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1 INTRODUCTION

1.1 Research context

The present study combines two major areas of mesgaformation modeling(IM)
andenterprise integratio{El). IM is the process of creating and managmfgrimation
models, for purposes such as representing, unddmstpand sharing the information
created and used by an organization; this in dalguide the development of solutions,
the improvement of operations and business, anddp®yment of organizational best
practices (Lankhorst, 2004; Lim, 1997). El is mgimoncerned with aligning the
organization in terms of the strategy, businesggsses, information systems (IS) and
technological resources across the layers anditunscof an organization, in order to
create competitive advantage (Gulledge, 2008).

The motivation of this research is based on thairements of new business models
for the provision of integrated solutions, incluglidifferent EI capabilities. This is
studied in relation to the use of IM for integratithe vertical and horizontal dimensions
of an organization. Theory will be used to identife relationship between IM and EI
capabilities from the perspective of the dynamicsibess environments and the
supporting IS. This is followed by an analysis bk tIM integration’s goals and
challenges and the analysis on an approach forpeise IM integration, the use of a
single common information model (CIM) across theegorise. Next, the CIM approach
is carried out in practice in an integration saatiuse case at a telecommunications
(telecom) company, Nokia Siemens Networks (NSNhaly the results are assessed
and presented in the form of a theoretical con@@dramework. The motivation and
context of the research is expanded next, usingitbenain concepts: IM and EI.

The main motivation of this research is to contigbto the development of El
capabilities of companies, by studying the useMbfrom an integral perspective across
the enterprise. A positive relationship is expedi®de found between the use of IM
and the development of El capabilities. Howeveerghare challenges hindering the
benefits of IM such as complex structures of laggganizations, heterogeneity of
information models and systems across the orgaoizand lack of a standard and
governed modeling practices. Efficient IM is a icat factor to overcome these
challenges, to manage a consolidated businesseahddiogy strategy, and to create
organizational structures that facilitate El capaés. Particular to this study is the
evaluation of benefits of using a CIM across theegarise levels and functions. CIM
are used to horizontally integrate the informatinoadels used within a company and
between industry participants, and to verticalljegrate the end-to-end information



needs of the value-chain operations (Tele Managefamim, 2009). The use of CIM
is expected to improve the definition and reorgatan of the enterprise internal and
external assets with the purpose of reducing operéand redundancies (Petrie, 1992).
This improvement is expected to result from CiMngeiable to help a company to
improve the understanding of how the different beass processes are enabled by
applications and IS, to unify the enterprise infation and to define the interfaces
required to build reusable and reconfigurable sess/(Linthicum, 2003). In addition, a
CIM is expected to improve the information transfation efforts required in
application integration, thus making more efficiéme integration of solutions in terms
of time and cost. This situation becomes highlgwvaht when studied in the context of
dynamic business environments as in the teleconmsing

El is a critical factor for new business models athiunlike traditional business that
are based purely on product manufacturing or sesvigrovision, are based on the
combination of both products and services to pwelue-added solutions to the
customers. This phenomenon is more stressed fdmigfirecost, complex products and
services (CoPS) such as airplanes or mobile phetwonks. Thus, providers of CoPS
require more El capabilities than providers of aoner goods, like phone devices.
While consumer goods integrated solutions are moiess standardized into package
bundles, CoPS integrated solutions are tailorethéoneeds of each customer, which
vary largely from simple to sophisticated buyersordbver, since CoPS have higher
costs, providers strive for higher and recurringereies from the provision of services
during the entire life cycle of the products, tlaugreater range of services per product
and number of services per customer are normadigent in CoPS (Davies, 2001). In
this research, a study is conducted for the casmtefjration of solutions from the
perspective of the downstream segment of the tel@ndustry, which is marked with a
circle in the figure 1. Following is an explanatiof the telecoms value-chain; other
authors (Olsson, 2003) might have slightly differexplanations but the main elements
are normally similar.
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Figure 1. The value chain of CoPS (Davies, 2001).

A large range of participants are present in thectens value-chain. These include
network equipment suppliers, network operators, imemntent providers, internet
service providers, intermediaries, complementanyice providers, storage service
provides and service aggregators, to mention jugtwa And as with other CoPS,
business strategists have identified two segmehntiseotelecom value-chain, upstream
and downstream businesses (figure 1). The upstesgyment includes firms based on
the manufacturing of products and integrated sesyitor example parts manufacturers,
network equipment providers and network systengnat®rs. The downstream segment
includes firms based on the provision of operali@@avices and composed solutions,
which are ultimately delivered to the final customEéxamples are network operators,
internet service providers and complimentary seryicoviders. Each of these two
segments adds value in a different way:

“Upstream [markets] add value to the physical proetiuthrough

technology development and manufacture, understgnditheir

customer’s requirements, managing projects, andopeing systems
integration. Downstream [markets] add value by pariing [..] service-

based activities such as managing and maintainiygjesn operations,
customer care, advertising, billing, branding, metikg, and other
service activities(Davies, 2001)

This distinction is relevant for this research tentify how different companies
contribute in the integration of high-value solato As the value is added, going
towards the final customer (see figure 1), the demity of integrated solution increases
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and companies require more integration capabiltbeseorganize their businesses into
modular and flexible structures to provide integdasolutions (Braganza, 2002; Teece,
1997). In turn, companies’ requirements for effitientegration of their supporting 1S
will tend to increase. In this study, a set of val@ El capabilities are identified and
linked to IS interoperability principles, followeldy the study of using IM as a
contributor to the development of such capabilitidse rest of this introductory chapter
is intended to motivate and guide the reader tdiwoa with the rest of this report. In
the remaining of this chapter an overview of therent situation of the telecom
industry is presented. This is followed by a ddiom of the more important concepts to
set a common terminology base for the readersisfréport. Next, the problem being
research is described along with the purpose sfréBearch. Then, the limitations that
define the boundaries of this study are exposethllyj the chapter concludes with an
overall description of the chapters included irs ti@port.

1.2  Overview of the telecom industry business environnms

Although initially limited by regulations, monopes and the lack of infrastructure,
the telecom industry has grown to become one ofaigest contributors of the global
economy. According to Loomis (1999) the averadectan share of gross domestic
production (GDP), for the countries members ofdhganization for the economic co-
operation and development (OECD), was expectethdease from 2.3% in 1997 to
between 3.3% and 3.7% in 2006. The telecom industy been enlarged with the
entrance of new participants along with the expansif the network infrastructure and
market size, which now covers a large number ofsysstributed in both urban and
rural areas around the world. The telecom indusstrglso one of the most dynamics;
there is a constant development of new technolpgEwices and business models. In
consequence, telecom companies require the aditityreact quickly and stay
competitive. The following citation gives a goodaexple of the dynamism of the
telecom industry:

“Anybody who tells you what the telecommunicatioamdustry will be
like in five or 10 years is pulling your leg. Nolyokihows. This industry
has evolved so fast It's not even an evolutios, dt'revolution’ says
David Bogaty, president & CEO of WorldNet Commutigses’ (Marino,
2009)

In addition, convergence of network technologiesl aervices is a trend in the
telecom industry. As opposed to having differentvises offered to customers via
different channels, the tendency is that the dfierchannels are being merged in a
single network and the different technologies eaadparent for the users. It is expected
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that network operators, including telephone, cald ratio network companies will
increasingly provide unified access and transmmssiof data, voice and video.
Similarly, the provision of network services alsmds to converge. Phone, internet,
media and entertainment services will increasingdyverge as the use of internet
through mobile devices increases. Two exampleshigf ¢convergence is that service
providers can query network traffic statistics franmarket segment and specific
network operators in order to create new markettagnpaigns, and that service
providers make available on demand video publicityitems related to internet search
queries made by their customers. To provide thesegiated solutions, telecoms
operations and business strategy require spegaireaments in terms of IS integration.
Telecoms integrate a large number of IS to supiheit operations and the delivery
of quality services. For this reason, the managemels has been a major concern for
telecoms, they require both quality and flexibility be able to manage the market
conditions and stay competitive (Loomis, 1999; Oiss2003). In addition, depending
on the business strategy, telecoms might not oadpire the alignment of business
units and the consolidation of internal systemg,dso the ability to integrate external
IS from suppliers, partners and competitors in ptdeprovide new services or expand
the existing ones (Davies, 2001). In addition, nené to the combination of services,
redundancies and inefficiencies might have an impadhe performance of integrated
services. However, customers demand the same évgis| of service quality than for
individual services. This requires that integrasidrave to be done effectively to meet
the performance and availability requirements o$tomers (Goodhue, Wybo and
Kirsch, 1992). In consequence, investments in t&giation have become a significant
part of the telecom expenses. It is agreed thaetlsea general need for telecoms to
reduce the operational expenses (OPEX) for integyand adapting new technologies
and software. NSN estimates that 60% of operatbusiget is spent in integration
efforts (Nokia Siemens Networks website, 2009), Radiding (1999) mentions 50%
for the same expenditure for information technol@y companies. A reason for these
large costs is the lack of interoperability betwégrcoming from multiple vendors and
developed in different platforms, like in the cag@perating support systems (OSS) for
the management of network elements. Interopergbdita key enabler factor for the
integration of enterprise IS and solutions.
“Interoperability refers to the ability of a systefor process) to use
information and/or functionality of another systefor process) by
adhering to common standards [..] to achieve imprbefficiency and
effectiveness of internal process and system dpest timely
procurements and fast product delivery, easy arstiaimt access to all
required job-relevant information by staff membees)d enhanced
reporting and monitoring facilities at the adminmidive level”
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(Vernadat, 2007)

As part of the interoperability of IS, data/infortima integration is a critical
challenge. Integrating information/data models isoreprone and time-consuming.
Normally, applications include proprietary infornmat models that were made to meet
the particular requirements of that applicatiorg/anwere influenced by the expertise
and design preferences of the modeler. Consequentggrating heterogeneous
information models might be highly time-consumimgl &ostly.

“According to different estimates 15-30% of thgi@eering work in a
capital investment project is spent in finding tth&ta, discussing the
meaning of the data and reentering the data intffetBnt systems”
(Paljakka, 2009)

Although data interoperability challenges are nat exception of the telecom
industry, they are affected by the complexity, hmgeneity and performance
requirements of the telecom technologies and nésvdrirst, telecoms manufacturers
need the flexibility to cope with a significant aumd and complexity of information
coming from the network equipment and their largeant of different components,
equipment platforms, technologies and vendors. 18kcsystem integrators and
network operators need to integrate applicatioomfdifferent providers and partners,
which normally use proprietary information modetsléneterogeneous interfaces. And
third, network operators and service providers irequhe agility to handle the
distribution of applications and the real-time matof services. The following section
introduces a number of concepts that are impottanhderstand before continuing with
the rest of this report (Olsson, 2003).

1.3  Main definitions and related concepts

This section contains definitions for the most im@ot concepts that are used in the
rest of this thesis report, and other related cptsceéncluding the definition and purpose
of information models, the definition and layers esfterprise architecture (EA), the
definitions of integration and service and theitatien to the EA layers, and the
definition of service oriented architecture (SOA).

An information modeis an explicit representation of concepts in aipaldr domain
or set of domains. Concepts of the model corresporaither abstract entities, such as
service or resource, or concrete entities, suakedsork equipment. There are different
types of IM used for the development of IS. Thisdstis particularly interested in
entity-relationship models. References to informmatnodel in this document will refer
to entity-relationship models. In entity-relationsimodels the concepts are represented
as elements and connections between them are eapedsas relationships. An element
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is described with a name and a set of attributas dbstract its main characteristics.
Relationships are also described by a name anbudéts; however their most important
feature is that they describe a connection betweecepts. Normally, the elements are
graphically represented as boxes or rectangleshentlationships as lines or arrows.

There are multiple uses of information models, havea fundamental use is to
explicitly represent tacit knowledge that couldthen stored, transferred and applied
for a specific goal. This involves that what peodg@ws in their heads is made explicit
in models using certain notation, to allow otheogle or computers understand it
(Nonaka, 1994). Furthermore, some of the main mep®f IM in an organization are
to increase the organizational understanding, torawe the collaboration of multiple
stakeholders and to document and deploy best peacticross the organization. Since
modeling an entire enterprise would produce a langdel, that is difficult for people to
use, models are normally focused on a part of tmpany information and they are
tailored to meet the specific requirements from therspective of a group of
stakeholders. Thus, there are different types fofrination models depending on what
is being modeled, their specific use and the petsgeused to create the model. For
instance, while a database model is used to ramréise information stored in an IS,
including attribute types and format; a high-leeehceptual model might be used to
represent how actors participate in a businessase. Furthermore, IM might be used
not only for particular domains but also for cregtthe architecture for entire company
(Petri, 1992)

“Enterprise architecture: a coherent whole of priples, methods, and
models that are used in the design and realizabbran enterprise’s
organizational structure, business processes, médion systems, and
infrastructure” (Lankhorst, 2004)

The concept of EA is useful to situate the scopéhsf study. EA is the enterprise
counterpart of the architecture of a building. BAused to represent the elements of an
entire company in terms of both the current sitratof the company and a target
situation, and to perform gap analysis betweenloe There are EA frameworks that
are used by companies as a blueprint to have @ngtgroint in the creation of their
architectural models. A classical framework for BAs created by Zachman (2009),
based on different enterprise roles and theiraatsf Examples of these artifacts are
product solution descriptions created by produchens, diagrams used by architects
and designers and software programs created byogevs.

“An artifact is a physical piece of information thia used or produced in
a software development process, or by deploymeditogeration of a
system. It is the representation, in the form gf a.file, of a data object
or an application component, and can be assigngdeq deployed on) a
node” (Lankhorst, 2004).
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Zachman'’s layered framework has been extendedher aines such as archimate
(Fredericks and Van der Weide, 2006) and the ipteeiwork of excellence framework
(Chen, 2008). Based on the Zachman’s frameworkthese two architectures, an EA
matrix was created for the purposes of this stuge (figure 2). This matrix will be
useful to situate the scope of the research amplitte the reader through the different
sections of this report. The vertical dimension tase layers corresponding to the ones
in the archimate’s framework: business, applicadod technology; and the horizontal
dimension presents the static and dynamic aspéasresponding to the information
and functional aspects of enterprises (see figirelRe layers describe the vertical
hierarchy of the components of an enterprise aadh#ipects describe what information
is used in the enterprise and how the informatsonsed by the enterprise functions or
processes. In particular, the scope of this stadpgused on the information aspect at
the business and application layers of this frantk&ee the circle inside the figure 2).

0\5‘?’ Information Functional
O or static or dynamic
\}6‘3 aspect aspect
6\
Business Information Business process
layer Model
Application Logical data Application
layer models Services
Technology Physical data Information
layer models systems
(databases)

Figure 2. EA matrix of layers and aspects adaptaa farchimate (Chen, 2008;
Fredericks and Van der Weide, 2006)

The descriptions of the three layers of the archefeaframework are as follows
(Lankhorst, 2004):

1. The business layer offers products and servicesti&rnal customers, which are
realized in the organization by business procegsm$ormed by business actors
or roles).

2. The application layer supports the business laydr application services which
are realized by (software) application components.
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3. The technology layer offers infrastructural sersi¢e.g., processing, storage, and
communication services) needed to run applicatiosaslized by computer and
communication devices and system software.

EA is also useful to see an overall picture of #merprise, where the different
aspects and layers are related to each other. EA iseful tool for performing
integration within and across the enterprise (CH&008; Gulledge, 2008; Presley,
2001).Integrationis used here as the process of unifying, condaliglar coordinating
two or more components into a larger unit with ggeaalue than the combined parts.
El refers to the intra and inter organizationalelevof integration to carry out more
efficient operations, to leverage economies ofesaald/or to react faster to the changing
business environment. The following is the formefimition of enterprise integration
that was used for this study:

“[El] is about facilitating information, control,and material flows
across organization boundaries by connecting altlecessary functions
and heterogeneous functional entities (e.g., infdrom systems, devices,
applications, and people) in order to improve comioation (data and
information exchanges at system level), cooperatioteroperation at
application level), and coordination (timely orclwgion of process
steps at business level) within this enterprisethe it behaves as an
integrated whole”(Vernadat, 1997).

