in the
recommended containingrtefacts.Figure26 introduces the constituent parts and the structure

of the proposed framework. In the nesubsections the construction of theresearch
methodologywill be described. The operation of threethodologywill alsobe introduced irthis

section

- o mm mm mm m mm mm m mm mm mm mm mm m mm mm mm mm mm mm mm mm m E m,
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l |
| 1
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Figure26. The Construction of Affiect-Based Misalignment Detection Framework
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Thefirst step of building the proposa@search methodologigthe matchingof EA domains and
alignment domais. In this phasenterprisearchitecturedomains are interpreted into alignment
domains in order to be able to match alignment domains in an architectural style. It means that
the domains of the SANhodel (Business Strategy, IT Strategy, Business Structure and IT
Structure) are matched with the underlying EA domains (Business Architecture, Data
Architecture, Application Architecture and TechnologyArchitecture). Figure 27 shows the
process of matchig alignment domains and enterprise architecture domains.

ALIGNMENT ENTERPRISE
DOMAINS ARCHITECTURE
\ DOMAINS
? g 5| ENTERPRISE |
= 'S ARCHITECTURE —_—
t ‘ D . -
OMAIN —
- ,En . :
ALIGNMENT DOMAIN
MATCHING

Figure27. Matching of Alignment Domains and Enterprise Architecture Domains (based on Henderson and
Venkatraman, 1993; TO&)15

Traditional alignment perspectivare used to structure the approach of misalignmsytnptom
detection Alignment perspectivesare decomposed into the corresponding SAddmain
matchesTable20introduces the constituent parts (the necessary SAM domain matches) of each
traditional alignment perspective. To ease further reference, alignment perspectives and
perspective componentare coded.

Table20. Decomposition of Alignment Perspectives (based on Henderson and Venkatraman, 1993)

ALIGNMENTPERSPECTIV P.01 P.02 P.03 P.04
Strategy Technology Competitive | Service

Execution Transformation Potential Level

PERSPECTIMGDMPONENT

C.01 Matching of Business
Strategy and Business
Structure domains

C.02 Matching of Business
Structure and IT Structure
domains

C.03 Matching of Business
Strategy and IT Strategy
domains

C.04Matching of IT Strategy
and IT Structure domains

Alignment domain matches may contain the signs of misalignimethisapproachthe state of
misalignmentwill be detectedby its symptoms. This framework uses specific symptoms to be
detected along alignment perspectvdhe msalignment symptontatalogue(Table21) is a
collection of smaller symptom lists foundtie recentliterature on misbignment(Carvalho and
Sousa, 2008; Pereira and Sousa, 2005; Sousa et al,,.2008an, 2000Luftman, 2008 The
table showghosemisalignment symptosthat 1) canbe managed by Eased techniques, 2)

will be used in the proposesearch methodologyTo ease further reference, misalignment
symptoms are coded.
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Table21. Misalignment Sympto@ataloguébased on Carvalho and Sousa, 2008; Pereira and Sousa, 2005;

Sousa et al., 2005; Luftman, 2000; Luftman, 2003)

CODE | MISALIGNMENSYMPTOM LITERATURREFERENCE
S.01 | Undefined organational missionstrategy and goals Carvalho and Sousa, 2008
S.02 | Undefined business procegsals, business process owners| Carvalho and Sousa, 2008
S.03 | Lack of relation étween process goals and orgatisnal Carvalho and Sousa, 2008
goals
S.04 | Undefined business roles or responsibilities Cavalho and Sousa, 2008
S.05 | Undefined or multipldrierarchyor lines of reporting Carvalho and Sousa, 2008
S.06 | Application functionality does not support at least one Pereira and Sousa, 2005
business procesxctivity
S.07 | Business process tasipported by more than one applicatiq Pereira and Sousa, 2005
S.08 | Critical business procedees not depend on scalable and | Pereira and Sousa, 2005
available applications
S.09 | Inappropriate application functionality Sousa et al., 2005
S.10 | Insufficient IT resources Carvalho and Sousa, 2008
S.11 | Lack of IT skills and competencies Carvalho and Sousa, 2008
S.12 | Lack of skills to develop or innovate certain types of produ| Carvalho and Sousa, 2008
S.13 | Poor IT planning and portfolio management Carvalho and Sousa, 2008
S.14 | Under capacitynfrastructure Carvalho and Sousa, 2008
S.15 | Lack or poor systems performance monitoring Carvalho and Sousa, 2008
S.16 | Out of date technological infrastructure Carvalho and Sousa, 2008
S.17 | Technological heterogeneity Carvalho and Sousa, 2008
S.18 | Incompatible platforms or technologies Carvalho and Sousa, 2008
S.19 | Frequent periodsvhenapplications are unavailable Carvalho and Sousa, 2008
S.20 | Information consistency or integriproblems Carvalho and Sousa, 2008
S.21 | Undefined business service levels Carvalho and Sousa, 2008
S.22 | Only technical IT metrigs competencivalue measurements| Luftman, 2000
that are not related to business
S.23 | Adhoc business metride competencivalue measurements,| Luftman, 2000
that are not related to IT
S.24 | Sporadically existing or Technical Service Level Agreemer Luftman, 2000
S.25 | The scope of IT igditional (e.g. accounting, email) Luftman, 2000
S.26 | None or aehoc standards articulation Luftman, 2000
S.27 | No formal architectural integraticat the functional Luftman, 2000
organgationlevel
S.28 | No formal architecturahtegrationat enterprise level Luftman, 2000
S.29 | No formal architectural integraticat inter-enterprise level Luftman, 2000
S.30 | Lack of or limited architectural transparency, flexibility Luftman, 2000
S.31 | Insuficient business users training Carvalho and Sousa, 2008
S.32 | Lack of data ownership Carvalho and Sousa, 2008
S.33 | Lack of data quality controls Carvalho and Sousa, 2008
S.34 | Undefined bumess information requirements Carvalho and Sousa, 2008
S.35 | Multiple applicationsnanaging the same information Carvalho and Sousa, 2008
S.36 | Unavailable requirements #ie application level Carvalho and Sousa, 2008
S.37 | Wrong requirements implemented tte application level Carvalho and Sousa, 2008
S.38 | Users managed diffendly in different applications Carvalho and Sousa, 2008

(Continues)
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Table 2. (Continuedl

CODE | MISALIGNMENSYMPTOM LITERATURREFERENCE

S.39 | Lack ofpplicationinterfaces Carvalho and Sousa, 2008

S.40 | Undefined security requirements over the information entit Carvalho and Sousa, 2008

S.41 | Undefined capacitand performance requirements Carvalho and Sousa, 2008

S.42 | Insufficient involvement of business users in systems Carvalho and Sousa, 2008
developments

S.43 | Undefined criteria to priori¢e IT projects Carvalho and Sousa, 2008

S.44 | Lack of translation from business service levels to IT servi|{ Carvalho and Sousa, 2008
levels

S.45 | Projects not used;anceled late Luftman,2003

S.46 | Systems integratiodifficulties Luftman, 2003

S.47 | Inappropriate resources Luftman, 2003

S.48 | Frequent IT reorgarasions Luftman, 2003

S.49 | lll-performing, unstable technology Luftman, 2003

S.50 | Frequent escalation afaily operating issues to executive ley Luftman, 2003

S.51 | Not all processes create, update and/or delete at least ong Pereira and Sousa, 2005
entity

S.52 | Not alldata entityattributes are read at least by opeocess | Pereira and Sousa, 2005

S.3 Not all processes assume the same erlégcription, i.e. Pereira and Sousa, 2005
there is not a single interpretation of the entity

S.54 | Each business procestsould be supported by at least one | Pereira and Sousa, 2005
application system

S.55 | An entityis managed by only one application Pereira and Sousa, 2005

S56 |LT |y Ay F 2sNDYi$ rachvargd, theyf theh G & Q | Pereira and Sousa, 2005
corresponding information entity should be created and
deleted by the same computational process

S.57 | The data management should be automatic among the Pereira and Sousa, 2005
application systems

S.58 | Private entities should depdron restricted access Pereira and Sousa, 2005
applications

S.59 | Confidential entities should depend on restricted access | Pereira and Sousa, 2005
applications

S.60 | The rate of updates should be correlated with rate of ready Pereira and Sousa, 2005

S.61 | Inserting the same data multiple times in different Sousa et al., 2005
applications

S.62 | Logging in multiple times, once for each application they n| Sousa et al., 2005
to access

S.63 | Recovering from a failed operation across multiple system| Sousa et al., 2005
requiring careful human analyses to twlck to a coherent
state

S.64 | Overcoming inappropriate application functionality Sousa et al., 2005

S.65 | Incoherent replicas of the same data, because they are Sousa et al., 2005
updated by multiple applications

S.66 | Lack of or incomplete coherency from multiple transaction{ Sousa et al., 2005

because a single business proaassses multiple
applications

(Continues)
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Table 2. (Continuedl

CODE | MISALIGNMENSYMPTOM LITERATURREFERENCE
S.67 | Difficulties in gathering information from multiple systems | Sousa et al., 2005
and coding rules to prodea coherent view of the
organi@tion's business information
S.68 | Different data structures when data migrateetween Sousa et al., 2005
applications
S.69 | Computational independence between applications Sousa et al., 2005
S.70 | Use of a pointo-point Application integratiorrather than a | Sousa et al., 2005
"data store"
S.71 | Lack or minorit of changes in businesgdangation, Scott Morton, 1991

processes, goals) induced by IT (over time)

The next componerdf the proposed framework iséftollection of possible EA ddets. TOGAF
based artéacts are abléo contain certain misalignmeaymptons. InTable22 possible artéacts
are introducedthat will be used in the proposedesearch methodologyThe content of the
artefact cataloguederives from the TOGAF standard (T@E@5). It is an gcerpt from the whole
TOGAF arfact list. To ease further reference, efects are coded.

Table22. Artefact Catalogudbased orifOG2015

TOGAF
CODE | ARTEACT BRIEFCONTENT ADM
PHASE
AF.01 | Driver/Goal/Objective A breakdown of drivers, goals, and objectives to | Phase B
Catalogue provide a crossrgangational reference of dvier
fulfillment
AF.02 | RoleCatalogue A list of all athorisation levels of an orgasation Phase B
AF.03 | Business Service/Functigl A functional decompositioio identify capabilities | Phase B
Catalogue of an organiation
AF.04 | Contract/Measure The master list of all agreed service contracts (af Phase B
Catalogue contract neasures) within an orgamison
AF.05 | Actor/Role Matrix A matrix to show Wich actors perform which roles| Phase B
AF.06 | Business Footprint A mapping of business goals, orgatidbnal units, Phase B
Diagram business functions, business services, atlideating
technical components
AF.07 | Functional Decompositioll A list of relevant captmlities within an orgasation | Phase B
Diagram
AF.08 | Goal/Objective/Service | A mapping to show how a service contributes to { Phase B
Diagram achievement of a businesdrategy
AF.09 | Business Us€ase A diagram to show the relationships between Phase B
Diagram consumers angroviders of business services
AF.10 | Organistional A list of links between actors, rolesid locatbns Phase B
Decomposition Diagram | within an organiation tree
AF.11 | Process Flow Diagram | A model to show sequential flow talsks withina | Phase B
business process

(Continues)
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Table 22(Continuedl

TOGAF
CODE | ARTEACT BRIEFCONTENT ADM
PHASE
AF.12 | Data Entity/Data A list of all the data used across the enterpiisel, | Phase C
ComponentCatalogue data entities & components
AF.13 | Data Entity/Business A list that links data entities and business functio] Phase C
Function Matrix within an organiation
AF.14 | Data Migration Diagram | A diagram that displays the flow of data from the| Phase C
source to the target applications
AF.15 | Application Portfolio Acatalogueto identify and maintain all the Phase C
Catalogue applications in the orgasstion
AF.16 | Application/Function It links applications and businessdétions within an| Phase C
Matrix organiation
AF.17 | Application Interaction A mapping thatlescribes communications Phase C
Matrix relationships between applications
AF.18 | Application and User A diagram to show the geographical distribution ¢ Phase C
Location Diagram applications
AF.19 | Application Us&€ase A diagram to link consumers apibviders of Phase C
Diagram application services
AF.20 | Process/Application A diagram to depict the sequence of events wher Phase C
Realgation Diagram multiple applications are involved in executing a
business process
AF.21 | SoftwareDistribution A diagram to show how physical applications are| Phase C
Diagram distributed across physical technology and the
location of that technology
AF.22 | Technology Portfolio A catalogugo identify and maintain all the Phase D
Catalogue technology across therganistion
AF.23 | Application/Technology | A mapping of applications to technology platform| Phase D
Matrix
AF.24 | Platform Decomposition | A diagram to cover all aspects of the infrastructuy Phase D
Diagram and technology platform
AF.25 | Processin@iagram A diagram to show deployable units of code/ Phase D
configuration and how these are deployed onto tk
technology platform

After introducing the adfact catalogue the section continues with some preliminary analyses
on theapplicability of TOGAdftefacts in the proposed frameworkigure?8 illustratesa sample
artefact chainfrom business goals to underlying IT infrastructlife structure of the figure can

be interpreted as follows:aEh element in the chain isgulied with a containing EA aféet.
Besids chain arefacts, here are alsaartefacts between the main elements of the chain,
indicatingthe analyticalpotential for chain matche#n connection with agfact chains;Table 3
presentswithin-layer artdacts according to the necessary architecture domain matches. The
table contains those asfacts that are suitable foanalying within-domain architecture
connections.
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Goal

* Driver/Goal/Objective Catalog

* Business Footprint Diagram

* Goal/Objective/Service Diagram

Business Service

* (Service Portfolio)

* Business Service/Information
Diagram

Business Process

* Process Flow Diagram

* Process/Application Realization
Diagram

Application

 Application Portfolio Catalog

* Data Dissemination Diagram

* Interface Catalog

* Application Interaction Matrix

+ Application Communication Data

Diagram

* Data Entity/Data Component Catalog

* Data Migration Diagram

= Enterprise Manageability

Diagram
+ Application/Technology Matrix

Infrastructure

* Communications
Engineering

e Technology Portfolio Diagram

* Networked
Computing/Hardware Diagram

* Application/Data Matrix J

Diagram

Figure28. Sample Artiact Chain (based on TQZB15

Table23. WithinLayer Artéacts (based on TOZ015

DOMAINMATCHING

ARTEACT

Business Architecture & Data Architecture

>

Data Entity/Business Function Matrix

Matching A Data Security Diagram
A DataLifecycle Diagram
A Data Dissemination Diagram
Business Architecture & Application A Application/Organition Matrix
Architecture Matching A Role/Application Matrix
A Application/Function Matrix
A Application and User Location Diagram
A Process/Application Reat®n Diagram
A Data Dissemination Diagram
Business Architecture & Technology A Environments and Locations Diagram
Architecture Matching A Processing Diagram
A Software Distribution Diagram
Data Architecture & Application Architecturg A  Application/Dataviatrix
Matching A Data Migration Diagram
A Data Dissemination Diagram
A Data Security Diagram
Data Architecture & Technology Architecturf A Data Security Diagram
Matching
Application Architecture & Technology A Enterprise Manageability Diagram
Architecture Matching A Software Distribution Diagram
A Application/Technology Matrix
A Networked Computing/Hardware Diagram
A Communications Engineering Diagram
A Environments and Locations Diagram
A Processing Diagram
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The final componentf the proposed framework is threatalogueof suitable EA analysis type

EA analysis types are capable of revealing misalignsyemptons in the artéacts. In this
researchmethodology, 8 possible EA analysis types will be used as recommended EA analysis
types Table 2). The content of theataloguewas collected fronthe related literature on EA
analysis (Buckl et al., 2G0Niemann, 2006; Wagter et al., 2012). To ease furtference, EA
analysis types are coded.

Table24. EA AnalysiSatalogugbased on Buckl et al., 2aNiemann, 2006; Wagter et al., 2012)

CoDE | EAANALYSISYPE BRIEFCONTENT
A.01 Dependency analysis Analysis of directly andirectly linked EA entities, relatiorigh
analysisand impact analysis
A.02 Network analysis Analysis of EA modeétwork elenents and EA domain
networks
A.03 Coverage analysis Analysis of business structureverage (bgupportive
application systems)
A.04 Interface analysis Analysis of interfges between application systems
A.05 Complexity analysis Analysis of architecture complexity by architeetu
components and relationships
A.06 Enterpriseénteroperability | Analysis of interoperability between architectureiges and
assessment architecture domains
A.07 Enterprise coherence Analysis of coherence beteme architectue entities
assessment
A.08 Heterogeneity analysis Analsis of IT assets heterogeneity

At the end of thesection the operation of the proposedesearch methodologwvill be
introduced The operation results builoh the aboveintroducedframework components. Four
traditional alignment perspectige(P.01 Strategy Execution, P.02 Technology Transformation,
P.03 Competitive Potential and P.04 Service Levadnaiged according to the approach of the
proposedframework. The main stepd operating the frameworhre presented ifrigure29.
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Figure29. The Operation of ArfactBased Misalignment Detection Framework

Firstly, some preliminary results will be introduoadhe operation of the proposed framework.
A thorough matchingtructurewascompleted foranalysing misalignmensymptons in terms of
containing EA model and suitable EA analysis tygpeln this preliminary resultraditional
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alignment perspectivge are analysed according to the following steps: Firstly, alignment
perspectives are decomposed into correspogdperspective componesit a.k.a. alignment
YIGOKSa 6/ ®2330d { SO2yRf &z (&L Qdthe pafspectivé A Ay Y
componentsusing the misalignment symptocatalogued { @ 2d3aferehca Thirdly, relevant
containing artéacts are attached to the mikgnment symptoms in question. In ttitep, the

artefact catalogued ! C ® 330 arefdrendedFBdly, suidable EA analysis types areatell

to the containing artfacts, using the EA alysiscatalogueo ! @& 3 ®réferdnée Preliminary

results orthis matching are presented in the following structur@&ppendidG:

A Results of Strategy Execution perspective are showpgendix GTableG1 Investigated
perspective componerincludeC.01 and C.02.

A Results of Technology Transformation perspective are introduégapendix G, Table G2
C.03 and C.04 perspective comporsawereanalysedin this part.

A Results of Competite Potential perspective are displayedAppendix G, Table G3
Inspected perspective componaiimcludeC.01 and C.03.

A Results of Service Level perspective are collectegdandix GTableG4 This perspective
wasanalyed by C.02 and C.04 perspective composent

Table25 gives an excerpt from thebovepresentedmatchingresults for the Strategy Execution
perspective.
Table25. Sample Matching Results Strategy Execution Perspective

PERSPECTIVE MISALIGNMENT
ARTEACT EAANALYSIS
COMPONENT SYMPTOM
C.01 Matching of S.01 Undefined AF.06 Business Footprint | A.03 Coverage
Business Strategy an organistional mission,| Diagram analysis
Business Structure | strategy and goals
domains S.03 Lack of relation | AF.06 Business Footprint | A.01 Dependency
between process goalg Diagram analysis
and organiational AF.08 Goal/Objective/
goals Service Diagram
C.02 Matching of S.06 Application AF.15 Application Portfolio| A.01 Dependency
Business Structure | functionality does not | Catalogue analysis
and IT Structure support at least one | AF.16 Application/ Functior
domains business procedask Matrix
S.07Business process | AF.15 Application Portfolio| A.01 Dependency
tasksupported by Catalogue analysis
more than one AF.16 Application/ Functior]
application Matrix

Additional preliminary results are available in the field of misalignayemptomcategorigtion.

In this preliminaryesult a reduced list of misalignment symptomaslocated on the TOGAF
metamodel(TOG2015. Thecomplete location matchingan be found iMppendix Fin this
section an excerpt is given from the matching experimgale26 contains a shortened lisif
the misalignment symptomswhile Figure30 proposes the result of the symptomchiisation
experiment.
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Table26. Excerpt of Misalignment Sympto@ataloguefor Localiation (based on Carvalho and Sousa,

2008)
CODE | MISALIGNMENT SYMPTOM
S.01 | Unknown proess contribution towards orgaaion goals
S.02 | Unknown contribution towards orgardsion goals
S.03 | Unknown responsibilities
S.04 | The ultimate responsible for a business proigs®t known
S.05 | Lack of required information to support decision making
S06 | Lack of requireéhformation to support dayo-day activities
S.07 | Outdated informatiorisfound
S.08 | Information entities do not have a business actor responsibl
its coherency and accuracy
S.09 | Time is spent on synchraimg data between applications
S.10 | Nornrautomatic data management among application system
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Figure30. Locating Misalignment Symptoms on TOMAfamodel (based on TOZ)15

After presenting preliminary results, an extended version will be given about the operation of the
proposed frameworkTable Z containsa framework for identifnyg symptoms for EA scope
analysis and provides three sample analyses of misaligrsyemtons. Aspects foanalysing
symptoms are described and interpreted in the table. This framewodtuctas with a distinct
categorisition of misalignment symptoms, which will be intuogd hereafter.
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Table27. A Framework for Identifying Symptoms for EA Scope Analysis

ASPECT

BRIEF
DESCRIPTION

SAMPLEMISALIGNMENSYMPTOMS

CoDE

The
corresponding
misalignment
symptomcode
from the
symptom
collection listed
before

S.05

S.07

S.14

ALIGNMENT
PERSPECTIVE

The
corresponding
alignment
perspective

P.03 Competitive
Potential
perspective

P.01 Strategy
Execution
perspective

P.04 Service
Level
perspective

ALIGNMENTTYPE

The
corresponding
alignment type,
a.k.a.
Perspective
Component
from the
Perspective
Decomposition
table

C.01 Matching of
Business Strategy
and Business
Structure domaing

C.02 Matching of
Business
Structure and IT
Structuredomains

C.04 Matching
of IT Strategy
and IT Structure
domains

SYMPTOM Desciption of Undefined or Business process| Under capacity
DEFINITION misalignment multiplehierarchy | tasksupported by | infrastructure
symptom or lines of more than one

reporting application

LITERATURE Reference for | Carvalho and Sousa et al., 2005 Carvalho and
REFERENCE misalignment Sousa, 2008 Sousa, 2008

symptom

cdlection in

related

literature
SIGN, PRESENCE | Content and Malfunctioning Business process| Capacity

meaning of the
symptom, i.e.
the way how a
symptom can be
evinced

lines of reporting

tasksare
supported by
more than one
supportive
application
function in a
business process
model

problems due to
under capacity
ITinfrastructure

OCCURRIECE
PRESENCE IEA
MODEL

The way the
symptom occurs
inan EA model,
i.e. the

Either undefined
or multiple
hierarchy or lines

of reporting

Sumof supportive
application
functions exceeds

Insufficient IT
capacitywhich
is not able to
deliver the

(Continues)
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Table 27(Continuedl

configurdion
details,

transaction data

ASPECT BRIEF SAMPLEMISALIGNMENSYMPTOMS
DESCRIPTION
contextual sign 1 per business agreed service
that indicates procesdasks level targets
the presencef
the symptom in
an EA model
CONTAININCEA | The AF.02 Role AF.15 Application| AF.24 Platform
MODEL corresponding | Catalogue Portfolio Decomposition
TOGARrtefact | AF.09 Business | Catalogue Diagram
that manifests | UseCase Diagran| AF.16 Application
the symptom AF.10 Function Matrix
Organisational
Decomposition
Diagram
OCCURRECE ON | The Missing or More than 1 Business
MODELENTITY corresponding | multiple application services and
LEVEL model erity connections function is processes
that manifests | between business conrected to supported by
the symptom rolesfor reporting | business process| underlying IT
line tasks infrastructure
representation
OTHER Other sources, il Up to date None Data on IT
NECESSARY any, that may description about infrastructure
SOURCES FOR | be needed for | lines of reporting capacity agreed
INVESTIGATION | symptom service levels
detection,e.g. and the

consumption of
IT infrastructure

According tahe operation of the proposed methodology, misalignmessessmenframework
presented inTable27 can result in three categories of misalignment symgtomo { ®/ ®3 30 Y

S.C.01. Symptomghat can be handled and revealed in EA sdepg S.07)

S.C.02. Symptoms that can be handled in EA scopa meduced extenti.e. analytical
potential only for simplified, incomplete symptom detectidime symptom loses
from its origiral content,i.e. an indepth analysis isot performed However, it is
applicable for a preparaty test (e.g. S.05).

Symptoms that cannot be handled and detected solely in EA scope, other
information sources are needed for symptom detectidrhese symptoms will be
handled in future worke.g. S.14)

S.C.03.

Table28 proposes a framework for detecting misalignment symggt@amEA scope. The analysis
performed in this table builds only on those symptoms that were identified as manageable
symptoms (S.C.01) in the previagerationphase
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Table28. A Famework for Detecting Misalignment Symptom&M Scope

ASPECT BRIEFDESCRIPTION SAMPLESYMPTOM
CoDE The corresponding S.07
misalignmensymptom
code from the syiptom
collection listed before
SYMPTOM Desciption of Business process taskpported by more
DEFINITION misalignmensymptom than one application
SUITABLEEA Methodological approdc | A.01 Dependency analysis

ANALYSIS TDETECT
THE SYMPTOM

chosenfor symptom
detection

OCCURRECE
PRESENCE IEA
MODEL

The way the symptom
occurs in an EA modek.
the contextual sign that
indicates the presenoaf
the symptom in an EA
model

Sum of applications excd® 1 per business
procesdasks

CONTAININGEA
MoODEL

The corresponding TOGA
artefact that manifests the
symptom

AF.15 Application Portfol@atalogue
AF.16 Application/ Function Matrix

OCCURRECE ON
MODELENTITY

The corresponding model
entity that manifests the

Application functions coratted to business
procesdasks

LEVEL symptom
CONTAININGEA The corresponding Business process model
MODEL IN organgationalmodel that
ORGANISATIONAL | manifests the symptom
MODELSTRUCTURE | Not necessarily equal with
W/ 2§y AYy3I 9!
listed before
OCCURR¥CE The way the symptom Sumof supportive applications exceeds 1

PRESENCE IHA
MODEL OF THE
ORGANISATIONAL
MODELSTRUCTURE

occus in the
organgationalmodel- Not
necessarily equalith

Wh O GhdeNdSece in
9! az2RStQ fA

per businesprocesdasksin a process flow

OCCURRECE ON
MODELENTITY
LEVEL IN
ORGANISADNAL
MODELSTRUCTURE

The corresponding
organigtional model
entity that manifests the
symptom- Not necessarily

Sljdz t & kefic&onY
ModSt 9y dAde
before

Application functionsonrected to business
procesdasks

OCCURRECE IN
XML-BASELEA
MODELEXPORT

The way the symptom car
be manifestd in XML
based EA modeixport

Relations between Node type: Business
process tasknd Node type: Application
function

OCCURR¥CE ON
MODELENTITY

The way the symptom car
be manifested on model

entity levelin XMLbased

Number of relations between Node type:
Business process tagkd Node type:

(Continues)
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Table 28(Continuedl

ASPECT BRIEFDESCRIPTION SAMPLESYMPTOM
LEVEL INKML EA modekxport, i.e. the | Application function per Node type: Busing
EXPORT XML enities that manifest | process task
the symptom
XML-BASEDQUERY | Generalueryfor For everynodewhere nodetype = business
misalignmensymptom procesdask
detectionusing evincing | - Numerate nodeelations where node
XML entities type = application function

- Alert business procesasknodes with
>1 application function connections

QUERY IN Query in Schematron <patternname="S.07Businesprocess task

SCHEMATRON languageusing the supported by more than one application">

LANGUAGE grammar of tle pattern <rulecontext="0Object Definition[@Node
based queryanguage Type="usiness procesask']">

<reporttest="count(Conection
Definition[@ToObjectDefinition.IdRef=pare¢
t::Object Definition/followingsibling::Object
Definition[@Node Type=application
functior})/@ ObjectDefinition.ID or
@ToObjectDefinition.ldRef=parent::Objec
efinition/preceding
sibling::ObjectDefinitio@Node
Type="épplication
functior}']//@ObjectDefinition.ID])>1">Alert
S.07. Business process tagpported by
more than one application

</report>

</rule>

</pattern>

Based on the proposed framework for identifying symptoms for EA scope afalpggq) and

the framework for detecting misalignment sympt®rm EA scopeTable28), misalignment
symptons will be translated into analysable rules, and finally into queries for detection.
Symptomrule transformationwill be based on the corresponding aspects of the framework for
identifying symptoms for EA scope analydiab(e 27) and the framework for detecting
misalignment symptoms in EA scopal{le28). Queries for detecting the symptoms in EA madel
also stem from the corresponding aspects of the latter frameveogk Qccurrence in EA model,
Occurrence on model entity levelnd the same aspects for XML exports). The-bdded query
originates from the previous analysis results of the framework. Finally, the skeleton oéthe q

in Schematron languageovides the specific query for the symptom.

Implementation details of operating the proposed framework will be surseaabriefly in the
following parts of the section. Queries will be writtenusing the XPathanguage and the
Schematron languag&chematron language will be used for making assertions about patterns
(i.e.misalignmensymptornrs) found in tie XML exports of the EA mosléippendix dontains the

basic elements of Schematron languagentrary to Schematron language, which is referred to
as the language of writing assertions, XPath language serves as a supportive landafigmépr

the context of the queriedNodes in the XML exports will be reached by using XPath expressions,
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i.e. XPath expressions will be used to navigate through nodes and attributes in the XML exports.
Queries will use the syntax of XPath for definingcthreesponding parts of the XML exports.
XPath expressions will be embedded into the Schematron quX¥fesh will be used both in
context setting (where the nodender analysis is determined) and testing (where the logical
expression of deting the symptom is defined)ppendix Kontains the main XBaoperators

for Schematron querieSchematrorbased queries with embedded XPath expressiitide
written and later validateth an XML validatiotool, namely the Oxygen XML Editor v18.0. The
XML editor includean editor for writing Schematron queries as wedr@gbuilt validatorengine

for validating XML documents against a Schematron Agkertions reported by the validation
enginewill also balisplayed by the editoExamples of using the languages and the XML editor
will be presented in detail in the next section.

After introducing the proposed analytical framework fora8ed misalignment assessrmehe
section concludes with some details on data collection, aladidysisand result interpretation.

Data collectionData will be collected according to the recommendations of the Design Science
Researcland the Case Study Reseanobthods. Suitable tesirgangationswill be identified to

be the subjects of # proposed analysis. The orgaticnal models (process models,
organisitional charts, progs maps, balanced scorecards, value chain diagrams, etc.) of the
chosen tesbrgangationswill serve as input dataeBides the collection of orgaatfonal models,
semistructured interviews will be performed in order to collect fertinformation abouthe
organisitional context of the models.