El is present at the three layers of EA:

1. Business Process IntegratiofBPIl) refers to the alignment of the business
processes, in a way that a company is able to@pné-engineer and made them
interoperable.

“A business process is a patrtially ordered sequenitsteps executed to
perform some enterprise goalVernadat, 2007).

2. Enterprise application integratio{EAI) refers to the creation of aggregated
services by integrating functions from differentngmter applications in an
enterprise. Two of the main EAI activities are:

o Control and connectivity integratiomlefines how the information is
exchanged between applications in terms of the ammization session
and data transmissions over the network.

o Data integrationrefers to the syntactic and semantic aspects of the
information that is exchanged between applications.

“Data integration deals with aspects of integratimdata within an
enterprise. It deals with how data is modeled ane meaning of the
data. It deals with normalization, validation, amtegrity of data and
what translations need to be applied to the dataefixchange between
applications within the enterprise or between tinéegorise and outside
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systems’(Smith, 2002)

3. Physical or technology integratios required at the network and platform layer
to enable the communication between IS. It incluttes integration of the
various physical components, such as hardware ®emmp network
technologies, data storage devices, operative regstpackaged software and
application servers. This level the interoperapilg concerned with low level
communication aspects such as networks channelgratatols.

Finally, serviceis a reusable, independent and defined piece mdtifunality or
capability of a system. The purpose of a servic® idecouple the consumer from the
provider of information. In other words the extdrraad internal views of the IS
behavior are made independent (Lankhorst, 2004)s ttacilitating the consumer
requesting of services from the most conveniemtptimal supplier. Service orientation
refers to decomposing the organizational resousicésstructure into services. Services
are reorganized independently and seamlessly,agg¢pwegated services and integrated
solutions to meet a particular goal. Service osdgoh is applied at the various
enterprise layers; there are organizational sesvicg@rovide functionality to customers,
business services that are combined into businessegses, application services to
expose functionality of IS and other applicatiorbtgsiness services, data and network
services that provide applications with acces$éounderlying technology (Erl, 2007).
Service orientation is supported by methodologiehsas service oriented architecture
(SOA). The concept of SOA has been largely studiggrevious literature (Erl, 2005;
Erl, 2007; Gulledge and Deller, 2008; Josulttis, Z0@apazoglou and Van der Heuvel,
2007; Rotem-Gal-Oz, 2009), in which SOA has beefiindé from different
perspectives The next two SOA definitions were ehot expose two of the main
perspectives, business and application:

“SOA is an architectural concept that defines thee wf services to
support the requirements of consumers, while thacgeitself consumes
as little resources as possibl€Josuttis, 2007).

“SOA [is] an architectural style for building systs based on
interacting coarse grained autonomous componentéedtaservices.
Each service expose processes and behavior throogtracts, which
are composed of messages at discoverable addrealied endpoints.
Services’ behavior is governed by policies whioh set externally to the
service itself’(Rotem-Gal-Oz, 2009).

Using all the previous definitions, the next sectoontinues with a description of the
research problem and purpose, followed by the ditimhs of the study and the structure
of this report.
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1.4  Research problem, purpose and limitations

In order to face the challenges of providing inttgd solutions and to maximize the
benefits of EI, an efficient management of the infation generated and used
organizations is required. A main EIl challengesofa cope with the associated costs of
aligning the business, application and technologynmonents of the EA, while
procuring a restructuration that facilitates thesability of services and agility to react
to changes. This in turn is translated to IM challes such as misalignment of
information models used at the different layershef organization, the effort associated
with the development, maintenance and reusabilitynformation models and the
difficulties of integrating and maintaining heteemgous, disperse and inconsistent data
models used by the different IS (Robinson, 2008;i€&a 2001). One of the root causes
of these issues is the lack ofuaified approachto the creation and maintenance of
information models. Such approach would include etiod methodologies, principles
and frameworks used to meet the information requargs of the different stakeholders
(Petri, 1992). Moreover, IM should supported byfedi#nt industry standards and tools
that have been developed facilitate the improveroétihe design quality and value of
models. Usually, these elements have been usedaiticidar scoped to obtain
individual gains in the modeling of specific asgeaf a company. However, a holistic
IM strategy is required to leverage the benefitivbfor EI.

Moreover, it is believed that standards and besttmes, such as the use of industry
reference models, could largely help companies &aef their EI problems
(TeleManagement Forum, 2009). For instance, byguairstandard-based CIM as the
enterprise unified model for both new developmeatsl for integrating existing
applications. However, it is not clear whether amdler which conditions one single
information model could support the El challengésaoccompany, and what are the
practical benefits and issues of using CIM. Furtiere, there is little theoretical
background that could help managers and IT depatsiie understand the implications
of using CIM, to make CIM implementation decisidasnaximize its benefits. For this
reason, the purpose of this study is to exploredtieness and IT relationships between
IM and EI. The interest is to find how CIM could bpplied to the information aspect
of an EA (see figure 2) to help firms in the deysl®nt of El capabilities. The
objective of this study is to use a combinatiotath theory and practice for:

. Establishing a link between El and IM at the busthand application layer

using the concept of SOA.

. Creating a conceptual framework of the benefits iaades of using a CIM for

creating El capabilities.

. Showing for a case study firm the practical besefiternatives and issues of

using a CIM in a SOA.
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. Listing the strategic and tactical decisions thainagers and IT teams should

consider in the implementation of a CIM.

These objectives should be considered within thenBaries of the present research.
This study was focused on the integration arourdinformation aspect of EA at the
business and application layers. A service orgbarehitecture and an EA framework
was used for guiding the research, writing thisorepnd organizing the findings. The
research was limited in time and the empirical pédrthe research was conducted for
the case of global company, NSN at the Espoo, kehtfice. One particular industry
reference model was used as base for the studyengractical benefits of using a CIM.
A specific set of development standards and toas wsed for studying a practical
implementation of CIM. In addition, the study calesied scenarios where the assets are
already service oriented; the technology interdpiéta is expected to be addressed
with web services and SOA tools. Moreover, thiglgtwas carried out in the context
the telecom industry, a dynamic business environnoénCoPS. Particularly, this
research studied the integration of downstreantisolsi for the case of NSN.

1.5  Structure of this report

The rest of this report is structured in chapterfodows:

In chapter2, the overall research strategy is outlined im&enof both methodology
and research design. It starts by defining the gg®dollowed and the main research
questions to be answered. Subsequently, the chppésents an explanation of the
action research method, which was found to be thst suitable method for the type of
empirical study performed in this research. As péarthe research design, this chapter
describes the multiple types of data collectedrduthe research process and the data
analysis techniques. Lastly, this chapter pres#mesresults validity and reliability
considerations taken into account, in relatiorhedata collection and analysis.

In chapter3, the topic of El is explored in detail by makiagtensive reference to
reliable literature and interviews with two selettexperts in the field. The chapter
starts by analyzing the objectives and challengeElorelation to the provision of
integrated solutions. The chapter continues by idigpkthe development of both
capabilities required for enterprise integratiod @ninciples of IS interoperability. Then
the concept of EA is expanded, from the perspeaiv&OA, including the layers,
structural elements, benefits and the challengest,Nhe chapter presents a discussion
of the role of IM in the process of developing greted solutions. Finally, the chapter
ends with an analysis of modeling roles and thédaats that are involved in the
development cycle.

In chapter4, aspects of IM are discussed in relation to ifferént layers of El, and
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the use of a CIM is analyzed as an approach tditédei El integration capabilities.
First, the integration, scoping and approachesfafrination models are presented as
aspects to consider by managers in making IM iategr decisions. Second, the
chapter presents an explanation of the importaricdata model integration, issues
affecting it and their consequences. Third, the ptdra exposes aspects and
considerations of semantic integration. Fourth, @&l approach is analyzed in terms
of the expected benefits for IS interoperabilityddal integration capabilities, along
with the formulation of propositions for the buitdj of a theoretical framework

In chapterb, the report of the empirical research is preskntae chapter starts with
an analysis the aspects to consider when seleeti@M, and a telecom industry
reference model is presented along with the reasonsse it, the TeleManagement
Forum (TMF) shared information/data (SID) model.xie description of the NSN
network fulfillment use case is presented. Thishis context in which the empirical
research was carried out, following a three-iteraaction research process. Last in the
chapter, the relevant findings of the three iteraiare presented in a step-by-step basis.

In chapter6, the results from the action research and ird&rviare analyzed using
categorization. The chapter starts with a summdryhe practical benefits, issues,
conditions and alternatives of using CIM found dgrthe action research. Next, the
results from interviews are analyzed collectively bnding commonalities and
relationships within categories. Subsequently, btk action research and the
interviews are consolidated by triangulation ofadaburces. The triangulated results
served to test the validity of the initial propasiis presented in chapter 4. The chapter
ends with the generalization assessment of ber@fi&M for IS interoperability and
El integration, which served to build the final ceptual framework.

And in chapter7, the analyzed results are discussed in relatidhd main research
questions and contributions of the study are idiedti Finally, a closing statement is
made regarding the entire research, followed bgaeh areas to be explored in the
future.
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2 RESEARCH STRATEGY

This chapter outlines the overall research stratagyerms of both methodology and
research design. It starts by defining the prodetiswed and the main research
questions to be answered. Subsequently, the chppésents an explanation of the
action research method, which was found to be thst suitable method for the type of
empirical study performed in this research. As parthe research design, this chapter
describes the multiple types of data collectedrduthe research process and the data
analysis techniques. Lastly, this chapter pres#mesresults validity and reliability
considerations taken into account, in relatiorhedata collection and analysis.

2.1 Research process and questions

Based on the objectives of the research, literatewveew and a set of meetings with
NSN stakeholders, areas of interest were identifioedhis research. Companies have
identified the need for CIM and in industries likenufacturing, logistics and telecoms,
industry reference standards available for compgateeimplement CIM (Gulledge,
2008; Reilly, 2008). In addition, a market exists §emantic integration tools that
facilitate the implementation of CIM (Wilmes, 2008However, there has been little
scientific research to formally study CIM. Althougilompanies claim benefits from
CIM, research is needed on the factors that affeet leverage of such benefits.
Moreover, it is interesting to study the practiraplications of using CIM, particularly
what conditions and alternatives exist in the im@atation of CIM, and what issues
could arise. Furthermore, this research has theogerof contributing to the industry by
serving as a guide for making managerial decisregarding CIM. The following are
the three main questions this research intendsdwer:

1. How CIM can benefit the El capabilities of telecdmns

2. What are the practical benefits, issues and altiessaof using CIM?

3. How using CIM affects managers’ strategic and tatiilecisions?

The theory building process proposed by Handfi@@P8) serves as a guideline for
the present research. The process consists oftimdwsnd deductive reasoning phases,
one after the other, using in each phase both ¢ktieat and empirical research.
Inductive reasoning consists of going from obseovat to theory, or from the specific
to the general, through general propositions. Dideicreasoning is opposite to
inductive, it goes from theory to observations,fmm the general to the specific,
through conjectures. Moreover, the approach cowsiah eight-step cyclic process, as
depicted in figure 3, where the left side of theclei corresponds to the inductive phase
and the right side to the deductive phase. In emdidistinction made by Handfield



22

(1998) clarifies the nature of the activities dgrieach step of the process. The upper
side of the circle corresponds to theoretical &t while the lower side of the circle
corresponds to the empirical research activitieglby, it is noted by Handfield (2008)
that research studies following this approach migbtiiude more than one loop to this

’ 4.Logical & Logical J

cyclic process.
/'[ 9.Theory
induction J Deduction

/ !

3. Constructs and .
= 7. Conjectures
Frepositions
8. Action
2. Pattern mat-
. . : research
ching/triangulatio

1. Observations

Figure 3. Overall research process (Handfield, 1998

In this case study, one loop and a half were caedut three phases: theory
building, testing and refinement. These three phase aligned with the main questions
to be solved, as shown in figure 4. The first phaase inductive, following steps 1 to 5,
the second phase was deductive, following steps 8,and 1, and the third phase was
again inductive, following steps 2 to 5.
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1. Theory building - How a
CIM can benefit the EI
capabilities of telecoms?

2. Theory testing - What are the
practical benefit, izsues and
alternatives of using a CIM?

3. Theory Generalization - How
uging CIM affects managers’
strategic and tactical decisions?

Figure 4. Research phases and questions

The overall research design was done followingdoemmendations of Yin (2002).
The following paragraphs detail the process folldwieiring each of the three phases,
by making reference to the eight-step theory bagdirocess of figure 3:

In the first research phase inductive reasoning pexformed to build an initial
theory of EI and data integration challenges. Témearch started by compiling data
from a number of sources, including journal ar8cleompany documents from NSN,
documents from standardization bodies and whitagafyem application integration
vendors. In addition, observations from meeting$ wractitioners complemented these
ideas from the practical perspective. Pattern niagcivas the second step and consisted
in selecting and categorizing relevant ideas i@ tategories of two patterns. One
pattern was a cause-context-phenomenon, corresgpnth the causes of IS
interoperability, under the context factors of tekecom company and their effect in the
business. And the other pattern was action-conditamsequence, corresponding to the
action of using CIM, given conditions that shoulolchtrue and the expected benefits
were the consequence. In the third step of theareBeprocess, the result of pattern
matching were rephrased as constructs and classifithree categories: cause, effect
and context. In the fourth step, the constructeeveemplemented with discussions with
practitioners and interviews with experts in thedi Finally, in step five the constructs
were abstracted into propositions to build a thedtys first research phase concludes
with the development of a conceptual frameworkepict how a CIM might benefit the
El capabilities of telecoms. Finally, this framewads the base of the empirical research
to operationalize the case study conducted inghersl research phase.
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In the second phase deduction reasoning was usedalidate the empirical
applicability of the initial framework. During thishase, an empirical action research
was carried out following an iterative processdascribed in sectioB.2, at NSN with
the collaboration of a research team. During esafation, conjectures were made by
the researcher to understand the outcome of eadhtidn. These conjectures were
based on the conceptual framework, the opinionth@fresearch team and, in the case
of the second and third iteration, the lessonsnkiin previous iterations. Thaetion
performed by the researcher consisted of integratiformation models using CIM for
integrating applications. This action was performeguler the scenario of a network
fulfillment solution demo that is based on SOA andolves three IS. A detailed
description of the scenario is presented in the@tena. Particularly, the SID model was
used as a basis for the CIM. As a result of thi®séd research phase, observations were
obtained summarized and categorized in benefdsges conditions and alternatives of
using CIM in practice.

Finally, in the third research phase, inductiomking was performed again to
evaluate the generality of the findings. The precsas similar to the one followed in
the first phase, the difference is that generabnatwere based on the findings of the
action research and additional observations olddiroen interviews with practitioners.
All these observations were categorized in beneaBties, conditions and alternatives
of using CIM. Subsequently, conjectures were extigpd back to propositions using
triangulation of data sources and informants (Susaral Evered, 1978; Yin, 2002). At
the same time, assessments were made to detefmeimehi condition or alternative was
a necessary and/or sufficient factor in the resbliained. The outcome of this third
phase is a refined conceptual model that includesliions affecting the realization of
benefits of using CIM for developing El and IS mtation capabilities. In the following
section, the action research methodology and pscaesdetailed.

2.2 Action research

Action research was first introduced in 1946 by tKiuewin as an alternative to the
traditional positivist science, such as the forsrali reconstructionism and pragmatism
schools. In positivist, research knowledge is aoladdi from observations made by
independent observers. The goal is to make preditinrough explanations regarding
future actions and behavior taken by actors. Mageothe positivist research assumes
that the context of study is structured logicadlgd predictions of taking an action could
be made without taking the action, which is not #wual case in organizations.
Conversely, action research does not require theegbof the research to be logically
structured. Given the way organizations are strectand the effect that persons play in



25

modifying the organizational behavior, action reskadoes not try to predict but to
understand the effect of actions. In action redeatite researcher acts on or in the
system of study to not only understand but alsdryoto improve such system and
generate critical knowledge of it. Action reseansiders the role of humans in
creating artifacts to satisfy their particular neebh action research a set of values are
defined as the vision to reach and actions arectéidetowards achieving those values.
Finally, the researcher and practitioners collateota learn from the consequences of
trying alternatives in practice (Susman and Eveld¥8). Next, these characteristics
are reviewed in the light of this research to expthe reason for choosing this method,
the process followed and the participants involved.