Data analysisBy means of case generation, the data collected in the previous phase will be
analysed. Proposed steps of data analysizlude research steps introduced in the previous
subsectionsin summary, ggansational models of the tesirgangationswill be transformed into

EA modd. The symptoms of misalignmaenitl be detected in the structuredMLexports of EA
models by ruleonstruction and rule teég techniques.

Plan for Interpreting ResultBata analysis phase will provide us wdtkertain amounts of
structured data on identified misalignmesymptons. In the result interpretatiophase these

data will be construed and processed. Based on the goiestruction phase, rule testing
approaches will be used to identify formally described misalignment symptoms in troaslE& m

On the basis of the rule testing phase, results will be interpreted in terms of the alignment
misalignment continuum. First, processed and tested rules will be converted back into
misalignment symptoms. This step is vital for theppr interpretation of the detected
symptoms. Secondly, the location of the identified symptoms wélhblsed. This step provides
information about the location of badlyorking routines both from physical and logical
perspectives. Finally, -signmentactivities will be recommended according to the nature and
location of the detected misalignment symptoms. The proposed framework will be tested and
validatedat testorgangationsin order to confirm the relevance of the results. afialysing real
enterprise architecturenodek, examples will be given to demonstrate the applicability as well as
the operation of the framework.

This sectiomasintroducedthe research methodology and proposed the research framework.
the nextsection a case studwill be presentedn detailto demonstrate the operation of the
proposed research framework.
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4 CASE STUDY : RoAD MANAGEMENT AUTHORITY

To demomstrate the applicability of the proposed framework as well as to better understand how

it works in practice, a case stuldgs been conducted. The case study clarifies the operation of

the framework by applying it in the context of a r&f modelstructure The empirical
investigation focuses amHungariarroad managementuthority. The study was carried out o

I FNFAYSyYyid 2F GKS NRFR YIylF3ISYSy{ rdadizbritcé NR & ¢
initiative, showing the relevant EA models anéfadts to be modified during the progression of

the project.

The section first introduces thergangation and the project under review. It is followed by an
outline of the EA modatructure with a specialfocus on the model environment of the road
control initiative. After presenting the model base, results from preliminary reviews are
documented. It is followed by a detailed analysis on misalighgsyemptons. Thenext section

deals with the process of misalignment symptom detediothe road management authority.
Subsequently, detection results are interpretadietail. At the end of theection results are
discussed and conclusions are drawn about the relevance and significance of the research
framework in operation.

4.1 Case Introduction

The road management authority is a Ramofit government corporation that handles matters
relating to road safety, road traffimanagement and transportation for around 3200
kilometres of anational public road network. The scope of activities spans from road operation
and road maintenancever professional services to providing road information. Related
activities consist of road condition checking, pavement maintenance and reparation, roadside
maintenance, ofpavement landscape maintenance, snow removal arididg of roads and the
installation,reparation and replacement of traffic engineering devices. Professional services
consist of the management of road operator licenses, road network protection, quality control
and maintaining the national road register. In its adirah, the authority was set up in 200és

a successor ta previous road management government authotis/headquartes and three

sites are located in Budapest, and the authority has approx. 170 branches around Hungary. In
2016 the authority employed around 30 employees.

The authority is governed by a chief executive officer. There are two deputy managers: 1) for
engineering and 2) for management. The former has control over 3 directorates: 1) the public
road service provider, 2) the directorate of maintecand 3) the directorate for development

and restoration for public roads and bridges. The latter has control over the fields of finance,
accounting, managemertontrol, and planning. There are also directorates for corporate
governance, human resourcd3, procurement, law and facility management. Quality control
laboratories operate under the supervision @fpublic road service provider. Under the
maintenancealirectorate there are 19 countdirectorates as well.

The value chain of the authority castsiof primary, support and governance aagsit Primary
activities include operation, maintenance, implementation, engineering and business services
related to road management, public duties, business activities and other sales activities. Support
activties consist of management, human resources, engineering support, IT and project
management. Governance activities in€ludstrategic management and roaelated
management.
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This subsection described the casegangation with main characteristics, activities,
organgational structure and business process The following subsection introduces the road
control initiative at the road management authority with special attention to project drivers,
project objectivestequirementsand constraints.

4.2 Road Control Initiative

Road control initiative is a pilot project for setting up EA practice in the authority. The initiative is
part of an integrated road network development project which aims to tramstbe internal
operation as well as to optisa processes in order 1) to increase operational efficiency and
transparency within the road management authority, 2) to achieveeatbestent public task
exealtion, 3) to provide a natiewide integrated maagement system, 4) to increase access to
management information, 5) to create the premides standardsed services, 6) to increase
traffic safety.

As part of the above introduced integrated road network development project, the road control
project is concerned with the implementation otravelingwarrant system. The goal of the
project was manifold:

A to achieve reatime road control informationdirwarding,

A to deliver upto-date information and control specificatioosboard

A to provide exact information retrieval about past activities and coordinates by place and
by date,

A to provide electronic administration about road control,

A to provide an gpandable anihtegralsolution for road control support,

A to decrease paper administration related to road control tasks.

The project was set up to eliminate the following problems related to the previous road control
solution:

A administration overload,

A too many isolated information system

A slow escalation of road controélated information,

A nonautomated readn of road controrelated data,

A non-electronic retrieval of previous road control routes and coordinates.

The drivers of the projedrose from the problems related to the previous implementation,
namely:

A to avoid redundant data recording,

to get an upto-date master data register,

to achieve lower maintenance and development costs,
to achieve lower expose to suppliers,

to increase profitable duty time,

to provide fast, routébased information retrieval,

to decrease administration overload,

to provide the opportunityor onlineintervention.

PP I A P P 2

The requirements of the project consisted of the following criteria: 1) compliaite
architectural principles, 2) the administration of the road control process with electronic forms,
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3) to support the process in a closed manner, 4) to exploit therateajcapabilities of the tbe

road control system. Finally, the project was constrained by the following conditions: 1)
compliancewith road control regulations, 2) high availability owing to dependencies among
integrated components, 3) complianagth the criteria of public procurement, 4) proclamation

of strict rulesand conditions.

The road control project was sgp to outline the process of road control with EA methods over
2 sesof changes. The as state presents the actual state of road conaictivities. To-be No. 1
andTobeNo. 2 phases deal with the changes in process execution, supmpileationsand
underlying technological infrastructure.

This subsection introduced the road control initiative as part of a broader transformation
progranme. The section continues with some details onrttaelingenvironment.

4.3 EA Model Structure

This subsection describes the EA mastalicture at the road management authority. The
subsection first introduces the general model structure. It is followed by a focused ofvhav
model structure of the road control initiative. In general EA models at the road management
authority are generated according to the rules of ArchiNatguageand ARIEPGs. Models are
created in ARIS by using the methodologi@GARDM

The general model structure at the road management authority consists of severalTaigs.
29introduces the model structure with layerategoriesand main model contents. As we can
see, there are sommodelingresources available concerning the Business Architecture (l-ayer O
2, 5), Data Architecture (Layer 3) and Application Architecturer@gymit there is nonodeling
instance for technologidahfrastructuralprojection of theorgangation.

Table29. Model Structure at the Road Management Authority

LAYER | CATEGORY ORGANISATIONAIODELS

0 Strategy A Business FunctionlT System Matrix
Business Process Map
Architectural Principle€atalogue
Organigram
Value Chain Diagram
Business Process Models

A Primary Activities

A Support Activities

A Governancé\ctivities
Regulations
Data Components
Document Model
Application Portfolio
Application Type Application Component
Matrix
Data Flow Diagram (Data Flow between
Main IT Systems)
A Application Cooperation Diagrams
Interface Diagram
5 Products and Services A Service Map

1 Organisational Structure
2 Business Processes

v | By > >

3 Data

4 Applications

v > >y B> D>

>

J >
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As for the model structure of the road control initiatiégure 3land Table ® present some
details.Figure 31shows the investigated EA modglucturein the road control initiative. It is
considered a metamoddbr artefacts under review. The model structure consists of 4 EA
domains: Business Architecture, Data Architecture, Applicatiohitecture and Technology
Architecture. Thesdomains are connected to the corresponding TOSMNA phases. (Note that
there are also models for Technology Architee, while the general model structure did not
contain a technological layer.) EA domains contain seveefhets, indicted as rectangles in
the figure.Colorsof the rectandgs reflect the assignment to TOGAF ADM phases. As can be seen,
the available models are only a fragment from the complete TOG&&cacpllection. Aréfacts

are connected with each tler according to the relationships icontent between EA
models/artdacts. There are both betenlayer and withidayer artéact connections in the
model structure.

PHASE B: BUSINESS ARCHITECTURE

DRIVER/GOAL/ BUSINESS FOOTPRINT PHASE C: DATA ARCHITECTURE
OBJECTIVE | DIAGRAM
CATALOGUE [ REGULATION MAP |\ DATA ENTITY/DATA
ProcEss FLow COMPONENT

ORGANISATIONAL ] DIAGRAM CATALOGUE
DECOMPOSITION l
DIAGRAM

I PROCESS/APPLICATI APPLICATION APPLICATION
BUSINESS ON REALIZATION | PORTFOLIO ™~ INTERACTION
SERVICE/FUNCTION DIAGRAM / MATRIX
CATALOGUE

] PHASE C: APPLICATION APPLICATION/ PLATFORM

I ROLE CATALOGUE | ARCHITECTURE TECHNOLOGY — DECOMPOSITION
MATRIX DIAGRAM

| BENEFITS DIAGRAM | PHASE D: TECHNOLOGY

ARCHITECTURE

PHASE E: OPPORTUNITIES
AND SOLUTIONS

Figure31. EA Model Structure in the Road Control Initiative

Table B lists the brief content of each EA modi&ment. This collection assigns the available EA
models at the road management authority to falffOGA&rtefacts and to Archilslte viewpoints.
Except forthe Regulation Map, the EA model isliows the original TOGAF deet base. The
model structure in the road control initiative offers ard@pth analytical potential for Hfased
misalignment assessmenthe small size and the compact nature of the project ensure minimal
but sufficient validationf the proposed framework.
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Table30. EA Model Contents in the Road Control Initiative

ADM ARTEACT BRIEFDESCRIPTION
PHASE
Phase | Driver/Goal/ Viewpoint: Organisation
B Obijective A breakdown of road control drivers, goals, and dhjes to provide a
Catalogue crossorganigtional reference of driveulfillment
Phase | Business Footprint| ViewpointlLayered View
B Diagram A maping of business goals, orgaatisnal units, business functions,
business services, and delivering technical components of the roa
control initiative
Phase | Organsational Viewpoint: Organisation
B Decomposition A list of linkdbetween actors, roles, and locations within a road cont
Diagram organgation structure
Phase | Process Flow Viewpoint: Business Process
B Diagram A model to show sequential flow of tasks within business progesse
taking part in roadontrol tasks
Phase | Business Viewpoint: Business Process
B Service/Function | A functional decompositioto identify capabilities concerning road
Catalogue control tasks
Phase | RoleCatalogue Viewpoint: Organisation
B A list of alauthorisation levels at the road control initiative
Phase | Regulation Map Viewpoint: Information Structure
C A list of relevant regulations for the road control initiative
Phase | Data Entity/Data | Viewpoint: Information Structure
C Component A list of all the road control data used across the authanity,data
Catalogue entities and components
Phase | Process/Applicatiol Viewpoint: Application Usage
C Realgation A model to depict the sequence of events when multiple applicatio
Diagram are involvedn executing road control tasks
Phase | Application Viewpoint: Application Usage
C Portfolio A catalogueto identify and maintain all the applications in the road
control initiative
Phase | Application Viewpoint: Applicatio€coperation
C Interaction Matrix | A mapping that describes those communication relationships betw
applications that are relevaid the road control initiative
Phase | Application/ Viewpoint: Infrastructure Usage
D Technology Matrix | A mapping of road control applicationsrédevant technology platforn
Phase | Platform Viewpoint: Infrastructure Usage
D Decomposition A model to cover all aspects of the infrastructure and technology
Diagram platform concerned with road control at the authority
Phase | Benefits Diagram | Viewpoit: Implementation and Deployment
E A list of opportunities and benefits to support selection and
prioritisation of road control decisiondt also contains the working
breakdown structure of related projects with goal fulfilments

After biefly summarimigthe model contents in the road control initiative, EA medeiants will
be presentedTable31 deals with the substantial EA models with model variants presenting the
transition during project execution. Some models have all three t@ri@riginal Version
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(indicated as OV), TBe 1.0 (indicated as 1.0) andB® 2.0 (indicated as 2.0). Other models lack
the original version of the model, while there are merged models as well, indicated2a8 ih.0
the table. EA models without indicdtenodel variants consist of constant model content without
any change during process execution.

Table31. EA Model Variants in the Road Control Initiative

EAMODEL MODEL
VARIANTS

Road Control System with Relations 1.0and 2.0

Road Control System with Infrastructure 1.0and 2.0

Road Control Roles and Reporting Lines -

Road Control System with Services 1.0and 2.0

Road Control Process OV, 1.0and 2.0

Road Control Data Model OV, 1.0and 2.0

Road Control System 2.0 Introdocti -

Road Control Regulation Map OVand 1.2.0

Road Control 1.0 and 2.0 Goal Map -
Road Control 1.0 and 2.0 Implementation Plan -
Road Control Process 1.0 and 2.0 with Business Sery -

Road Control System Infrastructure Usage Model 1.0and 2.0
Technological Hardware Components -
Technological Software Components -

The actual model base in the road control initiatiVvable31) is followed by an analysis on
containing model elements in the available EA nwdeist, emergingnodel elements are listed
with an abbreviated formr@ble32) to ease readability. The list arises from the etigtyof the
of the ArchiMatdanguage.

Table32. List of Emerging Model Elementshia Road Control Initiative

ABBREVIATION MODELELEMENT ABBREVIATION MODELELEMENT
AC Application Component | Dev Device

AF Application Function DO Data Object

Al Application Interface Dr Driver

Ar Artefact Go Goal

As Assessment Gr Group

AS ApplicationService IS Infrastructure Service
BA Business Actor L Location

BC Business Collaboration | N Node

BE Business Event Nw Network

BO Business Object Pl Plateau

BP Business Process Pr Principle

BRe Business Regulation Rep Representation
BRo Business Role Req Requirement

BS Business Service S Stakeholder

C Corstraint SS System Software
Del Deliverable W Work Package
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The list of emerging model elements is followed by a maitthe contained model elemes in

the different EA modalariants Table33). Rows in the matrix contathe model variants, while
columns contain the model elements in abbreviated form. Cells in the matrix represent a
possibility of the model variant to contain a particular model element. In this sensey #meX i

cell represents that a particular model variant contains a particular model element.

Table33. Model Elements in Use in the EA Model Variants

OBJECT

EAMODEL
RoadControl System 1.0 with
Relations

Road Control System 2.0 wi
Relations

Road Control System 1.0 wi
Infrastructure

Road Control System 2.0 wi
Infrastructure

Road Control Roles and
Reporting Lines

Road Control System 1.0 wi
Services

Road Control System 2.0 wi
Services

Road Control Process Origir|
Version

Road Control Process 1.0

BO
Do
REP
BRE
DEV
NE
IS
No
SS
BC
BRo
BA
BP
BE
BS

AC
AF
Al
AS
L

Road Control Process 2.0

Road Control Data Model
Original Version
Road Control Data Model 1.

Road Control Data Model 2.

Road Control System 2.0
Introduction

Road Control Regulation Mg
Original Version

Road Control 1.0 and 2.0
Regulation Map

Road Control Process 1.0 ar
2.0 withBusiness Services
Road Control System 1.0
Infrastructure Usage Model
Road Control System 2.0
Infrastructure Usage Model
Technological Hardware
Components

OBJECT

EAMODEL

Road Control 1.0 and 2.0
Goal Map

Road Control 1.0 and 2.0
Implementation Plan
Technological Software
Components

AC
SS
S
DR
As
AR
Go
GR
PR
REQ
C
PL
DEL
W
No
Al
BC
BRo
BA
BP
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According tathe previously introduced model element matrix, EA madk&ltionships can be
established.Coumns of the matrix represent the possible connections between EA model
variants.Figure32 depicts the connections between EA models in the road control initiative. In

this form model variants are aggregated, i.e. there is no distinction between model variants.
Therefore, the figure presents the connections between any of the model variatit®e of
particular EA model. As can be seen, the models of Road Control Process with Business Services
as well as Road Control System with Relations have several connections with other EA models.
There are also marginal models in the figure, e.g. the modée&cbhical Hardware Components

and Road Control Goal Map.

RoAp CONTROL

/ DATA MODEL RoaADp CONTROL

RoAD CONTROL PROCESS

PROCESS WITH |

BUSINESS SERVICES Roap CONTROL
ROLES AND

RoaD CONTROL REPORTING LINES

R C SYSTEM
0AD CONTROL INTRODUCTION
SYSTEM WITH
RELATIONS
RoAD CONTROL
SYSTEM
RoAaDp CONTROL
IMPLEMENTATION INFRASTRUCTURE \ e
USAGE MODEL T T
PLAN
INFRASTRUCTURE
/ |
TECHNOLOGICAL
RoAD CONTROL | | E——— I’I-iif{}[l):vil;{(;cICAL
GoAL MAP
COMPONENTS COMPONENTS

Figure32. EA Model Connections in the Road Control Initiative

The subsection introduced the model structure at the road management authoritg syittial
focus on the model base of the road control initiative. In the followawion preliminary
reviews will be documented which aimed to revise the actual state of the initiative together with
supposed, hypothetic alignment problems.

4.4 Preliminary Review

Before commencing misalignmesymptom detection at the caseorgangation, preliminary
reviews werergansedin order to geacquaintedvith the conditions in th@rganisationalstate.
Preliminary reviews were conducted by interviewing stakeholders of the initiative. Interviews
served as an initial consultation about influential areas to review and the perceived problems
concerning busineskl alignment

Based on the previously introduced, influential areas to reviewl€15), an initial assessment

has been conducted to get a comprehensive picture about business and IT operation and
relationship at the caseorgangation. Figure 3 summaises the influential areaunder review.

The most important organisational areas that have been comprehended at the road management
authority before proceeding businebs assessments included: 1) Business Strategy, 2) Business
Functions,3) Business Roles, 4) Business Process aidpBusiness Process Models, 5) IT
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Strategy, 6) IT Process Map and IT Process Models, 7) Application Portfolio and Application
Interfaces, 8) IT Service Portfolio and Se®@atalogue9) available EA Models, 10) Architecture
Repository, 11) Architecturélaturity and EA Model Reliability, 12) Business/IT Ideas,
Propositions and Innovation, 13) Investment Planning. The listvishweareas follows the
categorisition of Table 14ntroduced in the previous section.

Business Strategy

Business Domain

Organisational Infrastructure and Processes

IT Strategy
_ — _ ITInfrastructure and Processes
___._Business-IT Areas under Re\ﬂe@_ ) ITDomain | EAM
o — |\ EA Maturity
. Reliabilty ————

Model Structure Reliability

Business-IT Relationship

Tentative Alignment Problems

Figure33. Busines$T Areas under Review at the Road Management Authority

The previously introduced busind3s areas under review and precursory interviews on
malfunctioning structures have revealed several problematic budifiemseasand therefore
provided us with preliminary assumptions alignment problems and possilbdegansational
areas for misalignmeimvestigations. An initial lisf problematic businesHl areas is referred to

as a prefatory step for operating the proposed framework. According to the precursory
interviews,Table 3 introduces thecollectionof malfunctioning, problematic busine§sareas in

the road control initiatie. At thispoint, the list serves as an initial picture about perceived
alignment problems. The list will be translated into misalignment syngptonthe following
subsection. To ease further reference, perceived problems caged. M stands for
malfunctioning area, and the numbering eases tahiiy.

Table34. Assumed Problems and Malfunctioning Areas at the Road Management Authority

CODE | MALFUNCTIONINAREA

M.01 | Missing businegsrocessowners (occasionally)

M.02 | Undefined organaional missionstrategy and goals

M.03 | There are application components that & usedin any business process
M.04 | There are out of dateechnological elements in the IT infrastructure

M.05 | There are some business proctssksthat are supported by several application;
M.06 | Poor IT resources

M.07 | Missing competencies to developionovate

M.08 | Insufficient IT planning processes and IT portfolio management

M.09 | Capacity problems concerning IT infrastructure

M.10 | Unsatisfactory systems performance monitoring

M.11 | Heterogeneous elements in IT infrastructure

M.12 | There arénformation consistency and data integnitsoblems

M.13 | Multiple reporting lines

M.14 | There are incompatible platforms in the IT infrastructure

(Continues)
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Table34. (Continuedl

CoDE | MALFUNCTIONINAREA

M.15 | Missing data owners

M.16 | There are data entities that are not used in any busipessess
M.17 | There are missing application interfaces

M.18 | Non automatic data migration among applications

M.19 | Lack of architectural integration

M.20 | Missing Service Level Agreements

M.21 | The same user imanaged differently in different applications

This subsectiohasdocumented the preliminary interviews together with the presentation of
businesdT areas under review at the road management authority. In addition, it has revealed
several perceived problems regarding busid&dskage with projection torgangationd areas

to conduct misalignmeritivestigations. The subsection will be followed by afepth analysis

of misalignment symptomby means of operating the proposed research framework.

4.5 Misalignment Symptom Analysis

Preliminary reviews on the case consisted of the list of influential areas to review and the analysis
of assumed malfunctioning areas. These precursory steps are followed by preliminary analytical
procedures for misalignmesymptomdetection These steps are necessary to prepare the case
organgation for operating the proposed research framework. The section commences with an
initial assignment in which malfunctioning areas are translated into the corresponding records in
the misalignment symptormatalogue This translation is followed by an EA ldased analysis

of the translated misalignment symptoms, i.e. perceived problems are connected to the
appropriate EA layers whielie affected in the subsequent misalignment symptom detection

The sedbn continues with the categisation of perceived misalignmentymptoms (S.C.01
S.C.03 categorsion according to the analytical tool proposedrable27). In this part of the
section noranalysable (S.C.03) symptoms are excluded from further analysis. The necessary
justifications for excluding these symptoms will &legivenin this part. The remaining S.C.01

and S.C.0%pe symptoms will banalysed according to the corresponding analytical tool from

the proposed research frameworKable28). The section ends with the documentation of
general geries for misalignment symptom detection.

In order to prepare for misalignmesymptom analysis, perceived malfunctioning areas are
translated into misalignment symptoms using the proposed misalignmept@yncatalogue
Table 35 contains the malfunctioning areas and the corresponding misalignment symptoms.
Malfunctioning areas are coded according to the previoud bfi¢ 34. Misalignment symptoms

are coded according to the previously introduced misalignment symgatatogugTable21).

Table35. Translation of Malfunctioning Areas into Misalignment Symptoms

CoDE | MALFUNCTIONINAREA CODE | MISALIGNMENSYMPTOM

M.01 | Missing business proceswners S.02 Undefined business procegsals, business
(occasionally) process owners

M.02 | Undefined organiional mission, | S.01 Undefined organaional missionstrategy
strategy and goals and goals

(Continues)
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Table35. (Continuedl

CODE | MALFUNCTIONINAREA CODE | MISALIGNMENSYMPTOM
M.03 | There are application components| S.06 Application functionality does not support
that are not usedn any business least one business processtivity
process.
M.04 | There are out of date technologicg S.16 Out of date technological infrastruce
elements in the IT infrastructure
M.05 | There are some business process| S.07 Business process taskpported by more
tasksthat are supported by several than one application
applications
M.06 | Poor ITresources S.10 Insufficient IT resources
M.07 | Missing competencies to develop ( S.12 Lack of skills to develop or innovate certai
innovate types of products
M.08 | Insufficient IT planning processes | S.13 Poor IT planning and portfolio manageme
and IT portfolio management
M.09 | Capacity problems concerning IT | S.14 Under capacitynfrastructure
infrastructure
M.10 | Unsatisfactory systems S.15 Lack or poor systems performance
performance monitoring monitoring
M.11 | Heterogeneous elements in IT S.17 Technological heterogeneity
infrastructure
M.12 | There are information consistency| S.20 Information consistency or integrity
and data integrityproblems problems
M.13 | Multiple reporting lines S.05 Undefined or multiplénierarchyor lines of
reporting
M.14 | There are incompatible platformsi| S.18 Incompatible platforms or technologies
the IT infrastructure
M.15 | Missing data owners S.32 Lack of data ownership
M.16 | There aradata entities that are not | S.52 Not alldataentity attributes are read at
used in any business process least by one process
M.17 | There are missing application S.39 Lack of application interfaces
interfaces
M.18 | Nonautomaticdata migration S.57 The data management should be automat
among applications among the application systems
M.19 | Lack of architectural integration S.27 No formal architectural integratioat
fundional organgation level
M.20 | Missing Service Level Agreementy S.24 Sporadically existing or Technical Service
Level Agreements
M.21 | The same user is managed S.38 Users managed differently in different
differently in different applications applications

The section continuesvith an EA layebased categoraion of perceived misalignment
symptons. Table36 contains misalignment symptoms and the necessary EW lagder review.
This categoriion will guide the symptom detectian the subsequent section. In addition, it
helps to understand the nature and scope of perceived migaknt symptoms in the case
organgation.
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Table36. Perceived Misalignment Symptoms and Affected Enterprise Architecture Layers

AFFECTEENTERPRISERCHITECTURE
CODE | MISALIGNMENSYMPTOM
LAYER
S.01 Undefined organaional missionstrategy | Business Architecture
and goals
S.02 Undefined business procegsals, business| Business Architecture
process owners
S.05 Undefined or multipldnierarchyor lines of | Business Architecture
reporting
S.06 Application functionality does not support { Business Architecture, Application
least one business processtivity Architecture
S.07 Business process tasipported by more Business Architecture, Application
than one application Architecture
S.10 Insufficient IT resources Technology Architecture
S.12 Lack of skills to develop or innovate certai| Business Architecture
types of products
S.13 Poor IT planning and portfolio managemer Businesgrchitecture, Application
Architecture
S.14 Under capacitynfrastructure Technology Architecture
S.15 Lack or poor systems performance Technology Architecture
monitoring
S.16 Out of date technological infrastructure Technologyrchitecture
S.17 Technological heterogeneity Technology Architecture
S.18 Incompatible platforms or technologies Technology Architecture
S.20 Information consistency or integrity Data Architecture
problems
S.24 Sporadicallgxisting or Technical Service | Technology Architecture
Level Agreements
S.27 No formal architectural integraticat Business Architecture, Data Architecture,
functionalorgangationlevel Application Architecture, Technology
Architecture
S.32 Lack of data ownership Data Architecture
S.38 Users managed differently in different Application Architecture
applications
S.39 Lack of application interfaces Application Architecture
S.52 Not alldataentity attributes are read at Business Architecture, Application
least by one process Architecture
S.57 The data management should be automat] Data Architecture, Application Architecture
among the application systems

Perceived alignment problems amealysed according to the previously introduced misalignment
symptom categorigition scheme.Table J represents symptom categories for each assumed
alignment problem. The categat®n stemsfrom symptom categoraion scheme introduced

in the research methodology section, viz.:

S.C.01. Symptoms that can be managed and detected in EA scope.
S.C.02. Symptoms that can be managed in EA scope fieduced extenti.e. analytical
potential only for simplifiedncomplete symptom detection
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S.C.03. Symptoms that cannot be managed and detected solely in EA scope, other
information sources are needed for symptom detectibhese symptoms will be
handled in future work.

The following analysis forms limitations for framewapplicabilityi.e. detects those symptoms
that cannot be handled within EA scope. Thus, misalignsyenptons under the categorgf
S.C.03 will not banalyed with the proposed research framework. These types of alignment
problems are indicated withlight gray background imable 3.

Table37. Misalignment Symptom Categgation for Perceivetisalignment Symptoms

CODE | MISALIGNMENSYMPTOM SYMPTOM
CATEGORY
S.01 Undefined organational missionstrategy and goals S.C.02
S.02 Undefined business procegsals, business process owners S.C.01
S.05 Undefined or multiplérierarchyor lines of reporting S.C.01
S.06 Application functionality does not support at least one business process| S.C.03
activity
S.07 Business process tasipported by more than one application S.C.01
S.10 Insufficient IT resources S.C.03
S.12 Lack of skills to develop or innovate certain types of products S.C.03
S.13 Poor IT planning and portfolio management S.C.03
S.14 Under capacitynfrastructure S.C.03
S.15 Lack or poor systems performance monitoring S.C.03
S.16 Out of date technological infrastructure S.C.01
S.17 Technological heterogeneity S.C.02
S.18 Incompatible platforms or technologies S.C.01
S.20 Informationconsistency or integritgroblems S.C.03
S.24 Sporadically existing or missing Technical Service Level Agreements | S.C.03
S.27 No formal architectural integraticat functionalorgansationlevel S.C.03
S.32 Lack oflata ownership S.C.01
S.38 Users managed differently in differergpdications S.C.03
S.39 Lack of application interfaces S.C.02
S.52 Not alldataentity attributes are read at least by one process S.C.01
S.57 The data managemeshould be automatic among the application syster| S.C.03

The categorigtiontable contains misalignmesymptons under the categories of S.C.01, S.,C.02
and S.C.03. Misalignment symptoms under the categ@dr$.C.01 and S.C.02 will be further
analysedto preparethem for misalignment symptom detectiollisalignment symptoms under
the category of S.C.03lle excluded from further analysis. In this part ofgbetion a succinct
justification will be given to each excluded misalignment sympi@ble38 summarses the
causes of exclian. The categoraion of the misalignment symptoms marked for S.& 0Bt
generally determined, i.e. it is only valid for the particular oeg@ngationand the selected road
control initiative under reviewTable 38 details the specified justifications for the excluded
symptoms in this particular analysis example.
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Table38. Justifications for Excluding Misalignment Symptoms under the catefgdr§.03

CODE | MISALIGNMENSYMPTOM SYMPTOM JUSTIFICATION FE&XCLUSION
CATEGORY

S.06 | Application functionality S.C.03 The model base of the casggangation does
does not support deast not contain a specifiedatalogueabout
one business process application functionalities for each application
activity in use. For this reason, the symptom cannot

validated against the model base of the case
organgation.

S.10 Insufficient IT resources | S.C.03 Themodelingof Technology Architecture does
not provide the adequate depth of analysis fo
thesekinds of malfunctions.

S.12 Lack of skills to develop or| S.C.03 There is no sign of competency and skill
innovate certain types of catalogueon EAmodeinglevel. Thecatalogue
products of skills irproduct innovation is not followed uy

in themodelingenvironment.