Considering the characteristics of action reseatduits the study of organizational
IM and EI. Telecom and IT dynamic environment mattess object of study a moving
target, which is difficult to predict and contrdlhe relevant values for the integration of
systems and solutions were identified by performpmgctical evaluation of a CIM.
Collaboration between researcher and practitioakkosved a clear understanding of the
actual issues and implications of using a CIM. Mweez, since IM is an instance of
humans defining artifacts for particular purposésgical reasoning should be
complemented with action (Baskerville, 1999).

Action Research answers the second research questipart of the second phase in
the research process to test the initial theoryeldged in the first phase. The
propositions of the first phase were taken to aemspecific level, which could be
measured during the action research. The procassisted of an iterative five-step
process, carried out in three iterations. A detedcription of each step is presented:

1. Diagnosing - First, areas of improvement were ifiedt as application

integration issues that could be solved by usiGgh\A.

2. Action planning - Various implementation alternav were considered;
depending on the options supported by the platfant a selection was made
based on the measures defined earlier during tb@endephase of the research
process. During this step, conjectures were cretdedescribe the expected
improvements.

3. Action taking - The plan was executed. Any unfoessalecision taken or
constraint was reported during this phase.

4. Evaluating - The results of the execution of thieosmcwere analyzed against the
intended benefits described in action planning.

5. Specifying learning - In this step a decision waadeto reject, modify or keep
the conjectures as valid.

A number of participants were involved in this gss, including the thesis worker,

the university thesis supervisor, the thesis meatat the research team leaded by a
team manager. Their roles are as follow:
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The thesis workemperformed the practical activities and requestesistance
and advice from the research team. This personalgasthe main writer and
owner of the action research report, included is dlocument.

The universitythesis supervisotutored the work process through discussions,
meetings and revisions of the report. Additionalhg issues were discussed in
the research seminar meetings at the university.

The thesis mentoguided the overall process and provided feedbaakugh
periodical meetings. This person made contributiand reviewed the action
research report.

Theresearch team managerovided inputs in relation to the tactical goaihsl
objectives, in addition to priorities. This in atidn to facilitating resources
and communication with other persons inside thamization.

The research team member®llaborated in the action taking and provided
technical assistance, feedback and support forathien research; they also
provided feedback for the evaluation of the lesdeamed of the iterations.

2.3

Different data collection and reporting instrumewisre used for each of the research
phases. They are summarized in table 1 for eadheothree research phases and a

Research data collection

detail description follows it.

Table 1. Research data collection and reportinggdes

Phase Data collection Data Reporting Participants
1. Theory - Literature and - Categorized list of - Thesis mentor
building documentation constructs and - Research team

- Meetings with
research team and
thesis mentor

- In-depth interviews
with selected expert

5

propositions
- Meeting notes
- Interview reports

manager
- Three industry
experts from TMF,
NSN and Electricity
Company

2. Theory testing

- Action taking and
action evaluation

- Research log

- Meeting notes
- Customized
technical reports

- Thesis mentor
- Research team
manager

- Research team

3. Theory
generalization

- Semi-structured
interviews with

different

- Interview reports

- Three architects,
two from NSN and

one from an
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practitioners insurance company
- Two NSN
developers

During the first phase, a broad set of data souweas used to gather insights
regarding the benefits of using a CIM. An articliedabase was created with categories
such as EAI, semantic integration, SOA, researchhoo®logy, white papers and
telecom. In addition, meeting notes were takenmdutine meetings held with the thesis
mentor and the research team. In this phase, thencmication between the thesis
worker and research team was focused on clarifgmgcepts, goals and discussing
what values the action should strive for. Furtheemodata for this phase is
complemented with data collected from three intama from industry experts. The
three interviews were documented in written repdhst were validated with the
interviewee. The first interviewee, a TMF SID moaelministrator, was selected as a
key person because of his important contributionthé¢ development of the SID model
and his experience as enterprise modeler, arclatetteacher of the SID. The second
interviewee is a data integration expert at antetgty company. This person was
selected for the availability, experience and therent assignment carried out in that
company. And the third interviewee is a technolagy architecture manager at NSN.
This person was chosen for his experience in IM BAd and his work with the SID
model.

For the second research phase, during the actsmameh iterations, qualitative data
were recorded in an electronic research log antnteal reports. The research log
maintained day-to-day findings of the action talen decisions made. The technical
reports included relevant information regarding tberrent procedure for data
integration, the problems found, the ameliorationgproposals for improvements, the
specific changes that are proposed and the evatuatithe current mode of action. The
technical report information was categorized inrfeections: business, application,
information and tools. The business section reterghe managerial concerns, the
application section to the IS view, the informati@ection to the knowledge
management perspective for both business and I, \aad the tools section the
findings regarding the usage of the selected platdoand computer tools used during
the action research. Additionally, as with thetfjpbase, discussions held in meetings
with the thesis mentor and the research team warendented with meeting notes.

Finally, for the third research phase, qualitatd&ta was reported from semi-
structured interviews with practitioners. Theseemtews were documented in written
interview reports that were validated with the miewee. First, the representative of
the EA team from an insurance company was inteeeete confront the type of issues
and alternatives of using a CIM as part of EA dffoSecond, two SOA practitioners
from NSN were interviewed to contrast the practitatlings and the conjectures of
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action research with their experiences. And thineh architects of the operations and
business software unit at NSN were interviewed keg informants of the current
architectural situation in NSN and the applicabibf the findings of action research.

2.4  Data analysis and validity

Data from a variety of sources was obtained in tegearch. During each of the three
research phases, the data and analysis methodshasen strategically for answering
the three main questions of this research. Simgijlaifferent data analysis techniques
were chosen to match the purpose of each reseaatepln addition, validity tests
were applied to ensure the quality and reliabihitythe results (Yin, 2002; Voss 2002).
In this section, the description of analysis teghes for each phase is provided,
followed by the types of validity tests and thatationship to the analysis techniques.

Data from the first research phase was analyzedugifwr pattern matching to
understand the benefits of using a CIM in semaamid IS integration. Using a cause
effect relationship, data coming from literaturepcdments and interviews was
categorized in cause, phenomenon, condition, dstiategy, context and consequence.
Data sources were included if they follow the patt® the extent that they include
information that fits in either in the phenomenontbe benefit category. For this
analysis, the phenomenon was used to represesethantic integration issues and the
action/strategy represented the use of CIM. Thiecidn of constructs for this pattern
matching is presented in appendix 1. A criterigtoéngth was taken in order to include
constructs, this was if a construct was supportgdalscientific journal or by two
different non-scientific sources. After completiag least four constructs for each
category, constructs from different categories wesenbined to build propositions,
presented in sectiod.4. The propositions were the base for develognginitial
conceptual framework of the effects of using CIM$emantic and ARE integration.

For the second phase, three iterations of empinieakarch were performed as
described in sectio@.2. The data collected during each iteration vegmrted in this
document as a narrative of the five steps of thBomcresearch methodology.
Subsequently, a narrative of the three phases wasdyzed by identifying and
categorizing constructs using categories and saboees (see appendix 5). The main
categories are benefits, issues, conditions amdnalives for using a CIM. Finally, a
summary of the analysis is performed using the szategories.

For the third research phase, qualitative resuitained from interviews served to
triangulate the results of action research. Theritw reports were analyzed using the
same categories than for action research resutigedix 7 contains details about the
interviewees and the interviews. These results vaeedyzed from two perspectives:
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they served to validate the initial propositionsistoucted in the first phase and they
served to generalize the results of the entirearebe

Four main different validity tests used for caselss are leveraged in this research,
construct, internal, external and reliability te$tsst, construct validity is related to the
correct identification of concepts and measuress Th addressed by using multiple
sources of evidence and establishing a cause-effemn of evidence. In addition,
constructs validity is supported by revisions madauae peer IM researchers and
triangulation with interviews with key informantSecond, internal validity refers to the
establishment of correct causal relationships. Mgediscussions with peers served to
analyze the correctness of causal relationshipméeaduring the empirical action
research. Third, external validity is mainly comut with the extent to which the
results could be generalized. For this, triangatativas performed by interviewing
people that is both internal and external to N$Naddition, interviewees have different
type of role in their organization, for instancechatects, developers and managers
(Stuart, 2002; Yin, 2002). Fourth, to strengthea taliability of the results, data was
stored electronically and reviewed by peers andattteal informants, in the case of
interviews. Lastly, the entire research process pagormed as described in this
chapter, allowing the possibility to repeat the sgonocedure, and data analysis was
conducted by following the techniques presentethis section (Stuart, 2002; Voss,
2002).
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3 ENTERPRISE INTEGRATION, ARCHITECTURE AND
MODELING

This chapter discusses EIl at the business andcapph layers of EA. First, the

objectives and challenges of EI for the developmehtintegrated solutions are

discussed from the view of dynamic integration telgges. Then the objectives and

challenges are narrowed towards IS integration, &ne development of IS

interoperability principles is linked to such cajhties. Then the concept of EA is

expanded, from the perspective of SOA, including thayers, structural elements,
benefits and the challenges. Next, the chapteeptes discussion of the role of IM in
the process of developing integrated solutionsalBinthe chapter ends with an analysis
of modeling roles and the artifacts that are inedlin the development cycle.

3.1  Objectives and challenges of enterprise integration

Driven by the provisioning of integrated solutioms an efficient and sustainable
manner, providers of CoPS will pursue EIl capaksitiThese capabilities are driven by
the achievement of tangible and intangible objesin both horizontal and vertical El.
On the one hand, tangible objectives are for irtsdn increase of service quality and
to decrease of unit cost and cycle time, and inkd@doenefits are for example to
increase business process flexibility and the comaoation and cooperation among
teams. On the other hand, vertical integrationrsefe the collaboration of the different
organizational levels from top management downaidid¢al planning and operation
levels. The purpose of vertical integration is tigrathe end-to-end business and IT
strategy, thus enabling the integration of businpsstess and the supporting IS.
Horizontal integration refers to the collaboratiamnd alignment of functional areas or
business domains. The purpose of horizontal intiegras to facilitate the timely
exchange of information across organizational umt®rder to optimize the use of
resources and improve the customer experience, grotrer goals. Consequently,
companies moving towards the provision of integtas®lutions need an integral
strategy to achieve EIl objectives (Lim, 1997).

Moreover, as providers of CoPS move downstreanvahge-chain, greater business
agility is required to react timely and efficiently the requirements of customers. Since
value-added integrated solutions are directed tdsvéine satisfaction of the changing
customer specific requirements, dynamic coordimatb the organizational units and
resources is required, including organizationabimfation, knowledge, technology,
infrastructure and financial assets. And the dewelent ofdynamic capabilitieswill
contribute to this objective. (Braganza, 2002). Rbrs research, the dynamic
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capabilities identified by Teece (1997) were stddie

. Coordination and integratiomefers to both the internal and external actisitie
of the firm, and how efficiently and effectively wetechnologies are
integrated. This capability includes the gatheang processing of information
for linking the customer experiences with the eegiing design, and for
coordinating the operations and supplier relatigrsfireece, 1997).

. Learning from the organizational perspective, is the aptlb share and reuse
knowledge generated inside and outside the orgémnzad_earning allows to
repeat best practices and solutions to problems] #n identify new
opportunities. Learning requires the joint colleddi@mn to understand the
organizational logic and to find dysfunctional aa¢@eece, 1997).

. Reconfiguration and transformatiorefers to the ability to reorganize the
organizational internal and external assets, tmstoam the process and
supporting systems in a way that minimizes the ocbshanging (Teece, 1997).

However, developing dynamic integration capabditie pursuing El objectives

presents a number of challenges. From the orgamedt perspective, generic El
challenges are communication issues implicit intjgal challenges, cultural differences
and geographic dispersion of teams. There is ascstance to change and misfits
between IS and organizational structures and gexctilin addition, the provision of
integrated solutions of CoPS pose extra challerfigesnstance the responsiveness and
availability of services is critical for the buss® a failure in the systems could have
large repercussions even for small periods of utahiity. Particularly, in industries
with the dynamic characteristic of telecoms EI gn&tion is a greater challenge. The
telecoms’ need to optimally reconfigure servicequres the interoperability of IS
made by multiple vendors, partners and even cotopgti Furthermore, since the
integration of IS play a crucial role in implemagiEl initiatives, a link must be done
between EIl and IS integration in terms of both ofoyes and challenges. These two
aspects are analyzed in the following section fthenperspective of IS.

3.2  Objectives and challenges of information systemstegration

In the present days, companies need to build patiips with other participants of the
business network. In order to achieve a greatdomey satisfaction, economy of scale,
competitive advantage and sustainability, comparsbeuld leverage information
systems to facilitate communication with partnensd aits business integration.
Moreover, the integration of information systemeyide companies with the agility to
offer integrated solutions in real-time and theoaudtion, alignment, improvement of
business processes. (Linthicum, 2003). Such agilibses the requirement for
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integrating systems in an efficient and effectivanmer. This includes both internal
systems used either for a particular unit or fod-tsend operations, and external
systems from customers, suppliers, distributorekbagovernment, service providers
and even competitors. Furthermore, different typielS integration scenarios might be
required for EI. Some examples are migrating I8 teew version, migrating to a new
technology or framework, merging two different I8 & specific unit, consolidating IS
from two business units, outsourcing IS to an edkeprovider and consolidating IS
from various parties to provide new services.

Important business parameters that are reflecteystem integration requirements
are the reduction of integration and maintenanstsc@ smooth learning curve and a
thorough change management. In consequence, coespahould strive for system
integration and seek for optimal ways to managerttegration process and reduce the
so called ‘integration tax’ (Linthicum, 2003). Prews literature on EA proposes a set
of principles for the development of interoperatdenponents (Erl, 2007). It is believed
that by following such principles, an organizatwould increase integration agility and
reduce integration costs. (Erl, 2007; Gulledge,&0@alatras, 2008; Papazoglou and
Van der Heuvel, 2007). In consequence, the devetopnof IS interoperability
principles should enable the development of El bdjpias, such as the ones defined in
section3.1. Thus there is a relationship between the & aperability principles, the IS
integration tax and the El dynamic capabilitiee(Bgure 5).

IS integration tax | cause | Challenges of EI

 —

influences influences

IS_int.eroperability facilitate | EI dynamic
principles capabilities

y

Figure 5. IS integration effects on EI.

The followinginteroperability principleswere chosen as the most representative of

the literature reviewed:

. Using open standards desired because as they become more adopted by
components, the communication naturally interopetaieducing the need for
transformations. An open standard is publicly aldé without need to pay for
using it, additionally an open standard shouldwsstdor specific (Erl, 2007).

. Reusability of components or services for more than one sipylgose.
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Having reusable components allow companies to égeerepeatedly the same
logic and to save cost and time to market (Erl,7200

. Loose couplingefers to the degree of dependency between twgaonents
that are connected. A component is completely ddgr@nwhen requires the
existence of another component to function propényterms of IS, coupling
refers to the relationship existing between a teeticontract and the solution
logic it is representing or the technology suppayit (Erl, 2007).

“A [technical] contract is the complete specifioati of a service between
a specific provider and a specific consuméerl, 2007).

. Granularity of components refers to the adequate level ofldetaabstraction,
of the functionality provided by a system compon@mt, 2007). This principle
is related to the structure of the components, iwmaght follow patterns such
as modular and/or hierarchical, among others.

. Interpretability of components is a capability for different persotts
understand the functionality of a component. Addislly, interpretability
favors the reusability of components and collabonabetween stakeholders
(Erl, 2007).