S.13 Poor IT planning and S.C.03 There is no instance about the performance &
portfolio management guality of the corresponding processes on EA

modeinglevel.

S.14 Under capacity S.C.03 Based on the fundamental nature of EAM, EA
infrastructure modelngis not capable of tracking capacity

levels and violations. There are other dedicat
processes to manage these types of
malfunctions.

S.15 Lack or poor systems S.C.03 There is no instanagf the corresponding
performance monitoring process and its performance on BAdeing

level.

S.20 Information consistency or| S.C.03 EAmodeingis by nature not capable of tracki
integrity problems malfunctions of information integrityrhere are

other dedicated processes to manage these
types of malfunctions.

S.24 Sporadically existing or S.C.03 Thee is a dedicated process to mandigese
missing Technical Service types of malfunctions. EAodeingis by nature
Level Agreements not capable of tracking malfunctions in the

service level management process.

S.27 No formal architectural S.C.03 The available fragment of EA mod#des not
integrationat functional provide the necessary analytical depth for this
organgationlevel type of symptom.

S.38 Users managed differently| S.C.03 The available fragmenf EA modelsloes not
in different applications provide the necessary analytical depth for this

type of symptom.

S.57 The data management S.C.03 EAmodeingis by nature not capable of trackir

should be automatic amon
the application systems

malfunctions in application architecturede
data management. There are other dedicateo
processes to manage these types of
malfunctions.
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Misalignment symptoms not under the categarfyS.C.03 will danalysed with the proposed
research framework. Thaboveintroduced list (Table 37) contains10 analysable alignment
problems, both from the categories of S.C.01 and S.Tabfs 39-48 summarig the results of
identifying symptoms for EA scoepealysis for evenanalable alignment problems. The
following assessment is based on the previously introduced scheme for identifying misalignment
symptons for EA scope analysiable?7).

First, misalignmergymptomS.01 Undefined orgamisonal missionstrategy and goals will be
subject to the analysis of Es&ope applidaility. Table39 contains the analysis details of the
S.C.02ype misalignment symptom. It belongs to the Strategy Execution alignment perspective
Containing EA modes AF.01 Driver/Goal/Objectieatalogue There are othe necessary
sources for invegating this symptom.

Table39. Analysis of EBcope Applicability for Misalignment Symptom S.01

ASPECT MISALIGNMENSYMPTOM

CoDE S.01

SYMPTOMCATEGORY S.C.02

ALIGNMENTPERSPECTIVE P.01 Strategy Execution perspective

ALIGNMENTTYPE C.01 Matching of Business Strategy and Business Structure dom

SYMPTOMDEFINITION Undefined organaional missionstrategy and goals

LITERATURREFERENCE Carvalho and Sousa, 2008

SIGN, PRESENCE Lack of model presence forgangationalmission strategy and
goals

OCCURRECE PRESENCE IN | Lack of model presence forgansationalmission strategy and
EAMODEL goals

CONTAININGEAMODEL AF.01 Driver/Goal/ Objectigatalogue

OCCURRECE ONMODEL Missing elements and connections for mission, strategy and goal
ENTITYLEVEL representation

OTHERNECESSARSOURCES | Up o date description about organisational mission, orggioisal
FORINVESTIGATION strategy, goal hierarchy

In Table40 misalignmentsymptom S.02 Undefined business procegmls, business process
owners will be subject to the analysis ofdeApe applicabilityThe S.C.Gtype misalignment
symptom belongs to the Strategy Execution alignment perspeimatainingeA moded are
AF.01 Driver/Goal/Objectiv€atalogue AF.02 Rolé€atalogue and AF.09 Business USase
Diagram. Although it ian S.C.04ype symptom, there are also othenecessary sources for
investigating this symptom.

Table40. Analysis of EBcope Applicability for Misalignment Symptom S.02

ASPECT MISALIGNMENSYMPTOM

CoDE S.02

SYMPTOMCATEGORY S.C.01

ALIGNMENTPERSPECTIVE | P.01 Strategy Execution perspective

ALIGNMENTIYPE C.01 Matching dBusiness Strategy and Business Structure domal
SYMPTOMDEFINITION Undefined business procegsals, business process owners
LITERATURREFERENCE Carvalho and Sousa, 2008

SIGN, PRESENCE Lack of model presence for busingsscessl) goals and 2) owners

(Continues)
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Tabled0. (Continuedl

ASPECT MISALIGNMENSYMPTOM

OCCURRECE PRESENCE IN | Lack of model presence for 1)diness procesgoals, 2) busiss
EAMODEL process owners

CONTAININ(EAMODEL AF.01 Driver/Goal/Objectiveatalogue

AF.02 Rol€atalogue

AF.09 Business U&ase Diagram

OCCURRECE ONMODEL Missing elements and connections for business pragesisand
ENTITYLEVEL business process owner representation
OTHERNECESSARSOURCES | Up to date description about business procgasals and business
FORINVESTIGATION process owners

Misalignment symptom S.05 Undefined or multiple hierarchy or lines of reporting will be subject
to the analysis of Eécopeapplicabilityin Table 41 The S.C.Gtype misalignmensymptom
belongs to the Competitive Potential alignment perspec@amntaining EA modehre AF.02 Role
Catalogue AF.09 Business UEase Diagram and AF.10 Organisational Decomposition Diagram.
Although it isan S.C.04ype symptom, there are also other necessary sources for investigating
this symptom.

Tabledl. Analysis of EBcope Applicability for Misalignment Symptom S.05

ASPECT MISALIGNMENSYMPTOM

CODE S.05

SYMPTOMCATEGORY S.C.01

ALIGNMENTPERSPECTIVE P.03 Competitive Potential perspective

ALIGNMENTTYPE C.01 Matching of Business Strategy and Business Structure dom
SYMPTOMDEFINITION Undefined or multiplaierarchyor lines of reporting
LITERATURREFERENCE Carvalho and Sousa, 2008

SIGN, PRESENCE Malfunctioning lines of reporting

OCCURRECE PRESENCE IN | Either undefined or multiple hierarchy or lines of reporting
EAMODEL
CONTAININGEAMODEL AF.02 Rol€atalogue

AF.09 Business U&ase Diagram

AF.10 Organisational Decomposition Diagram

OCCURRECE ONMODEL Missing or multiple connections between businedssfor reporting
ENTITYLEVEL line representation

OTHERNECESSARSOURCES | Up to date description about lines of reporting
FORINVESTIGATION

In Table42 misalignmentsymptom S.07 Business process taslpported by more than one
application will be subject to the analysis ofde8pe applicabilityThe S.C.Gtype misalignment
symptom belongs to the Strategy Exéamtalignment perspectiveContaining EA modehre
AF.15 Application Portfoli@atalogueand AF.16 Application/Function Matrix. Although @ns
S.C.04ype symptom, there are also oth@ecessary sourcesrfmvestgating this symptom.
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Table42. Analysis of EBcope Applicability for Misalignment Symptom S.07

ASPECT MISALIGNMENSYMPTOM

CoDE S.07

SYMPTOMCATEGORY S.C.01

ALIGNMENTPERSPECTIVE P.01 Strategy Execution perspective

ALIGNMENTTYPE C.02 Matching of Business Structure and IT Structure domains
SYMPTOMDEFINITION Business process taskpported by more than one application
LITERATURREFERENCE Sousa et al., 2005

SIGN, PRESENCE Business procesasksare supported by more than one supportive

application functions in a business procesxiel
OCCURENCE PRESENCE IN | Sumof supportive application functions exceeds 1 per business
EAMODEL procesdasks

CONTAININGEAMODEL AF.15 Application Portfolt@atalogue

AF.16 Application/ Function Matrix
OCCURRECE ONMODEL More than 1 application function is connected to business proces
ENTITYLEVEL tasks

OTHERNECESSARSOURCES | None
FORINVESTIGATION

Subsequently, misalignmesymptom S.16 Out of date technological infrastructure will be
subject to the analysis of E&ope applicabilityTable43 contains the analysis details of the
S.C.0%ype misalignment symptom. It belongs to the Service Level alignpespective
Containing EA modehre AF.22 Technology Portfdliatalogug AF.24 Platform Decomposition
Diagramand AF.25 Processing Diagram. Althoughait 5.C.04ype symptom, there are also
other necessary sources for invagdting this symptom.

Table43. Analysis of E&cope Applicability for Misalignment Symptom S.16

ASPECT MISALIGNMENSYMPTOM
CoDE S.16
SYMPTOMCATEGORY S.C.01
ALIGNMENTPERSPECTIVE P.04 Service Levetrspective
ALIGNMENTTYPE C.04 Matching of IT Strategy and IT Structure domains
SYMPTOMDEFINITION Out of date technological infrastructure
LITERATURREFERENCE Carvalho and Sousa, 2008
SIGN, PRESENCE There are out of date infrastructure elementsrindels in question
OCCURRECE PRESENCE IN | There is @&atalogueon up to date technological elements. EA mod
EAMODEL may contain out of date technological infrastructure elements
CONTAININGEEAMODEL AF.22 Technology Portfol@atalogue

AF.24 Platform Decomposition Diagram

AF.25 Processing Diagram
OCCURRECE ONMODEL Technological infrastructure elements are found in EA medeth
ENTITYLEVEL are not listed in the up to date technological elemeaialogue
OTHERNECESSARSOURCES | Cataloguef up to date technlmgical elements
FORINVESTIGATION

Misalignment symptom S.17 Technological heterogeneity will be subject to the analysis of EA
scope applicabilityn Table44. TheS.C.02ype misalignmensymptombelongs to the Service
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Level alignment perspectiv€ontaining EA moda AF.24 Platform Decomposition Diagram.
There are othr necessary sources for investiing this symptom.

Tabled44. Analysis of E&cope Applicability for Misalignment Symptom S.17

ASPECT MISALIGNMENSYMPTOM

CoDE S.17

SYMPTOMCATEGORY S.C.02

ALIGNMENPERSPECTIVE | P.04 Servickevel perspective

ALIGNMENTTYPE C.04 Matching of IT Strategy and IT Structure domains
SYMPTOMDEFINITION Technological heterogeneity

LITERATURREFERENCE Carvalho and Sousa, 2008

SIGN, PRESENCE Heterogeneous infrastructure portfolio supportiagplications ad ¢

indirectly¢ process realation
OCCURENCE PRESENCE IN | Several different platforms for application support
EAMODEL

CONTAININGEAMODEL AF.24 Platform Decomposition Diagram
OCCURRECE ONMODEL Business services, procesand underlying application component
ENTITYLEVEL supported by several platforms

OTHERNECESSARSOURCES | Further data on IT infrastructure (CMDB)
FORINVESTIGATION

In Table45 misalignmensymptomS.18 Incompatible platforms or technologies will be subject
to the analysis of Eécope applicabilityThe S.C.Gtype misalignment symptom belongs to the
Service Level alignment perspectiv@mntaining EA modsl are AF.22 Technology Portfolio
Catalogue AF.23 Application/Technology Matrix and AF.24 Platform Decomposition Diagram.
Although it isan S.C.04ype symptom, there are also other necessary sources fosiigating

this symptom.

Tabled5. Analysis of E&cope Applicability for Misalignment Symptom S.18

ASPECT MISALIGNMENSYMPTOM

CoDE S.18

SYMPTOMCATEGORY S.C.01

ALIGNMENTPERSPECTIVE P.04 Service Level perspective

ALIGNMENTTYPE C.04 Matching of IT Strategy and IT Structure domains
SYMPTOMDEFINITION Incompatible platforms or technologies
LITERATURREFERENCE Carvalho and Sousa, 2008

SIGN, PRESENCE There are incompatible technological infrastructure elements in

correspondingnodel variants

OCCURRECE PRESENCE IN | There is a listf compatiblehardware elements. EA modemay
EAMODEL contain incompatible hardware elements compared to the list
CONTAININGEAMODEL AF.22 Technology Portfolzatalogue

AF.23 Application/Technology Matrix

AF.24 Platform Decomposition Diagram

OCCURRECE ONMODEL Hardware elements are found in EA modetéch are not listed in
ENTITYLEVEL the compatiblehardware elementatalogue
OTHERNECESSARSOURCES | Cataloguef compatble hardware elements
FORINVESTIGATION

100



Misalignment symptom S.32 Lack of data ownership will be subject to the analysiscop&A
applicabilityin Table46. The S.C.Gtype misalignmensymptombelongs to the Service Level
alignment perspectiveContaining EA moda AF.12 Data Entity/Data Compon&dtalogue
There are no othrenecessary sourcdsr investgating this symptom.

Table46. Analysis of EBcope Applicability for Misalignment Symptom S.32

ASPECT MISALIGNMENSYMPTOM

CoDE S.32

SYMPTOMCATEGORY S.C.01

ALIGNMENTPERSPECTIVE | P.04 Service Level perspective

ALIGNMENTTYPE C.04 Matching of IT Strategy and IT Structure domains
SYMPTOMDEFINITION Lack of data ownership

LITERATURREFERENCE Carvalho and Sousa, 2008

SIGN, PRESENCE Lack of model presence for data ownership in corresponding mo

OCCURRECE PRESENCE IN | Responsible data owner is not set in data emtidels
EAMODEL

CONTAININGEAMODEL AF.12 Data Entity/Data Compon&htalogue
OCCURRECE ONMODEL Lack of responsible person attributedata entitymodels
ENTITYLEVEL

OTHERNECESSARSOURCES | None
FORINVESTIGATION

Subsequently, misalignmesymptomS.39 Lack of application interfaces will be subject to the
analysis of EAcope applicabilitin Table47. The S.C.08pe misalignment symptom belongs to
the Service Level alignment perspecti@G@ntaining EA moda AF.17 Application Interaction
Matrix. There are othrenecessary sources for invegstiing this symptom.

Table47. Analysis of E&cope Applicability for Misalignment Symptom S.39

ASPECT MISALIGNMENSYMPTOM

CoDE S.39

SYMPTOMCATEGORY S.C.02

ALIGNMENTPERSPECTIVE | P.04 Service Level perspective

ALIGNMENTTYPE C.04 Matching of IT Strategy and IT Structure domains
SYMPTOMDEFINITION Lack of aplicationinterfaces

LITERATURREFERENCE Carvalho and Sousa, 2008

SIGN, PRESENCE Lack of model presence for application interfaces

OCCURENCE PRESENCE IN | There are existing application interfaces that are not marked in tk
EAMODEL interface models

CONTAININGEAMODEL AF.17 Application Interaction Matrix
OCCURENCE ONMODEL Missing interface elements and optionally data flow indication
ENTITYLEVEL between two applications that have interactions

OTHERNECESSARSOURCES | Interface models for adixisting application interactions
FORINVESTIGATION

Finally, misalignmestymptomS.52 Not all data entigttributes are read at least by one process
will be subject to the analysis of-Béope applicabilitin Table48. The S.C.Gtype misalignment
symptom belongs to the Strategy Execution alignment perspe€imeataining EA modehre
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AF.11 Process Flow Diagram, AF.12 Data Entity/Data Com@ataiigue and AF.13 Data
Entity/Busines Function Matrix. There are ragher necessary sources for inveggtiing this
symptom.

Table48. Analysis of EBcope Applicability for Misalignment Symptom S.52

ASPECT MISALIGNMENSYMPTOM
CoDE S.52
SYMPTOMCATEGORY S.C.01
ALIGNMENTPERSPECTIVE | P.01 Strategy Execution perspective
ALIGNMENTTYPE C.02 Matching of BusineSgructure and IT Structure domains
SYMPTOMDEFINITION Not all data atity attributes are read at least by one process
LITERATURREFERENCE Pereira and Sousa, 2005
SIGN, PRESENCE There are data entities that are not used by buaginess process
OCCURRECE PRESENCE IN | By scanning data usage in business pravestels, there are data
EAMODEL entities that are not used by any business process tasks
CONTAININAEAMODEL AF.11 Process Flow Diagram

AF.12 Data Entity/Data Componédtalogue

AF.13 Data Entity/Business Function Matrix
OCCURRECE ONMODEL There are data entities from the data entiigtaloguethat are not
ENTITYLEVEL present on any business processdel
OTHERNECESSARSOURCES | None
FORINVESTIGATION

In the following parts of the section misalignmsynptons under the categorgf S.C.0Will be
further analysed with the previously introduced framework for detecting misalignment
symptons in EA scopd &ble28). Table49-56 specify the analysis for revealing the symptoms in
the EA modektructure of the road control initiative. EA models presented in the following
analysis stem from the abstract model structUfay(re31). As for the subsequé Schematron
queries Appendix dontains information on the basic elements of the language.

Table49 contains the analysis results for detecting misalignment sym@®# in EA scope.
Suitable EA analysis to detdo¢ symptom is A.03 Coverage analysis. In detecting misalignment
symptomS.02 Undefined business procgeals, business process owners, missiagentsand
connections are revealed in a process flow diagram.
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Table49. Detection of Misalignment Symptom S.02 in EA Scope

ASPECT MISALIGNMENSYMPTOM
CoDE S.02
SYMPTOMDEFINITION Undefined business procegzals, business process owners

SUITABLEEAANALYSIS TO | A.03 Coverage analysis
DETECT THE SYMPTOM
OCCURRECE PRESENCE IN | Lack of model presence for business progesds or business
EAMODEL process owners

CONTAININ&EAMODEL AF.01 Driver/Goal/Objectiveatalogue

AF.02 Rol€atalogue

AF.09 Business U&ase Diagram

OCCURRECE ONMODEL Missing elements and connections for business pragesisor
ENTITYLEVEL business process owner representation

CONTAININGEAMODEL IN Process Flow Diagram

ROADCONTROIMODEL

STRUCTURE

OCCURRECE PRESENCE IN | Business process goals or business pramgssrs are not set in the
EAMODEL OF THROAD business process modején the following cells of the table both
CONTROIMODELSTRUCTURE cases will be detailed

OCCURRECE ONMODEL Lack of process goal attribube responsible person tatbute in the
ENTITYLEVEL INROAD business procesaodels

CONTROIMODELSTRUCTURE
OCCURRECE INXML-BASED | Presence or absence of process goals or responsible person at

EAMODELEXPORT business procegasks

OCCURRECEON MODEL Presence or absence of Attribute type: process goal or Attribute {
ENTITYLEVEL INCML responsible person at Node type: business protaesis

EXPORT

XML-BASEDQUERY For every nod&vhere node type= business procesask

- Check the presence of the attributdnere type = process goal
OR responsible person

- Alert business procesasknodes if they lack process goal OR
responsible person attribute

QUERY INSCHEMATRON <patternname="S.02 Undefined business proagsals, business
LANGUAGE process owners">
<rulecontext="Object Definition[@Node Typdi§iness process
taskQ 6 b b

<assertest="Attribute Definition[@AttributeDefinition.Type=
{process goaDRresponsible persdhQ 8 h b

Alert: S.02.

</assert> </rule> </pattern>

Table50 contains the analysis results for detecting misalignment sym@d®% in EA scope.
Suitable EA analysis to detect the symptom is A.Ogemdency analysis. In detecting
misalignmentsymptomS.05 Undefined or multiple hierarchy or lines of reportingsing or
multiple connections are revealed in @mgansation decompositiordiagram.
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Table50. Detection of Misalignment Symptom S.05 in EA Scope

ASPECT

MISALIGNMENSYMPTOM

CobDE

S.05

SYMPTOMDEFINITION

Undefined or multiplaierarchyor lines of reporting

SUITABLEEAANALYSIS TO
DETECT THE SYMPTOM

A.01 Dependency analysis

OCCURRECE PRESENCE IN
EAMODEL

Either undefined or multiple hierarchy or lines of reporting

CONTAININAEAMODEL

AF.02 Rol€atalogue
AF.09 Business U&ase Diagram
AF.10 Organisation Decomposition Diagram

OCCURRE¥CE ONMODEL

Missing or multiple connections between businedesfor reporting

ENTITYLEVEL line representation
CONTAININGEAMODEL IN | Organisation Decomposition Diagram
ROADCONTROIMODEL

STRUCTURE

OCCURRECE PRESENCE IN
EAMODEL OF THROAD
CONTROIMODELSTRUCTURE

Either undefined or multiple hierarchy or lines of reportirig the
following cells of the table thaultiple casewill be detailed

OCCURRECE ONMODEL
ENTITYLEVEL INROAD
CONTROIMODELSTRUCTURE

Multiple connections between business collaboration entities for
reporting line representation

OCCURR¥CE INXML-BASED
EAMODELEXPORT

Multiple relations between Node type: Business collaboration an
Node type: Business collaboration in terms of linespdrting

OCCURRE¥CE ONMODEL
ENTITYLEVEL INKML
EXPORT

Number of relations where relation attributgpe: has superior
between Node type: Business collaboration and Node type: Busi
collaboration

XML-BASEDQUERY

For every node&vhere node type= business collaboration:

- Check whether the element (notige = business collaboration
has a validubordinated elemenfnode type = business
collaboration) (S.05/A)

- Checlkwhether noderelationreference to superiowhere
relation attributetype = has superiarquals with another node
relation reference to sup@r where node type has superior
(S.05/B)

- Report business collaboration nodes with validordinated
business collaboration nod8.05/A)

- Alert business collaboration nodetere the same nodeelation
reference is given to superior (S.05/B)

(Continues)
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Table50. (Continuedl

ASPECT MISALIGNMENSYMPTOM
QUERY INSCHEMATRON <patternname="S.05/AJndefined or multiple hierarchy or lines of
LANGUAGE reporting">

<rulecontext="0Object Definition[@Node Typéi§iness
collaboration]">
<reporttest="@0ObjectDefinition.|ID=followirgibling:: [@Node
Type="Husiness collaboratid¢iyConnection Definition[@Connectior
Definition.Type=Has superigt]/@ToObjectDefinition.|dRef or
@ObjectDefinition.ID=precedisipling::ObjectDinition[@ Type
Num="pusiness collaborati$iiyConnection Definition[@Connectior
Definition. Type=Has superidf]/@ToObjectDefinition.IdRef">

Alert: S.05/A

</report> </rulee </patterrr

<patternname="S.05/B Undefined or multiple hierarchy or lines 0
reporting">

<rulecontext="0Object Definition[@Node Typéxi§iness
collaboration]">

<reporttest="Connection Definition[@ToObjectDefinition.ldRef=
parent::Object Definition/followingibling::Object Definition[@Node
Type="Husiness collaboratidyConnection Definition[@Connectior
Definition. Type=Has superidf]/@ToObjectDefinition.IdRef] or
Connection Definition[@ ToObjectDefinition.IdRef= parent::Objec
Definition/predecingsibling::Object Definition[@Node
Type="business collaborati$iyConnection Definition[@Connectior
Definition.Type=Has superigr']/@ToObjectDefinition.|ldRef] ">
Alert: S.05/B

</report> </rule> </pattern>

Operation results for detecting misalignment sympt®rd7 in the necessary EA madeill be
summaried in the followingsubsection. Firstly, an excerpt wile given to demonstrate the
applicability of dependency analy§is misalignmensymptomS.07. Secondly, the previously
introduced detection technique will be validated agami&alignment symptom S.07.

First, an excerpt is given from dependency anabgtigeen groups of business procéassis and
supportive applicationsT@ble51). In this illustrativeexample a fragment of business process

tasks from Road Control and Dispatcher Service are matched with application components that
play an essentialrole in business process reation. The result of the depdency analysis
appears in a matrix form. Rows represent groups of business process tasks, while applications are
illustrated in columns. Dependency relations are displayed in cells: groups of business process
tasks depend on an application during the seque flow of the business process.

The example illustrates misalignmeyimptomS.07 Business process taskpported by more
than one application, which is a typical symptom of P.Cdtesty Execution perspective, C.02
Matching of Business Structure and IT Structure domains perspective compbosording to
previously introduced matches of containing EA nedeld suitable EAnalysis typg the
artefact that may contain this symptom is e.g. AF.16 Application/ Function MEtaxsiitable
analysis that is able tetect the symptom in the arftact is e.g. A.01 Dependency analysis.é\s w
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can see from the table, three groups of business protess fulfill the requirements of this
misalignment symptom: Administrating road control tasks, Forwarding information and Road
control plan peparation. These business process task groups are supported by more than one
application during process execution.

Table51. Excerpt from a Dependency Analysis between Groups of Business Process Tasks and Applications

APPLICATION

GROUPS OBUSINES®ROCESJASKS

EASYWAY
INFOPULT

ERP

KOMVIR
SPREADSHEET
SHAREPOINT
OKA2000

Administrating road control tasks
Forwarding information

Information recording and consolidation
Receiving notification

Road control plan preparation

Road control plan verification

After briefly summariag the applicability of dependency analyfsis misalignmenisymptom
detection the section continues with the specific analysis results of misalignment symptom S.07.
Table52 contains the analysis results for detecting misalignment sym@dvin EA scope.
Suitable EA analysis to detect the symptom is A.01 Dependency analysis. In detecting
misalignment symptom S.07 Business processstggborted by more than one application, the
cardinality of applications connected to mess processtasks are countedin a
process/application realsion diagram.

In Table 53he analysis results are presented for detecting misalignment sym@tafin EA

scope. Suitable EA analyses to detect the symptom are A.03 Coverage analysis, A.06 Enterprise
interoperability assessmentand A.08 Heterogeneity analysis. In detecting misalignment
sympbm S.16 Out of date technological infrastructure, technological infrastructure elements are
revealed in EA modeivhich are not listed in theatalogueof up to date technological elements.

SubsequentlyTable54 contains the analysis results for detecting misalignment symgtaghin

EA scope. Suitable EA analyses to detect the symptom are A.04 Interface analysis and A.06
Enterprise interoperability assessmeht detecting misalignmersymptomS.18 Incompatible
platforms or technologies, incompatible hardware elements are revealed compared to the
catalogueof supported hardware elements.

In Table 5%he analysis results are presented for detecting misalignment sym@tdthin EA

scope. Suitable EA analysis to detect the symptom is A.03 Coverage analysis. In detecting
misalignmensymptomS.32 Lack of data ownership, missing attributes are revealed in data entity
models.
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Table52. Detection of Misalignment Symptom S.0EMScope

ASPECT

MISALIGNMENSYMPTOM

CobDE

S.07

SYMPTOMDEFINITION

Business process taslpported by more than one application

SUITABLEEAANALYSIS TO
DETECT THE SYMPTOM

A.01 Dependency analysis

OCCURRECE PRESENCE IN
EAMODEL

Sumof applications exceeds 1 per business protesis

CONTAININAEAMODEL

AF.15 Application Portfol@atalogue
AF.16 Application/ Function Matrix

OCCURRECE ONMODEL
ENTITYLEVEL

Applicationfunctions connected to business procéssks

CONTAININAEAMODEL IN
ROADCONTROIMODEL
STRUCTURE

Process/Application Reai®n Diagram

OCCURR¥CE PRESENCE IN
EAMODEL OF THROAD
CONTROIMODELSTRUCTURE

Sumof supportive applications exceeds 1 per business proasiss
in a process flow

OCCURRE¥CE ONMODEL
ENTITYLEVEL INROAD
CONTROIMODELSTRUCTURE

Application functions connected business procegasks

OCCURRECE INXML-BASED
EAMODELEXPORT

Relations between Node type: Business processatasiNode type:
Application function

OCCURRECE ONMODEL
ENTITYLEVEL INKML
EXPORT

Number of relations between Node type: Business processmask
Node type: Application function per Node type: Business procesg

XML-BASEDQUERY

For every nodevhere node type- business procesask

- Numerate nodeelations where node type application function

- Alert business procesasknodes with >1 application function
connections

QUERY INSCHEMATRON
LANGUAGE

<patternname="S.07. Business process tagkported by more than
one application">

<rulecontext="Object Definition[@Node Typfusiness process
tasik}']">

<reporttest="count(Connection Definition
[@ToObjectDefinition.IdRef=parent::Object Definition/following
sibling::Object Definition[@Node Typepiplication functioH]
/@ObjectDefinition.ID or @ ToObject Definition.IdRef=parent::Ob|
Definition/precedingsibling::Object Definition] @Node Type=
{application functiof)/ @ObjectDefinition.ID])>1">

Alert: S.07.

</report> </rule> </pattern>
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Table53. Detection of Misalignment Symptom S.16 in EA Scope

ASPECT

MISALIGNMENSYMPTOM

CobDE

S.16

SYMPTOMDEFINITION

Out of date technological infrastructure

SUITABLEEAANALYSIS TO
DETECT THE SYMPTOM

A.03 Coverage analysis
A.06 Enterprise interoperability assessment
A.08 Heterogeneity analysis

OCCURRECE PRESENCE IN
EAMODEL

There is @atalogueon up to date technological elements. EA mod
may contain out of date technological infrastructure elements

CONTAININ&EAMODEL

AF.22 Technology Portfolzatalogue
AF.24 Platform Decomposition Diagram
AF.25 Processing Diagram

OCCURRECE ONMODEL

Technological infréisicture elements are found in EA modedsich

ENTITYLEVEL are not listed in the up to date technological elemeatialogue
CONTAININGEAMODEL IN | Process/Application Reatgn Diagram
ROADCONTROIMODEL Application/Technology Matrix

STRUCTURE Technological Elemeftatalogue

OCCURR¥CE PRESENCE IN
EAMODEL OF THROAD
CONTROIMODELSTRUCTURE

EA model®n infrastructure usage contain out of date technologic
infrastructure elements, i.e. they are not listed in the technoldgic:
elementcatalogueon up to date technological elements

OCCURRE¥CE ONMODEL
ENTITYLEVEL INNOAD
CONTROIMODELSTRUCTURE

Technological infrastructure elements are found in EA maaels
infrastructure usage (attributerersion of the technological element
which are not listed in the up to date technological element
catalogugattribute: version of the technological element)

OCCURR¥CE INXML-BASED
EAMODELEXPORT

Comparison of infrastructure usage modetl technological elemen
catalogudn terms of technological element versions

OCCURRE¥CE ONMODEL
ENTITYLEVEL INKML
EXPORT

Comparison of attributgersions between Node type: application
system in the infrastructure usage modet Node type: application
system in the technological elemeargtalogue

XML-BASEDQUERY

For every nod&vhere node types application system:

- Compare the attribut@ersion with the supported versions fron
technological elemertatalogue

- Alert application system nodes if they use 1soipported (i.e. out
of date) technological elements

QUERYIN SCHEMATRON
LANGUAGE

<patternname="S.16. Out of date technological infrastructure ">
<rulecontext="0Object Definition[@Node Typeggplication
systemy]">

<assertest="Attribute Definition[@AttributeDefinan.Type="'
{attribute versiofy')//PlainText[@ TextValue=document
(‘technological elemertataloguexml’)//Object Definition[@Node
Type="gpplication syste¥i QB8 k k | GUNROGdzGS 5S7¥
Definition. Type=4ttribute versio Q8 k k t f Ay ¢ SE( k
Alert: S.16

</assert> </rule> </pattern>
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Table54. Detection of Misalignment Symptom S.18 in EA Scope

ASPECT

MISALIGNMENSYMPTOM

CobDE

S.18

SYMPTOMDEFINITION

Incompatible platforms or technologies

SUITABLEEAANALYSIS TO
DETECT THE SYMPTOM

A.04 Interface analysis
A.06 Enterprise interoperability assessment

OCCURRECE PRESENCE IN
EAMODEL

There is a listf compatiblehardware elements. EA modetsy
contain incompatible hardware elements compared to the list

CONTAININAEAMODEL

AF.22 Technology Portfolzatalogue
AF.23 Application/Technology Matrix
AF.24 Platform Decomposition Diagram

OCCURRE¥CE ONMODEL

EA modelsn infrastructure usage contain hardware elements tha

ENTITYLEVEL are not listed in theompatibletechnological elemerntatalogue
CONTAININGEAMODEL IN Process/Application Risation Diagram
ROADCONTROIMODEL Application/Technology Matrix

STRUCTURE Technological Elemeftatalogue

OCCURRECE PRESENCE IN
EAMODEL OF THROAD
CONTROIMODELSTRUCTURE

Hardware elements are found in EA moagisnfrastructure usage
which are not listed in theompatibletechnological element

catalogue; incompatible hardware elements are found in EA mod
compared to the list afompatibletechnological elements

OCCURRE¥CE ONMODEL
ENTITYLEVEL INNOAD
CONTROLMODELSTRUCTURE

Hardware elements are found in E®delson infrastructure usage
which are not listed in theompatibletechnological element
catalogue

OCCURRECE INXML-BASED
EAMODELEXPORT

Comparison of infrastructure usage modet! technological elemen
catalogudn terms of hardware elements

OCCURRECE ONMODEL
ENTITYLEVEL INKML
EXPORT

Comparison of elements between Node type: hardware compong
in the infrastructure usage modahd Node type: hardware
component in the technological elemes#talogue

XML-BASEDQUERY

For every nodevhere node types hardware component

- Compare the attributmames with the hardware component
attribute names from technological elemeasdtalogue

- Alert hardware componemtodes if they use nesupported (i.e.
incompatible) hardware components

QUERY INSCHEMATRON
LANGUAGE

<patternname="S.18. Incompatible platforms or technologies">
<rulecontext="0Object Definition[@Node Typérfdware
comporent}]">

<assertest="Attribute Definition[@AttributeDefinition.Type=
{attribute namé&']//PlainText [@TextValue=document('technologid
elementcataloguexml’) //Object Definition[@Node Typexfdware
componeny] //Attribute Definition[@AttributeDefinition. Type=
{attribute nam@' //PlainText/@TextValue]">

Alert: S.18

</assert> </rule> </pattern>

109



Table55. Detection of Misalignment Symptom S.32 in EA Scope

ASPECT MISALIGNMENSYMPTOM
CoDE S.32
SYMPTOMDEFINITION Lack of data ownership

SUITABLEEAANALYSIS TO | A.03 Coverage analysis
DETECT THE SYMPTOM
OCCURRECE PRESENCE IN | Responsible data ownéx not set in data entitgnodels
EAMODEL

CONTAININ&EAMODEL AF.12 Data Entity/Data Compon&sdtalogue
OCCURRECE ONMODEL Lack of responsible person attributedata entitymodels
ENTITYLEVEL

CONTAININGEAMODEL IN Data Entity/Data Componefatalogue
ROADCONTROIMODEL

STRUCTURE

OCCURRECE PRESENCE IN | Responsible data owner is not set in data emtigdels
EAMODEL OF THROAD
CONTROIMODELSTRUCTURE
OCCURRECE ONMODEL Lack of responsible person attributedata entitymodels
ENTITYLEVEL INROAD
CONTROIMODELSTRUCTURE
OCCURRECE INXML-BASED | Presence or absence of responsible person at data entities
EAMODELEXPORT

OCCURRECE ONMODEL Presence or absence of Attribute type: responsible person at No
ENTITYLEVEL INCML type: data entity
EXPORT
XML-BASEDQUERY For every nodevhere node types data entity

- Check the presence of the attributdnere type = responsible

person

- Alert data entitynodes if they lack responsible person attribute
QUERY INSCHEMATRON <patternname="S.3 Lack of data ownership">
LANGUAGE <rulecontext="Object Definition[@Node Typekfa entity}]">

<assertest="Attribute Definition[@AttributeDefinition. Type=
{responsible persii'>

Alert: S.32

</assert> </rule> </pattern>

Finally,Table56 contains the analysis results for detecting misalignment sym@d&a in EA

scope. Suitable EA analyses to detect the symptom are A.01 Dependency analysis and A.03
Coverage analysis. In detecting misalignrsgnitptomS.52 Not all data entittributes are read

at least by one process, unused data égifire revealed in a process flow diagram.

The subsection has introduced the process of misalignayemptomanalysis in the road control
initiative. Perceived midgnment symptoms were categaeid using the previouslytimoduced
S.C.04S.C.03 categoasion. S.C.01 and S.C:8pe symptoms wer@nalysed according to the
proposed research framework. The framework§ alble27 and Table28 were operated with
perceived misalignment symptom records.
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Table56. Detection of Misalignment Symptom S.52 in EA Scope

ASPECT MISALIGNMENSYMPTOM

CoDE S.52

SYMPTOMDEFINITION Not all data entities attributes are read at least by one process
SUITABLEEAANALYSIS TO | A.01 Dependency analysis

DETECT THE SYMPTOM A.03 Coverage analysis

OCCURRECE PRESENCE IN | By scanning data usage in business pravestels, there are data
EAMODEL entities that are not used by any business process task
CONTAININAEAMODEL AF.11 Process Flow Diagram

AF.12 Data Entity/Data Compon&atalogue
AF.13 Data Entity/Business Function Matrix

OCCURRECE ONMODEL There are data entities from the data entiigtaloguethat are not
ENTITYLEVEL present on any business processdel

CONTAININGEAMODEL IN Data Entity/Data Componefatalogue

ROADCONTROIMODEL Process Flow Diagram

STRUCTURE

OCCURRECE PRESENCE IN | By scanning data usage in business pravestels, there are data
EAMODEL OF THROAD entities that are not used by any business process task
CONTROIMODELSTRUCTURE

OCCURRECE ONMODEL There are data entities from the data entitytaloguethat are not
ENTITYLEVEL INROAD present on any business processdel

CONTROIMODELSTRUCTURE
OCCURRECEIN XML-BASED | Comparison of business processdels and data entityataloguen

EAMODELEXPORT terms of data entities

OCCURRECE ONMODEL Comparison of elements between Node typdadentityin the
ENTITYLEVEL INCML business procesnodel and Node type: data entity the data entity
EXPORT catalogue

XML-BASEDQUERY For every nodevhere node types data entity

- Compare the attributemames with the data entitgttribute
names from process flow diagram

- Alert data entitynodes if they are not present in the process fl

QUERY INSCHEMATRON <patternname="S.5Not all data entities attributes are read at lea

LANGUAGE by one process">

<rulecontext="Object Definition[@Node Typeaafa entity}]">

<assertest="Attribute Definition[@AttributeDefinition.Type=

{attribute nam&')//PlainText[@TextValue=document ('process flo

diagram.xml")//Object Definition[@Node Typeata entity}]

/IAttribute Definition[@AttributeDefinitin. Type=4ttribute namé']

[[PlainText//@TextValue]">

Alert: S.52

</assert> </rule> </pattern>

This section dealt with misalignmesyimptomanalysis by operating tHeameworksof Table27
andTable28. The section ends withe definition of general queries for misalignment symptom
detectionwhich will be detailed in the following section.
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4.6 Misalignment Symptom Detection

This section details the process of misalignnsgniptomdetectionfor the previoushanalysed
misalignment symptoms. First, EA maedebm the road control initiative will be added to every
misalignment symptom undedetection. These EA models will be subjected to symptom
detectionin the following parts of the section. The summary of model usage will be followed by
some emphatic EA model representations both with graphical and XML vibseqg@ntly, the
previously introducedjeneral queries will be custorads to the actual EA models in the road
management iitiative. The section ends with some exemplary processing outputs on
misalignment symptom detection.

The section commences with an &sésof model usage for symptom detectiofihe previously
introduced general Schematron queries will be processed for every suitable EAvitiudehe

road management initiativeTable 57 lists the relevant road control models for every
misalignmensymptomunder detection. As can be seen, most of the symptoms use several EA
models for detection but there are also examples for sole EA rsgoeitom detection (e.g
S.05). In the former case there are three alternatives for imdtel usage: 1) Different model
variants areanalyed in the query(e.g. S.02, S.07, S.32). This means that the symptom is
processed in more or evenast of the project. 2) Two or more EA models are used in the queries
for mostly comparative queries (e.g. S.16, S.18, S.52). #iténisative the queries can be later
analysed according to the changes in model variants over time (e.g. S.18 for indoititpat
checking). 3) Both different model variants and two or more distinctive model types are used in
the queries. Similar to the previous alternative, changes in model variants aaalised over

time as well.

Table57. Relevant EA Models for Misalignment Symptom Detection

CODE | MISALIGNMENSYMPTOM EAMODEL

S.02 | Undefined business process A Road Control Process 1.0

goals, business process ownerl A Road Control Process 2.0

S.05 | Undefined or multipldrierarchy | A Road Control Roles and Reporting Lines
or lines of reporting
S.07 | Business process taskpported | A Road Control System 1.0 with Services
by more than one application A Road Control System 2.0 with Services

S.16 | Out of datetechnological A Technological Software Components
infrastructure A Road Control System 1.0 Infrastructure Usage Mod
A Road Control System 2.0 Infrastructure Usage Mod
S.18 | Incompatible platforms or A Technological Hardware Components
technologies A Road ContraBystem 1.0 Infrastructure Usage Mode
A Road Control System 2.0 Infrastructure Usage Mod
S.32 | Lack of data ownership A Road Control Data Model OV

A Road Control Data Model 1.0
A Road Control Data Model 2.0
S.52 | Not alldataentitiesare read at | A Road Control Process 1.0
least by ongrocess A Road Control Process 2.0
A Road Control Data Model 1.0
A Road Control Data Model 2.0

112



Subsequently, exemplary EA madate presented with both graphical and XML view. Model
fragments are selected according the relevance for symptom detectiorifo support
interpretation and readabilityAppendix Hcontains the schematic structure of an ARNL
export (called AMLAppendix tontains the document type defiioh for ARIS export$o start
with, Figure 34 presents RoadControl Process 1.0 model representation for misalignment
symptons S.02 and S.52.
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Figure34. Road Control Process Mddel Representation for Misalignment Symptoms S.02 and S.52

Figure35 shows an excerpt from Road Control Process 1.0 XML export for the detection of
misalignmentsymptomS.02. The excerpt contains an abjdefinition nodefrom the type of

business procedaské ¢ & LISb dzY T ¢ h ¢ ¢ C! b/ éddiinitignel@rient lfoy'budindsd N 6 d
LINEPOS&aa 26ySNI 6! GGNBSTPEcaLISTé! ¢yt Ow{ gwo{t 0

Figure 36shows an excerpt from Road Control Process 1.0 XML export for the detection of
misalignmensymptomS.52. The excermontains an object definition nodeom the type of

data entityd ¢ & LIS b dzYT' ¢ h ¢ ¢/ [ { ¢ delinitignelérfent foy thelnénie R datdzi S
SYyGdAiGASEa 6! GGNBSTFoecelISTé! ¢yb! a9é0d

Figure 37presents Road Ctwl Roles and Reporting Lines model representation for
misalignmensymptomsS.05.
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12 <0ObjDef ObjDef.ID="0ObjDef.5Vifxbask H-p-L"

13 TypeNum="0T_ FUONC"

14 ToCxnDefs. IdRers=" CxnDef.-6GlgpAHySTo-g-L "

15 SymbolNum="5T FONC"

i [—]>

7 = <hAttrDef AttrDef.Type="AT_PERS RESP">

18 [—] <httrValue>

19 [—] <5tyledElement>

20 <Paragraph Alignment="UHDEFINED" Indent="0"/>
21 [H <5tyledElement>

22 <PlainText TextValue="Director of Operations"/>
23 </5tyledElement>

24 </5tyledElement>

25 </ActrValue>

26 </ActtrDef>

27 H <httrDef AttrDef.Type="AT NAME">

28 = <AttrValue>

28 H <5tyledElement>

30 <Paragraph Alignment="UHDEFINED" Indent="0"/>
31 [H <5tyledElement>

32 <PlainText TextValuse="Planing Control Specifications"/>
33 </5tyledElement>

34 </5tyledElement>

35 </ActrValue>

36 </ActtrDef>

i} </CbiDef:>

Figure35. Excerpt from Road Control Process 1.0 XML Export for Misalignment Symptom S.02

<CbjDef CbjDef.ID="0ObjDef.5V3fxbask H-p-L"
Typelum="0T CLST"
ToCxnDefs.IdRefs=" CxnDef . -6GLlogpAHySro-g-L "
SymbolNum="ST_ CLST"

[
L B

& L b

<hAttrDef AttrDef.Type="AT PERS RESP">
<hAttrValue>
«StyledElement>
<Paragraph Alignment="UNDEFINED" Indent="0"/>
<StyledElement>
<PlainText TextValue="Road Inspectors"/>
</5tyledElement>
</5tyledElement>
</fAttrValue>
</httrDef>
<AttrDef AttrDef.Type="AT NAME">
<ActcrValue>
«StyledElement>
<Paragraph Alignment="UNDEFINED" Indent="0"/>
[ <StyledElement>
¢PlainText TextValue="Road Control Records"/>
</StyledElement>
</3tyledElement>
<fAttrValue>
</BttrDef>
</0bjDef>

8o m
[THTHTHT]

[FUI S

& Ln b

(=T =]

[ LI S

L L L L GO G L8 L8 B3 ORI R R BRI BRI R ORI R R
&noLn B

Figure36. Excerpt from Road Control Process 1.0 XML Export for Misalignment Symptom S.52

Figure 38shows an excerpt from Road Control Roles and Reporting Lines XML export for the
detection of misalignmergynptom S.05. The excerpt contains an object definition nfodie

0KS (el)S 2F odzaiAySaa O2tftlFo02NI A2y éementlSb dzyT
G2 NBFSNI (2 &adzLISNA2NJ odzaaySaa O2fflF 02N GA?2
¢t2ho25S5SFPLRwWSFIrohoe®StTo{ 2 Np156/ &
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Name: Road Control Roles and Reporting Lines
Type: ArchibMate Organis ation Viewpaint
Crestor system ARIS

Last change: 2017 02.03. 10:35:48 Platform

Figure37. Road Control Roles and Reporting Lines Model Representation for Misalignmenth&gip

13 <0biDef ObiDef.ID="0biDef.3DPnvi0JVpl-p-L"
14 ITypeNum="0T GRE" |

15 SymbolNum="ST GRE"

16 [H»

17 <CxnDef CxnDef,ID="CxnDef.-1 Mrd4iNvSGa-g-L"
18 | CxnDef.Type="CT IS SUPERICR 1" |

i1g ToCbjDef.IdRef="0ObjDef.SjLr5kDwCy-p-L" |
20 [H»

21+ ~ </CxnDef>

S | </0biDef>

23 <0biDef ObjDef.ID="0bjDef.-30589IEIQxd-p-L"

24 Typellum="0T GRP"

25 ToCxnDefs.IdRefs=" CxmDef.-TmTnOAY4NOh-g-L"
26 SymbolNum="ST GRE"

27 [H»

28 <CxnDef CxnDef.ID="CxnDef.-10VsiFmdTQz-g-L"
29 CxnDef.Type="CT IS SUPERICR 1"

30 ToCkiDef.IdRef="0bjDef. 2mrUCnh3kIW-p-L"
21 [H>

32 ~ </CxnDef>

33 | </0biDef>

Figure38. Excerpt from Road Control Roles and Reporting Lines XML Export for Misalignment Symptom
S.05
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Figure39presents Road Control System 1.0 with Services model representation for misalignment
symptomS.07.

Wame: Road Control System 1.0— Services %\
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Figure39. Road Control System 1.0 with Services Model Representation for Misalignment Symptom S.07

Figure40 shows an excerpt from Road Control System 1.0 with Services XML export for the

detection of misalignmergymptomS.07. The excerpt contains an object definition nodie
the type of applicatio ¢ & LIS b dzY T ¢ h ¢ ¢ 5 with @ fobnlecjian defiditiomlement
and another object definition node from the type of business procéask

(M LISbdzYlr¢heywcC! b/ 0 sAGK y20KSN O2yySOGAzy R

& <CbjDef CkbiDef.ID="0bjDef.-15mTWWByalA-p-L"

7 TypeNum="0T DF FUNC TYPE"

8 ToCxnDefs.IdRefz=" CxnDef.5tgaslps0yP-g-L "
] Symbollum="ST DP FUNC TYPE"

10 H»>

11 <CxnDef CxnDef.Il="CxnDef.-1jTTEiCj0y2-g-L"
12 CxnDef.Type="CT ARCHIMATE ASSOCIATION"
13 ToCkjDef.IdRef="0bjDef.-6LkEJPMGZz33-p-L"
14 [H=»

15 - </ CxnDef>

16 - </CbiDef>

17 <CbjDef CbijDef.ID="0bjDef.QKO0z2CrIif-p-L"

18 TypeNum="0T FUNC"

15 ToCxnDefs.IdRefz="CxnDef.G-LEERK3J7R—g-L CxnDef.-465RiSVWIA——g-L "
20 SymbolNum="5T FUNC"

21 H=»

22 <CxnDef CxnDef.ID="CxnDef.-5aW7JDEkSLk-g-L"
23 CznDef.Type="CT_IS PREDEC OF 1"

24 ToChjDef. ‘:Ref—”{}bjDef BSfEmJBKoIf -p-L"
25 [H=»

26 - </CxnDef>

27 - </CbjDef>

Figured0. Excerpt from Road Control System 1.0 with Services XML Export for Misalignment Symptom S.07
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Figure4l presents Road Control System 1.0 Infrastructure Usage model representation for
misalignmensymptons S.16 and S.1Bigure42 presents Technological Software Components
model representation for misalignmersymptom S.16.Figure 43 presents Technological
Hardware Components model representation for misalignment symptom S.18.

Name: Road Control System 1.0 Infrastructure Usage Model
Type: ArchiMate Infrastructure Wiewpoint
Creatar system ARIS

Last change: 2017 02.03. 10:50:00 Platfo rm

is associated wit

-associated wi-

is associated wit

is associated with|  is [associated with

Figure 41. Road Control System 1.0 Infrastructure Usage Model Representation for Misalignment
Symptoms S.1énd S.18
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Name: Technological Software Components
Type: Archiliate Infrastructure Viswpoint
Creator: system ARIS

Last change: 2017.02.08. 10:47:55 Platform

Database management systams

Middleware / ESB systems

SAP Netweaver P

Figure42. Technological Software Components Model Representation for Misalignment Symptom S.16

MName: Technological Hardware Components
Type: ArchiMate Infrastructure Wiewpoint
Creatar system ARIS
Last change: 2017.02.03. 10:52:51 Platfo rm

Desktop

Android 10" tablet

Figure43. Technological Hardware Components Model Representation for Misalignment Symptom S.18

Figure44 shows an excerpt from Road Control System 1.0 Infrastructure Usage Model XML export
for the detection of misalignmeistymptomS.16. The excerpt contains an object definition node
FNRBY (GKS (el 2F FLIWIXAOFGAZ2Y aeadasSy oc¢eLiSh
RSTAYAGAZ2Y StSYSyid F2NJ G6KS GSNEA2Y 2F GKS | L
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<0bjDef CbhiDef.ID="0bjDef.72¥hfmMo-xv-p-L"
TypeNum="0T APPL SYS TYPE"
8 ToCxnDefs. IdRef=s="CxnDef.-T=ssQP3LgaCX-g-L"
9 SymbolNum="ST APPL SYS TYPE"

<AttrDef AttrDef.Type="AT WVERS REL":»>
<AttrValue >
<S5tyledElement>
14 <Paragraph Alignment="UNDEFINED" Indent="0"/>
5 <5tyledElement>
16 <PlainText TextValus="MS SQL Server 2008 R2 10.5x"/>
17 </3tyledElement>
8 </5tyledElement>
19 </BrtrvValuex
20 </AccrDef>
] <AttrDef AttrDef.Type="AT NAME">
<AttrValue >
<5tyledElemsent
24 <Paragraph Alignment="UNDEFINED" Indent="0"/>
25 = <S5tyledElement>
26 <PlainText TextWValuse="MSSQL DB"/>
2 </5tyledElement>
28 </3tyledElement>
29 </RrtrValue

I
.
[THTHTHT]

[
8
[THTHT]

</BttrDef>
31 </CbiDef>

Figure44. Excerpt from Road CoalrSystem 1.0 Infrastructure Usage Model XML Export for Misalignment
Symptom S.16

Figure45shows an excerpt from Road Control System 1.0 Infrastructure Usage Model XML export
for the detection of misalignmeisymptomS.18. The excerpt contains an object definition node

from the type of hardware componert ¢ @ LISb dzYT ¢ h¢ @yl 2 ¢/ at ¢g¢, t 9£€ 0
definition element for the name of the hardware componenti(Atb ST ®¢ & LIST ¢! ¢ yb ! a

<0biDef ObjiDef ID="0bjDef.7BU -Ug-ROu-p-L"
TypeNum="0T HW CMP TYPE"
ToCxnDefs.IdRefs="CxnDef.ebPgZlksrl-g-L CxnDef.381QN-2EBJ2-g-L"
SymbolNum="ST HW CMP TYPE"

oo

<httrDef AttrDef.Type="AT HAME">
<AttrValue >
<StyledElement>
<Paragraph Alignment="UNDEFINED" Indent="0"/>
<S5tyledElement>
<PlainText TextValue="Android T&quot: tablet"/>
1 </5tyledElement>
</5tyledElement>
</AttrValue>
</AttrDef>
</0bjDef>

I
1 on N s L Ry
[T—THIHTHT}

oo

[E %]

Figure45. Excerpt from Road Control System 1.0 Infrastructure Usage Model XML Export for Misalignment
Symptom S.18

Figure 46 presents Road Control Data Model OV model representation for misalignment
symptomsS.32.
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MName: Road Control Data Model OV i~

Type: ArchiMate Information Structure Wiewpoint
Creator: system AR I S

Last change: 2017 02.03. 11:05:48 platform

| Region visit
realizg specifications

Road |

control log realizes

is composed of
is associated with

Figure46. Road Control Data Model OV Model Representation for Misalignment Symptom S.32

Contral
specifications  |ra5lizes

Figure47 shows an excerpt from Road Control Data Model OV XML export for the detection of
misalignmentsymptomS.32. The excerpt contains an object definition nioden the type of
dataentityd ¢ & LISb dzY T ¢ h ¢ ¢/ [ { ¢définitioeleingnt for fhe datd cwNek df thai S
dataentityd ! G G NBE SFPC@LIST£! ¢cywo{t gt Ow{ 0 ®

1z <0bjDef ObjDef.ID="0bjDef.5V5fxbaSk H-p-L"

13 | TypeNum="0T _CLST" |

14 ToCxnDefs.IdRefs=" CxnbDef . -6GLlgpAHySro-g-L "

15 SymbolNum="ST CLST"

1a [H»

17 = |<AttrDef AttrDef.Type="AT PERS RESP">

18 [ <hAttrValue>

19 = <StyledElement>

20 <Paragraph Alignment="UNDEFINED" Indent="0"/>
21 = <StyledElement>

22 <PlainText TextValuse="Road Inspectorsz"/>
23 </5tyledElement>

24 </3tyledElement>

25 </ArtrValue>

26 </AttrDef>

27 =l <httrDef AttrDef.Type="AT NAME":>

28 [ <AtcrValue>

29 = <5StyledElement

30 <Paragraph Alignment="UNDEFINED" Indent="0"/>
31 = <StyledElement>

3z <PlainText TextValus="Road Control Records"/>
33 </5tyledElement>

34 </5tyledElement>

35 </httrValue>

36 </AttrDef>

3T </CbjDef>

Figure47. Excerpt from Road Control Data Model OV Eifiort for Misalignment Symptom S.32
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After reviewing relevant EA modednd their XML export excerpts, the previously introduced
general Scheatron queries will be personadd to the suitable EA modelgable B contains the
customied queries for misalignmendymptomdetection The expressions of rugantext and
assertor reporttest are provided with appropriate attributes and values from the EA models
under review.

Table58. Customisd Schematron Queries for Misalignment Symptom Detection

SYMP
QUERY EAMODEL UNDER
TOM QUERYDESCRIPTION
CoDE REVIEW
CoDE
Q.01 | s.02 A Road Control <patternname='S.02Undefined business procegsals,
Process 1.0 business process ownérs
A Road Control <rulecontext="ObjDef[@TypeNum="OT_FUNC'">
Process 2.0 <assertest="AttrDef[@AttrDef. Type=

'AT_PERS_RESP'">
Alert: S.02Jndefined business procegsals,
business process owners
</assert
</rule>
</pattern>
Q.02 S.05 A RoadControl Roles | <patternname='S.0%A Undefined or multipleierarchy
and Reporting Lines| or lines of reportinty
<rulecontext="ObjDef[@TypeNum="OT_GRP']">
<reporttest="@ObjDef.ID=followirgjbling::Obj
Def[@TypeNum="0T_GRP')/CxnDef[@CxnDef.]
='CT_IS_SUPERIOR_1/@ToObjDef.|dRDbf
Def.ID=precedingibling::ObjDef[@ TypeNum="0
GRP')/CxnDef[@CxnDef.Type='CT_IS_SUPERI
/@ToObjDef.IdRef">
Alert: S.05/AUndefined or multiple hierarchy o
lines ofreporting
</report>
</rule>
</pattern>
<patternname='S.05/BUndefined or multiple hierarchy
or lines of reportinty
<rulecontext="ObjDef[@TypeNum="OT_GRP']">
<reporttest="CxnDef[@ToObjDef.ldRef=parent:
ObjDef/followingsibling::ObjDef[@ TypeNum=
'OT_GRP')/CxnDef[@CxnDef. Type='CT_IS_
SUPERIOR_1/@ToObjDef.IdRef] or
CxnDef[@ToObjDef.IdRef=parent::ObjDef/
precedingsibling::ObjDef{@ TypeNum="OT_GRP
/CxnDef[@CxnDef. Tgp'CT_IS_SUPERIOR_1"/
@ToObjDef.IdRef]">
Alert: S.05/BJndefined or multiple hierarchy o
lines of reporting
</report>
</rule></pattern>

(Continues)
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Table58. (Continuedl

QUERY| SYyMP | EAMODEL UNDER QUERYDESCRIPTION
CODE | TOM REVIEW
CODE
Q.03 | s.07 A Road Control Syster| <patternname='S.07 Business process tasgported by
1.0 with Services more than one applicatidn
A Road Control Syster]  <rulecontext="ObjDef[@ TypeNum="OT_FUNC">
2.0 with Services <reporttest="count(CxnDef[@ToObjDef.IdRef=
parent:: ObjDef/followingibling::ObjDef
[@TypeNum="OT_DP_ FUNC_TYPE'/@ ObjDe
or @ToObjDef.IdRef=parent:: ObjDef/preceding
sibling::ObjDefl@ TypeNum='"GOJP_FUNC_TYPE
@ObjDef.ID])>1">
Alert: S.07 Business process tagkported by
more than one application
</report>
</rule>
</pattern>
Q.04 S.16 A Technological <patternname='S.160ut of date technological
Software infrastructurée>
Components <rulecontext="ObjDef[@TypeNum="OT_APPL_SY§
A RoadControl System  TYPE]">
1.0 Infrastructure <assertest="AttrDef[@AttrDef. Type="AT_VERS|
Usage Model REL'J// PlainText[@TextValue=document('Techr
A Road Control Syster logical Software Components.xml’)//ObjDef[@ Ty,
2.0 Infrastructure Num='OT_APPL_SYS TYPE'//AttrDef[@AttrDe
Usage Model Type='AT_VERS_REL')//PlainText//@TextValug
Alert: S.16ut of datetechnological
infrastructure
</assert
</rule>
</pattern>
Q.05 S.18 A Technological <patternname='S.18Incompatible platforms or
Hardware technologie’s>
Components <rulecontext="ObjDef[@TypeNum="0OT_HW_CMP |
A Road Control Syster] TYPE]">
1.0 Infrastructure <assertest="AttrDef[@AttrDef. Type="AT_NAME
Usage Model /[Plain Text [@TextValue=document('Technolog
A Road Control Syster| Hardvare Components.xml')//ObjDef{@TypeNur
2.0 Infrastructure 'OT_HW_CMP_TYPE')//AttrDef[@AttrDef. Type=
Usage Model 'AT_NAME']//PlainText/@TextValue]">
Alert: S.18ncompatible platforms or
technologies
</assert
</rule>
</pattern>
Q.06 | S.32 A Road Control Data | <patternname='S.32 Lack of data ownership
Model OV <rulecontext="ObjDef[@TypeNum="OT_CLST"">
A Road Control Data <assertest="AttrDef[@AttrDef. Type=
Model 1.0 'AT_PERS_RESP">

(Continues)
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Table58. (Continuedl

A Road Control Data
Model 2.0

Alert: S.32 Lack of data ownership
</assert
</rule>
</pattern>

Q.07

S.52

A Road Control
Process 1.0

A Road Control
Process 2.0

A Road Control Data
Model 1.0

A RoadControl Data
Model 2.0

<patternname='S.52 Not alllata entities are read at
least by one process
<rulecontext="ObjDefl@TypeNum='"OT_CLST">
<assertest="AttrDef[@AttrDef. Type="AT_NAME
/I PlainText [@TextMaze=document('Road Contro
Process 1.0.xml")//ObjDef{@TypeNum="OT_CLSY
lIAttrDefl@AttrDef. Type="AT_NAME')//PlainText
@TextValue]">
Alert: S.52 Not aflata entities are read at leasi
by one process
</assert
</rule>
</pattern>

Sample procession results for Schematron queries are introdudeigiune48-60. Figure48
illustrates the querpf Q.02 in an XML Editor before XML validafltre query Q.02 was validated
against the XML export 8foad Control Roles and Reporting LiR@gire49 containsa sample
operation result out of the 5 resultsr running the query of misalignmesymptomsS.05.