However, the complexity of IS integration accumethtfrom various types of
integration scenarios is a major challenge. A nunobéactors influence the outcome of
IS integration and might contribute to increasingpiementation costs. Moreover, the
recurrent appearance of these costs are knowtagration tax as an analogy to
components of a balance statement that must beded!in all cases. For example, IS
integration projects might fail due to deficient d8ality, lack of IS support from the
vendor, heterogeneous or incompatible systems,nglssvor unreliability of networks
used to share information, old systems not suppptine business needs, support of
older versions stopped by vendors, lock-in effeadsociated to certain IS products,
limited amount of control over participant IS, dgsand time consuming evaluation of
IS. (Chen, 2008; Hohpe and Wolf, 2003).

Finally, there is an effect between IS integratiax and the challenges of El
integration (see figure 5). The benefits of El éfoshould be analyzed against their
associated costs and risks of integrating 1S. $hmuld be done by both business and
technology stakeholders. Some of the IS decisibasdommonly affect El challenges
are to select an IS vendor, to choose betweemaidtand external IS development and
management, and to choose between keeping anitS iagegrating an IS with others
and replacing an IS. These types of decision ameptex and they have been studied
largely in previous literature (Bernroider and &tef2001; Umar, 2009). In particular,
this study is directed towards situations in whitdlegrating IS was decided.
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3.3 Service oriented architecture

One of the most promising approaches to achievanglIS interoperability is through
SOA. SOA has been used as methodology for integyalistributed applications using
platform independent standards and messaging texynoAs described in the
introduction of this report, SOA has both businasd technology connotations. There
is a large amount of previous literature studyionthithe high level business benefits of
SOA and the low level technology details of SOA Ig1&2006; Erl, 2005; Erl, 2007,
Josuttis, 2007). In this report, the concept of S@serve as a bridge between El and
IM. In this section the main aspects of SOA aresenéed in relation to El for the
specific case of BPI and EAI, including challengésising SOA, and IM is related to
the development process of integrated IS in a SOA.

Before going into the details of SOA, it is impatdo discuss ‘services’ and how
they relate to business processes. SOA is baségeoroncept of a service, a piece of
functionality exposed by applications using a stadd-based contract or interface.
There are different types of services associated saveral layers of a typical SOA.
First, in the business layer, companies exposen@g@onal services, based on well
defined business processes that use applicationicagr Second, in the application
layer, more specific functions are exposed by appbns services to support the
execution of business processes. Third, in thentdogy layer, data and connectivity
services are exposed by the different IS that fpam of the company portfolio of IS.
These are more specific services to access difféypes of assets, such as data and
network access. These three layers of a SOA, abict figure 6, correspond to the
three layers of the two-dimensional EA describethaintroduction. Next, the structure
of a SOA is discussed in relation to the integratad components at the three EA
layers, from an IM perspective.
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Figure 6. Example of SOA architectural layers.

Starting from thebusiness layerthere are end-user products that support thelactu
use case requirements as part of a business itedg@alution. These are for instance, in
the case of telecoms, network management solutionsbroadband provisioning,
quality assurance, network traffic monitoring andlify reporting that are made
available to end users through interfaces such ala portal. These solutions are
compound offront-end business processeshich represent flows of information
between high-level concepts such as customer, mletwrdoill. At this level there is no
information regarding the supporting systems, iy ¢the high-level steps followed in
a use case. Front-end business processes areedeblizousiness services that expose
the functionality of applications. These businessvises are a bridge between the
business and the application layer (see figuréh@y abstract the details of application
functionality into a business function.

At the middle of the SOA architecture is thgplication layer where business
process services are realized by assembling apiphcaervices into application
business processes. These, as opposed to fromibsitess processes, are aware of the
information system portfolio that is used to suppitre business and IT strategy.
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Among others, applications might integrate legagystems, acquired software
packages, customer relationship management, eiseen@source planning and supply
chain management systems. In a SOA, the functiynafithese systems is normally
exposed in the form of application web services, @07).

And at the bottom of the figure 6 is thezhnology layerwhere application services
are realized by the back-end systems. In this waigting IS assets could be leveraged
in the creation of integrated solutions. For insggra data inventory solution holding
customer information might be exposed in the forirdata services such as create
customer or retrieve customer information. At thésger, implementation details,
including the connectivity protocols and messagsigndards are agreed between
produces and consumers of services.

Next, three of the main structural elements of aAS@plementation are described
along with their function (Erl, 2005; Zimmerman)(®):

. (Web) servicesApplications expose pieces of their functionakty reusable
services. Web services are a technology for impieimg application services
using messages for communication requests andnssp@mong applications.
A service is exposed formally using a contract rierface, which roughly
include operations and a data schema. The opesasie like functions that
might or might not have input and output paramef€he parameters are data
elements that are defined in the web service datamsa. In the case of web
services, data schemas are defined using standardits such as the unified
modeling language (UML) and xml schema definitiokSD). And data
schemas are included or imported to be used inplkeations and web service
definition, using standard languages like the wetvise definition language
(WSDL). Finally, composite services aggregate fiomality from various
services.

. Business processaéaleb services and composite services are used Dpdas
processes, which are meaningful for the busineew.vBusiness processes
represent information workflows between web sewviefulfill the needs of a
use case. These workflows combine both sequentidl conditional paths
connecting business steps. Steps are normally sesjteeweb services, case in
which data element mappings are done to pass themation required by the
web service parameters. Steps also represent htaslks Business processes
are implemented using a language like the busipessss execution language
(BPEL), and these are stored and managed in adsssprocess engine.

. Enterprise service bugESB). The main role of an ESB is to provide
interoperability between different platforms. Amoather functions, an ESB
might include providing connectivity, data transf@tion and message
management functions such as message validatiompasition, routing and
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transformation (Erl, 2005). Message validation uiles the verification of the
syntax and completeness of messages. In additiasindss rules might be
included to validate the semantics. Message cortiposimight involve
gathering data from different sources to create sagss. Message
transformation refers to making transformationslafa format and mappings
of data attributes from a source data model tot#nget data model. And
message routing is the task of sending the medsatpe corresponding target
system.

The SOA contributes to the development of IS interability principles. Although
implementing SOA requires initial efforts and codtg using SOA for EAI, companies
eventually reduce interoperability issues of inédigig applications. On the one hand,
standards services are used to developed solutioesting the different requirements
and incorporating heterogeneous applications, ibliged among various parties,
running on different platforms and having differelatta models. On the other hand, by
using SOA the business processes are naturallyngexsed into the underlying
services, reducing the dependencies and increasusgbility. For more details on how
SOA benefits EAI refer to previous literature (E2005; Gulledge, 2008).

“SOA addresses the requirements of loosely-coupeahdards-based
and protocol independent distributed computi@apazoglou and Van
der Heuvel, 2007).

Furthermore, in the case of telecoms, previousarekehas contributed to the study
of SOA methodology in telecoms El. First, a modelS®A for service provisioning
was proposed by Kim and Lim (2007). This architeetis compound of several layers
that are defined in terms of services and is ptesewith the example of an order
delivery process. Second, a framework for creatsggvices utilizing telecom
functionality is presented by Mittal (2008). Thir@uke (2005) described British
Telecom’s gateway approach for business-to-busin@2B) integration within
telecoms. Third, the TMF has developed a suitearhéworks for the next generation
operation support systems (NGOSS), which are usefalpport a SOA strategy. The
suite includes a business process framework, agic architecture framework and a
shared information/data model. In addition, NGO$&nkworks are complemented
with standards and tools to facilitate the develepmof new systems and the
integration of existing ones (Tele Management FQrRa@09). In the following section
IM is discussed in relation EI and SOA, includiihg tmodel elements and IM activities
of SOA.

However, SOA still presents challenges regardirg ittiegration and information
management. Implementing SOA requires large effiods the business, application
and information perspectives. Misconceptions acH £ readiness and governance are
among the major causes hindering the success of @&{PRementations (Erl, 2005).
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According to SOA maturity models, for instance tbee proposed by the open
management group (OMG), companies will require wagykon the consolidation of
their information models to facilitate the diffeteactivities required in the development
and maintenance of services (Ramakrishna, 2009)hémmore, a critical challenge is
the development of a unified data/information mottel defining artifacts such as
business requirements, service interfaces and wchdels. The following section
explores aspects of this challenge in relationh® M development cycle, including
roles and artifacts.

3.4 Information modeling process for developing integréed
solutions.

Information models are created at different timgsskakeholders playing different
roles, perspectives and information requiremenssa&onsequence there is normally a
semantic or conceptual gap between the organiztievels and functional areas,
which implies that even though people refer to shene domain, they use different
vocabulary. For example, a sales executive, a riagkemanager and an IT
administrator might use the same concept of custohmwvever they would model
represent it using different names or differentitaites (Gulledge, 2008). The same
situation is present in the development and managerof 1S, stakeholders with
different roles and requirements produce or udergint artifacts, specifically modeling
documents (see figure 7). These are, for instaneginess modelers, system designers
and software developers. While business modelerk wibh high level artifacts such as
strategic plans, business priorities and businesdefs; system designers work with
business processes workflows, system architectangs frameworks; and software
developers work with database models and data flagrams. The artifacts and
concepts used by these perspectives have diffeseémtbe meaning and the detail, thus
affecting the way the stakeholders collaboratdédevelopment of IS.
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Figure 7. IM roles and artifacts in traditional é&pment of IS.

Regarding the development of integrated IS, previtm SOA, the collaboration
between business analyst and system designer wiasy rhimited to the exchange of
artifacts (see figure 7). The business analystavdemain expert, and it was in charge
of analyzing the customer needs or business opmbes and writing down the
requirements of new solutions or products. The riass requirements handed to the
system architect, which had limited business Vigybut was an expert in the IS assets.
The architect was in charge of interpreting theirmss requirements and roughly
designing an automation IS to fulfill them (Erl, @). This high-level design was
further detailed by software developers. As degctiim the next, this collaboration has
been somehow enhanced with SOA.

With SOA, more modeling roles are normally presartich partitions the modeling
activity or concerns in more segments than thetiomal development (see figure 8).
Given the layered structure of SOA model element atifacts, stakeholders should
work together in the decomposition of businessystesn artifacts. This implies that
business level artifacts should be realized by iegfibn layer artifacts and these by
technology level artifacts. Two main approachesldcde taken when implementing
integrated solutions in SOA, a top-down approachsist of decomposing business
process models into business services, composipicajon services, application
processes and application services. This is alswikras the “contract first” approach,
and it is recommended as a best practice (Erl, 2®0&Bvever, a bottom-up approach is
also possible when services are adequately definedtheir composition/aggregation
into composite services and business processatwaly simple. A mixed approach is
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also a normal scenario in the real world, whereniggcts receive business solution
descriptions and application service definitionsg ahey have to integrate the middle
layers of services and business processes.

A
Business
Priorities &
Product ‘ | _
S;Tutli‘:n [ — B Strategies [
Expert e N Solution
End — user application products Requirements
N High Level
Business o | R ] | Eﬂ“sd'“less
Modeler = P & ode
v
@
Ermnt-end Biisin Processe Enterprise
Enterprise Architecture
Architect!  —-cooooo—oo @ ___________ N S\ gljlsgi:;n;:.f
yatent Business Process Services Process Service
Integrator Definitions
i = Business
Eusmess E Processes
rocess b
ﬁ Designer{ § Executioni
Service anguage
Integrator %o?%osm_e
Apnlicatinn Bisiness Processe D:ﬁni‘t?ownlsce
Systemf - A o . Web
software Anolicati : - Services
ﬁ developers = RRESLAEEIEES Definitions
=
pimee
[}
ai}
'_

Back-end systems

(Legacy, Support systems, 3rd Party systems)

Figure 8. IM roles and artifacts in SOA developt&nS

At this point, it is useful to describe the hietdoal structure of model elements of a
SOA, from business processes to services and opesat

“Business Processes: A long running set of actians activities
performed with specific business goals in mind. ifRss processes
typically encompass multiple service invocationsarples of business
processes are: initiate new employee, sell prodoctervices, and fulfill
order.
Services: Represent logical groupings of operatidfea example, if we
view customer profiling as a service, then, lookuptomer by telephone
number, list customers by name and postal code,sand data for new
customer represent the associated operations.
Operations: Transactions that represent single dagiunits of work
(LUWS). Execution of an operation will typically usse one or more
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persistent data records to be read, written, or ified. SOA operations
are directly comparable to object-oriented (OO) huets. They have a
specific, structured interface, and return struedmresponses. Just as for
methods, the execution of a specific operation migiolve invocation of
additional operations(Zimmermann, 2009).
In the same way, interfaces and information flowms ®e defined hierarchically for
modeling the interaction or information exchangeween business processes and
services. This decomposition is illustrated witk tise of a telecom’s IM scenario that
was used for the empirical research, is describezbction5.2. The following chapter
will presents topics related to integration of Iflom various perspectives of the
development of IS.
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4 INFORMATION MODELING INTEGRATION AND
COMMON INFORMATION MODEL

This chapter discusses aspects of IM in relatiaéodifferent layers of El, and the use
of a CIM is analyzed as an approach to facilitatenEegration capabilities. First, the
integration, scoping and approaches of informatrmdels are presented as aspects to
be considered by managers in making IM integratienisions. Second, the chapter
presents an explanation of the importance of daidemintegration, issues affecting it
and their consequences. Third, the chapter expaspects and considerations of
semantic integration. Lastly, the idea of CIM isalmed in terms of the expected
benefits for IS interoperability and El integratioapabilities.

4.1  Information models integration, scoping and approahbes

IM might be used as an approach to perform ens&pr IS integration. The principle
is to integrate models used by different parties, ihstance people in different
departments or different IS, and use the resulgume the integration of business
processes and applications. Once models are iteegrhere will be a common model
that allows the different parties to understancheatber. In particular for IS integration,
IM is applied for multiple purposes, for example, streamline the organization or
process interactions, to predict of changes’ efféotintegrate of services and to
dynamically coordinate and control processes. Mitexh, IM might either focus on a
particular domain or span multiple domains (Pett®92; Lim, 1997). In this study, the
focus is to use IM for the integration of servicbg helping to increase the
interoperability of heterogeneous used to implentersiness processes. In the rest of
this section, the various scoping levels of IM gmion are discussed from three
perspectives; this is followed by a summary of apphes to IM found in literature.

On the one hand, the scope of IM integration hdsaet three different perspectives.
First, information models can be integrated at #yatactic and semanticlevels.
Syntactic integration considers the structure amwuinét of models, while semantic
integration is refers to the completeness and ctiress of elements, in addition to the
meaning and interpretability (Izza, 2006; Mirbel9T). Second, scoping could be
considered from the viewpoints of the EA laydrgsinessapplicationandtechnology
At the business layer, IM is used to nail downrgguirements of a new solution, which
is further refined as various business processdssarvices, that when implemented
would realize the requirements. At the applicatlaper, a business process can be
decomposed in a flow of steps that use differenn tBe enterprise portfolio. And at the
technology layer, data and technology services bandesigned by linking the
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technology elements in the enterprise infrastrgctdulti-layer IM integration can be
supported with frameworks like archimate that defrelationships among EA layers
(Lankhorst, 2004). And third, the scope of IM coble eitherstrategicor tactical. This
perspective refers to the alignment of the IM usedorojects of an organization.
Tactical integration will focus on clusters of pois where the models of a cluster are
more related to each other than to the modelsheratlusters. Strategic integration is
more ambitious, it is an attempt to span the irdgn to the entire organization
(Robinson, 2008). These scoping perspectives goertant for managers to understand
the implications of IM integration and to take daeons based on that, for example the
definition of a governance group.
“If the use [of SID] is strategic, some companiesspecially big
companies define a central group in charge. Howetves not required,
companies can opt for using the SID for tacticalpmses. For example,
within the same company, a group can use SID aartirgy point to help
developing applications and other group can useoit integrating
applications” (Reilly, 2009)
On the other hand, there are different approacbestf least four aspects of IM
integration. First, models might be integratgdbally or pair wise Global integration
is the integration of models to a central modeh inub structure. Pair wise integration,
also called point-to-point integration, requiresking individual integrations between
pairs of models as needed. Second, models couldntegrated by using either
translatorsor adapters also called wrappers. Translators are indepencamiponents
that transform information between two data modelsle adapters are build around an
interface or data to make it conformant to a steshd®otentially, two or more
translators could be chained to perform indiremh$formations. And a translator might
additionally performmessage routingwvhich consist serving as an intermediate for the
messages sent between systems. Using messagegragproach for translators
represents the implement of a data mediation lagereen the middleware and the IS.
Third, in relation to the IM integration of the HAyers, one might follow a top-down
approach or a bottom-up approach. Top-down wilitdbg linking business artifacts
such as solution descriptions and requirement deatsnto business processes
workflows, and these to business services, appitabusiness process scripts,
composite application services and finally applaatservices (see figure 8). The
bottom-up approach will do the opposite. Therel$® ahe possibility to do a mixed
approach. Finally, models could be integrated usangnater, unified or federated
models.Master modeis when all models are derived from a single egiee model,
thus all models naturally matcbnified modelrefers to the use of a standard model(s)
to translate the information/data represented fiierdint models.Federated modek a
model governed by a central agent that maintaiesitbdel and decides what changes
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are made to it; this is normally implemented by someans of unification (Petrie,
1992; Fredericks and Van der Weide, 2006).