schema pattern rule report

1 <?xml wvergion="1.0" encoding="UTF-5"2>
"http://www.g3cc.net/xml/schematron™ >

2 ¥ <3chema

3w
4=
5w

a
T
8
9

11
12
13+
14 =
15+
18
17
18
18

2

-

22 «/achema>

<pattern "5.05/% Undefined or multiple hierarchy or lines of reporting”>
<rule "ObiDef [ ="0T_GRE']">
<report " following-sibling: :ObjDef [ ='0T_GRP']
CxnDef [ 5 _SUPERICE_1'] or
=preced. 10 :0bjDef [ ="0T_GRP"]
CxnDef [ ="CT_I5_SUFERIOR_1'] "
Alert: 5.05/2 Undefined or multiple hierarchy or lines of reporting
</ report>
</rulex
</pattern>
<pattern "5.05/B Undefined or multiple hierarchy or lines of reporting™>
<rule "ObiDef [ ='0T_GRP']">
<report "CxnDef [ =parent: :0bjDef/following-sibling: :ObjDef [ ="0T_GREF']
CxnDef [ ="CT_I5 SUPERIOR_1'] ] or
CxnbDef [ =parent: :O0bjDef/preceding-3ibling: :ObjDef [ ="0T_GRF"]
CxnDef [ ="CT_I5 SUPERIOR _1'] 1"
Alert 5.05/B Undefined or multiple hierarchy or lines of reporting
</report>
</rule
</patternr

Figure48. Schematron Query Q@or Misalignment Symptom $.0

Figure S5Qllustrates the querpf Q.03 in an XML Editor before XML validafidre query Q.03
was validated against the XML expofRofid Control System 1.0 with ServiEegure 5kontains
operation results for running the query of misalignmgmptomsS.07.
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AML Group ObjDef AttiDef AttrValue StyledSlement StyledElement
1705 % <ObjDef " 1PteCirvigo-p-1" ~ 0
1708
1707 plzoqu_vRk-g-L"
1708 >
1708 = <hrrrDef "AT_NAME">
1710 v <ArrrValues
1711 = <StyledElement>
1712 <Paragraph "UNDEFINED" "oy
1713 ¥, <StyledElement>
1714 <PlainText "f>
1718 </5tyledElement>
1718 </StyledElement>
17T </BAttrValue>
1718 </AttrDef> v o
< > |a
Results
Info  Description - 5 items Resource ~
4 Road Control Roles and Reporting Lines.ml, schema "Q.02_Misalignment Symptom 5.05.sch” (5 items)
o - E [Schematron 1.5] Alert: 5.05/A Undefined or multiple hierarchy or lines of reporting Road Control Roles and Reporting Lines. xm|
© - E[Schematron 1.5] Alert: 5.05/A Undefined or multiple hierarchy or lines of reporting Road Control Roles and Reporting Lines. xml
© - E[Schematron 1.5] Alert: S.05/A Undefined or multiple hierarchy or lines of reporting Road Control Roles and Reporting Lines.xml
© - E[Schematron 1.5] Alert 505/ Undefined or multiple hisrarchy or lines of reporting Road Control Roles and Reporting Lines.xml
© - E[schematron 1.5] Alert 5.05/8 Undefined or multiple hisrarchy or lines of reporting Road Control Roles and Reparting Lines.xml
< >
Errors X

Figure49. Query Q.2 Output for Misalignment Symptom S.@rocessed on Road ContiRbles and
Reporting Lines

schema pattern rule report

1  «<2xml version="1.0" encoding="UIF-8"2>
2+ <achema "http://wwWw.ascc.net/xml/schematron” >

3v <pattern "S.07 Business process task supported by more than one application™>

4 <rule "ObjDef[ ="0T_FUNC"]">

5= <report "count {CxnDef [ : :0bjDef [ ="0T_DPF_FUNC TYFE'] or

€ = :ObjDef /1 T_DF_FUNC_TYFE']/ 1) ¥

T Alert: 5.07 Business process task supported by more than one application

8 </report>

9 </rulex

10 </pattern>

11 </schema>
Information =) e
*
[18:18:22] - Found 0 problem(s) ~
[19:18:22] - Found 0 preblem(s)
[19:18:37] - CSS files changed for file: file:/D:/Q.03 MisalignmentZ0Symptom3Z0S.07.sch
CS5: Schematzon 1.5 - £ile:/Ci/ 20711 2 20Editor#2018/% 15.css
[19:18:38] - DocumentType changed for file &:/D:/Q.03_MisalignmentsZ0SympTomsz0S.07.5ch

tType: 1.5 ¢ ) - C:\Program Files\Oxygen XML Editor 18\Z A\ 15z
[19:18:38] - Content Corpletion schema(s) changed: [Jar:file:/C:/. 20Files 2 20Ed150r82018/11b/oxygen. Jar! /builtin/ sqs/iso-schematron-quick-fixes xsdl
[1s: Schematzon Error Scanmer - start scamninm ©.03_Misalignment320Symptons205.07.sch
r1s: Schematzon Erzor Scanner - start scanning £ £/G.03_Misalignment#20Sympromd205.07.5ch with schema(s): file:/D:/0.03_Misalignmentd20Sympromd205.07.sch
r1s: Found 0 problem(s)
[1s: Found 0 problem(s)
r1s: Wo CS5 files available for £il a:/D:/ 2 1 201.0%20wiche2 ices aml
r1s: Wellformed Error Scanner - start seanning £ile:/D:/ 2 1 201.0%20withez ces_xml
[1s: Found 0 problem(s)
r1s: Schematzon Zrzor Scanmer - start scamning file:/D:/ 2 1 201.0%20wiché2 ices.xml with schemals): £ile:/D:/Q.03_Misalignmenc¥20Sympromt203.07.sch
r1s: Found 0 problem(s)
v

Figure51 QueryQ.03 Output for Misalignment Symptom S.07 Processed on Road Control System 1.0 with
Services

Figure 53llustrates the querpf Q.04 in an XML Editor before XML validatidre query Q.04
was validated against the XML exporRafad Control System 1.0 Infrastructure Usage Model.
Figure 5% ontains operation results for running the query of misalignragmptomsS.16.

schema pattern rule  assert

1 <?xml wersion="1.0" encoding="UTF-2"2>

2+ <schema "http://www.ascc.net/xml/schematron™ >

3w <pattern "5.16 Out of date technological infrastructure">

4w <rule "ObjDef [ ="0T_RPPL 5Y5 TYPFE']">

5 <assert "AttrDef[ ='RT_VER3_REL']//PlainText[ =document (' Technological Software Components.xml’)
[ //OiDef [ ="0T_RPPL_SYS_TYPE']//AttrDef[ ='AT_VERS_REL']//PlainText// 1>

7 RAlert: S5.16 Out of date technological infrastructure

8 </assert>

9 </rulex

0 </pattern>
11 </achema>

Figure52. Schematron Query Q.04 for Misalignment Symptom S.16
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AML Group ObjDef AttrDef AttrValue StyledBlement StyledElement
451 ~H

882 W <0bjDef

"QT_J
.-TggiZyNaTc3-g-L"
"ST_RPPL_SYS_TYEE"

<AttrDef "RT_MAME">
<htrrValue >
<5tyledElement:
<Paragraph "UNDEFINED" "ot
<5tyledElement>
<PlainText "Road Control Runtime™/>

</5tyledElement>
</5tyledElement>
</hrrrValue>
</AttrDef> W

4rx

Results

Info  Description - 1item Resource

4 Road Control System 1.0 Infrastructure Usage Modelxml, schema "Q.04_Misalignment Symptom S.16.sch” (1item)
o - E [Schematron 1.5] Alert: 5. 16 Out of date technological infrastructure Road Control System 1.0 Infrastructure Usage Model,

Errors X

Figureb3. Query Q.04 Output for Misalignment Symptom S.16 Processed on Road Control System 1.0
Infrastructire Usage Model

Figure54 illustrates the querpf Q.05 in an XML Editor before XML validafidre query Q.05
was also validated against the XML exporRofd Control System 1.0 Infrastructure Usage
Model.Figureb5 contains operation results for running the query of misalignragmiptomS.18.

schema pattern  rule  assert

1 «?xml weraion="1.0" encoding="UTF-8"2>

2 ¥ <schema "http: //www.ascc.net/xml/schematron™ >

3w <pattern "53.1% Incompatible platforms or technologies™s>

4w <rule "ObjDef [ ="0T_HW_CMF_TYFE"']">

5 <assert "AttrDef | ='"AT_WAME']//PlainText[ —document (' Technological Hardware Components.xml')
8 //0bjDef [ ='0T_HW_CMP_TYPE']//AttrDef[ ='AT_WEME']//PlainText, 1"=

T RAlert: S.18 Incompatible platforms or technologies

8 </assert>

9 </rule>

</pattern:
11 </schema:>

Figureb54. Schematron Query Q.05 for Misalignment Symptom S.18

AML Group ObjDef AttDef AttrValue StyledSlement StyledElement

877 ¥ <ObjDef "ObjDef.7BU_-Ug-ROu-p-1L" ~ |
878 "QT_HW_CME_TYEE"
879 bas) .ebPqZlksr0-q-L CxnDef.3810N-2EBJ2-g-L"
850 "ST_HW_CMF_TYEE"
881 >
882 v <AttrDef "AT HAME">
883 % <htrrValue >
584 v <5tyledElement:
885 <Paragraph "UNDEFINED" "ot
888 v, <5tyledElement>
887 <PlainText "kndroid 7'' tablet™/>
888 </5tyledElement:
883 </5tyledElement:
B50 </htrrValues
551 </RttrDef>
852 </ObiDef> v s
< > =
Results
Info Description - 1item Resource

4 Road Control System 1.0 Infrastructure Usage Model.xml, schema "Q.05_Misalignment Symptom 5.18.sch” (1 item)
o - E [Schematron 1.5] Alert: 5. 18 Incompatible platforms or technologies Road Control System 1.0 Infrastructure Usage Model. xml

Errors X

Figure55. Query Q.05 Output for Misalignment Symptom S.18 Processed on Road Control System 1.0
Infrastrucure Usage Model
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Figure56 illustrates the queryf Q.06 in an XML Editor before XML validatidre query Q.06
was validated against the XML exportRiad Control Data Model OWigure 57contains
operation results for running the query of misalignmgmptomsS.32.

schema pattern rule assert
1 <?xml wersion="1.0" encoding="UTIF-&"7>
2w <achema "http://www.ascc.net/xml/schematron™ >
v <pattern "5.32 Lack of data ownership">
4w <rule "ObjDef [ ="0T_CLST"]">
5= <assert "AttrDef [ ="AT_PERS RESP']">
Rlert: 5.32 Lack of data ownership
</assert>
</rulex
</pattern:
</3chemax

ER

Figureb6. Schematron Query Q.06 for Misalignment Symptom S.32

Information &
*

[19:48:28] - Schemstron Error Scanner - start scanning £ils:/D:/Q.0€ Misalignment$20Symptom$20S.32.sch a
[18:48:28] - Sche start scanning file:/D:/Q.06_Misalignment®20Symptom%205.32.sch with schema(s): file:/D:/Q.06 Miszlignmenc®20Symptomt205.32.sch

[19:48:23] - Fo

[19:48:23] - Fo

[19:48:36] - Sche start scanning file:/D:/0.06_MisalignmentiZOSymprom®205.32_sch

[19:48:37] - -~ start scanning £ile:/D:/Q.06 Misslignment$20Symptom20S.32.sch with schems{s): £ile:/D:/Q.06 Misslignment$20Symptom$20S.32_sch

[19:48:37] -

[19:48:37] - Fo

[19:49:35] - art scanning file:/D:/Q.06_Misalignment320Symptom$20S.32.sch

[19:49:35] - Sche start scanning file:/D:/Q.06 MisalignmentiZ0Symptoms205.3Z.Seh with schema(s): file:/D:/Q.06 Misalignmens$Z0Sympomtz0s.32.sch

[19:49:35] - Found 0 pro

[18:43:35] - Found 0 pm

[19:45:42] - Schemat. canner - stars scanning file:/D:/Roadb20Control:20Datat?0Modsl$Z00V.xml with schema(s): file:/D:/0.06 MisalignmentsZ0Symptomtz0S.32.sch

[19:45:42] - Found 0 problem(s)

v

Figure57. Query Q.06 Output for Misalignment Symptom S.32 Processed on Road Control Data Model OV

Figure58illustrates the querpf Q.07 in an XML Editor before XML validafidre query Q.07
was validated against the XML exporRaoiad Control Data Model 1Bigure59 and Figure60
contain operation results for running the query of misalignnsgniptomsS.52.

schema pattern rule  assert

1+ <achema "http: //www.ascc.net/xml/schematron™ >
2w <pattern "5.52 Not all data entities are read at least by one process™>
=hed <rule "ObjDef [ ="0T_CLST"]">
47 <assert "AttrDef [ ='AT NRZME']//PlainText[ =document {"Road Control Process 1.0.xml'")
5 ObjDef [ ="0T_CL3T"]//AttrDef[ ='"LRT_NRZME']//PlainText 1"
[} Alert: 5.52 Not all data entities are read at least by one process
T </assert>
g </rule>
3 </pattern>
</aschema>

Figure58. Schematron Query Q.07 for Misalignment Symptom S.52

This section has introduced the process of misalignsyeanptomdetection Firstly, road control

EA modd were added to every misalignment symptom under detection. Secondly, EA model
representations were presented in both graphical and XML vighadly, queries were
customi®d to the road control EA models. Finally, exemplary processing outputs were added on
misalignment symptom detectido prepare for the subsequent, results interpretation section.
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AML Group ObjDef AttrDef AttrValue StyledBlement StyledElement

972 = <0ObjDef "ObjDef.6aBJ1rA0621-p-1" ~B
973 "0T_CLST"
974 "CxnDef.3uFtBEFQx3N-gq-L CxnDef.-5bcNZhpalhc-g-L CxnDef.1m)83rPfM&éH-g-L"
975 "ST_CLST"
978 >
977 v <AttrDef "AT_NAME">
978 ¥ <AttrValue >
978 ¥ <StyledElement>
980 <Paragraph "UNDEFINED™ 0TS
981 7 <StyledElement>
982 <PlainText "Road Operatior Contributions"/>
983 </StyledElement>
984 </StyledElement>
985 </AttrValue>
986 </AttrDef>
887 </0biDef>
288 v i
< > -
Results
Info  Description - 2 items Resource

4 Road Control Data Model 1.0.xml, schema "Q.07_Misalignment Symptom 5.52.sch™ (2 items)

o - E [Schematron 1.5] Alert: 5,52 Mot all data entities are read at least by ane process Road Control Data Madel 1.0.xml
@ -  E[Schematron 1.5] Alert: 5,52 Mot all data entities are read at least by one process Road Control Data Model 1.0,
<
Errors X

Figure59. Query Q.07 Output/A for Misalignment Symptom S.52 Processed on Road Control Data Model
1.0

AML Group ObjDef AttDef Attrvalue StyledElement StyledElement

1482 = <0bjDef "ObjDef.-400TLpaivnV-p-L" ~l
1483 "0T_CLSI™
1484 "CxnDef.1sbMasD0To4-g-L"
1485 "3T_CLSI"™
1488
1487 ¥ <AttrDef "AT_NEME">
1488 = <AttrValue >
1489 ¥ <StyledElement>
1450 <Paragraph "UNDEFINED™ B
1491 ¥ <StyledElement>
1492 <PlainText "Data on Road Network™/>
1493 </5tyledElement>
1494 </StyledElement>
1485 </Bttrvalue>
1438 </AttrDef>
1497 </0bjDef>
1498 v K
< LI —
Results
Info  Description - 2items Resource

4 Road Control Data Model 1.0.xml, schema "Q.07_Misalignment Symptom S.52.sch™ (2 items)

o - E [Schematran 1.5] Alert: 5.52 Mot all data entities are read at least by one process Road Control Data Model 1.0.xml
@ -  E[Schematron 1.5] Alert: 5.52 Not all data entities are read at least by one process Road Control Data Model 1.0.xml
<
Errors X

Figure60. Query Q.07 Output/B for Misalignment Symptom S.52 Processed on Road Control Data Model
1.0

4.7 Interpretation of Results

This section presents the interpretation of misalignmepnmptom detection First, every
processing output under detection will be evaluated and interpretatkiail. Constraints and
possible extensions will also be introduced in this part of the section. The summary of output
interpretation is extended with the documentation of folloyw interviews for result validation

The subsection ends with the summary of results interpretation to prepare the reader for case
discussion.

Misalignment symptom S.02 was validated against the EA snofl®oad Control Process 1.0
and Road Control Process 2.0 by the gu&0.01 looking for the lack of business proosasers.
There were no business processébout business process ownaisher in 1.0 or in 2.0 version.
As for constraints, the query validated only the lack ofniess process owners. The lack of
business process goals was not investigatatidrcasestudy because there was nmodeling
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instance for business process models with business process goals. A possible extension is that the
guery also examines the presenar lack of business process goals on an appropriate EA model

in the road control initiative. Another constraint was that the query did not examine whether or

not a business process needs an owner. There must be cases where business processes do not
needa business process owner, e.g. if a business process is atomic with only one business process
task This examination is not includedthe query, therefore another possible extension is to

alter the query to investigate th&ipulation as well. As for results validationpractice, the
follow-up interviews revealed that the case context sets that business processes (business
process task which are represented as business processdabenEA models of the case
organgation) with superior business processes do not need a business process owner. In this
sense the query reveals the general state of business processes in terms of business process
owners, but further examination is needemriarrow the query with the previously introduced
stipulation. However, in this state of the BaAdels there is no instance on attributevel that

would indicate the superior or subordinated manner of a business process task.

Misalignment symptom S.05 was validated against the EA mbd&bad Control Roles and
Reporting Lines by the queof Q.02 looking for multiple lines of reporting. This statement
narrows the scope of the query, i.e. undefilimes of reporting were not examined by the query.
The query contained 2 parts: S.05/A was concerned with a structural examination, i.e. whether
the business collaboration element has a valid subordinated elefhbat.query for S.05/A
indicated the thredusiness collaboration elements which have a valid subordinated element: 1)
Road information department, 2)%evel dispatcher service and 3J [Bvel dispatchersS.05/B
examined whether a subordinated element has the same superior element with anothe
subordinated elemenfThe quenffor S.05/Bndicated the2" leveldispatcher service which has
two subordinated dispatcher service3“ level dispatches and line dispatchersA possible
extension of the query is to examine the undefined lines of tieygpas well. Followp interviews
revealed that the query explores a real misalignnpeablem in the road control initiative. The

2" level dispatcher service works-Z% throughout the year. However, the particular
subordinated dispaher service depends on winter/summer shifts and working hours. E.g. in the
final minutes of duty time there might be two parallel reporting lines at the same time due to
poor regulation compliance or geographical distance.

Misalignment symptom S.07 weadidated against the EA moslelf Road Control System 1.0 with
Services and Road Control System 2.0 with Services by thefjQed3 Misalignment symptom

S.07 was not detected in EA moRBelad Control System 1.0 with Se®@ S & ® wSadz G Ol €
n LINBoOofSYoaoveg YSEya GKI iaskin EAmaBel RoadiConfid Systetm A y S
1.0 with Services with merthan 1 supportive applicatiods for Road Control $st 2.0 with

Services, the query has the same result, i.e. there was no business procesth&a&0 model

variant with more than 1 supportive applicatidn terms of setting constraints to the query, note

that the distinction batveen applications and application functions is necessary. In the EA models
under review application functions were connected to business process tasks instead of
applications. Business process tasks with more tharsgpgortive application functiodo not

imply the presence of the misalignmesyimptomin question. Misalignment problesrariseif

more than one supportive applicatiis connected to a business process task. Ingérse the

guery was not able to detect the symptom precisely due to the deptiodtling There was no

modeling instance for supportive applications only for supportive application functions per
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business process tasks. Therefore, the query could not measireattiinality of supportive
applicationsbut only the cardinality of supportive application components to business process
tasks. A possible extension of the symptom deteatidn repeat the investigation after having
the necesarymodelinginstances. Followp interviews to validate the symptom revealed that
the EA models under review contained application functions instead of applicationssémsigis

the aboveintroducedextension is needed to detect the cardinality of lagaions.

Misaligygment symptom S.16 was validated against the EA maifdRoad Control System 1.0
Infrastructure Usage Model and Road Control System 2.0 Infrastructure Usage Model by the
query of Q.04. In both cases the ohels were compared with the EA model of Technology
Software Components with valid components, looking for out of date technological infrastructure
in the infrastructure usage modelAs for model variant 1.0, the querytet#ed one out of date
technological infrastructure componemamely the IIS 7.0 runtime engine which is not included

in the list of valid technological infrastructure elements. For model variant 2.0 the query detected
the IS 7.5 runtim engine, which is a supported infrastructure elemleut it is not provided with

the version attributein the Technological Software Components model. This case forms a
constraint to the query. Followp interviews revealed that some elements are not provided with
version attribute in the Technological Software Components model (among others IIS 7.5). The
guery detects the lack of related infrastructure elements as well, this is why the symptom is also
violated in the 2.&ersion infrastructure usage model. According to results validatom
possible extensions can be made to correetdhery: 1) to add the lacking version attributes in

the EA models, 2) to narrow the scope of the query.

Similar to misalignmergtymptomS.16, misalignment symptom S.18 was also validated against
the EA mdels of Road Control System 1.0 Infrastructure Usage Model and Road Control System
2.0 Infrastructure Usage Model. The quefyQ.05 used the EA model of Technology Hardware
Components for comparing the infrastructure usagedek with the list of valid hardware
components. In thiguery, incompatible platforms and technologies were explored. For model
variant 1.Qthe query detected one incompatible hardware componeaimd & (KS ! y RNER
tablet which is not included in the list of valid technological infrastructure elements. However, in
model variant 2.0 the symptom was not detected. This is a good examediging and
detecting misalignment symptaover time: While model variant 1.0 contained an incompatible
element the incompatibility was corread over time, and for the next version of the model there

was no violatiorof this kind of incompatibility. Folleup interviews also confirmed that the
incompatibility in model version 1.0 was corrected in model version 2.0. While the road control
initiative had an incompatible infrastructure element during the progression prdect, it was

later corrected and in the end, model version 2.0 lacks the incompatible element.

Misalignment symptom S.32 was validated against the EA snoflBload Control Data Model
OV, 1.0 and 2.0 by the query Q.05to detect missing data owners. The valida@ggainst the
original version did natetectany problem. The validation against the 1.0 and 2.0 versions both
detected 1 data entityvithout adata owner, namely the daentity called Roadetwork related
objects. Similar to misalignmesymptomS.02, a possible extension is to examine whether or not
a data entity needs an owndrhere must be cases when datatities do not need a data owner.
This examination is not includedthe query, therefore a possible extension is to alter the query
to investigate this stipulation as well. Follow interviews on results validation confirmed that
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there are data enties in the road control initiative which have no data owner, ergo the query
worked properly in this case.

Finally, misalignmergymptomS.52 was validated against Road Control Process 1.0 and Road
Control Process 2.0 by the querfyQ.06 to explore unused data digs. The query used the EA
modelof Road Control Data Model 1.0 and Road Control Data M&d&lshectively to compare

the business processodels with the list of data entities. Both the validatggainst 1.0 and 2.0
versions detected 2 unused data entities. Contitarthe ovetime incompatibility cheking in
misalignment symptom S.18, the malfunction was not corrected during the progress of the
initiative. The query has one major potential for extension. Similar to data usage checking, the
examination can be extended to other usage checks as wétiwfep interviews on results
validation verified that there are unused data entities in the road control initiative, ergo the query
worked well in this case. Interviews also confirmed that there is a need for query extension in
terms of similar usage checlAppropriate EA models have to be sorted out to detect other kinds
of usage checks.

This section has introduced the interpretation of misalignnsgntptomdetection Symptoms

were interpreted in detail as well as constraints and possible extensions were presented in this
section. At the same time, follewp interviews for results validatiowere documented to
interpret the results in case contexh the followingsubsectionresults will be discussed and
conclusions will be drawn concerning the case stundier review.

4.8 Discussion

In thissubsectiondiscussionvill be provided about misalignmesymptomdetectionat the case
organgation. The case studyill be first summased in terms of research framework usability.
Subsequently, conclusions will be drawn concerning the proposed research framework and the
case study under review.

Misalignment symptom analysis and detection provided insights about tymy. Evidence

from the case studguggested that there are distinct types of misalignnsgmptons that can

be detected by the proposed research framework. The case study demonstrated ehat th
proposed research framework is applicable for detecting the following types of misalignment
symptoms:

1) Symptoms in which the presence or lackile# certain types of attributes has to be
investigated (e.g. S.02, S.32).

2) Symptoms in which the cardinaldf/certain connection types has to &ealysed. This type
is applicable¢o three cases: Firstly, one particular modelrialysedin terms of connection
cardinality (e.g. S.05). Secondly, sole model varian@natged in terms of connection
cardinalityand the querys processed for every available model variant (e.g. S.07). Thirdly,
model variants under review aamalysed with another type of static or dynamic EA model
in terms of connection cardinality. The expressiveness of the query language provides this
kind of analysis. However, the case stdiy not provide any examplef this kind of
analysis.

3) Symptoms in which more models have to be comgdeeg. S.16, S.18, S.52). This type is
applicableto two cases: Firstly, model variants have to be compared with another group
of model variants according to the project phases (e.g. S.52). Secondly, model variants have
to be compared with a stat@atalgue(e.g. S.16, S.18).
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4) Symptoms in which more model variants have tabelysed and compared during the
progression of the project (e.g. S.18).

Appendix lists theabovecollectedarchdypesof Schematrorbased queries

Apart from the previouscategorisition, the case study also demonstrated that particular
symptoms have to be detected in more than one stép by more than one ruldisalignment
symptom S.05 was a spectacular example of this kindatysas. As part of futuneork, other
misalignmensymptons can be braén down into more than one rule

With this categorigtion considerable insight has been gained and signifimargress has been
made with regard to the applicability of the proposed framework in practice. Nevertheless, these
findings have also revealed some areas of research limitations, which will be detailed in the
following section.

To conclude, Section 4 wesncerned with illustrating the applicability of the proposed research
framework. To assess the state of misalignnatttie road management authority, the proposed
research framework was used. After casgangation introduction some details were provided
about the road control itiative under review. Subsequently, EA matelcturewasintroduced

both for the entire road management authority and the road control iniBatfter introductory
subsectionsa preliminary reviewwas given about the precursory interviews on influential
businesdT areasspecialtiesin model structure and malfunctioning areas. The section has
continued with misalignment symptoanalysis. In this subsection malfunctioning areas were
translated into misalignment symptoms as well as symptoms arealsed according to the
corresponding frameworks from the research methodology section. The subsection ended with
general Schematron gqueries to the misalignment symptoms under investigation. After the
detailed analysis misalignment symptom detectiwas performed. In this subsectiofirst
affected EA models were introduced with infltiahdetails in both graphical and XML vielvs.

was followed by the custonaigon of Schematron queries to the EA models of the road control
initiative. Subsequently, procession results and output files were introduced for the queries. The
interpretationof the resultsvaspresented in the next subsection together with the introduction

of constraints, possible extensions for each misalignment symptom. In this suhsestitia of
follow-up validationwere also introduced in order to provide interpretatiof the procession
results in the context of the project under review.

The case studprovided considerable insight into the applicability of the proposed research
framework. In additin, it has demonstrated the utility and usability of the proposed framework

as well. The detection results confirmed the usefulness of the proposed research framework as a
misalignmentassessmenframewok Further analyses which will be presented in the future

work sectiong will show additional results for misalignment symptbstection
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5 CONCLUSIONAND SUMMARY

The Ph.D.dissertationdealt with the concept of enterprise architectivased misalignment
analysis It is a postmplementation assessmenivhich evaluates the (dis)harmony between
business antll. ThePh.Ddissertation presented a research approach feb&ged misalignment
assessmentThe main purpose of the proposed reseamasto analyse strategic misalignment
between the business dimension and thd@ormation systera dimension The research
addressedmisalignment symptonanalysis by introducing an enterprise architectoased
framework to detect the typical sig of misalignment in an orgaai®n.

After introducing the significance of the topic a literature overview was given on research
foundation and the topics of 1) strategic alignme) misalignmentand 3) enterprise
architecture It was followed by a succinct introductibtm EAbased alignment assessment
techniques, with special attention to recent literature ontia&ed alignment and misalignment
analysisBuilding block definition and the introductionretent studies on the topic enabled us

to draw up the research outline. In theethodologysection research methodology choices were
givenfirst. They were followed by a collectioh competing méhods. After methodologically
contextualsing the research problem, the proposed framework and the proposed research
methodology were introduced in detailhe proposed framewonkasbuilt on three layers: 1)
Misalignment Layer, 2) EA Model Layer andird)ysisLayer which were introduced in detail in
Section 3.5.1The proposed research methodology was introduced-tsyegiep, showing the
building blocks as well as the operation of the proposed framewheksectiorconcludedwith

the implementation details of generating and testing rulesclwhivere transformed from
misalgnment symptora. To demonstrate the applicabjliof the proposed framework, Gase
studywas shownTheempiricalvalidationsection contained all thanalysigesults on Edvased
misalignment assessment

5.1 Discussion

The main objective of the proposed research lies in identifying ways for detecting thermsgmpt

of misalignmentin the underlying EA modgel The suimbjectives break down the research
objective into smaller, logically connected parts along the conceptual structure, i.e. misalignment
symptomidentification, formal desgstion of misalignment symptoms af@mal methods of EA
analysis. The proposed research applies a mixed research methodology to address the research
objectives. In this mixedpproach the methods of Design ScienBesearchand Case Study
Researchare combined to support the construction and empirical validadibthe research

model.

The construction and operation of the framework hagerbdiscussed and explained in detail in
the previous sections. To illustrate the feasibility of the proposed framework in practice as well
as to provide guidance on applicability, a case sivmly performed. Examples of mismatches
havebeen provided in the investigated EA maday using the proposed aféet-based and EA
analysidbased approachlhe patterns of mismatches weamalysed in detail in the empirical
validationsection. The findings validated the usefulness of the proposed research framework as
a misalignmenassessmernbol.

The Ph.D. dissertation provided a complex framework for detecting misalignmenbtsynipt
complex EA modeadtructure The research framework has highlighted significant analytical
potential compared to thénbuilt query power of sole EMnodeingtools. The relevance of the
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proposed research framework against the simple and usually limited analytical potential of EA
modelingtools was clearly demonstrated by thedepth analysis in the empirical validation
section. In additin, the study providedupport fortransforming misalignmergymptons into
misalignment queries via ruggenerationand rule testingechniques. The methodological steps

of this transformatiorwere summarsed in Section 3 Research Methodology, while the practical
use of converting misalignment symptoms into misalignment queries was demonstrated in detalil
in the eampirical validation of the proposed framework (Section 4). The Ph.D. dissertation has also
devised a methodology rfomisalignment symptom categaaiton in which the EAased
applicability of the framework was investigated. Prelinyinasults{Appendix gand the detailed
analysis in empirical validation part provide evidence for the utilitheoprovided symptom
categorisition scheme.