Table 2. Examples of managerial decisions to makéM integration scoping

Scope alternatives Example of managerial decisions

Syntactic or semantic What tools exist to helpomd semantic integration?
A common approach is to start by gathering together
key stakeholders to define a common vocabulary.

Within an EA layer or Is this use case specific to an EA layer?
multi-layer
Strategic or tactical Should CIM be deployed inwile company or for

used for specific needs on a project-by-projecid?as
For small and medium enterprise (SME) the first
approach might be feasible, for large companies the

second approach would be more realistic.

Table 3. Examples of managerial decisions to makéM integration approaches

Integration approaches Example of managerial decisions

Global or pair wise Should all models be integrateda central CIM o
models should be integrated point-to-point as néede
Translators or adapters What is more convenieritam@slator or an adapter?

Translators could be more flexible but the adapters
could be superior in performance

Master, unified or federatedAre the service interfaces already defined or m(@i
model be used to re (define) them?

Is it time/cost effective to use a CIM as a unifled
standard for all translations?

4.2  Data models integration

A data model is a logical representation of thecepts used under a particular domain
and the relationships between those concepts. Apoten data model is a computer
understandable data model codified in a particidanat that can be used to represent,
store, search and retrieve the information fromata dource (Allemang and Hendler,
2008). Data models integration is one of the mashmex and critical issues when
dealing with application integration, data integratcould lead to projects failure and
have severe consequences at the strategic levet{fe, Wybo and Kirsch, 1992). As
the number of different applications increase,graéing them becomes more complex
and sometimes unmanageable. If applications ardrowt the same vendor, which is
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typical in communication service providers’ netwarkach application might be using
a different data model. Analogically, two differestéta models are like two different
languages, for example Spanish and Chinese. Thoslar for a Spanish person and a
Chinese person to communicate, a translation isined, Similarly, for integrating data
models, it is required to define translations, camiym known asnappings between the
elements of one data model and the other. Howevappings could become complex
and prone to errors, causing a considerable timeined for data model integration. In
turn, this situation affects directly the costs I&f supporting the provisioning of
integrated solutions. In a case of Telstra, an raliah Telecom, Hamilton (1999) found
that attempts to set up an integrated technolofygstructure failed, mainly due to data
integration issues. Next, three of the main chgksnof data model integration are
discussed in detail.

A first challenge is theliversity of data models used by applications. Data models
have been created at different times, by differpabple and to satisfy specific
application needs. Thus different data models pitedisparity of formats, naming, data
standards and procedures for creating and manatgtay (Zhao and Siau, 2007). In
addition, there are several modeling paradigmsdéda models associated to different
types of databases. Although relational databaseesha most common, there are still
hierarchical databases and more recently objeentmd databases have been used.
These paradigms imply a completely different waymafdeling the data (McBrien and
Poulovassilis, 1998). In consequence, therecardlicts or inconsistencin the way
information is represented and interpreted fromadabdels. Solving these conflicts is
part of thesemanticintegration issue, which is detailed in a separsgetion. In
consequence, the definition of semantics increasecomplexity of projects and the
time to market (Kobielus, 2007). The semantic irdéign problem is detailed in the
next section.

A second challenge is thestability of data models. One of the main problems is the
structural stability of data, in other words, thestems and their data models evolve
continuously thus become a moving target of apfioaintegration. Even if the
concept of customer is somehow standard among iazagams it might not be fully
stable at all times, for instance new details atbbetcustomer might be added. This is
in part caused by the changing business needshaniytdity of data models embedded
in databases and in the logic of IS, causing slaigsr of change and other problems
(Hamilton, 1999). In addition, semantic instability affected by the trend towards
larger scopes of integration. This issue is sunaedrin the following citation:

“The integration problem is morphing from very simpo very complex,
and even moves from a departmental problem to dermse-wise
problem, and, ultimately, to a trading communitplgem” (Linthicum,
2003)
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This is particularly a problem in the telecom inalyswhere technology of hardware
evolves at revolutionary steps and telecoms needupport both the existing core
systems and the new coming systems (O’Reilly arghiinan, 2004).

Finally, a third challenge is the lack of integgalvernancefor the management of
data models. The topic of governance is large,@fiom the ownership of models to
the use of best practices and the definition ofcped. Aspects related to governance
were out of the scope of this study. To mentioew, two main aspects of governance
are the socio-political and the technical aspebe $ocio-political aspect includes the
stakeholder’s requirements, expectations and pexctiThe technical aspect includes
procedures, formats, platforms, standards and.tbol®ost cases, companies have not
defined o are still in the process of defining goaece groups and best practices.
Moreover, the lack of regulatory agencies influenttee creation of data models about
the same domain, which might not only differ fromt lalso contradict the other. As
consequence, the data integration issue is worgdmgause if there is not common
approach for modeling, the diversity and inconsisyeis expected to be greater.

In the following section, the semantic aspect dadategration is introduced and the
main challenges of semantic integration are outline

4.3  Semantic integration of models

“Semantic integration is the process that makessiiids to [produce] a
global [model] obtained from several [models], eamhthem describing
the same reality in different views, in order tatab the fullest view”
(Mirbel, 2007)

In order to integrate models, modelers have to idensseveral aspects of
equivalence and consistency between the elemerttseaodels involved. In finding
such equivalence, it is necessary to take intowatciundamental aspects of modeling
for each of the models involved. These aspectsidecthecomponent®f models, the
representatiorof concepts and reality by the model, therpretationof the model by
different users and theurpose of the model (Bergamaschi, 2001; McBrien and
Poulovassilis, 1998; Mirbel, 2007). The componemtd representation of a model are
somehow tangible and simpler aspects than the ottepretation and purpose aspects.
Standards such as UML have been developed totédeilthe unification of model
representations and computer tools are availabtdy as the one presented in appendix
3, for supporting the integration of the differesimponents of models. Conversely, the
interpretation and purpose of models are intangiblt more complex tasks. This is due
to the considerable work with humans and the laggperting tools, thus more
development is required. In this section, the egjence is studied from the perspective
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of these four semantic aspects.

Semantic integration of models, from tbemponentperspective, might follow the
typical divide-and-conquer approach. This approechsist of dividing the original
problem into smaller and manageable parts, findggsolution to these smaller parts
and combining the smaller solutions into a solutionthe original problem. This
approach follows a top-down integration, howevettdra-up approach, consisting of
building islands of model integrations are inityaformed and combined into larger
integrated model subsets, until have a single cetephodel. Semantic integration of
information models will normally consist of the defion of transformations or
mappings between two modelhese mappings represent translations of the elisme
of a source model to the equivalent elements @frget model. There is a possibility
that some elements of a model do not have a camespy element in the other model,
thus only a partial mapping is possible.

Regarding modetepresentation mappings are based on equivalence of both the
name and the concept represented by elements. digjude on name is based on
dictionaries and other linguistic aspects relatedtie naming of the elements.
Equivalence on concepts represented by the elerafans to the level of detail and the
level of abstraction of the elements. Level of detaicates how much information of a
concept is represented in the model element. Fample, to represent customer
information it might not be relevant to include ithavorite color, but it is necessary to
include their name. Level of abstraction indicdtew general or broad a concept is. For
example, while some models could represent a higaheral concept like ‘resource’,
other models could represent more specific condéqgtsPhysical Port’. Both the name
and concept representation are linked to the dtlver semantic integration aspects,
interpretation and purpose. In short, a model shoske adequate names and represent
the right concepts for the level and purpose ofuers of the models.

An additional goal of semantic integration is ttteinterpretationof models should
be equivalent. By applying mappings, a person @sraputer should be able to take the
data represented in either model and interpresiiiguthe other model. However, since
persons have different backgrounds and think diffdy, it is natural for different
persons to have different interpretations of thenesamodel elements. Semantic
integration efforts might include meetings of diéfiet stakeholders to jointly agree on
the definition of concepts such as ‘customer’ @rvece’. This could be a highly time
consuming task and there is no clear approach suri@ig a complete equivalence in
the interpretation. As an alternative, a persoriccbe designated to create a model for
defining concepts and validating it with a groupstdkeholders. Although that might be
more efficient, semantic differences are still ko be present, causing conflicts and
potentially time-consuming communication for redhgei such differences. The
emphasis is then on how to reduce such differemtieel most efficient way.
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Furthermore, while doing semantic integration ofdels, it is important to step back
and remember the majpurposeof models in general. Models are supposed to help
people to communicate, thus it is important to nhake information in a way that the
different people in an organization are able toausthnd. Models are also meant to
explain the realty, by means of abstraction of iteta an adequate level that is suitable
for the users of the models, thus modelers shayltbtidentify the important aspects
that are relevant for a particular domains andestalders. Models are meant to serve as
a blueprint and mediator, as a way to relate caiscepen from multiple viewpoints,
thus it is critical to describe the information ascurately as possible in order to
eliminate redundancies and inconsistencies betwegemnmation models (Allemang and
Hendler, 2008).

Finally, semantic integration in the context ofet@ims has some particularities. A
number of telecom standards also play an importatin the semantic integration of
models; this because naming conflicts might be gmedor standard of the same
technology And given both the number and complesdtthe different types of network
equipment, the models to describe the informati@nlarge. To provide an idea of this
situation:

“The order of magnitude for the number of infornoatielements that are
handled by the information models in the compamgraaind 1 million”
(NSN technology & architecture manager, 2009)

4.4 A common information model approach

Two main approaches could be taken for data integradoing point-to-point data
models integration and using CIM (Calvanese, 199Bg first one refers to the ad-hoc
integration of data model as needed. In this clasegvery new IS to integrate, a data
integration is made for every communication linguied between two IS. At most, if
all IS have different data models then one tramsédion is required between each IS
data model and another. Conversely, when using €dbh IS data model is integrated
to the CIM, and indirect transformations might beda to enable the integration
between two or more different data models.

CIM could be applied in the design and integratémusiness and application level
models. At the business layer, it might be usedetiine as a common vocabulary and
conceptual model that unifies the representationindbrmation for the domains
involved in the processes of an organization. A déipplication layer, CIM could be
used to integrate data models to a unified modekhis way, CIM could provide a
common language that could reduce the communicagiam between teams and
organizational levels. Moreover, communication imgistencies between internal and
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external stakeholders could be reduced. Finalijwgu€IM could produce benefits such

as increased understanding and learning, redutegration time and costs and facility

to reconfigure assets in the development of intedgraolutions. Next, these benefits are
expanded and abstracted in a set of prepositiodsaanonceptual framework. This

conceptual framework was the base for the actiseareh carried out at NSN, which is
reported in chaptes.

First, using CIM could facilitate the developmefiacsingle unified view of the data
in a company, thus aligning the business understgndnd business coordination.
Findings of Francalanci and Morabito (2008) sugtiest data integration contributes to
the business performance of companies. They useotieept ofabsorptive capacityas
the ability of an organization to learn by ideniiy, assimilating and exploiting
knowledge, and identify it as a medium for competitadvantage. For example, by
having consistent information regarding the custorsiakeholders could increase their
common understanding and achieve agreements onuatals more easily than not
having CIM. Reilly (2009) has observed this sitaatin exercises that have been made
as part of SID courses. In one exercise, the sahefgequirements was provided to
two different teams that should use the SID as Cdld the results the two teams
produced were similar in both structure and nammsalise they followed the same
guidelines and used the same CIM. If this holde iruintegration assignments, CIM
could contribute to reduce integration efforts aaidthe same time increase the
consistency/quality of customer services.

Proposition 1. Companies should increase their eyges’ coordination
and understanding of the business by using a whi@@M. This is
because using the CIM helps reducing communicaaps by providing
a common vocabulary to unify the interpretatiordafa elements.

Second, during application integration efforts,oasiderable time is normally spent
in learning the data models involved. By using Ciidmpanies save the time required
to learn proprietary data models coming from migdtipendors and external software
vendors (Reilly, 2009). And using CIM might faaiie the eventual reduction of
application integration time and costs. For examplece two models are already
integrated to the CIM, integrating a new applicatissing the two data models would
require simply a mapping between the new data maddlthe CIM. As opposed to
requiring two mappings if no CIM was set in placgtudies have performed
mathematical models to prove such statement. W20@7() concluded the minimum
number of mappings for semantic interoperabilityoam information sources is
achieved when using the approach of a shared ctuatepference model.

Proposition 2. Companies that use CIM for integrgtnew applications
could eventually reduce costs and time by reusergasitic integration
assets: The mappings between data models and the ad the
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knowledge of the CIM are reused.

Third, using an industry standard as basis for C#Would facilitate the
interoperability of 1S. As the CIM adoption by irgtty participants increases, a
common vocabulary would be shared among them, tedsicing the semantic
differences present in their IS. This in turn sldoweduce the time and cost of
integrating IS. In addition, since open standamdsret vendor specific, the interfaces
that are defined based on the standard will notdéggendent on implementation or
vendor details, thus reducing the coupling betwi&enf the same platform or vendor
(Erl, 2007). Wilmes (2008) supports the idea that

Proposition 3. CIM based on open industry standavdth sufficient
adoption from the community would favor interopéligb of IS by
reducing dependencies on specific platforms anddeen and by
standardizing the representation of data elemenkss eventually
reducing semantic differences.

Fourth, it is believed that CIM might also contribuo the stability of data models
and facilitate the deployment of governance measut#M should provide a well
structured model, provided that it is defined dwmtletively, it should consider the
different aspects of a business and arrange theanway that separates the domains or
concerns of the model. This in turn should fadditthe stability of the overall model,
because changes could be made to specific domatihsuivaffecting others. And the
control of the model should be facilitated by diagl the model in manageable subsets
(Goodhue, Wybo and Kirsch, 1992).

Proposition 4. Companies that use CIM that covés ithain concepts
used in their existing processes, and in additioat tmodel favors the
interoperability principles, can develop capabési of extensibility,
reusability and flexibility to integrate new apmitons. This in turn
increases the company’s ability to reconfigure &sd® create new
integrated solutions.

Finally, the previous propositions served as basetlfe building of a conceptual
framework is presented in figure 9. In this framekwtihne usage of CIM is defined as a
factor that facilitates IS interoperability print#g, which in turn reduce the integration
tax. An additional relationship is defined from theage of SID to the amelioration of
the semantic integration issues, thus reducingefifiect of these issues causing IS
integration tax. With this model, the first phadetlee research process is concluded.
The next section describes the second phase oéslearch, where action research and
induction thinking was used to validate the initahceptual framework.
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5 COMMON INFORMATION MODEL IN PRACTICE

This chapter covers the practical aspects of u€iilg for application integration. It
starts by outlining two main aspects to considghaselection of CIM and the reasons
for using the TMF SID model as a basis for CIM. Ndake NSN case under which
action research was carried is described. Findhg, report of action research is
presented for each of the three iterations perfdrinethe last three sections of the
chapter.

5.1  Choosing a common information model

A company has two alternatives for using CIM, tealep its own model or to take an
industry reference model as base and extend itdareeds. In the first case, there are
two sub-alternatives, a model or group of modelghtnbe taken as base or a new CIM
could be built from scratch. Developing the compangdel by its own has the
advantage of being more adapted to the comparstisity however that might be also a
disadvantage when dealing with externdl Barty systems. In addition, developing a
model by its own require normally larger effortarthreusing an industry reference
model. In the second case, industry reference racalel made with the purpose of
providing a common base to facilitate the interafien between enterprises and their
IS for a given domain. This because they providacse complete starting model, as
opposed to start from scratch. And by using an stgustandard, it provides the
advantage that other participants are using theesaodel, facilitating the integration
with their systems. Although work is required tarie the industry model and extend it
to the company’s requirements, it is agreed by astland practitioners that using a
reference model should eventually take less imptgat®n and integration effort
(Gulledge, 2008; Scheer and Hars, 1992) Finallyaligu and adoption are crucial
factors for the success of industry reference nsoeilly, 2008).

Some industry reference models have emerged irerdiff industries, as a
collaborative effort of companies to deal with tih&ta integration issues. The supply
chain operational reference (SCOR) model in manufax, the 3 party logistics
(3PL) model for logistics and the shared informafiata (SID) model in telecoms
(Gulledge, 2008; Tele Management Forum, 2009).i¢edatrly, the TMF SID model
was developed to meet the requirements of thedeieondustry, while at the same time
keep the standard compliance and flexibility (Bei#008).

“TM Forum is the world’s leading industry assod@t focused on
improving business effectiveness for service pesgidand their
suppliers. Serving the information, communicatiamsl entertainment
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industries, the Forum provides practical solutionguidance and
leadership to transform the way that digital seedcare created,
delivered and charged. Members include the worldigest service
providers, cable and network operators, softwarppdiers, equipment
suppliers and systems integrator§T'ele Management Forum, 2009)
The TMF SID model is the most widely used telecowtustry CIM. The TMF SID
presents the main features described previoushCit. It is documented, structure,
somehow complete, supported, adopted and acceptddradard. SID’s documentation
includes a complete definition of the domains, teediand relationships. The current
version of SID included more than one thousandiesti SID’s hierarchical structure
favors flexibility and modularity (see appendix 2nd, the SID model covers domains
from end-to-end processes from the various persgscof the IS life cycle: business,
systems and implementation. Such coverage allolesams working with end-to-end
scenarios. In addition the SID model has been agtlpted and supported. SID has
been adopted widely and it has been accepted &genational Telecommunications
Union’s (ITU) recommendation. Lastly, the SID modeivell supported by TMF and a
large number of industry participants.
“[TMF] provides a wide range of information and sugrt to help its
members reduce the costs and risks associated evihting and
delivering profitable services. These include indusresearch and
benchmarks, technology roadmaps, best practiceetpoioks, software
standards and interfaces, as well as certifiedriag, conferences and
publications. The Forum also provides its membemmunity with
extensive marketing and networking opportunitiesabding business
with new customers and partnergTeleManagement Forum, 2009).
Finally, the SID model has been successfully usedase studies such as British
Telecom and Tektronix. First, one case is Britighe€om’s One IT project (Potter and
Brady, 2005), in which the enhanced telecommurooatioperations map (eTOM) and
SID were used to support transformation initiatiaesl system migration. The project
turned to be a success from their perspective ibEBrTelecom.
“The project delivers against both of Al-Noor R@mptated measures
of success for One IT: reducing customer perceiggde time and
increasing the percentage of getting things rigi first time. ‘Paying
attention to these metrics automatically leadseiduced cycle costs and,
ultimately, increased customer satisfaction,” sRgsnji” (McCue, 2005).
In addition, a successful case is from Tektronixpravider of measurement
equipment that also delivers network managementagsdrance solutions. They have
leveraged the SID model with the intention to uritig management of their software
products and reduce tlr@egration taxspent in application interoperation efforts. They
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extended the SID model to develop a detailed seragsurance model. As a result, they
were able to reduce costs of integrating otheriegipbns and the time to market for
new service/resource key performance indicatordeManagement Forum, 2009).
These two cases are only two of a number of cagkest of successful implementation
of the SID model, for which documentation is aviaidaat TMF for its members. For the
practical exercise of this research, the SID modet chosen as a basis of CIM. The
following sections describe the case study of thimspirical research and results
obtained.

5.2 Network fulfillment use case at Nokia Siemens Netwks

NSN offers telecommunications infrastructure andvises, in addition to operations
and business support solutions. These solutionbased on products such as network
equipment, software, maintenance and consultingicgsy. On the one hand, the
offerings include the management of operator softywahe provisioning of NSN
software and the integration of both. On the otieard, NSN also offers maintenance
and consulting services, for which NSN units woldsely with the operator teams to
adjust the business, operations and infrastruetacerding to the changing needs of the
operators. (Nokia Siemens Networks, 2009). Furtbeemas part of the solutions
related to the network operators’ software, NSNvles middleware software to
simplify the integration and development of OSSsé&&ech and development is carried
out at NSN to investigate efficient methodologies alternatives for the integration of
OSS. Within these research efforts are the studg@Af and NGOSS frameworks in
order to facilitate the integration of services agdtems from network operators.

As part of the research efforts at NSN, a practealuation of data integration
alternatives of using CIM was performed in the eahtof SOA. There was already
available within NSN a demo implementation for @ aase, which was utilized for this
practical exercise. The use case demo consistednetwork fulfillment solution that
supported the provision of network access andeelaérvices. Such solution includes a
pre-integrated set of products, services and @fsielf modules, including network
provisioning, inventory and order management priglu€igure 10 presents a simplified
representation of high-level architecture, corresidag to a customer order for new
network access connection use case. An instandahi®farchitecture could be the
business scenario in which a customer asks a netwypmrator’'s customer service agent
for broadband internet access for home usage. fisfysguch customer demand, an
agent might execute different actions in a custore&tionship management (CRM)
system. The agent might require querying the custahata stored in the network for
information regarding the customer account and gdobbexisting services and pending
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bills. Another business process could be activatiegnetwork provisioning service and
issuing a bill for that particular service to thestomer. These scenarios are supported
products like the network fulfillment solution, vahi is exposed by means of a set of
front-end business processes such as query custibeeer activate service and issue
bill.

In turn, the front-end business processes arezeshlby business services that are
implemented by application business processesactineation layer at figure 10 shows
the simplified example of an activation busineswise, which was implemented by
composing of steps such as checking the availplofia network service, activating the
network provisioning service and logging the ev@atiis particular example of business
process would compose application services fromethlifferent systems. Notice that in
this case, both the business and application snace exposed using web services.
The difference is in the business services intedadefine high-level operations,
meaningful for the business, and use a somehowaabstata model. Conversely, the
application service interfaces define low-level mbens, meaning more specific
operations, which are system aware and use a netadedi data model.

Network Provisioning Solution Portal

Business services

)
@ Query . exposed as web
.E Customer 3 Actw_ate 3 Iss_ue services use high-
7] Service bill level data madels
5 Account
Front-end BUS&!\ESS Processes

______________ i S S, i

Business Pro¢ess Services Activation

business process

c realizes activate
=] senvice by
b= COMmposing
2 Check application
[=8 Asrailability carvices
<

Application
services exposed
as wieh services
Use proprietary
data maodels

LOG

Back-end systems
(Data Inventory Solution, Network Provisioning Solution and Logging System)

Figure 10. SOA architecture for the network praumsng use case
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In terms of the application layer, three types lefreents that participate in this use
case are a web portal, an ESB and several OSSigsee 10), such as a data inventory
solution (DIS), a network provisioning solution (8Pand a logging system (LOG),
among other OSS. However, only the DIS was usedherpurpose of this research
mainly because of time limitations and the posi#ibilo gather relevant results by
simply including the DIS. Next, the involved systemind the flow of information are
described. The portal plays the role of a busisegport system (BSS) and it is the first
that participates in the use case from the busipes®ss viewpoint. The portal handles
CRM operations relating to end-user orders comiagifa browser, prepares and sends
request messages to the ESB. The ESB acts asfia traérmediary for all the
messages sent between the applications. Partiguthd ESB platform used in this
application architecture is also the host for thseibess process engine, which executes
business workflows using business process execusinguage (BPEL). The ESB
intercepts request messages from the portal, irsvétke corresponding workflow or
BPEL and, sends request messages to the DIS basetheoprocess workflow.
Similarly, based on the process logic, the ESB seaduests messages to the other two
systems, NPS and LOG.

<«<—> Message / data flow

Web service
T |nterface (WSDL)
Portal
B5SS ----» Web Service

Request / Response

O—— BPEL Flow

= —p

= =

Enterprise Service Bus (ESE) < >

- = =

Inventory
Solution

Figure 11. Network fulfillment use case architeetur

To conclude with the description of the case stutlg, NSN specific context in
which the empirical part of this research was demdescribed next in terms of models,
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tools and standards. First, the TMF SID model wassen as basis for CIM due to its
qualities, described in sectidhl. The DataXtend Semantic Integrator (DXSI) tool,
from Progress Software, was selected for integyatata models. A detailed description
of the features of this tool is found in appendixA®d third, web services and the
industry standards WSDL and XSD had been previookbsen for the definition of
SOA interfaces and data model schemas respectiMdiyeover, a number of
preparation activities were performed before théoacresearch started. First, a
literature review of semantic integration serveddentify existing methodologies to
deal with semantic heterogeneities. Second, a gp@fithree weeks was allowed for the
thesis worker to learn the DXSI tool. And third, awerall review of the TMF SID
documentation was performed. This concludes thergidi®n of the contextual aspects
of the practical research. In the rest of thisisacn overview of the tasks performed as
part of the action research, and the structureviat for reporting the action research
results are presented.

Three iterations were performed by the thesis woiikecollaboration with the thesis
mentor and the research team. During the firsaiiten, an attempt was made to use the
SID model as CIM to perform transformations betwé®n data models of portal and
DIS. This was implemented by creatingtransformation applicationthat served a
translator. In the second iteration, the SID moda$ extended to be used as CIM and
the transformation application was used amediation layeror intermediate agent
between the ESB and the DIS. In this iteration,tthasformation application interface
changed to resemble the one used by portal. Finallthe third iteration, the message
routing/transformation application was modifiedetxpose CIM based interface, and an
additional transformation application between poalad ESB was simulated. In this
iteration, the ESB was dealing only with the CiMidanot with any other data model,
which is known a£IM realization

The next three sections comprise the report ottihee iterations of action research.
The results are organized following the sequenceheffive action research steps:
diagnosis, activity planning, activity taking, ewating and specifying learning. First, in
the diagnosing step, the data integration issudsetgolved are presented. Next, the
action planning step describes the alternatives wiesie considered and the decisions
made. This step also includes the transition meata fnductive to deductive thinking,
through conjectures. Then, the details on the adt&ing step are presented. Following
that are the results of evaluating against the &afiens described in the action
planning step. Finally, in the specifying learnsertion, the conjectures are refuted or
accepted based on the results of the action taking.
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5.3 lteration 1: Data transformation application

The diagnosis step of the first iteration consisted of the asmyof the network
provisioning solution scenario. A solution desdadptdocument was provided by the
research team and a number of meetings were hetdafesferring knowledge, from the
research team to the thesis worker, about the ase architecture and current situation
of the data integration action. Two main data iraéign issues were the learning curve
of the data models involved and the large numbemaippings required in the
integrations. Each support system participatinthia use case has its own proprietary
data model, the portal data model was developetidyesearch team and the DIS data
model was provided by a different team. Althougboanmunication link existed, the
learning curve on this data model was restrictedtdoglocumentation. Particularly, the
version of the DIS and service interface that waslable for this exercise, was initially
developed for the purposes research and develop@ugahiit is not in commercial use,
which is the reason for the documentation beingheeiformal nor complete. In
addition, the manual mappings performed in ESB videatified as a time consuming
task. As part of the business process flows, a eunab steps required invoquing
application services, each of which included aedéht data model, thus mapping
between two or more data models where requireth&se steps.

Following this diagnosisaction planningincluded a review of semantic integration
and application architectural approaches. The TMipgroach for semantic integration
using the SID was taken as baseline (Reilly, 200fis is a five-step general procedure
for SID implementation, described by Reilly and Mvds (2008). A number of scientific
articles were found, containing different taxonosniand procedures for semantic
integration of data. Examples of these taxonomrestlae Weng (2007) taxonomy of
major semantic mismatches for harmonization and Raém and Bernstein (2001)
taxonomy of semantic matching approaches. In additnotable work was found
regarding semantic integration procedures by Mi(B6D7). As a result, the Reilly and
Wilmes’ (2008) procedure was adapted as describegpendix 4, and followed in this
study.

In addition, the architectural alternatives for lqgigion data integration supported by
the DXSI tool were discussed (see appendix 3). iBpalty, a decision was made to
choose transformation applications, as opposeddaptars (wrappers) around the
applications to be integrated. The main reasonthastransformation applications were
found more flexible and simple to implement thama@atdrs because programming an
interface was not required. As a result, it wasidkd to create a transformation-only
application, as shown in figure 12. With this agmio, for every request message from
portal to DIS, a call was first made from the E®Blie transformation application to
convert the message from the portal data moddiedtS data model. Then the ESB
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would use the transformed request message to tall D
<«—> Message / data flow
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Figure 12. Transformation only application scenario

Next, given the characteristics of the SID (seeeappx 2) and the architecture
alternative used in this iteration, the followingpngectures were derived from
proposition 1:

Conjecture 1. Using the SID as CIM, it should bagiole to relate the
concepts described in the NSN network fulfillmeunsitess solution
description document and to find a link to the techl data model
specification (XSD files).

Conjecture 2. Once familiar with the SID, it sholie possible to map
the elements in the portal and inventory solutiatednodel to the SID.

During theaction takingphase, the procedure described in appendix 4 aliasved.
First, a high level analysis of the TMF SID modelsture was required to get familiar
with it. Then, the scoping of the integration wasfiged to consist of 14 abstract
business entities (ABE) in 4 domains (see appefilisecond, the portal and the DIS
data models were identified to be adequate foiptirposes of this experiment, as they
represent a complete end-to-end scenario. The NR& mhodel was not included
because its level of detail does not correspornti¢aone in the other two data models,
portal and DIS. Third, a detail analysis of thetpband DIS models was performed to
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understand the concepts of the different data nsoddie analysis was made using a
combination of sources, including the business tewludescription document, the
schema files (XSD) and the same research teamhEquortal data model, containing
simply 3 elements, the entire model was considanedfor the DIS data model a subset
of 18 elements out of 88 were considered. This efutsrresponds to two of the main
scenarios of the use case. In addition, an in-dspilly of the SID documentation
related to the selected ABE. For this, both the 8d@umentation and the DXSI tool
were used to learn the concepts and their reldtipas

Furthermore, using the procedure defined in thmagilanning, the portal and DIS
data model entities and attributes were mappeché¢oSID model. First, the thesis
worker received help from the thesis mentor toteethe entities to relate elements in
the data models to the SID. Then design patter@ching was used to link subsets of
elements from the data models to the SID. For aitieh of research pattern, refer to
appendix 4. This was documented informally usingo#fite document, enlisting the
design pattern along with the related data eleme&#sond, the attributes of the data
models were matched to SID attributes using a teloron table. Third, interface
mappings were performed inside the DXSI tool, usheyknowledge developed during
the analysis. The three models (portal, SID and)&re imported into the tool and
manual mappings were performed. First the entitressecond the attributes of the data
models were mapped to the SID using the graphiébrein DXSI. Finally, the same
DXSI tool test environment was used to test the pimags with a sample request and
test data.

In evaluatingof the action taking, it was possible to relate thajority of concepts
from the business solution description documenih¢oSID model, and to navigate from
any element to another using the DXSI tool. In &ddj it was possible to relate
business and technical elements coming from thetieal description and the XSD
files, respectively. As a result of the data elena design pattern mapping, the thesis
worker’s understanding of the portal and DIS coteépcreased. In general, using the
SID was useful as the base for CIM, as it serveslasdge between concepts.