The study has also given an account for symptom validatighe Ph.D. dissertation validation
was accomplished by follewp interviews at the casargangation after successfully operating

the proposed research framework. The topic of validation raises two concerns which have to be
clarified. First, th@roposed research framework does not provitie potentialfor matchinghe

EA moded under review with an ideal model. This approach would imply the existence of an ideal,
aligned model which can be used lemchmark Thepresence of a fully aligned model base at
caseorgansationswould elicitthe need for further alignment steps. Thus, this kind of matching
cannot be accomplished, and the proposed framewodsdot deal with the analysis of this kind

of ideal alignment wdel base. Second, the preliminary validation of misalignsanptons
cannot be done due to the specific follay interpretations of misalignment phenomena at the
test organgations There is no need fdhe in vitro testing of misalignment symptoms, i.e. the
preliminary interpetation and evaluatioof misalignment symptomd his kind of validation also
involves a reference model about the ideal state of the casgansation, against that an
organgation can evaluate the presence of misalignment symptoms in advance. In contrast to the
need for in vitro testing, the proposed framework uses a soft, fallowalidation based on post
factum interviews and the interpretation ofpexiic organgational characterists and
organgationalcontext.

5.2 Limitations

Based on the experience gathered during framework and empirical validdt@mproposed
research framework has limitations on the following areas.

The firg is that the framework examines only the model environment, i.e. the details that are
modeled In fact, the real operation of thergangationscannot be investigated, only the part
which is presenteat the modelinglevel. This observation recalls theedeor investigating the
state of models and the difference between models and reality in form of further fofiow
interviews.Future work will concentrate on solving this issue.

The second limitatiors the problem ofmodelingtool lockin and document format loek. The
same misalignmengymptons in differentmodelingtools and in different document formats
have to be defined in a different way, whiohdermines the portabiliy of the proposed
framework. The model base of the casgangation clearly demonstrated hothe ARI$ool and

its special XML export format, the AMktricted the development of misalignment queries. This
limitation could be sekd by an intermediate transformatiolayer between the layer of
documents under review and the layer of misalignmentgetesration This topic is also deferred
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to future work. Another way to s the problem of locins is to use XSLT transformation
language to filter the relevant analysis details fowouments in different formats. This approach
would make the models in different document formats comparable for processing detection of
the sane misalignment symptom. Further work needs to be cardedto implement the
standardiation of different document formats.

5.3 Conclusions

Conclusion section indas a summary of results orgadsby Research Objectivé&able 59

gives a conclusion on how research objectives fRQ3) have been addressed in the Ph.D.
dissertation. Research objectives arentrasted with the accomplishments of the Ph.D.
dissertation in order to show evidence for addressing research objectives dsfertation. In

the following summary positions of the research results and accomplishments are also pointed
out to support tracability of evidence.

Tableb9. Addressed Research Objectives

RESEARCHBJECTIVE ISSUECOVERED BY

RO1 The framework includes misalignmegytnptom

What are the typical symptoms of categorigationaccording to traditional alignment

misalignmentccording to the perspectivesind alignment type.k.a. perspective

operation of the SAMhodel? component$ in Section 3.5.2.

RO2 Misalignment symptoms are managed as formal rules. T

How to transform misalignment proposed framework in Section 3.5 processes rules via )

symptomsnto formallyanalysable validationtechniques.

statements?

RO3 In Section 3.4 a concept categationis given on

Wha are the formal analysis methodg competing methods for EBased misalignmergymptom

of detecting misalignment symptonts | detection.In addition, the proposed framework in Section

enterprise architecturenodel® 3.5 serves as a forrhanalysis method for the research
topic.

In Section 3.4.5 Research Questions veemrgtrastedto the corresponding concepfrom the
concept categoriationpart in Section 4. In Sectiorb3l, as part of conceptudésgn, the 3ayer
research concept was validated against the proposed research questicacidition, in this
subsectionresearch questions areontrastedwith the specific solutions of the dissertation,
which are provided throughout the study for answeriegearch questionsto rehearse the
aboveintroducedbindings and to point out the parts of the Ph.D. dissertation where research
questions are answered, the following summary is given:

RQ1: WHICH MISALIGNMENSYMPTOIg CANBE DETECTED VIA ERFAEISE
ARCHITECTURBSSESSMERT

CORRESPONDINGONCEPTS
3.4.2Means of Symptom Analysis

CORRESPONDINRESEARCHAYER
3.5.1.1Misalignment Layer

SOLUTIONPROVIDED
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RQ2:

RQ3:

RQ4:

The proposed framework consists of an assessment tool (Sectiormalie27)
for architecturescope misalignmerstymptons. Architecturescope misalignment
symptoms are further examined in Section 3.5.2 for providifignE#d queries.

WHICH DIMENSIONS ANDDMAINS ARE NEEDED EXAMINE IN AKA
MODELTO DETECT MISALIGNWIESYMPTOIE?

CORRESPONDINGONCEPTS

3.4.1Review of Business and IT Areas
3.4.30verview of Orgarasional Models

CORRESPONDINRESEARCHAYER
3.5.1.1Misalignment Layer

SOLUTIONPROVIDED

The proposed framework consists of an assessment tool (SectionTable,
28) for EA model and specific model elements to levestigated for
misalignmensymptomdetection

How DOEAMODEIS MANIFEST DIFFERBNSALIGNMENSYMPTOE?

CORRESPONDINGONCEPTS

3.4.30verview of Orgaragional Models
3.4.5Directions for Implementation

CORRESPONDINRESEARCHAYER
3.5.1.2EA Model Layer

SOLUTIONPROVIDED
Listing specific model elements and pattgureries in Section 3.5.Zable28
provides tracking for misalignmesymptommanifestation.

WITH WHICH METHODS CAN WEPLORE THE DIFFERBNSALIGNMENT
SYMPTO® INEAMODEIS?

CORRESPONDINGONCEPTS

3.4.2Means of Symptom Analysis
3.4.4Means of Model Analysis
3.4.5Directions for Implementation

CORRESPONDINRESEARCHAYER
3.5.1.3Analysis Layer

SOLUTIONPROVIDED

A concept categorion is given on competing methods for -Bésed
misalignmensymptomdetectionin Section 3.4The proposed framework in
Section 3.5 serves as a formal analysis method for the research topic.
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5.4 Significance and Rationale

In thisPh.D.dissertation a new way of misalignmesymptomdetectionhas been presented,
which is able to reveal typical symptoms along the four traditional alignment perspdujive
assessing the underlying EA madeThe proposed artactbased misalignment detection
framework is built on matchirthe symptoms of misalignmewith possible containing arfi&cts
and suitable EA analggiypes along alignment perspectives.

The proposedesearchframework has the potential to extend our understanding on assessing
the state of misalignmen a complex EA mod&ructure The framework allowed us to identify
and detect malfunctioning procedures along the alignment perspsctivehighlighted the
importane of and need for both an aftctbased and an EA analybased approach.

The noveltyf the studyliedin: 1) approaching the phenomenon of alignment from misalignment
perspective, 2) using a symptdmsed approach to detect the saof misalignment in an
organigtion, 3) using the concept of EAM to perform misalignment symptectionand 4)
applying rulgestingand XML validatiotechniquesn EA environment.

5.5 Research Contributions

Theresearch contributedo alignment assessmeand architecture alignment by proposing a
model for EAased misalignment assessmertie relevance of the study liéd the EAbased
approach of assessingni§alignment. The proposed framework formed wellstructured
method toanalyse EA moded.

The main contribution of the study was that it connected typical misatigheymptons to
suitable EA analysis methods along the perspectives of then®4®l. The specific contributions
of the researchvere:

1) to assess the state of alignment from the perspectiveisaignment

2) to transform misalignmerdymptons into formallyanalysablepatterns and statements,
3) to detect the symptoms of misalignmenta structured and formal manner,

4) to perform misalignmenassessmeny using EA analysis techniques and

5) to provide formal analysis tools for EA maakdessment.

For general contriltions, the construction and operation of the research framework rexdunt
contributions to the applicability of enterprise architecturenagement froma business
perspective. The proposed framework prodaew attitudes, analytical tools and methods to
support EA planning and contréh addition, the proposedesearchframework extendd
available theoretical frameworks on misalignmgymptomanalyss. Findly, it also contributed
to organgationalassessment toolkits in order teinforcemisalignment detection in practice.

5.6 Expected Results and Research Outcomes

The research produdestructured data on the symptoms of migaiment Table60 summarigs

the comparison oéxpected results and research outcomes. Research outcomes are connected
to expected outcomefisted inthe Introduction sectiohin order to present thédulfillment of
research objectivefResearch outcomes also prithe location of the accomplishment within

the dissertation.

In a broadsense the usage of the proposed framework facilitheend easd the planning and
evaluationof IT service portfolio in large, complex and heteregesorgangations In addition,
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it suppored the development of strategic directioriBhe results of successfully operating the
proposed model addresed two concerns: 1) On the one hantdconfirmed the compliance and
relevance of misalignmepatterns described from existing, reabrld misalignment symptosn

2) On the other handt verifiedthe proper construction and operation of the analysis methods
provided.

Organgations using the proposed framework will belalio assess the state of alignment by
detecting strategic and structural mismatches in their EA moOefjansations1) that are not
awareof why different operational difficulties arise, as welbagansations2) that are not in the

state of alignment will receive an instrument which is able to reyaaly-working procedures,
non-suppoted processes and redundancies in different orgditisal areas. The proposed
framework will helporgansations to correct tese strategic and structural deficiencies by
showing the content and the location of the mismatches found in their EA models. In addition, by
formally analysing their EA modelsprgangationswill also be able to reveal further operational
characteristicshat can beutilized as e.g. indicators for new strategic directions.

Table60. Expected Results and Research Outcomes

RESEARCHAUTCOME EXPECTEDUTCOME

A classificatioschemewas proposed in Section 3] EO1

1) for EAbased indicators on misalignmeand 2) | Classification of different misalignment

for EAbased misalignment symptodetection symptoms EA indicators on misalignment, EA
methods. detection techniques

An EAbased misalignment assessméamework | EO2

wasproposedin Section 3which is able to reveal | A framework which can support Ased

the mismatches betweethe different alignment | alignment assessment

domainsin the underlying EA models
Resultsvere produced inthe form ofa case study | EO3

in Section 4. Case analydésnonstratel the Case studies on the operation, correctness,
operation, correctness, relevance and accuracy { relevance, accuracy and results of the framew
the framework.

5.7 Directions for Future Research

Withthe proposedesearctramework and the cassudy, considerable progresssbeen made

with regard to the theoretical construction and practical application dfds&d misalignment
assessmenHowever, the proposed research also encounters some challenges and quastions i
need of further investigatiaApart from the topics listed in the research framework limitation
part (Section 5.1), the proposed framework clearly has some additional bmstafiopics
reserved for further examination includgenong others 1) the automatization of EA analysis
types and 2) decoupling the framework from banltEA tool features.

The next research step will be to focus on a-tedépendent, autonated implementation of the
artefact-based misalignmensymptom detection framework. In the meantime, a general
assessment framework will be @deped on alignment performance, which will be ablgit@
feedback in the investigated orgaai®ns. Feedback will include both alignment performance
evaluationand possible misalignment correctiandrealignmentactivities.
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Apart from automating the framework, there are also less radical development initiatives. As part
of future work, the approach will be evaluated against someé aietestable criteria. The
framework can be extended by anahgs the supplementary alignment perspectivée. the
Organisation IT Infrastructure, Orgaien Infastructure Strategy, IT Orgaati®n
Infrastructure, IT Iméstructure Strategy perspectiveas indicated in the proposed research
methodology, the framework caalsobe extended by the analysis of symptoms that cannot be
managedand detected solely in EA scope (S.C.03). Irditgstive additionalsources wilbe
included into the framework.

Future work will also focus on the dynamic nature of symptom detedtmnto analyse the
different states of the EA modehs well as the overarching changes in EA models over time
Research into solving this problem is already underway. A dynamic approach based on the
traditional Strategic Alignment Process is in the process of investigation.

Future work will also concenteaon further refinements on the proposed framewdBymptom
categorisition (S.C.04S.C.03) for all the 71 misalignmesymptons is already in progress
together with the alignment pspectivebased classificatianf the entire misalignment symptom
catalogue In the formercase the rate of S.C.01 and S.C.02 symptoms would also indicate the
practical applicability of the proposed research framework. (Note that a significant proportion of
clasdication has already been don@& empirical validatiomn Section 4Neverthelessfuture
studies should target the entire categgation of the entire symptoneatalogue) In the latter

case containing EA modedrd relevant EA analysis typwvill also be added to theaskification.

In addition, dden root causes have to be revealed as well as unaffected architecture domains
have to be involvedn the analysisTo enhance the accuracy and quality of misalignment
symptom detection misalignment symptomcataloguesand recommended EA analysis
collections can be expandeButure studies should also address the repepresentation of
Schematrorbased queries. In thapproachthe Schematron Validation Report Language (SVRL)
would be used to report the results of misalignment symptom detectidditionally, evemore
discussion is planned to provide its practical applicabfibhce results are proming, the
framework should be validated on some more complex EA nengd@bnments within other
organistions.Finally, additional examination methods can be established in order to approach
EAbased misalignment assessmé&om different points of view.

On a wider level, research is also needed to incorporate the methods of empirical research in the
field of information systes Additionally, an important issue to resdige future studies is to
examinethe goodness of fibf the proposed framework with predefined fit measures. This area
connecs the proposed research to the fields of schema matclaindg ontology matching.
Guidelines for future research in termstbfs type of analysis witfit measures are given by
Gerber et al. (2015) and Al Bouna et al. (2086)he samédime, the proposed research uses a

soft validatiortechnique based on followp interviews with casergangationson the detection
results.

In the longterm, this research will form the basis for additional studies on misalignment
assessmentSeveral reseah directions can be developed by using the proposed research as an
initial research approach. Different research steps propose further analysis potential. For
instance, the generation of Description Logic statements provides input to onbzegy
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misalgnment symptomanalysis. Furthermore, different XML analysis techniques contain
additional analysis potential for further EA dom@aatchingand XML matching studies.

From a methodological perspective, ttesearch will serve as an initial composite of research
design choices in the field of BAsed misalignmeranalysis On the basis of the proposed
researchfurther researchdesign activities can hiitiatedin the field of EAased misalignment
assessmentFinally, the proposed research contributes to the instantiation oftaS& IS
studies, since it constructs a model using the DSR methodology.

Inthis sectionconclusions were drawn about the proposed research. The section started with a
discussion on the research results. It was followed by an introduction of research limitations.
Subsequently, significance and rationale, research contributiodsegpected results were
summarsed and concluded. At the end of the section future research directions were
determined.
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Appendix A: List of Acronyms

The glossarintroduced in Appendix i& a collection of acronyms and terms used inRheD dissertation.

Al. List of Acronyms

ACRONYM | FULLTERM

ACMM Architecture Capability Maturity Model

ADL Architecture Definition Language

ADM Architecture Development Method

ADML Architecture Description Markup Language
AIM Amsterdam Information Model

AML ARISMarkup Language

ARIS Architecture of Integrated Information Systems
ARISAN ARISProgramming Language

BEAMS Building Blocks for Enterprise Architecture Management Solutions
BITA BusinesdT Alignment

BMM Business Motivation Model

BPA Business Process Analysis

BPEL Business Process Execution Language

BPM Business Process Management

BPMN Business Process Molile) Notation

BRM Business Reference Mdlileg

BRM Business Rule Management

BRMS Business Rule Management System

CML Conceptual Modéhg Language

CMM Capability Maturity Model

CMMI Capability Maturity Model Integration

COBIT Control Objectives for Information and Related Technologies
CSF Critical Success Factor

CSR Case Study Research

DCMI Dublin Core Metadata Initiative

DL Description Logic

DODAF Department of Defense Architecture Framework
DOM Document Object Model

DSL Domain Specific Language

DSM Domain Specific Modlng

DSML Domain Specific Mod#lg Language

DSR Design Science Research

DTD Document Type Definition

EA Enterprise Architecture

EAM Enterprise Architecture Management

EAP Enterprise Architecture Planning

EE Enterprise Engineering

EM Enterprise Modiing

FCL Formal Contract Language

FEAF Federal Enterprise Architecture Framework
GERAM Generalied Enterprise Reference Architecture and Methodology
ICT Information and Communication Technology
IDEF Integrated DEFinition Methods

(Continues)
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A1l.(Continued

ACRONYM | FULLTERM

IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
IM Information Management

IS Information Systems

ISACA Information Systems Audit and Control Association
ISO International Organation for Standardization
IT Information Technology

ITIL Information Technology Infrastructure Library
ITSM Information Technology Service Management
JS JavaScript

KPI Key Performance Indicator

MDA Model Driven Architecture

MDE Model DriverEngineering

MOF Meta-Object Facility

OCL Object Constraint Language

OoMG Object Management Group

OOP ObjectOriented Programming

ORC Object Role Calculus

ORM ObjectRelational Mapping

OWL Web Ontology Language

QVT Query/View/Transformation

RACI Responsible, Accountable, Consulted, Informed
RDF Resource Description Framework

REA ResourceeventAgent

RIF Rule Interchange Format

RuleML Rule Markup Language

RUP Rational Unified Process

SAF Strategic Alignment Framework

SAM Strategic Alignment Model

SAP Strategic Alignment Process

SBVR Semantics of Business Vocabulary and Rules
SQL Structured Query Language

SWRL Semantic Web Rule Language

TOG The Open Group

TOGAF The Open Group Architecture Framework
UML United Modelling Language

UMM UN/CEFACT Modelling Methodology

XMI eXtensible Metadata Interchange

XML eXtensible Markup Language

XPath XML Path Language

XPDL XML Process Definition Language

XSD eXtensible Schema Definition

XSLT eXtensible Stylesheet Language Transformations
XQuery XML Query Language

142



Appendix B : Misalignment Symptom Collections

This appendix contains different misalignmegimptom collections found irthe recent literature on
misalignment.

B1.An Algnment Maturity Framework witho®ential Areas forMisalignmentSymptoms (Luftman, 2000)

CRITERIA MISALIGNMENSYMPTOM

Communications Minimum Understanding of Business by IT

MinimumUnderstanding of IT by Business

Casual, Aehoc Inter/Intraorganigitional learning

Protocol RigidityCommangdand control

Ad-hoc orSemistructuredKnowledge Sharing

None or Aehoc Liaison(s) Breadth/Effectiveness

Competency/Value | Only Technical IT Metrics, Not related to business

Measurements Ad-hoc Business Metrics, Not related to IT

Ad-hoc, Unlinked Balanced Metrics

Sporadically existing or Technical Service Level Agreements

Not generally practiced or Informal Benchmarking

Lack ofFormal Assessments/Reviews or Some; Typically for problems
Lack of or Minimum Continuous Improvement

Governance Ad-hoc Business Strategic Planning or Basic planning at the functional le
Ad-hoc or Functional tactical IT Strategic Planning
Reporting/Organation Structure: CIO reports to CFO

Budgetary Control: Cost Centigrratic spending

Costbased IT Investment Management; Erratic spending

Lack of formal/regular Steeritgpmmittee(s) or Periodic orgamis
communication

Reactive oOccasionally Responsive Priodtisn Process

Partnership Business Perception of IT Value: IT Perceived as a cost of business
IT does not plagirole in Strategic Business Planning

Shared Goals, Risk, Rewards/Penalties: IT takes (most of thedhrigkev
reward

Adhoc IT Program Management

Relationship/Trust Style: Conflict/Minimum

Lack of Business Sponsor/Champion or Limited at the functionalsatgami
Scope & Architecturg The Scope of IT: Traditional (e.g. accounting, email)

Noneor Adhoc Standards Articulation

No formal architectural integraticet Functional Organisation level
No formal architectural integraticat Enterprise level

No formal architectural integraticat Inter-Enterprise level

Lack of or Limited Architectural Transparency, Flexibility

Skills Discouraged Innovation, Entrepreneurship

The Locus of Power is in the Business

Management Style: Command and control

Change Readiness: Resistancehtange

Lack of or minimum Career crossover

Lack of or minimum Education, Crdsaining

Minimum or Primarily transactional Social, Political, Trusting Environmen
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B2. Typical gmptoms ofMisalignmen®erceived irOrganisations (Luftman, 2003)

MISALIGNMENSYMPTOM

Poor understandingmongIT and business

Projects not used;anceled late

Competitive decline

Redundancies in systems development

Frequently fired IT managers

Absent systematic competencies

High turnover of IT professionals

Systenintegrationdifficulties

Inappropriate resources

Unhappy users/complaints

Frequent IT reorgarasions

Inconsistent project success rate

Lack of executive interest

lll-performing, unstable technology

Lack of vision/strategy

High employee and/or customer turnover

No communication between IT and users

Low employee satisfaction

Ongoing conflicts between business and IT

Highly charged political environment

Unselective outsourcing of IT function

Slow time to market with products/services

Productivity decrease

Frequent escalation of daily operating issues to executive le

B3. Alignment Heuristics proposed by Pereira and Sousa (2005)

CATEGORY

MISALIGNMENSYMPTOM

Alignment between | All processes create, updatecdor delete at least one entity
Busines#rchitecture | All entityattributes arereadby at least one process

and Information
Architecture

All processes assie the same entitgescription

Alignment between | Each business procesisould be supported bgt least one application systen
Business Architectur Business process tasitsould be spported by asingle application

and Application
Architecture

Critical business proceskould depend on scble am available applications
Each application system functionality should support at leasbosi@ess
procesgask

Alignment between | An entityis managed by only one application

Application
Architecture and
Information
Architecture

LT Yy Ay F 2sNDis rdchvergd, tey thelchriegponding informati
entity should be created and deleted the same computational process
The data management should be autora@mong the application systems
Private entities should depend osstricted acess applications
Confidential entities should depend westricted access applications

The rate of updates shoule fzorrelated with rate of reads
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B4. EA Alignment Heuristics proposed by Sousa et al. (2005)

CATEGORY MISALIGNMENSYMPTOM

Alignment between Inserting the same data multiplienes in different applications

Business and Logging in multiple times, once for eagiplication they need to access
Applications Recovering from a failed operation across multiple systems, requiring ca

human analyset® roll back to acoherent state
Overcoming inapprofate application functionality, e.grinting invoices ong
by one because applications do not haveérserface for multiple printing

Each business procestsould be supported byrainimumnumber of
applications

Business activities should be poped by a single application

Critical business processshould be supported by scalabla dnighly
available applications

Critical business processactivities should be supported by different
applications than the noncritichusiness processes/activities

Each application’s functionality should support at leastlharsiness process
activity

Informationrequired for critical processes should be also supported by
scalalle and highly available systems

Business processes activities requirindime/batch support should be
supported by applications running on different infrastructures, making e
the tuning of he systems for operating window

Alignment between Keeping multiple replicas of the same data coherent, because they are
Information and updated by multiple applications

Application Assuring coherency from multiple transactions, because a singjlgess
proces crosses multiple applications

Gathering information from multiple systems and coding rules to peduc
coherent view of the orgarasion's business information

Transforming data structures when dahigratesetween applications

An information entitys managed by only one application. This means thg
entities are identified, created amdused by a single application
Information entities are created when identifiers are assigned to tbeen

if at that time no attributes are known

Applications that manage information entities should provide means to 1
the entityinformationdistributable across the orgaaison using agreedn
protocols and fomats

Exporting andlistributing infemation entities across orgaatson
applications should make use of a "data store", rather than a-pmimbint
Application integration

Alignment between | All business processeactivity create, update and/or deledéleast one
Business and information entity

Information All information entityattributes are readby at leastone business process
activity

Allinformation entities have an identifier understood by business geopl

(Continues)
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B4. (Continuedl

CATEGORY MISALIGNMENSYMPTOM

All information entities must have a mean of being transformed for
presentation to appropriate audiences using enterpssndard applications
and tools

All information entities must derive from knowourcesand must have
business people responsible fordtsherene, accuracyrelevance and
quality control

All information entities must be classified and namediwithe Information
Architecture

Foreach information entityBusiness people should be responsible for
assessing the usefulness and cost/benefits of informatia sustain its
continued use

B5. Misalignment Symptom Collection proposeddarvalho and Sousa (2008)

CODE | SYMPTOMCLASSIFICATICBCHEMERECORD

S.01 | lam notawareftheorgams: G A2y Q& YA&aaaAzy

S.02 | lamnotaware oftheommid GA2y Qa adNI G§S3& FyR 3J2Ifa
S.03 | | do not know who the ultimate respdbk for a businesgrocesds

S.04 | I do not know with whom | should speak to obtain kieolge about business processe
S.05 | I do not know what my respoihdities are

S.06 | | do not know what thexpectations about myork are

S.07 | I do not know to whom | should repavithin the @ntext of different activities

S.08 | I am not aware of the process contributimwards the organation goals

S.09 | I am not aware of my contributidowards the organation goals

S.10 | I do not know with whom | should speak to obtain the seinsmf informational entities
S.11 | I do not know who the ultimate responsible for a business informational entity

S.12 | | find that same entithas different semant&according to the interlocutor

S.13 | I find that different concepts and name®arsed to refer to same entity

S.14 | 1 do not have the required information soipport dayto-day activities

S.15 | I do not have theequired informaion to support decisiomaking

S.16 | I find information outdated

S.17 | | do not know with whom | should speak to obtain informa#iod help about an application
S.18 | I do not know who the ultimate responkldfor an application is

S.19 | I need to repeat theolgin in different applications

S20 |[L aLISyR GAYS 02y TA 3diNdiysBvedal¥pplicatdR 4§ Ay 3 d
S.21 | I need to develop and use@ user computing applications

S.22 | | cannot develop/innovate certatppesof business and products

S.23 | I spend time reintroducing the same infornaetiover different applications

S.24 | | need to use different applications during the dapéocform my business activities
S.25 | I spend time executing manual valigdns thatcould be automatic

S.26 | I need to repeat the same application task several tim@&rform a business activity
S.27 | | do not understand how to use and interpret the samecephin different applications
S.28 | I need to run queries on different apgations to get full pictureof an entity

S.29 | I find iformation consistency problems

S.30 | I findinformation integrityproblems

S.31 | I spend time to correct data to ensure consistency betwefemnration replicas

S.32 | lhave noconfiderminl LILX A OF GA2y Qa AYF2NXIGA2Y

(Continues)
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B5. (Continued

CODE | SYMPTOMCLASSIFICATICBCHEMERECORD

S.33 | | find information entities wh required fields not filled

S.34 | | spendtime synchrorsing data between applications

S.35 | I need to keep competencies on several diffetenhnolajies operatingsystemsand DBMS

S36 |[L OF yQi tO2b¥siéss levél bfisetvice

S.37 | I have frequent periods wherpplications are unavailable

S.38 | I find that batch processes are not completed during thewworking geriod

S.39 | I spendextra resources and costs with new developmentsifpiciformation volume increast

S.40 | | have found unpratcted confidential information

S.41 | | have found that users have access to information not required for their buatasses
B6. Misalignment Etiology Collection proposed by Carvalho and Sousa (2008)

CODE | ETIOLOGYCLASSIFICATICBCHEMERECORD

E.0O1 | Undefined orgaisational stategy and organiional goals

E.02 | Undefined business procegeals

E.03 | Lack of relation between procegsals and orgarasional goals

E.0O4 | Undefined business roles

E.05 | Undefined responsibilities

E.06 | Undefined lerarchy or lines of reporting

E.O7 | Multiple hierarchy or lines of reporting

E.08 | Insufficient busiess users training

E.09 | Lack of data ownership

E.10 | Poor IT planing and portfolio management

E.11 | Insufficient IT resources

E.12 | Lackof IT skills and competencies

E.13 | Lack of data quality controls

E.14 | Undefined businesaformation requirements

E.15 | Multiple applicationsnanaging the same information

E.16 | Unavailable regirements athe application level

E.17 | Wrong requirements implemented #te application level

E.18 | Users managed diffendly in differentapplications

E.19 | Lack of application interfaces

E.20 | Undefined security requirements over the information entities

E.21 | Undefined capagitand performance requirements

E.22 | Under capacitynfrastructure

E.23 | Insufficient involvement of business uséar systems developments

E.24 | Undefined criéria to prioritse IT projects

E.25 | Undefined business service levels

E.26 | Lack of translation from business seevievels to IT service levels

E.27 | Lack or poosystems performance monitoring

E.28 | Technological heterogeneity

E.29 | Obsolee technological infrastructure

E.30 | Incompatble platforms or technologies
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Appendix C

: List of TOGAF

Arte facts

Thisappendix contains the entire list of TOG#tEfacts with brief description, arfact type categoriation
and ADM phase assignment.