Conversely, it was found that even for small andlion® data models with similar
concepts to the ones in SID, there could be a dermble amount of semantic
mismatches or conflicts of different type. Firgwflinguistic mismatches were present
in the form of synonyms, for example ‘Technical \Be#’ and ‘Resource Facing
Service'. Second, although most elements of théaporodel were already in the SID,
some abstract elements in SID required to be ertbnd concrete elements in order to
make them usable, for instance there was not aretmentity for a ‘Virtual Network'’.
Third, some elements that were present in the SéBewnissing attributes required for
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this network provisioning use case. As a resultemsion$ to the SID model were
required in order to map approximately 38 % ofdlement attributes in the DIS model.
And for approximately one third of those attributes corresponding data element was
identified in the SID model. Since additional do@ntation or semantics was not
included in the DIS data model, these elementbaities were included in the CIM
within any feasible data element. In this regatds iimportant to notice that the SID
model has been and will continue evolving towaradscgie complete industry reference
model (Reilly, 2009), this with the help of TMF ani$ participants. Finally, the
structure of the SID, which uses consistent depajterns, was perceived to be flexible
for extending the SID with NSN elements and attiisufor this use case.

Finally, lessons learneaf this iteration include advantages and disachged of
using the SID and of using a transformation-onlpligation. First, it was possible to
navigate the SID elements to relate business athddogy/systems concepts. For this
reason, conjecture 1 was retained as valid. Sed¢owds noticed that a large percentage
of the DIS model attributes required extensions soohe of the mappings required
more domain knowledge. Thus mapping data modetbe&1D should be taken as an
iterative process, it is not necessary to map tmpiete data model to elements in the
SID the first time. For this reason, conjecture Hbudd be modified to include a
condition that the person doing the mappings shbakk sufficient command of the
data models being mapped. Third, the SID model mhecuation, structure, design
patterns and guidelines were perceived as usefyparently it is not common to find
such benefits in a data model. It would be inténgsto compare those aspects of SID
with other models. Lastly, from the implementatparspective, the transformation only
architecture had advantages and disadvantagesndimeadvantage is the separation of
concerns, this because the transformation appicagenerated by DXSI has a defined
task of transforming data models. However, oth&gration tasks are still handled in
the ESB, with the disadvantage of dealing withdagigta model, compound of both the
source (portal) and target (DIS) data models. @selésson is that not all models are at
the same semantic level; this was the case of B dlata model. The semantics of the
information represented by the NPS data model igepresented as part of the model
but it is present in the underlying data instances.

5.4 lteration 2: Data mediation layer

In the diagnosingstep of the second iteration, a number of problerese identified

! An extension is an adaptation to a model by addimljsometimes modifying a data model to meet the
requirements of an application or solution.
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regarding the integration interfaces and the t@nsdtion application generated with
DXSI. A main problem was that the DXSI interfacesrg highly complex. Since the
interface data model was compound of both the pema DIS data, its size and
structure was not easy to visualize. Furthermane, mappings done in DXSI to

generate transformation applications were perceivedonly unhelpful but also as

double work. The reason is because data model mggpdiave to be defined and
maintained not only in the ESB but also in the DX8breover, in the ESB an extra
data model mapping was required for the new tramsition application interface. In

addition, this new interface was harder to map ttenDIS interface, because it was
compound of both the source (portal) and targeSj@lata models. Finally, in the first
iteration the extensions to the SID model were maieg DXSI, however the need for
a modeling tool that could improve the visualizataf the model was identified.

Regarding the use of the SID as CIM other issuese vigentified. Even with a
delimited SID scope, adapting the SID for use cgeeific information needs is a time
consuming task. Most of the integration time was learning the SID and making
decisions regarding the best way to extend the Slids time was perceived to be
greater than the one it would take for doing a ptorpoint integration for this
particular use case. One of the reasons was thatwias required to learn a third model,
the SID model, however this time is expected tordmuced in further integrations.
Additionally, in terms of extensions to the SID,vitas made clear the need for
guidelines for the naming and structure of the ddelements and the data format and
version control of the extended model.

In the action planningthe rational software modeler (RSM) tool was chof&
making extensions to the SID model. This step ihetbalso a change in the integration
interfaces and a different architectural alterreatiks opposed to merging the portal and
DIS data models, a simpler data model based opdhal data model was used for the
integration interface of the DXSI transformatiorpigation. This was combined with a
change in the architectural approach from a transition only to a message
forwarding transformation application, depictedFigure 13. With this new approach,
the DXSI transformation application had two resploitises, besides transforming data
models; it was in charge of forwarding the messagdbke DIS. And as opposed to the
transformation-only application, with the messagsvarding approach the ESB did not
have to deal with the DIS data model.



63

<«—> Message / data flow

Web service
EEE |nterface (WSDL)
Portal
BSS ----+ Web Service

Request / Response

s
]
I
1

O—— BPEL Flow

@ nterprise Service Bus (ESB)< >

Data
Inventory
Solution

[
I
I
I

Figure 13. Data mediation layer scenario

Next, given the characteristics of the SID (seeeappx 2) and the architecture
alternative used in this iteration, the followingongectures were derived from
proposition 2:

Conjecture 3. After making a first set of extensitmthe SID concepts
for a particular use case, further extension to St that use case
should take less time than it took making the érdensions.

Conjecture 4. The effort required in to integratke t participant

applications in the ESB should be perceivably redudy using a
message forwarding transformation application coneplato point-to-

point integration.

During theaction takingstep, additional adjustments to the extended SBewnade
using the RSM tool. This was done to take into aotdhe suggestions made by the
thesis mentor and the guidelines from Reilly (200He adjustments took one day, as
opposed to three days spent for the extensionserinst iteration. These adjustments
increased the level of detail in the extended Sidh the intention to improve the
organization of the information coming from DIS.eTRSM tool was used to model the
extensions, the resulting model was exported fréddMRand imported into DXSI. The
mappings in DXSI for the adjusted model did notrespnt a significant effort in terms
of semantic matching. The mappings from the firstations were reused and the new
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mappings of this iteration were simply added tosthoFor the portal interface, the
mappings for the new transformation interface werereated but they were highly
similar to the ones in the previous transformatioierface. Additional configuration
and logic was necessary inside the DXSI tool tealithe messages coming from the
ESB to the corresponding operation in the DIS fatar. Finally, the new interface
provided by the transformation application did nepiresent a reduction of effort, from
the application implementation perspective, becamappings were still needed inside
the ESB to map the new transformation applicatderface. No reduction of effort was
perceived by the person making the applicatioregnattion.

Finally, alesson learnedrom this second iteration was that some timersg/ivere
perceived in terms of the SID model learning cuMereover, a navigability test of
low level elements was performed to ensure thaitisy from an element in the
extended SID, it was possible to go to any othemeht by following the relationships
of intermediate elements. For these reasons, donge8 was kept as valid. However,
even if the interfaces to be integrated are similanames and structure, if they are not
the same, manual mappings have to be done in El88eWwas not a significant benefit
perceived from the new architectural approach, targecture 4 was rejected. Finally,
the need for governance was identified as helguleduce the semantic integration
effort, mainly guideless and standards for perfagq$ID extensions.

55 Iteration 3;: Common information model realization

In the third iteration, it wasliagnosedthat the command of the SID model and the
involved data models was greater. All attributeshef DIS data model were mapped to
a corresponding concept in the extended SID mdtt@iever, the main issue was that
integration interfaces were not CIM compliant. Cdiance to CIM is desirable because
CIM based interfaces would be more reusable ond# iGlincreasingly adopted. In
addition, the integration effort in the ESB was moproved by the introduction of the
message forwarding transformation application.

During theaction planningstep, it was decided to try a SID compliant CIM fo
integrating the systems inside the ESB (see fidute In this new approach, CIM
would be used inside the ESB. That is the caskeoéktended SID interface, marked in
the figure 14 as ‘NSN x SID’. But, since the CIM d&b is large, a manageable subset
would be extracted, containing simply the requisteiments for this use case. Two
DXSI transformation applications would be involvedte for transforming data models
and forwarding messages between the portal an@E® and a second one between
the ESB and the DIS. The integration interfacesld/de redefined to use the CIM as
data model.
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Next, given the characteristics of the SID (seeeappx 2) and the architecture
alternative used in this iteration, the followingpngectures were derived from
proposition 3:

Conjecture 5. Using a SID compliant integrationeiriaces will reduce
the number of mappings needed in the ESB.

Conjecture 6. Using SID compliant integration irfigeres will improve
and unify the understanding of the use case data.

During theaction takingstep, a manageable subset of the CIM model waaatet
to be used for the integration interfaces. Tworfames were required, one for each of
the transformation applications. The CIM subset ehazbntained approximately 90
elements, from which most of them were SID absteetnents, and some concrete
NSN elements that inherited from abstract elemémtghe purpose of instantiation.
During the integration there were implementaticsues related to the management of
abstract elements. Apparently although standardbl ss WSDL and XSD are well
adopted, there are few aspects that are not harefiedlly by all development
platforms. The web services interoperability (WSxiyanization (2009) has worked in
the development of a set of recommendations for W&bBd XSD, in an attempt to
manage such inconsistencies, however interopdsapiloblems might still be present
among development platforms as of now. As a workadp a modification to the CIM
was made to allow mapping the two transformatiderfaces in the ESB. Finally, for
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the specific tool chain used in this exercise, éhsere format conversion issues. The
SID model was extracted from the TMF online resesras UML format and imported
into RSM, extended as XSD format and imported DXSI. As a result, syntactic and
semantic errors were present.

As a result of this third iteration, the efforttime ESB was perceivably reduced. The
number of mappings was reduced by using CIM, thenmeason being that mappings
are done at a high level, i.e. entity and data mitzlel as opposed to attribute level.
For this reason, conjecture 5 was kept as validwéver, the integration interface
became unnecessarily large and difficult to readarde number of optional elements
were present in the integration interface; mostha&fm were not needed for in this
particular use case. Additionally, from the ESB gperctive, it was difficult to
understand and to work with the new schema, it tsadarge and the element names
did not have the adequate level of detail, in otherds they were abstract elements that
were not meaningful for this specific use case.sTéituation represents an issue
regarding the separation of tasks among modelitesrsince the interface does not
defines the actual data that is needed for a péaticservice, the system integrator
(ESB) depends on the data integrator (DXSI) to gerfactual data mapping for the
ESB. For these reasons, conjecture 6 had to beleorepted and retested to include an
adequate level of detail and sufficient commanthef model elements involved in the
use case.

With this third iteration, the action research ghas$ the research was completed. A
number of lessons learned were obtained from thetipal exercise. The next chapter
presents a summary of the results of these theratibns and analyzes them in
triangulation with the interviews applied to préiciers as part of the third research
phase.



67
6 RESULTS DISCUSSION AND ASSESMENT

As part of the third research phase, a number teiviews were applied to industry
practitioners. The goal was to have a source ofpasison between the results of action
research and the experiences of other people froth BISN and other industry
companies. Performing this comparison was partitulaseful for addressing the
external validity of the research results. In tle&trsections, a summary of the practical
benefits, issues, conditions and alternatives afigu€IM found during the action
research is presented. Next, the results from\iees are analyzed collectively by
finding commonalities and relationships within gaiges. Subsequently, both the
action research and the interviews are consolidaygdangulation of data sources. The
triangulated results served to test the validitytlod initial propositions presented in
chapter 4. Finally, in this chapter is the geneedion assessment of benefits of CIM for
IS interoperability and EI integration, which sedvéo build the final conceptual
framework.

6.1  Action research results summary

At the end of the three action research iteratiamsanalysis was made to summarize
and categorize the findings. Four categories weftected to represent the benefits,

issues, conditions and alternatives of using Clklese categories are described in table
8 of appendix 5. The table 4 summarizes the restilfsis analysis:

Table 4. Lessons learned from action research.

Category Lessons learned

Benefit - SID allows to link business and systemazpts.

- Documentation and structure of the SID was pegeckuseful.

- Working with the same model (the SID) reusesneay (learning
curve).

- Using CIM reduces the integration work; this echuse the same
model is being used in both sides of the mappings.

Issues - A large amount of extensions are needea fev small models.

- The way standards such as WSDL and XSD are hauhgi¢he tools
might not be consistent, causing interoperabiisues.

- Using different tools for doing modeling, mappiagd integrating
applications might require model format conversionEhese
conversions might have conflicts and errors.

- By using CIM as data model for service interfadess likely to
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produce large and complex interfaces, mainly bexaaterences to
parent elements include a large number of unnegestanents. As a
result, the interfaces are difficult to read anavtwk with.

Alternatives - Using a transformation only applioatrequires more applicatign
integration work in the ESB, two data model mappiage required
instead of one. The advantage of it is the sepmarabecerns; th

D

transformation task is completely separated.
- Using a message forwarding transformation apiiinadoes nof
save integration effort, because even if the iata$ to be integrated
are similar, ESB mappings are required. The adgantathat it helps
to separate dependencies between the ESB andyheasipns.

Conditions - The information models to be integdatehould describe the
semantics of the information being modeled; otheewiadditiona
documentation is required to perform the semantegration.

- The semantic integration tool should supportititegration needs i
terms of aspects such as the type of model, tHentdaogies and th
activity or procedure for semantic integration.

- Governance measures should be placed for manapmgway
extensions and mappings are made.

- To reduce the effort in mappings in ESB, all ifdees should use
the same model.
- The persons doing the semantic integration shdaddable to
understand the semantics of data models to inegrat

=)

D

6.2 Interview results

In addition to the interviews of the first reseanmase, in the third phase, five more
persons were interviewed to support the generalicgtyity of the action research
results. Details about the interviewees and therwgws were included as part of
appendix 7. For each interview, electronic intewieeports were generated and
validated by the interviewees. Next, the data wasrsarized and organized using
categories and subcategories (see table 8 and®pehdix 5 for a description of each).
The categories were benefits, issues, conditiodsadternatives of using a CIM, and
they were codified with the letters B, |, C and éspectively. The subcategories were
enterprise, IS and modeling aspects of integrateod they were codified with the
letters E, S and M respectively.

As a result of the categorization, the table 5¢gmésthe interview results grouped by
interviewees. A cross reference was appended to eafry in this table, which is a
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code comprised of the category code, optionallysiliecategory code and a sequential
number for the entries of the same categorical graithin each interview. It is
important to notice that the intention is not t@ tise results the interviews as statistical
representation of a population, but to provide ek validity and to understand the

relationships between concepts within and acrosgoges.

Table 5. Categorized interview results

Interviewee
Codes

Statement id and description

Category
Code

NSA

With the SID, the knowledge and lessons learneh fro
other people is reused. For instance, design patee a
form of reuse of solutions to known problems.

BE1, BS1

At the lowest level, when dealing with the data elod
you might modify the structure to increase perfanoea

Al

Care should be taken to keep the semantics.

C1

For low level modeling roles, it is still necessawyknow
higher levels of SID for the domain being modelElis
in order not to break the semantics of the SID.

C2

NBA

The documentation of SID provides savings in tragni
logistics and other areas of IM management.

BE1

Top-down approach is useful to understand the legsin

BE2

Using SID represents an industry alignment, which
means you could speak the same ‘language’ than the
industry.

BE3, BM1

Separating different modeling roles is useful tpesate
concerns.

BE4

SID separates domains, and thus concerns clevealy.
person works with a SID domain well knowledge & th
domain, but does not need to know other domains.

BM2

By following a top-down approach for the
implementation of NGOSS frameworks (eTOM and
SID), at some point when you reach lower levels the
resemblance with the standards disappears.

IS1

An issue is that children classes inherit a nunatber
unnecessary attributes.

IM2

SID is large, complex and with deep structure.

IM3

An alternative is to make a simpler model and timém
to the complete model.

Al

A transformation language could allow making

A2
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references from simpler models to the complete mode

Governance should handle both services (SOA) and | C1
information (CIM) together.
Separating concerns is how you are able to see the | C2

implications of each modeling role.

NSD

Using SID could reduce impacts of changes; thel lefve
detail is organized so that high-level processesato
need to deal with technical issues

BM1

Using SID could reduce impacts of changes also whe|
changing a sub process, other sub process are not
impacted.

nBS1

We realized that the same structure was present in
different systems to manage the same data, thusetdc:
for CIM was noticed.

IM1

It was not clear where the border between inforomati
and data model is.