C1.List of TOGAKrtefacts(based on TOG, 2015)

ARTEACT | TOGAFRADM
ARTEACT BRIEFDESCRIPTION
TYPE PHASE

Principles Captures principles of the business and architect| Catalogue | Preliminary
Catalogue LINAY OALX S&a GKIFG RS&aONN

architecture should look like
Stakeholder Identifies the stakeholders for the architecture Matrix Vision
Map Matrix engagement, their influence, key questions, issu

or concerns that must be addressed by the

architecture framework
Value Chain Ahightlevel orientation view cdin enterprise and | Diagram Vision
Diagram how it interacts with the outside world; focuses o

presentational impact
Solution Ahighlevel orientation of the solution that is Diagram Vision
Concept envisaged in order to meet the objectives of the
Diagram F NOKAGSOGdzZNBE Sy3aFr3asSySy

41S00KQQ 2F GKS SELISO

the engagement
Organisation/ Captures a definitive listing of all participants (in | Catalogue | Business
ActorCatalogue | differentorgangation units) that interact with IT, Architecture

including users and owners of IT systems
Driver/Goal/ Provides a crossrganisitional referencef how an | Catalogue | Business
Objective organgation meets its drivers in practical terms Architecture
Catalogue through goals, objectives, and (optionally)

measures
RoleCatalogue | Provides a listing of all authoaison levels or zoneg Catalogue | Business

within an enterprise Architecture
Business Provides a functional decompositioma form that | Catalogue | Business
Service/ can be filtered, reported on, and queried, as a Architecture
Function supplement to graphical Functional Decompositi
Catalogue diagrams
Location Alisting of all locations where an enterprise carri{ Catalogue | Business
Catalogue out business operations or houses architecturally Architecture

relevant assets, such as data cestor enduser

computing equipment
Procesdtvent/ | Ahierarchy of processes, events that trigger Catalogue | Business
Control/ processes, outputs from processes, and controlg Architecture
Product applied to the execution of processes
Catalogue
Contract/ Alisting of all agreed service contracts and Catalogue | Business
Measure (optionally) the measures attached to those Architecture
Catalogue contracts
Business Depicts the relationship interactions between Matrix Business
Interaction organgations and business functions across the Architecture
Matrix enterprise

(Continues)
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C1.(Continued)

ARTEACT | TOGARADM
ARTEACT BRIEFDESCRIPTION
TYPE PHASE

Actor/Role Shows which actors perform which roles, Matrix Business
Matrix supporting definition of security and skills Architecture

requirements
Business Describes the linksetween business goals, Diagram Business
Footprint organistional units, business functions, and Architecture
Diagram services, and maps these functions to the techni

components delivering the required capabilit
Business Shows the information needed to support one or| Diagram Business
Service/ more business services Architecture
Information
Diagram
Functional Shows on a single paghe capabilities of an Diagram Business
Decomposition | organistion that are relevant to the consideratior Architecture
Diagram of an architecture
Product Assists in understanding thigecyclesof key Diagram Business
Lifecycle entities within the enterprise Architecture
Diagram
Goal/Objective | Defines the ways in which a service contributes { Diagram Business
/Service the achievement of a business vision or strategy Architecture
Diagram
Business Use | Displays the relationships between consumers a| Diagram Business
Case Diagram | providers of business services Architecture
Organisation Describes the links between actor, rolasd Diagram Business
Decomposition | location within an organégion tree Architecture
Diagram
Process Flow Depicts all models and mappings related to the | Diagram Business
Diagram processnetamodelentity Architecture
Event Diagram | Depicts the relationship between events and Diagram Business

processes Architecture
Data Entity/ A list of all the data use across #m@erprise, Catalogue | Data
Data including data entities and also the data Architecture
Component components where data entities are stored
Catalogue
Data Entity/ Depicts the relationship between data entities an Matrix Data
Business business functions within the enterprise Architecture
Function Matrix
Application/ Depicts the relationship between applications (i.4 Matrix Data
Data Matrix application components) and the data entities th Architecture

are accessed and updated by them
Conceptual Datg Depicts therelationships between critical data Diagram Data
Diagram entities within the enterprise Architecture
Logical Data Shows logical views of the relationships betweer Diagram Data
Diagram critical data entities within the enterprise Architecture

(Continues)
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C1.(Continued)

ARTEACT | TOGARADM
ARTEFACT BRIEFDESCRIPTION
TYPE PHASE

Data Shows the relationship between data entity, Diagram Data
Dissemination | business service, and application components Architecture
Diagram
DataSecurity Depcts which actor (person, orgaatin, or Diagram Data
Diagram system) can access which enterprise data Architecture
Data Migration | Shows the flow of data from the source to the Diagram Data
Diagram target applications Architecture
DataLifecycle Depicts the way of managing business data Diagram Data
Diagram throughout its lifecycle from conception until Architecture

disposal within the constraints of the business

process
Application A list ofall the applications in the enterprise Catalogue | Application
Portfolio Architecture
Catalogue
Interface Scopes and documents the interfaces between | Catalogue | Apdication
Catalogue applications to enable the overall dependencies Architecture

between applications to b&copedas early as

possible
Application/ Depicts the relationshipetween applications and | Matrix Application
Organisation organiational units within the enterprise Architecture
Matrix
Role/ Depicts the relationship between applications an| Matrix Application
Application the businessolesthat use them within the Architecture
Matrix enterprise
Application/ Depicts the relationship between applications an| Matrix Application
Function Matrix | business functions within the enterpeis Architecture
Application Depicts communications relationships between | Matrix Application
Interaction applications Architecture
Matrix
Application Depicts all models and mappings related to Diagram Application
Communication | communication betweeapplications in the Architecture
Diagram metamodelentity
Application and | Shows the geographical distribution of applicatio] Diagram Application
User Location Architecture
Diagram
Application Use | Displays the relationships between consumers a| Diagram Application
Case Diagram | providers of application services Architecture
Enterprise Shows how one or more applications interact wit| Diagram Application
Manageability | application and technology components that Architecture
Diagram supportoperational management of a solution
Process/ Depicts the sequence of events when multiple | Diagram Application
Application applications are involved in executing a business Architecture
Realiation process
Diagram

(Continues)
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C1.(Continued)

ARTEACT | TOGARADM
ARTEACT BRIEFDESCRIPTION
TYPE PHASE

Software Breaks applications into packages, modules, Diagram Application
Engineering services, and operations from a development Architecture
Diagram perspective
Application Identifies application migration from baseline to | Diagram Application
Migration target application components Architecture
Diagram
Software Shows how application software is structured an( Diagram Application
Distribution distributed across the estate Architecture
Diagram
Technology Documents the agreed standards for technology| Catalogue | Technology
Standards across the enterprise covering technologies, and Architecture
Catalogue versions, the technology lifecycles, and the refre

cycles forhe technology
Technology A list of all the technology in use across the Catalogue | Technology
Portfolio enterprise, including hardware, infrastructure Architecture
Catalogue software, and application software
Application/ Documents the mapping of applications to Matrix Technology
Technology technology platform Architecture
Matrix
Environments | Depicts which locations host which applications,| Diagram Technology
and Locations | identifies what technologies and/or applications g Architecture
Diagram usedat which locations, and finally identifies the

locations from which business users typically

interact with the applications
Platform Depicts the technology platform that supports thg Diagram Technology
Decomposition | operations of the Iformation Systems Architectur Architecture
Diagram
Processing Focuses on deployable units of code/configuratiq Diagram Technology
Diagram and how these are deployed onto the technology Architecture

platform
Networked Documents the mapping between logical Diagram Technology
Computing/ applications and the technology components (e.¢ Architecture
Hardware server) thatsupportthe application both in the
Diagram development and production environments
Communication | Describes the means of communicatiorthe Diagram Technology
s Engineering | method of sending and receiving information Architecture
Diagram between these assets in the Technology

Architecture; insofar as the selection of package

solutions in the preceding architectures put spec

requirements on the comonications between the

applications
Project Context | Shows the scope of a work package to be Diagram Opportunities
Diagram implemented as a part of a broader transformatic and Slutions

roadmap

(Continues)
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C1.(Continued)

ARTEACT | TOGARADM
ARTEFACT BRIEFDESCRIPTION
TYPE PHASE
Benefits Shows opportunities identified in an architecture| Diagram Opportunities
Diagram definitionclassified according to their relative size and Solutions

benefit, and complexity

Requirements
Catalogue

Captures things that the enterprise needs to do t
meet its objectives

Catalogue

Requirements
Management
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Appendix D

. Preliminary R

esults 0 n SAM -based Misalignment Assessment

This appendix contains a composition of concepts for al&skd misalignmergssessmenframeworkusing alignment domaimatches.
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D1.Preliminary Resultsm@AMbased Misalignment Assessment

Business Strategy

Frameworks for
Structure-to-Strategy
Matching

= |* technique

* Goal modeling

* Business value assessment

Matching Frameworks
* Ontology

* Archimate

* Graph

« XML

* Bayesian Network

Matching Techniques

* Landscape mapping

* Decoupling mechanism

« Ontology-matching

* Integration of EA domains

Organisational
Infrastructure

Views of EA Models

* Views

* VViewpoints
* Metamodel
* TRM

* lll-RM

Supportive
Frameworks
* BEAMS

Supportive Concepts
and Tools

* Entity relationships

* EA measurement items

Methods for EA
Landscape
Management

* Portfolio analysis

* Current state
assessment

+ Domain analysis

= Change impact
analysis

« Architecture principles
* Architecture patterns

Frameworks
for Analysis
* LEAP
* SEAM

Frameworks for Matching Analysis

* Architecture compliance review

= Architecture governance assessment
= Architecture maturity assessment

* Performance analysis

EA Analysis Types

» Dependency analysis

* Network analysis

= Coverage analysis

* Interface analysis

= Complexity analysis

* Enterprise interoperability
assessment

* Enterprise coherence
assessment

Sources for EA Analysis

* Consolidated gaps, solutions,

dependencies mx
* EA state evolution table
* Business interaction mx
* ISs interoperability mx

* Business footprint diagram

* Governance log

= Architecture compliance review

answers
+ Maturity models

Means of Symptom Detection
= Gap analysis
* Error detection technig

Means of Symptom Categorization
functionality misfits | data misfits | usability misfits | role misfits | control misfits

e

IT Strategy

Frameworks for
Structure-to-Strategy
Matching

* |* technique

+ Goal modeling

* Business value assessment

* Views

* Viewpoints
* Metamodel
* TRM

* llI-RM

Views of EA Models

Supportive Concepts
and Tools

* Entity relationships

* EA measurement items
« Architecture principles
= Architecture patterns

Methods for EA

Landscape

Management

* Portfolio analysis

* Current state
assessment

* Domain analysis

* Change impact
analysis




Appendix E : Preliminary R esults on TOGAF -based Misalignment  Assessment

Thisappendix contains a composition of TO®GASed concepts for misalignmergsessment

E1.Preliminary Resultsh TOGAMased Misalignment Assessment

e A ti f ) . ;
0 . SS_UmdPTI"n; ° I Architecture Architecture Request for Architecture
,
‘ €quired Technica Patterns Principles Work (RAW)
‘ Functionality

Architecture Definition
Document (ADD)
e Architecture Domains

Sources of ADD

Core Architecture Artifacts

Basic Architecture Concepts

Content Metamodel Objects, Attributes,
Relationships

Integration of Architectural Artifacts
Motivation Extension

Service Extension

4

L 4

Architecture Repository
® Architecture Landscape

Views of Architecture
7 Y Landscape
= Views
+ Viewpoints
* Metamodel
= TRM

Techniques for EA Analysis \ * llI-RM

*  Gap analysis

= Architecture Complience Review

+ Enterprise Coherence Assessment

= Business Value Assessment Technique
* Architecture Governance

+ Architecture Maturity Assessment

Sources of EA Analysis

« Consolidated Gaps, Solutions,
Dependencies Matrix

« EA State Evolution Table

* Business Interaction Matrix

* Information Systems Interoperability Matrix
\ * Business Footprint Diagram
\ * Governance Log
h * Architecture Compliance Assessment Log

*  Maturity Models
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Appendix F : Prelim inary Results on Symptom Localis ation

This appendix contains a thought experiment for TAGAEd misalignmergymptomlocalistion. In this
preliminaryresult misalignment symptoms are located on the TOGAF metamodel

F1. Misalignment gmptom Collection (Carvalho and Sousa, 2008; Pereira and Sousa, 2005; Sousa et al.,
2004)

CODE | MISALIGNMENSYMPTOM

S.01 | Unknown proess contribution towards orgamison goals
S.02 | Unkrown contribution towards orgarasion goals

S.03 | Unknown responsibilities

S.04 | The ultimate responsible for a business proces®t known
S.05 | Lack of requireéhformation to support decision making
S.06 | Lack of required information to support derday activities
S.07 | Outdated informatioris found

S.08 | Information entities do not have a business actor responsible for its cohereng
accuracy

S.09 | Time isspent on synchroaing data between applications

S.10 | Nonautomatic data management among application systems

S.11 | Frequent periods are found where applications are unavailable

S.12 | Compliance problems with required business level of services due apjmiwation
performance

S.13 | Information required for critical processes are not supported by scalable and
available systems

S.14 | There are processes that do not create, update and/or delete at least one entity
S.15 | There are enty attributes that are not read by at least one process
S.16 | There are business procesghat are not supported by at least one application sys
S.17 | There are application system functionalities that dosuptport at least one busineg
processactivity

S.18 | Time is spent on reintroducing the same information over different applications
S.19 | Aninformation entitys managed by multiple applications

S.20 | Businesgrocess is supported by multiple applications

S.21 | Critical business processdo not depend on scalable and available applications
S.22 | The rate of updates are not correlated with rate of reads

S.23 | Unprotected confidentidhformation are found

S.24 | Confidential/private entities do not depend on restricted access applications
S.25 | Problems with information integrity

S.26 | Unknown reporting lines

S.27 | Repeated logins in different applications

S.28 | Information entities do not derive from known sources
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F2.Locating NsalignmentSymptoms on TOGA%etamodel (based on TO&)15

Legend:
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@==@"*® overarching connection

w misalignment symptom
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Appendix G
Analysis

. Preliminary Results

on Perspective

-based Symptom

In thisappendix preliminary results are given on alignment perspedbiased symptom detectioand

analysis.

G1. Analysis of Strategy Executia@r$pective

PERSPECTIVE
COMPONENT

MISALIGNMENT
SYMPTOM

CONTAININGEAARTEFACT

RELATEEA
ANALYSISYPE

P.1.1 Business
Strategy and
Business
Structure

S.01 Undefined
organistional
mission strategy and
goals

AF.01Driver/Goal/Objectiv€atalogue
AF.06Business Footprint Diagram
AF.08Goal/Objective/Service Diagran

A.03 Coverage
analysis

matching

S.02 Undefined
business process
goals, business
process owners

AF.10 Organaional Decomposition
Diagram
AF.01Driver/Goal/Objectiv€atalogue
AF.02RoleCatalogue

Actor/Role Matrix

AF.06Business Footprint Diagram
AF.08Goal/Objective/Service Diagran
AF.09Business Us€ase Diagram

A.03 Coverage
analysis

S.03 Lack of relation

AF.01Driver/Goal/Objectiv€atalogue

A.01 Dependency

between process AF.06Business Footprint Diagram analysis,

goals and AF.08Goal/Objective/Service Diagran| A.02 Network
organigtional goals analysis

S.04 Undefined AF.10 Organaional Decomposition | A.03 Coverage
business roles or Diagram analysis

responsibilities

AF.02RoleCatalogue
Actor/Role Matrix
AF.09Business Us€ase Diagram

S.05 Undefined or
multiple hierarchy or
lines of reporting

AF.10 Organggional Decomposition
Diagram

AF.02RoleCatalogue
AF.05Actor/Role Matrix

A.01 Dependency
analysis,

A.06 Enterprise
interoperability

AF.09 Business U&mase Diagram assessment
P.1.2 Businesg S.06 Application AF.15%Application Portfoli€Catalogue | A.01 Dependency
Structure and | functionality does not AF.06Application/Function Matrix analysis,
IT Structure support at least one | AF.20Process/Application Reation A.03 Coverage
matching business process Diagram analysis,
activity A.08
Heterogeneity
analysis
S.07 Business procey AF.11Process Flow Diagram A.01 Dependency
tasksupported by AF.15Application PortfolicCatalogue | analysis,
more than one AF.06Application/Function Matrix A.03 Coverage
application AF.20Process/Application Reation analysis,
Diagram A.08
Heterogeneity
analysis

(Continues)
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GL1 (Continuedl

PERSPECTIVE
COMPONENT

MISALIGNMENT
SYMPTOM

CONTAININGEEAARTEFACT

RELATEEA
ANALYSISYPE

S.08 Critical businesg
processdoes not
depend on scalable
and available
applications

AF.15 Application PortfolicCatalogue
AF.06Application/Function Matrix
AF.19%pplicationUseCase Diagram
AF.20Process/Application Reation
Diagram
AF.23Application/Technology Matrix

A.01 Dependency
analysis,

A.03 Coverage
analysis

S.09 Inappropriate
application
functionality

AF.15Application Portfoli€Catalogue
AF.06Application/Furtion Matrix
AF.17Application Interaction Matrix
AF.1%pplication Us&Case Diagram
AF.20Process/Application Redison
Diagram

A.03 Coverage
analysis,

A.07 Enterprise
coherence
assessment

S.22 Undefined

AF.04Contract/MeasureCatalogue

A.03 Coverage

business service analysis,
levels A.07 Enterprise
coherence
assessment
G2. Analyss of Technology TransformatioarBpective
PERSPECTIVE| MISALIGNMENT RELATEEA

CONTAININAEAARTEFACT

COMPONENT | SYMPTOM ANALYSISYPE
P.2.1 Business S.10 Insufficient IT | AF.21Software Distribution Diagram | A.05 Complexity
Strategy and | resources AF.24 Platform Decomposition Diagrq analysis,
IT Strategy A.08
matching Heterogeneity
analysis
S.11 Lack of IT skills| AF.02RoleCatalogue A.02 Network
and competencies | AF.100rganisation Decomposition analysis,
Diagram A.03 Coverage
analysis,
A.05 Complexity
analysis
S.12 Lack of skills to | AF.03Business Service/Function A.03 Coverage
develop or innovate | Catalogue analysis
certaintypes of AF.07Functional Decomposition
products Diagram
S.13 Poor IT plannin¢ AF.07Functional Decomposition A.03 Coverage
and portfolio Diagram analysis,
management AF.15Application Portfoli€Catalogue | A.05 Complexity
analysis,
A.08
Heterogeneity
analysis
P.2.21T S.13 Poor IT plannin¢ AF.07 Functional Decomposition A.03 Coverage
Strategy and | and portfolio Diagram analysis,

management

AF.15 Application Portfol@@atalogue

(Continues)
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G2. (Continuedl

PERSPECTIVE
COMPONENT

MISALIGNMENT
SYMPTOM

CONTAININAEAARTEFACT

RELATEEA
ANALYSISYPE

IT Structure
matching

A.05 Complexity
analysis,

A.08
Heterogeneity
analysis

S.10 Insufficient IT
resources

AF.21 Software Distribution Diagram
AF.24 Platform Decomposition Diagra

A.05 Complexity
analysis,

A.08
Heterogeneity
analysis

S.14 Under capacity
infrastructure

AF.21 Software Distribution Diagram
AF.24 Platform Decomposition Diagra

A.02 Network
analysis,

A.03 Coverage
analysis

S.15 Lack or poor
systems performance
monitoring

AF.25Processing Diagram

A.02 Network
analysis,

A.05 Complexity
analysis,

A.07 Enterprise
coherence
assessment

S.16 Out of date
technological
infrastructure

AF.22 Technology Portfol@atalogue
AF.24 Platform Decompositiiagram
AF.25 Processing Diagram

A.03 Coverage
analysis,

A.04 Interface
analysis,

A.05 Complexity
analysis,

A.06 Enterprise
interoperability

assessment
A.08
Heterogeneity
analysis
G3. Analysis of Competitiieotential [rspective
PERSPECTIVE | MISALIGNMENT RELATEEA

CONTAININAEAARTEACT

COMPONENT | SYMPTOM ANALYSIFYPE
P.3.1IT S.12 Lack of skills | AF.03Business Service/Function A.03 Coverage
Strategy and | to develop or Catalogue analysis
Business innovatecertain AF.07Functional Decomposition Diagra

Strategy types of business

matching and products

(Continues)
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G3. (Continuedl

PERSPECTIVE

MISALIGNMENT

CONTAININAEEAARTEACT

RELATEEA

COMPONENT | SYMPTOM ANALYSIFYPE
S.13 Poor IT AF.07Functional Decomposition Diagra A.03 Coverage
planning and AF.15Application PortfolicCatalogue analysis,
portfolio A.05 Complexity
management analysis,

A.08
Heterogeneity
analysis

P.3.2 Business| S.01 Undefined AF.01Driver/Goal/Objectiv€atalogue | A.03 Coverage

Strategy and organistional AF.06Business Footprint Diagram analysis

Business
Structure
matching

mission strategy
and goals

AF.08Goal/Objective/Service Diagram

S.02 Undefined
business process
goals, business
process owners

AF.10 Organaional Decomposition
Diagram
AF.01Driver/Goal/Objectiv€atalogue
AF.02RoleCatalogue

AF.05%Actor/Role Matrix
AF.06Business Footprint Diagram
AF.08Goal/Objective/Service Diagram
AF.09Business Us€ase Diagram

A.03 Coverage
analysis

S.03 Lack of
relation between
procesgyoals and
organgational
goals

AF.01Driver/Goal/Objectiv€atalogue
AF.06Business Footprint Diagram
AF.08Goal/Objective/Service Diagram

A.01 Dependency
analysis,

A.02 Network
analysis

S.04 Undefined
business roles or
responsibilities

AF.10 Orgasational Decomposition
Diagram

AF.02RoleCatalogue
AF.05%Actor/Role Matrix
AF.09Business Us€ase Diagram

A.03 Coverage
analysis

S.05 Undefined or
multiple hierarchy
or lines of
reporting

AF.10 Organggional Decomposition
Diagram

AF.02RoleCatalogue
AF.05Actor/Role Matrix
AF.09Business Us€ase Diagram
AF.100rganisation Decomposition

Diagram

A.01 Dependency
analysis,

A.06 Enterprise
interoperability
assessment
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G4. Analysis of Service Lefelspective

PERSPECTIVE

MISALIGNMENT

CONTAININGEAARTEFACT

RELATEEA

COMPONENT | SYMPTOM ANALYSISYPE
P.4.11T S.13 Poor IT AF.07Functional Decomposition Diagra A.03 Coverage
Strategy and IT| planning and AF.15Application Portfoli€Catalogue analysis,
Structure portfolio A.05 Complexity
matching management analysis,
A.08
Heterogeneity
analysis
S.15 Lack or poor | AF.25Processing Diagram A.02 Network
systems analysis,
performance A.05 Complexity
monitoring analysis,
A.O7Enterprise
coherence
assessment
S.18 Technologicg AF.22Technology Portfoli€atalogue A.08
heterogeneity AF.23Application/Technology Matrix Heterogeneity
AF.24Platform Decomposition Diagram| analysis
AF.25 Processing Diagram
S.19 Incompatible| AF.22Technology Portfoli€atalogue A.04 Interface
platforms or AF.23Application/Technology Matrix analysis,
technologies AF.24Platform Decomposition Diagram| A.06 Enterprise
AF.25Processindiagram interoperability
assessment
S.14 Under AF.21Software Distribution Diagram A.02 Network
capacity AF.24Platform Decomposition Diagram| analysis,
infrastructure AF.25Procesmg Diagram A.03 Coverage
analysis
S.16 Oubf date AF.22Technology Portfoli€atalogue A.03 Coverage
technological AF.24Platform Decomposition Diagram| analysis,
infrastructure AF.25 Processing Diagram A.04 Interface
analysis,
A.05 Complexity
analysis,
A.06 Enterprise
interoperability
assessment
A.08
Heterogeneity
analysis
P.421T S.20 Frequent AF.18Application and User Location A.05 Complexity
Structure and | periods while Diagram analysis,
Business applications are | AF.19Application Usé€ase Diagram A.07 Enterprise
Structure unavailable AF.23Application/Technology Matrix coherence
matching AF.25Processing Diagram assessment

(Continues)
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G4. (Continuedl

PERSPECTIVE
COMPONENT

MISALIGNMENT
SYMPTOM

CONTAININGEEAARTEFACT

RELATEEA
ANALYSISYPE

S.21 Information
consistency or
integrity problems

AF.12Data Entity/Data Component
Catalogue

AF.13Data Entity/Business Function
Matrix

A.01 Dependency,
analysis,

A.06 Enterprise
interoperability

AF.14 Data Migration Diagram assessment

A.07 Enterprise
coherence
assessment
A.08
Heterogeneity
analysis

S.08 Critical AF.15%Application Portfoli€Catalogue A.01 Dependency

business processg AF.16Application/Function Matrix analysis,

are not supported | AF.19Application Usé€ase Diagram A.03 Coverage

by scalable and | AF.20Process/Application Realt®n analysis

highly available
applications

Diagram
AF.23Application/Technology Matrix

S.22 Undefined
business service
levels

AF.04Contract/Measte Catalogue

A.03 Coverage
analysis,

A.07 Enterprise
coherence
assessment
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Appendix H : Schematic  Structure of AML Exports

This appendix contains the general structure of AR$8d XML (ANllexports, which are generated from
EA moddd.

H1.Schematic Structure of ANHxports

<?xml version="1.0" encoding="UTF -8"?>
<AML>
<Header - Info/>
<Database>
<AttrDef>
<AttrValue>< /AttrValue>
</AttrDef>
</Database>
<FontStyleSheet>
<AttrDef>
<AttrValue></AttrValue>
</AttrDef>
<FontNode/>
</FontStyleSheet>
<FFTextDef>
<AttrDef>
<AttrValue></AttrValue>
</AttrDef>
</FFTextDef>
<OLEDef>
<GUID></GUID>
</OLEDef>
<Group>
<ObjDef>
<AttrDef>
<AttrValue></AttrValue>
</AttrDef>
<CxnDef></CxnDef>
</ObjDef>
<Model>
<Lane></Lane>
<AttrDef>
<AttrValue></AttrValue>
</AttrDef>
<ObjOcc>
<CxnOcc>
<AttrOcc></AttrOcc>
</CxnOcc>
<AttrOcc></AttrOcc>
</ObjOcc>
<FFTextOcc>
<Position/>
</FFTextOcc>
<GfxObj>< /GfxObj>
<OLEOcc>
<Position/>
<Size/>
</OLEOcc>
<Union></Union>
</Model>
</Group>
</AML>
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Appendix I: Document Type Definition (DTD) for ARIS XML

This appendix contains the document type definition (DTDARb&Xport, i.e. forARISased XML (ANIL
documents.

I1. Schematic Structure of ANHxports

<?xml version="1.0" encoding="UTF - 8"7?>

<IELEMENT AML (Header - Info, Language+, Prefix*, Database?,

LDAPSettings?, User*, UserGroup*, FontStyleSheet*, FFTextDef*,

OLEDef*, Group, Delete*)>

<IELEMENT Header - Info EMPTY>

<IATTLIST Header - Info CreateTime NMTOKEN #IMPLIED CreateDate NMTOKEN

#IMPLIED DatabaseName C DATA #IMPLIED UserName CDATA #IMPLIED

ArisExeVersion (61 62]70|71]|80|90| 95|96 | 97) #REQUIRED>

<IELEMENT Prefix (#PCDATA) >

<IATTLIST Prefix Default (YES | NO) "NO">

<IELEMENT Blob (#PCDATA)>

<IELEMENT Flag (#PCDATA)>

<IELEMENT GUID (#PCDATA) >

<IELEMENT FilterGUID (#PCDATA)>

<IELEMENT MasterGUID (#PCDATA)>

<IELEMENT TypeGUID (#PCDATA)>

<IELEMENT TemplateGUID (#PCDATA)>

<IELEMENT SymbolGUID (#PCDATA)>

<IELEMENT ExternalGUID (#PCDATA)>

<IELEMENT Pen EMPTY>

<IATTLIST Pen Color NMTOKEN #REQUIRED S  tyle NMTOKEN #REQUIRED Width

NMTOKEN #REQUIRED>

<IELEMENT Brush EMPTY>

<IATTLIST Brush Color NMTOKEN #REQUIRED Style NMTOKEN #IMPLIED Hatch

NMTOKEN #IMPLIED Color2 NMTOKEN #IMPLIED BrushType (SOLID |

TRANSPARENT | GRADIENT_LEFT | GRADIENT_TOP |

GRADIENT_DIAGONAL_TOP_LEFT | GRADIENT_DIAGONAL_BOTTOM_LEFT) "SOLID">

<IELEMENT Size EMPTY>

<IATTLIST Size Size.dX NMTOKEN #REQUIRED Size.dY NMTOKEN #REQUIRED>

<IELEMENT Position EMPTY>

<IATTLIST Position Pos.X NMTOKEN #REQUIRED Pos.Y NMTOKEN #REQUIRED>

<IELEMENT Data base (AttrDef+)>

<IELEMENT Language (LanguageName?, LogFont?)>

<IATTLIST Language Language.ID ID #IMPLIED Localeld NMTOKEN

#REQUIRED Codepage CDATA #REQUIRED>

<IELEMENT LanguageName (#PCDATA)>

<IELEMENT LogFont EMPTY>

<IATTLIST LogFont FaceName CDATA #REQU  IRED Height NMTOKEN #REQUIRED

Width NMTOKEN #REQUIRED Escapement NMTOKEN #REQUIRED Orientation

NMTOKEN #REQUIRED Weight NMTOKEN #REQUIRED ltalic (YES | NO) "NO"
Underline (YES | NO) "NO" StrikeOut (YES | NO) "NO" CharSet

NMTOKEN #REQUIRED OutPrecision NMTO KEN #REQUIRED ClipPrecision NMTOKEN

#REQUIRED Quality NMTOKEN #REQUIRED PitchAndFamily NMTOKEN #REQUIRED

Color NMTOKEN #REQUIRED>

<I[ELEMENT LDAPProperty EMPTY>

<IATTLIST LDAPProperty key NMTOKEN #REQUIRED value CDATA #REQUIRED>
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I11. (Continued)

<IELEMENT LDAPSettings (LDAPProperty*)>

<IELEMENT User (GUID?, AttrDef*, FilterGUID*, Prefix?)>

<IATTLIST User User.ID ID #REQUIRED Name CDATA #IMPLIED isSystem (true

| false) "false" Passwd NMTOKEN #IMPLIED External NMTOKEN #IMPLIED
ExternallD CDATA #IMPLIED>

<IELEMENT UserGroup (GUID?, AttrDef*, FilterGUID*, Prefix?)>

<IATTLIST UserGroup UserGroup.ID ID #REQUIRED Name CDATA #IMPLIED
User.ldRefs IDREFS #IMPLIED ExternallDs CDATA #IMPLIED>

<IELEMENT FontStyleSheet (GUID?, AttrDef*, FontNode+)>

<IATTLIST FontStyleSheet FontSS.ID ID #REQUIRED>

<I[ELEMENT FontNode EMPTY>

<IATTLIST FontNode Localeld NMTOKEN #REQUIRED FaceName CDATA #REQUIRED
Height NMTOKEN #REQUIRED Width NMTOKEN #REQUIRED Escapement NMTOKEN
#REQUIRED Orientation NMTOKEN #REQUIRED Wei  ght NMTOKEN #REQUIRED
Italic (YES | NO) "NO" Underline (YES | NO) "NO" StrikeOut (YES | NO)

"NO" CharSet NMTOKEN #REQUIRED OutPrecision NMTOKEN #REQUIRED
ClipPrecision NMTOKEN #REQUIRED Quality NMTOKEN #REQUIRED
PitchAndFamily NMTOKEN #REQUIRED Color NMTOK  EN #REQUIRED>
<IELEMENT Link (GUID?)>

<IATTLIST Link To.ldRef IDREF #REQUIRED TypeNum NMTOKEN #IMPLIED
LinkRules NMTOKEN #IMPLIED>

<I[ELEMENT ExtCxnDef (GUID?, AttrDef*, ExtCxnDef*)>

<IATTLIST ExtCxnDef ExtCxnDef.ID ID #REQUIRED ExtCxnDef.Type
NMTOKEN #REQRBED ToDef.IdRef IDREF #REQUIRED Reorg (DELETE|NODELETE)
"DELETE" LastUpdated CDATA #IMPLIED Creator CDATA #IMPLIED
CreationTimeStamp CDATA #IMPLIED LastModifier CDATA #IMPLIED
LastModificationTimeStamp CDATA #IMPLIED>

<IELEMENT CxnDef (GUID?, AttrDef*, Ex tCxnDef*, Link*)>

<IATTLIST CxnDef CxnDef.ID ID #REQUIRED CxnDef.Type NMTOKEN #REQUIRED
ToObjDef.IdRef IDREF #REQUIRED LinkedModels.ldRefs IDREFS #IMPLIED

Reorg (DELETE|NODELETE) "DELETE" LastUpdated CDATA #IMPLIED
SourceOrderNum NMTOKEN #IMPLIED TargetOrd erNum NMTOKEN #IMPLIED
Creator CDATA #IMPLIED CreationTimeStamp CDATA #IMPLIED LastModifier
CDATA #IMPLIED :astModificationTimeStamp CDATA #IMPLIED>

<IELEMENT ObjDef (GUID?, MasterGUID?, SymbolGUID?, AttrDef*, CxnDef*,
ExtCxnDef*, Link*)>

<IATTLIST ObjDef ObjDef.ID ID #REQUIRED TypeNum NMTOKEN #REQUIRED
LinkedModels.ldRefs IDREFS #IMPLIED ToCxnDefs.IldRefs IDREFS #IMPLIED

Reorg (DELETE|NODELETE) "DELETE" UmIManaged (NO | YES) "NO"
CentraSiteManaged (NO | YES) "NO" CentraSiteSyncRunning (NO | YES)

"NO" Centra SitelnProduction (NO | YES) "NO" SubTypeNum NMTOKEN

#IMPLIED SymbolNum NMTOKEN #IMPLIED LastUpdated CDATA #IMPLIED
CompositePosition NMTOKEN #IMPLIED CompositeType NMTOKEN #IMPLIED
Creator CDATA #IMPLIED CreationTimeStamp CDATA #IMPLIED LastModifier
CDATA #IMPLIED LastModificationTimeStamp CDATA #IMPLIED>

<IELEMENT BackGroundColor EMPTY>

<IATTLIST BackGroundColor Color NMTOKEN #REQUIRED>

<IELEMENT Bold EMPTY>

<I[ELEMENT Container EMPTY>

<IELEMENT Enumeration EMPTY>

(Continues)
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I11. (Continued)

<IATTLIST Enumeration Typ e (ORDERED|UNORDERED) #REQUIRED>
<IELEMENT Font EMPTY>

<IATTLIST Font Name CDATA #REQUIRED>

<IELEMENT ltalic EMPTY>

<IELEMENT SoftHyphen EMPTY>

<IELEMENT LineBreak EMPTY>

<IELEMENT Paragraph EMPTY>

<IATTLIST Paragraph Alignment (LEFT|CENTER|RIGHT|UNDEFINED )
"UNDEFINED" Indent NMTOKEN #IMPLIED>

<IELEMENT PlainText EMPTY>

<IATTLIST PlainText TextValue CDATA #REQUIRED>

<IELEMENT SizeElement EMPTY>

<IATTLIST SizeElement Value NMTOKEN #IMPLIED>

<IELEMENT StrikeThrough EMPTY>

<IELEMENT TextColor EMPTY>

<IATTLIST TextColor Color NMTOKEN #REQUIRED>

<IELEMENT Underline EMPTY>

<IELEMENT StyledElement ( (BackGroundColor, StyledElement*) |(Bold,
StyledElement*)|(Container, StyledElement*)|(Enumeration,
StyledElement*)|(Font, StyledElement*)|(Italic,

StyledElement*)|Soft Hyphen|LineBreak|(Paragraph,
StyledElement*)|PlainText|(SizeElement,

StyledElement*)|(StrikeThrough, StyledElement*)|(TextColor,
StyledElement*)|(Underline, StyledElement*))>

<IELEMENT AttrValue ( #PCDATA | StyledElement )* >

<IATTLIST AttrValue Localeld N MTOKEN #REQUIRED>
<IELEMENT AttrDef (AttrValue+)>

<IATTLIST AttrDef AttrDef.ID ID #IMPLIED AttrDef.Type NMTOKEN
#REQUIRED>

<IELEMENT LabelOcc (Position, Size)>

<IATTLIST LabelOcc TypeNum NMTOKEN #REQUIRED Rotation NMTOKEN
#REQUIRED FontSS.IdRef IDREF #IMPL IED>

<I[ELEMENT PresentationOption EMPTY>

<IATTLIST PresentationOption key NMTOKEN #REQUIRED value CDATA
#REQUIRED>

<IELEMENT ObjOcc (SymbolGUID?, Pen?, Brush?, Position?, Size?,
ExternalGUID?, CxnOcc*, AttrOcc*, ExtCxnOcc*, LabelOcc*,

MultiDefCxnOcc*, Pres entationOption*, Link*)>

<IATTLIST ObjOcc ObjOcc.ID ID #REQUIRED ObjDef.IdRef IDREF #REQUIRED
ToCxnOccs.ldRefs IDREFS #IMPLIED Zorder NMTOKEN #IMPLIED SymbolNum
NMTOKEN #REQUIRED Active (YES | NO) "YES" Shadow (YES | NO) "NO"
Visible (YES | NO) "YES" Expan ded (YES | NO) "NO" EmbeddingContainer
(YES | NO) "NO" Flags NMTOKEN #IMPLIED Hints NMTOKEN #IMPLIED
SequenceNumber NMTOKEN #IMPLIED HasSymbolEffect NMTOKEN #IMPLIED
FontSS.IdRef IDREF #IMPLIED>

<IELEMENT FFTextOcc (Position?,Size?)>

<IATTLIST FFTextOcc FFTextOcc.ID ID #IMPLIED FFTextDef.IdRef IDREF
#REQUIRED FontSS.IdRef IDREF #IMPLIED SymbolFlag (TEXT | SYMBOL |
ATTRNAME | ATTRNAME_AND_SYMBOL | POSTIT | SYMBOL_AND_POSTIT |
ATTRNAME_AND_POSTIT | ATTRNAME_AND_SYMBOL_AND_POSTIT) #REQUIRED

(Continues)
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I11. (Continued)

Alignment (LEFT | CENTER | RIGHT) "LEFT" Zorder NMTOKEN
#IMPLIED>
<IELEMENT AttrOcc (Size?)>
<IATTLIST AttrOcc AttrOcc.ID ID #IMPLIED AttrTypeNum NMTOKEN #REQUIRED
Port (CENTER |[N|NE|E|SE|S|SW|W | NW | NONE | UPPER_MIDDLE
| LOWER_MIDDLE | PORT_FREE) #REQUIRED OrderNum NMTOKEN #REQUIRED
Alignment (LEFT | CENTER | RIGHT) "LEFT" SymbolFlag (TEXT | SYMBOL |
WIDTH_ATTR_NAME | ATTR_NAME_AND_SYMBOL) #REQUIRED FontSS.IdRef IDREF
#IMPLIED OffsetX NMTOKEN #IMPLIED OffsetY NMTOKEN # IMPLIED
Rotation NMTOKEN #IMPLIED>
<IELEMENT ExtCxnOcc (Pen?, Position*, AttrOcc*, ExtCxnOcc*)>
<IATTLIST ExtCxnOcc ExtCxnOcc.ID ID #REQUIRED ExtCxnDef.IdRef IDREF
#REQUIRED ToOcc.ldRef IDREF #REQUIRED Zorder NMTOKEN #IMPLIED Active
(YES | NO) "YES" Dia gonal (NO | YES) "NO" Visible (YES | NO) "YES"
Hints NMTOKEN #IMPLIED>
<IELEMENT CxnOcc (Pen?, Position*, AttrOcc*, ExtCxnOcc*, Link*)>
<IATTLIST CxnOcc CxnOcc.ID ID #REQUIRED CxnDef.ldRef IDREF #REQUIRED
ToObjOcc.ldRef IDREF #REQUIRED Zorder NMTOKEN #IMPL IED Active (YES |
NO) "YES" Diagonal (NO | YES) "NO" Visible (YES | NO) "YES" Embedding
(YES | NO) "NO" Hints NMTOKEN #IMPLIED SrcArrow NMTOKEN #IMPLIED
TgtArrow NMTOKEN #IMPLIED>
<IELEMENT MultiDefCxnOcc (Pen?, Position*, AttrOcc*, LabelOcc*,
PresentationO  ption*, MultiDefCxnOcc*)>
<IATTLIST MultiDefCxnOcc MultiDefCxnOcc.ID ID #REQUIRED Def.ldRef
IDREF #IMPLIED ToObj.ldRef IDREF #REQUIRED Participants.ldRefs IDREFS
#IMPLIED Zorder NMTOKEN #IMPLIED Hints NMTOKEN #IMPLIED SymbolNum
NMTOKEN #IMPLIED FontSS.IdRe f IDREF #IMPLIED>
<IELEMENT Lane (GUID?, Pen?, Brush?, AttrDef*)>
<IATTLIST Lane Lane.ID ID #IMPLIED Lane.Type NMTOKEN #REQUIRED
Orientation (VERTICAL | HORIZONTAL) #REQUIRED StartBorder NMTOKEN
#REQUIRED EndBorder NMTOKEN #REQUIRED>
<IELEMENT OLEDef (GUID ?, Blob, Blob, AttrDef*)>
<IATTLIST OLEDef OLEDef.ID ID #REQUIRED Link CDATA #IMPLIED
LastUpdated CDATA #IMPLIED Creator CDATA #IMPLIED CreationTimeStamp
CDATA #IMPLIED LastModifier CDATA #IMPLIED LastModificationTimeStamp
CDATA #IMPLIED>
<IELEMENT OLEOcc (Position?, Size?)>
<IATTLIST OLEOcc OLEOcc.ID ID #IMPLIED OLEDef.IdRef IDREF #REQUIRED
Zorder NMTOKEN #IMPLIED>
<IELEMENT FFTextDef (GUID?, AttrDef+)>
<IATTLIST FFTextDef FFTextDef.ID ID #REQUIRED IsModelAttr (TEXT |
MODELATTR) "TEXT" LastUpdated CDATA # IMPLIED Creator CDATA #IMPLIED
CreationTimeStamp CDATA #IMPLIED LastModifier CDATA #IMPLIED
LastModificationTimeStamp CDATA #IMPLIED>
<IELEMENT Group (GUID?, MasterGUID?, SymbolGUID?, AttrDef*, Group*,
(ObjDef | Model)*, CxnDef*, Link*)>
<IATTLIST Group Gr  oup.ID ID #REQUIRED TypeNum NMTOKEN #IMPLIED
LinkedModels.ldRefs IDREFS #IMPLIED ToCxnDefs.IdRefs IDREFS #IMPLIED
Reorg (DELETE|NODELETE) "DELETE" SubTypeNum NMTOKEN #IMPLIED
SymbolNum NMTOKEN #IMPLIED LastUpdated CDATA #IMPLIED
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11. (Cantinued)

CompositePosition NMTOKEN #IMPLIED CompositeType NMTOKEN #IMPLIED
Creator CDATA #IMPLIED CreationTimeStamp CDATA #IMPLIED LastModifier
CDATA #IMPLIED LastModificationTimeStamp CDATA #IMPLIED>

<IELEMENT Polygon (Position*)>

<IATTLIST Polygon FillStatus (FILLED | TRANSPARENT) "TRANSPARENT">
<IELEMENT RoundedRectangle (Position)>

<IATTLIST RoundedRectangle Shaded (YES | NO) "NO">

<IELEMENT GfxObj (Pen?, Brush?, Position?, Size?, (Polygon |
RoundedRectangle))>

<IATTLIST GfxObj GfxObj.ID ID #IM PLIED Zorder NMTOKEN #IMPLIED
HasSymbolEffect NMTOKEN #IMPLIED>

<IELEMENT Union (Union*)>

<IATTLIST Union OLEObjOccs.ldRefs IDREFS #IMPLIED ObjOccs.ldRefs

IDREFS #IMPLIED Gfxs.ldRefs IDREFS #IMPLIED TextOccs.ldRefs IDREFS
#IMPLIED Zorder NMTOKEN #IMPLIED F  lags NMTOKEN #IMPLIED>
<IELEMENT Model (Flag?, GUID?, MasterGUID?, TypeGUID?, TemplateGUID?,
Position?, Lane*, AttrDef*, ObjOcc*, FFTextOcc*, GfxObj*, OLEOcc*,

Union*, Link*)>

<IATTLIST Model Model.ID ID #REQUIRED Model. Type NMTOKEN #REQUIRED
AttrHandling (OVERLAP | RESIZESYM | BREAKATTR | SHORTENATTR) #IMPLIED
CxnMode (ONLYVERTICAL | ANGULAR) #IMPLIED GridUse (NO | YES) #IMPLIED
GridSize NMTOKEN #IMPLIED Scale NMTOKEN #IMPLIED PrintScale NMTOKEN
#IMPLIED BackColor NMTOKEN #IMPLIED CurveRadius NMTOKEN #IMP LIED
ArcRadius NMTOKEN #IMPLIED LastUpdated CDATA #IMPLIED Creator CDATA
#IMPLIED CreationTimeStamp CDATA #IMPLIED LastModifier CDATA #IMPLIED
LastModificationTimeStamp CDATA #IMPLIED FixedVerticalLane IDREF

#IMPLIED FixedHorizontalLane IDREF #IMPLIED>

<! ELEMENT Delete (#PCDATA)>

<IATTLIST Delete Type (GROUP|MODEL|OBJDEF|USER|USERGROUP|CXNDEF)
#REQUIRED>
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Appendix J : Basic Elements of the Schematron  Query Language

This appendix contains thierms and definitions as well as tlwere and ancillary elementsf the
Schematron Query Languadeble Jalso containghe corresponding attributegor core and ancillary
elements

J1.Terms and Definitions (based on ISO Schematron, 2016)

TERM DESCRIPTION

Abstract Apatternin a rulethat has been parametess to enable reuse

Pattern

AbstractRule Acollection of assertions which can be included in other rules but which does
fire itself

ActivePattern | Apatternbelonging to the active phase

ActivePhase One particular phase, whose patterns are used for validation

Assertion Anaturatlanguage assertionith corresponding assertion test and ancillary
attributes: assertions are marked up with asserd reportelements
AssertionTest | An assertio modeledor implemented by adblean queryan assertion test
"succeeds" or "fails"

Gorrecthema | The schemahat satisfies all the requirements of this part of ISO/IEC 19757
Diagnostic Named natural language statements providing information tousets of
validators concernintihe expected and actual values together with repair hints
HaboratedRule | Asingle rulecontext expression which explicitly disallows items selected by
Context lexically previous rule contexts in the same pattern

Expression
GoodXhema | Acorrect schema with queries which terminate and do not add constraints to
those of thenaturallanguageassertions. Note: It may not be possildebmpute
that a schema is good

Implementation| An implementation of a Schematrealidator

Name Atoken with no whitespace characters

Natural Anaturatlanguage statement expressing some part of a pateemgtural

language language assertios "met" or "unmet"

Assertion

Pattern Anamed structure in instances specified in a schemaléyiallyordered
collection of rules

Phase Anamed, unordered collection of patterns; patterns may belong to more than
phase; two namegtALL and #DEFAULT, are reserved with particular meaning

Progressive The validatiorof constraints in stages determined or grouped to some extent |

Validation the schema author rather than, for example, entirely determined by documen
order

Query Anamed set, specified in a document called a Query Language Bofdhmy,

Language languages and conventions used for assetsts, rulecontext expressions and

Binding so on, by a particular Schematron implementation. Schematron is defined as

framework, with a default quefgnguage binding, but other queanguage
bindings are possible

Rule Unordered collection of assertions withriide contextexpression and ancillary
attributes

Rule Context Aselection of elements; a ruis said to fire when an information item matches
query

(Continues)
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J1 (Continued

TERM DESCRIPTION
Rule-context Aqueryto specify subjects; mile contextis said to match an information item
Expression when that information item has not been matched by any lexipadlyious rule
context expressions in the same pattamd the information item is one of the
information items that the query would spBci
Shema Secification of a set of XML documents
Qubject Aparticular information item which corresponds to the object of interest of thq
naturallanguageassertions and typically is matched by the context expressior|
rule
Valid with Member of the set of XML documents described by the schema: an instance
Respect to a document is valid if no assertitests in fired rules of active patterns fail
Shema
Abstract Aconstant value, evaluated within the parent schema, phase, paitetuieand
Pattern scoped within the parent schema, phase, pattern or rule
J2.Schematron Elements (based on ISO Schematron, 2016)
ELEMENTTYPE ELEMENT ATTRIBUTES
Core Element active pattern
assert test | diagnostics | icon | see | fpi | flag | role | subject
extends rule
include href
let name | value
name path
ns prefix | uri
param name |value
pattern id | is-a | abstract | icon | see | fpi
phase id | icon | see |fpi
report test | diagnostics | icon | see | fpi | flag | role | subject
rule context | icon | see | fpi | flag | role |subject | abstract
schema schemaVersion | queryBinding | defaultPhase | icon | see
fpi
valueof select
Ancillary Element| diagnostic xml:lang | diagnostics
diagnostics
dir value |Itr | rtl
emph
p class
span class
title
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Appendix

K: Main XPath

Operators for Schematron Queries

This appendix contains the main operators for developing Scherrzsmuqueries.

K1.Main XPattOperatorgXPath 2017

EXPRESSION DESCRIPTION

nodename Selectall nodes with the namenbdenamé

/ Selects from the root node

1 Selects nodes in the document from the current ntt matchesthe
selection no matter where they are
Selects the current node

. Selects thgarent of the current node

@ Selects attributes

bookstore Selects all nodes with the name "bookstore"

/bookstore Selects the root element bookstore

bookstore/book Selects all book elements that are children of bookstore

/Ibook Selects albook elements no matter where they are in the document

bookstore//book Selects all book elements that are descendant of the bookstore element,
matter where they are under the bookstore element

/l@lang Selects all attributes that are named lang

/bookstore/book[1] | Selects the first book element that is the child of the bookstore element.

/bookstore/book Selects the last book element that is the child of the bookstore element

[last()]

/bookstore/book Selects the last but one book elemémat is the child of the bookstore

[last()}1] element

/bookstore/book Selects the first two book elements that are children of the bookstore ele

[position()<3]

[ltitle[@lang] Selects all the title elements that have an attriboéened lang

[Hitle[@lang="en'] Selects all the title elements that have a "lang" attrilwith a value of "en"

/bookstore/book Selects all the book elements of the bookstore element that have a price

[price>35.00] element with a value greater th&b.00

/bookstore/book Selects all the title elements of the book elements of the bookstore eleme

[price>35.00]/title that have a price element with a value greater than 35.00

* Matches any element node

@* Matches any attribut@ode

node( Matches any nodef any kind

/bookstore/* Selects all the child element nodes of the bookstore element

1I* Selects all elements in the document

[title[@7*] Selects all title elementghich have at least one attributd any kind

/Ibookititle | Selects all the title AND price elements of all book elements

/Ibook/price

[Ititle | //price Selects all the title AND price elements in the document

/bookstore/book/title | Selects all the title elements of the book element of the bookstore eleme

| /lprice AND all the price elements in the document

ancestor Selects all ancestors (parent, grandparent, etc.) of the current node

ancestoror-self Selects alincestors (parent, grandparent, etc.) of the current nade the
current node itself

attribute Selects all attributes of the current node

child Selects all children of the current node

(Continues)
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EXPRESSION

DESCRIPTION

descendant

Selects all descendants (children, grandchildren, etc.) of the current node

descendanbr-self

Selects all descendants (children, grandchildren, etc.) of the currenandde
the current node itself

following Selects everything in the document after the closing tag of the current no
followingsibling Selects all siblings after the current node

namespace Selects all namespace nodes of the current node

parent Selects the parent of the current node

preceding Selects all nodes that appear before the current nadbe document, excep

ancestors, attributenodes and namespace nodes

precedingsibling

Selects all siblgs before the current node

self

Selects the current node

child::book Selects all book nodes that are children of the current node
attribute::lang Selects the lang attributef the current node

child::* Selects all element children of the current node

attribute::* Selects all attributes of the current node

child::text() Selects all text nodehildren ofthe current node

child::nodej Selects all children of the current node

descendant::book

Selects all book descendants of the current node

ancestor::book

Selects all book ancestors of the current node

ancestoror-
self::book

Selects all book ancestors of the current nedad the current as well if it is
book node

child::*/child::price

Selects all price grandchildren of the current node

Computes two nodsets

+ Addition

- Subtraction

* Multiplication

div Division

= Equal

I= Not equal

< Less than

<= Less than or equal to

> Greater than

>= Greater than or equal to
or or

and and

mod Modulus (division remainder)
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Appendix L:

Archetypes of Schematron Queries

This appendix contains the main types of Schemdaiem®d queries.

L1.Archetpyes of Schematron Queries

QUERYTYPE

QUERY INSCHEMATROMNANGUAGE

Symptoms in which
the presence or lack
of certain type of
attributes has to be
investigated

<patternname="S.02 Undefined business proagsasls, business process
owners">

<rulecontext="0Object Definition[@Node Typdoti§iness process tasik 6 b
<assertest="Attribute Definition[@AttributeDefinition. Typeprécess goal
ORresponsible persdhQ 8 b b

Alert: S.02.

</assert>

</rule>

</pattern>

<patternname="S.32 Lack of data ownership">

<rulecontext="0Object Definition[@Node Typekifa entity}]">
<assertest="Attribute Definition[@AttributeDefinition. Typexe'$ponsible
persor}]">

Alert: S.32

</asset>

</rule>

</pattern>

Symptoms in which

the cardinality of

certain connetion

types has to be

analysed

A One particular
model isanalysed
in terms of
connection
cardinality

<patternname="S.05/AJndefined or multiple hierarchy or lines of
reporting">

<rulecontext="0Object Definition[@Node Typdoti§iness collaboratigffi'>
<reporttest="@ObjectDefinition.ID=followirgibling:: [@Node Type=
"{business collaborati@iyConnection Definition[@Connection Definition. Ty
='{has superigf]/ @ ToObjectDefinition.IdRef or @ObjectDefinition.ID=
precedingsibling::ObjectDefinition[@Type Nunixi§iness collaboratidiy
Connection Definition[@Connection Definition. Tyges{siperio}']/@To
ObjectDefinition.ldRef">

Alert: S.05/A

</report>

</rule>

</pattern>

<patternname="S.05/B Undefined or multiple hierarchy or lines of
reporting">

<rulecontext="0Object Definition[@Nie Type=Husiness collaborati¢ff'>
<reporttest="Connection Definition[@ ToObjectDefinition.IdRef= parent::
Object Definition/followingsibling::Object Definition[@Node Typ&sginess
collaboratioj]/Connection Definition[@Connection efion. Type=%as
superio}]/@ToObjectDefinition.IdRef] or Connection Definition[@ToObje
Definition.ldRef= parent::Object Definition/predecsibling::Object Defini
tion[@Node Type=husiness collaborati¢iyConnection Definition[@
ConnectiorDefinition. Type=Has superidr'l/@ToObjectDefinition.IdRef] ">
Alert: S.05/B

</report>

</rule>

</pattern>

(Continues)
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QUERYTYPE

QUERY INSCHEMATROMANGUAGE

Symptoms in which

the cardinality of

certain connetion

types has to be

analysed

A Sole model
variants are
analysed in terms
of connection
cardinality and
the queryis
processed fo
every available
model variant

<patternname="S.07. Business process tag¥ported by more thanre
application">

<rulecontext="0bject Definition[@Node Typdoti§iness procesask}’]">
<reporttest="count(Connection Definition
[@ToObjectDefinition.IdRef=parent;:Object Definition/following
sibling::Object Definition[@Node Typeplication functio}]
/@ObjectDefinition.ID or @ ToObject Definition.IdRef=parent::Object
Definition/precedingsibling::Object Definition] @Node Typeagplication
functior}')/ @ObjectDefinition.ID])>1">

Alert: S.07.

</report>

</rule>

</pattern>

Symptoms in which

more models have to

be compared

A Model variants
have to be
compared with
another group of
model variants
according to the
project phases

<patternname="S.52ot all data entities attributes are read at least by on
process">

<rulecontext="Object Definition[@Node Typatafa entity}]">
<assertest="Attribute Definition[@AttributeDefinition. Typeattfibute
namg']//PlainText[@ TextValue=document (‘process flow diagram.xml')//
Object Definition[@Node Typed&ta entity}'] //Attribute Definition[@
AttributeDefinition. Type=dttribute nam@'] //PlainText//@ TextValue]">
Alert: S.52

</assert

</rule>

</pattern>

Symptoms in which

more models have to

be compared

A Model variants
have to be
compared with a
staticcatalogue

<patternname="S.16. Out of date technological infrastructure ">
<rulecontext="Object Definition[@Node Typegplication systel]">
<assertest="Atribute Definition[@AttributeDefinition. Type=t{ribute
versio]//PlainText[@ TextValue=document (‘technological element
catalogue.xml)//Object Definition[@Node Typapflication system Q 6 K K
Attribute Definition[@AttributeDefinition. Type=dttribute versioly Q 8 K K
PlainText//@TextValue]">

Alert: S.16

</assert

</rule>

</pattern>

Symptoms in which
more model variants
have to beanalysed
and compared during
the progression of
the prgect

<patternname="S.18. Incompatible platforms or technologies">
<rulecontext="0bject Definition[@Node Typéwfdware componefi">
<assertest="Attribute Definition[@AttributeDefinition.Typeattfibute
namg')//PlainText [@ TextValue=document(‘technological element
catalogue.xml')//Object Definition[@Node Typhadware componei
/IAttribute Definition[@AttributeDefinition. Type=dftribute namé]
/[PlainText/@TextValue]">

Alert: S.18

</assert

</rule>

</pattern>
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misalignment between business and information systems detected in different EA domain
matches. Suitable EA analysis types are recommended to the detected signs of misalignment.

IJCSISOURNAI9(2) 2014

Misalignment Symptom Analysis
based on Enterprise Architecture Model Assessment

Abstract.Businessl T alignment and misalignmeate dualitylike concepts referring to the
harmony or disharmony between business and IT. Thelstateeen these two areas can be
viewed either through its presence (a.k.a. alignment) or through its absence or difficulties
(a.k.a. misalignment). Most of alignment studies deal with alignment achievement, while
misalignment issues (detecting, analysing d arcorrecting misalignment) are
underemphasized in the literature. This paper relates to misalignment assesdinent
connects misalignment analysisenterprise architecturenodek with the aim to set up an
enterprise architecturdbased (mis)alignment assessmentethod. The paper first
introduces the primary building blocks of architectbesal misalignment analysis. Based

on the theoretical foundation the paper aims to establish the conceptual body of enterprise
architecturebased misalignment symptoanalysis. Different misalignment symptoms are
located on TOGARetamodelin order to detect the presence of misalignment. At the end

of the paper conclusions are drawn concerningymptonilocation experiment.
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Misalignment symptom analysis
based on enterprise architectuneodelassessment

Abstract.BusinesslT alignment and misalignmeate dualitylike concepts referring to the
harmony or disharmony between business and IT. The state between these two areas can be
viewed either through its presence (a.k.a. alignment) or through its absence or difficulties
(a.k.a. misalignment). Most afignment studies deal with alignment achievement, while
misalignment issues (detecting, analysing and correcting misalignment) are
underemphasized in the literature. This paper relates to misalignment an#lygsisnects
misalignment analysis to enterprise architectaredek with the aim to set up an enterprise
architecturebased (mis)alignment assessmeanethod. The paper it introduces the
primary building blocks of architectubased misalignment analysis. Based on the
theoretical foundation the paper aims to establish the conceptual body of enterprise
architecturebased misalignment symptoemalysis. Different misalignment symptoms are
located on TOGARetamodelin order to detect the presence of misalignment. In the end of
the paper conclusions are drawn concerning the symgtaration experiment.

SEFBISOURNAL2014/1

Analysing Enterprise Architecture Models to Detect Misalignment Symptoms

Abstract.BusinessIT alignment has been one of the top information management concerns
since the organizational role of information syssdras accentuated. The state of alignment
between business and IT can be analysed either through its presence (alignment) or through
its absence or deficiencies (misalignmeMost of traditional alignment studies deal with
achieving agjnment. On the contrary, misalignment issues (detecting, analysing and
correcting misalignment) are considerably underemphasized in the literature. This paper
relates to misalignment analysiBhe state of (mis)alignment che examined via several
methods. Analysing enterprise architecturedek to detect misalignment is a possible
examination approach. The paper aims to introduce architecture assesbasaut
misalignment analysis from a theoretical perspective. With regard to the theoretical
foundation the paper focuses on presenting an initial research plan, pointing out the
conceptual body of the proposed research.
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Analysing enterprise architectuneodeb
to detect misalignmerdymptons

Abstract.BusinessIT alignment has been one of the top imh@tion management concerns
since the organizational role of information systdmas accentuated. The state of alignment
between business and IT can be analysed either through its presence (alignment) or through
its absence odeficiencies (misalignmentMisalignment can be referred to as a state
occurring when organisations fail to achieve or sustain alignment.

Most of traditional alignment studies deal with achieving alignment. On the contrary,
misalignnent issues (detecting, analysing and correcting misalignment) are considerably
underemphasized in the literature. Organisations are in the state of misalignment as long as
they achieve the state of alignment. This fact indicates tlwmerattention has to be paid to

the phenomena of misalignment, as well as to its symptoms and effects.

The state of misalignmenan be examined with several methods. Itis commonly known that
one of the main research methods of arsithg alignment is enterprise architecturased
assessment. Enterprise architecture models are becoming increasingly popular in these days.
A possible improvement of enterprise architecture based alignment assesgsioecdnduct

the evaluationfrom the opposite perspective: assessing misalignment through enterprise
architecture modd. In this case the purpose of analysing enterprisetaothre models is

to assess the state of misalignment and to reveal its emerging symptoms.

The research aims to analyse misalignnventerprise architecturassessment. The goal

of the research is toreate a tool (research model) that reveals the state and symptoms of
misalignment. The qualitative research builds on case studies; the results of applying the
research tool will be presented in case studies. The research contributes to theory and
practice as well: Its innovative approach conduces to academic busihalignmentesults.
Additionally, its practical application helps organisations to detect and correct misalignment
in order to achieve the state of alignment.
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