IM2

When we started working with the data inventory
schema, we realized that its size would be a pnoble

IM3

In our case, we do not have role separation buigs®

separation. Organizations manage different strastun
CIM separation of roles and artifacts should coasid

that.

C1

The semantic integration effort depends on theistar
point; we normally had manageable data models. Sor
elements were mapped easily and other ones wepdysi
mirrored to the database elements.

C2

m

ESI

With CIM companies would simply need to define the
adapter in order to be able to exchange informatiibim
other companies.

BS1

Implementing this project is a long term investméint
CIM does not receive enough support, there isitkeof
lack of funding.

IE1

Modelers should focus on the important aspects foe
much detail might be an issue at the beginning.

M1

Data integration is an iterative process. You dart s
simple, with a dictionary and mapping static data

Al

The greater the number of participants the grehter
benefit of the information exchange framework

C1

Careful mapping needed

C2
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Good design is needed C3

Timing is very important, if someone is too latejelays | C4
the entire design process. An alternative is tapet
penalties for these cases

The initial goal is to gather the information oéth C5
companies and create a common terminology
IEA Currently we have been doing point-to-point intéigra | BS1

but the goal is to use the industry reference maslel
common model for all transformations.

An available insurance industry standard architecisi | BM1
somehow complete, which includes enough detail.
Sometimes you have to do bottom-up because legacy I2
systems still need to be supported.
An appropriate governance model is required to be | C1
defined as early as possible.
The intention is to use the modeling suite of padwf | C2
our provider to handle integrally business procgsse
information and software design.

We have done EA for a particular business unitand | Al
market segment.

EA should be carried out step by step in pilot @ctg. A2

The rest of this section presents the analysihefiterview results. The analysis
consisted in finding relationships among the in@mresults within each category:

For thebenefitsof using CIM, there is apparently a relationshgivieeen the structure
of CIM, the knowledge reusability and the efforjueed during integrations. On the
one hand, if the CIM is structured in a way thgtasates the concerns of the various
business domains, persons could focus on a paticldmain and reuse the learning
from one integration project to another. And on ttieer hand, the same separation of
concerns should favor the loose coupling of appibea, thus providing more flexibility
to react to changes and reducing the impact ofgdsn

In addition, connections were found in tbenditionsnecessary to implement CIM.
Aspects such as governance, modeling roles andhgpate all related and should be
considered together. There are tools available rfardeling business processes,
information models, system architectures and soéwasign. Each particular modeling
role should have the appropriate tool, and the nchdi tools should support the
collaboration of the different rules participating the entire development life cycle.
Finally, governance mechanisms should be set refflar harmonize the practices used
by the different roles in the development of thiéedent artifacts. As a result, it should
be possible to maintain a somehow standard wayarking, which is conditional to
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leverage the benefits of using CIM.

Lastly, issuesand alternativesof using CIM are related because different issues
might be present or not, depending on the alteresitiaken. On one hand, depending
on the integration approach, different issues awad. If a top-down approach is taken
for the definition of processes and services, atespoint there is an issue of linking the
underlying IS to meet the needs of the servicessrd@ize the functionality of business
processes. If a bottom-up approach is used bechgsey systems have to be
integrated, then the result might end up beingnatfanality that is difficult to reuse for
different purposes. On the other hand, modelingsdets and alternative tools will
impact the issues present during implementatio@IM. The way design patterns are
used could benefit the consistency and flexibitify5ID extensions, or might affect the
mapping effort and the semantics of concepts, s ¢the reality does not match exactly
a pattern. Finally, the set of tools could arisés in terms of format conversions and
facilitate or difficult the mapping activity.

6.3  Triangulation of results and theory validation

In order to leverage the most learning of the déife types of results obtained in this
research triangulation of data sources was made between the action obseand
interview results. Similar to the analysis of thdividual data sources, the results from
action research and interviews were consolidatet aganized using the categories
defined in appendix 5. For the purposes of triaatjoh, each of the three iterations and
the five interviews with practitioners were consgetk as separate cases (see appendix
6). The cases were codified using a three-characige, for the iterations they were
IT1, IT2 and IT3; and for the interviews the inteewee code was used. The
triangulated results are presented in table 6, ggdlby categories and making cross-
reference to the supporting data entries from thgorma research iterations and
interviews (see appendix 5). Next, the triangulatesults were confronted with the
propositions used during the first research phasalidate and complement them (see
section4.4).

The elements of each proposition were analyzeddrfopning two types of tests.
The first test was that for each condition of theposition, there should be enough
support from empirical data. The second test waquialify each causal relationship
between the conditions and the effects of the mitpn, based on the theory of
causality. This theory states that in a cause-effetationship, causes might be
necessaryand/or sufficient to obtain the effect. The case in which a causboih
necessary and sufficient indicates equivalencether words the effect will always be
present when the cause is present (Mahoney, 2008).
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Table 6. Triangulation between action researchiaiedviews results

C3

Category | Idea Support (case-
category)
Benefit CIM provides a common language across different NBA-BE3, ESI-
stakeholders and across companies. C5
SID is useful to understand both business andsystdT1-BE1, NBA-
view, and to close the gap between them BE3, NBA-
BM1, IEA-BM1
Model documentation of SID can be useful to obtainT1-C1, NBA-
benefits, they represent a reuse of knowledge BE1
SID allows reusing model learning / knowledge, for IT1-C2,
instance with design patterns NSA-BE1
Compliance with an industry standard is a desioed {t IT3-IM2, NBA-
‘speak the same language’ than the rest of thesinglu BE3, NBA-BM1
When using the same SID, integration times or costsl2-BE2, NBA-
should be reduced. BE1
The number of data model mappings is reduced Wwitt3-BS1, IEA-
CIM BS1
Extensions are reused when using CIM IT2-C1, IT2-
Using CIM design patterns helps to make extensjdmng-C3, NSA-
and to keep consistency. BS1
Using CIM allows to easily integrate models IT3-BS1ESI-
BS1
Using CIM might reduce impact of changes if iNBA-BM2,
structure separates concerns clearly, when charagif¢SD-BS1,
sub process does not affect other sub procesBE3A-C2
Separation of concerns helps to identify the
implications of the different modeling roles.
Also, having the translation function clearly defiil IT1-BS1, NSD-
will reduce impacts of changes (translators | BS1
adapters)
Condition | Any person involved in the integration, should \BEE1-IE1, NSA-
familiar with the domain of the information modeC2
that is concerned.
The suite of modeling tools should support the alenT1-C5, IT2-
IS development life cycle and the collaboratiorthad | IM1, IEA-C2

different modeling roles. In other words, adequ
integration of tools is a requirement.

ate

Governance of models should be defined for

the CQT1-T2-C3,
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modeling practices and it should be in parallel
both services and information, and integrally fdr
the involved modeling roles and artifacts. In or
words integration of governance is also a condition

f8BA-C1,
L1
der

IEA-

All interfaces should use the same model in orde
leverage benefits.
As more and more participants use the CIM, ben
would be greater.

rnt3-Ci, ESI-C1

cfits

Mappings should be done carefully to ensure quali

IWNSA-C2, ESI-
C2, NSA-C3

Adequate level of detail should be present in thd (
or part of the CIM used for integrations. Using C
might reduce impact of changes, if its struct
defines clearly the level of detail, the high-leisdues
do not need to deal with the technical issues.

CIT3-IM1, IT3-

INE1, NSA-A1,

UNSD-BM1,
IEA-BM1

Issue

Interface composition might be an issue with la
CIM, for example the SID model, which have
complex and deep hierarchy of elements. Unneces
elements had to be included in iteration 3 becads
element hierarchy and references, thus the siz
interfaces exploded.

r¢E3-IM1
a

ssary

e

e of

Sometimes it is necessary to do a bottom-up appr
because legacy systems need to be used.

OHEA-12

Alternative

A simplified model should be used in defining seev
interfaces, transformation languages and tools ldh
be explored to find a suitable alterative that ddudth
keep compliance to standards and allow the cre:
of flexible and understandable interfaces

INBA-A1, NBA-
o2, IT3-Ad

htion

Implementing CIM for enterprise semantic integnat|
can be done progressively, for instance with g
projects

I0EA-AL,
ilag

IEA-

Using a subset of the CIM is easier to visualize

3-BM1

The result of the validation of the four initialgmositions from sectiod.1 will be
presented next along with generalization assessment
Proposition 1. Companies should increase their eyges’ coordination
and understanding of the business by using a whi@@M. This is
because using the CIM helps reducing communicaaps by providing
a common vocabulary to unify the interpretatiordafa elements.
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Proposition 1 includes two conditions, reductiorthe communication gap reduction
and a common vocabulary. Regarding the communitagap three conditions were
found. First, the fact that SID covers and linkgeiher the business and system
concepts was found a necessary condition [IT1-BERA-BE3, NBA-BM1, IEA-
BM1]. Second, it was a necessary condition for itifermation/data models to be
defined at the same abstraction level than the 88D meeting this condition was the
cause for not being able to map the NPS to theiBl@eration 1 of action research
[IT1-IM5, IT3-IM1]. And third, it was a necessarymdition for the person making the
data models integration to have knowledge of th& daodels, including the SID
domains required in the use case. To meet thisclastlition, two sub-factors were
found to be sufficient, but not necessary: If thedeler making the integration had
sufficient command of data models involved [IT1-JENSA-C2] or sufficient
documentation was available to understand the strsasf the model elements [IT1-
IM1], it would eventually be possible to conneat thusiness and system concepts.

Furthermore, proposition 1 indicates that usiniylCan facilitate the understanding
across business and technology domains by havoamenon vocabulary [NBA-BE3,
ESI-C5]. A clear necessary condition for this iattthe model is commonly used among
the participants [IT3-C1, ESI-C1], and in this €a® additional condition was found,
thus the benefit should hold true in all casestliasll conditions for proposition 1
were not found to be specific to SID, they mighigeaeralized to other CIM.

Proposition 2. Companies that use CIM for integrgtnew applications
could eventually reduce costs and time by reusergasitic integration
assets: The mappings between data models and the ad the
knowledge of the CIM are reused.

Support was found for proposition 2 thus using Glivbuld allow some reduction of
integration time and costs [IT2-BE2, NBA-BE1]. A aessary condition for such
reduction was to reuse some asset such as docummen{fl1-C1, NBA-BE1],
knowledge of the models (or parts of the model§1{C2, NSA-BE1], the mappings
[IT3-BS1, IEA-BS1] or the extensions [IT2-C1, ITZL No additional condition was
found to affect this relationship, thus the pregeoicreuse should reduce effort.

Proposition 3. CIM based on open industry standavdth sufficient
adoption from the community would favor interopéligb of IS by
reducing dependencies on specific platforms anddeen and by
standardizing the representation of data elemeris)s eventually
reducing semantic differences.

Support from proposition 3 was found [IT3-BS1, EBS84]. A sufficient condition
for that is the standardization of models used iffgr@nt participants [IT3-IM2, NBA-
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BE3, NBA-BM1] and interfaces that are involved miategration [IT3-C1, ESI-C1].
Proposition 4. Companies that use CIM that covés ithain concepts
used in their existing processes, and in additioat tmodel favors the
interoperability principles, can develop capabési of extensibility,
reusability and flexibility to integrate new apmitons. This in turn
increases the company’s ability to reconfigure &sd® create new
integrated solutions.

Support for proposition 4 was found [IT3-BS1, ESSB with the necessary
condition that CIM had clear separation of concesnglomains [IT3-IM1, IT3-1S1,
NSA-Al, NSD-BM1, IEA-BM1]. An additional necessanpndition is the adequate
level of detail in the CIM or part of the CIM thist used to do the integration [NBA-
BM2, NSD-BS1, NBA-C2]. Lastly, a ‘helpful’ conditiothat was not found sufficient
or necessary is the use of SID design patternsehemwit was clearly supported by
multiple cases [IT1-C3, NSA-BS1]. Future researtght be interested in researching
design patterns in more detail.

Finally, these propositions were abstracted intieiato the development of IS
interoperability principles and El dynamic capahlak. These abstractions served to
refine the initial conceptual framework of benefiisusing CIM (see figure 9), which
was combined with the model of objectives and eimgjes of IS integration and EI (see
figure 5). The result was the final theory presdnitethe next section.

6.4  Theory refinement

This section describes how using CIM facilitatese tlhlevelopment of IS
interoperability principles and EI dynamic capal&k.

First, thelearning capability is facilitated by the reuse of knowledand the learning
curve, which are built when using CIM continuouséxtensively and consistently
among the different modeling roles during the entdevelopment cycle of IS.
Knowledge of the CIM, its extensions and mappingghinbe reused by using CIM,
and by using an industry standard model as CIM;, @lathe knowledge of the people
that created the standard is reused. An exampileeislocumentation and the design
patterns in a model like SID that represents smhstito design problems that are
normally faced. Moreover, as stakeholders contimagking with the same model, they
built knowledge on the model, which is reused frmmject to project. Models like SID
that have a clear separation of domains or concetrmuld help the different
stakeholders to focus on the part of a model thaf their interest, thus allows them to
learn those domains more fluently than having trrean entire enterprise model.
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Finally, CIM facilitates also the transferring, attils the reuse of knowledge built
within the organization. When using a common laggutor the different domains of
end-to-end business and operation, people commntenbeas in a way other people are
able to interpret them accurately.

However, there are conditions for developing laagncapability by using CIM,
which when not present could become issues. Owrkehand, CIM might become an
issue if it is not approached correctly. For insgrsince CIM connects a large amount
of concepts from the different enterprise domamperson might attempt to learn the
entire model at once, which would be a burden usea case that only involves a small
set of concepts. On the other hand, a conditionldeeraging CIM learning is that
command of the CIM is required for at least the dm® involved in the use case. A
person should be able to understand the sematritibe part of the model the person is
working with. In consequence, significant initiame and costs might be spent in
learning CIM.

Second, thecoordination and integratiortapabilities are also favored by the CIM
separation of concerns. This characteristic of GsMuseful to separate the modeling
tasks in a way that avoids redundancies. Reusabilimodel transformations is also a
feature of CIM that benefits the integration capghbiWhen using CIM for integrating
more than three systems, the number of mappinggeket data models is fewer than
doing point-to-point integrations. And by using iamermediate model to perform all
data model transformations, it should become edsiatecouple the mapping tasks
without integration effort. As opposed to havingotwersons that own two different
systems patrticipating in the mapping between tha oedels of the two systems, each
person could focus on mapping the data model orte 8¢ CIM model. Moreover, the
coordination of teams could be facilitated by us@iyl because the interpretability of
the modeling artifacts becomes more unified ordaath This should also be reflected
in the efficiency of meetings and joint effortsateld to the definition of concepts used
in models. Finally, the use of an industry refeeeratandard could facilitate the
coordination of internal and external parties tr& required in normal development for
instance for requirement gathering.

Nevertheless, there are also issues and conditfiesting the developing of
coordination and integration capabilities by us@iiyl. One of the main issues of using
CIM in SOA is the implementation of service intexdsa is the level of detail of the
information elements. When using CIM as a basis defining service interfaces’
schemas, element and attribute names defined ajhaldével of detail might not be
appropriate or meaningful to low level modeling ddta In addition, a number of
attributes that are inherited from high level abstrelements cause the low level
elements to be large and complex. A second issuéhdastool support for the
coordination of the different modeling roles. Thet sf tools used for implementing
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CIM should allow the integration of artifacts froantool to another, without having
syntactic issues or altering the model semantiosl &third condition is the governance
required for defining standard measures and pihiesipo be used in the different
modeling tasks by the various modeling roles. Goaece might become an issue if for
instance the definition of services and informatedements are not handled together,
causing coordination issues among roles and th&ias.

And third, thereconfiguration and transformationapabilities might be improved
when using CIM. In this case, the contributionGiM depends largely on the model
design. The structure of CIM that use design pastend design principles facilitates
the flexibility for performing integration effortsin addition, if CIM is structured
adequately, it would contribute to having the rigbvel of detail in the different
modeling artifacts. This in turn provides the dbpilio organize the services modularly
and reconfigure them easily when changes when deede

Furthermore, taking the base of both conceptualetsodsS integration effects on El
(see figure 5) and benefits of using CIM (see #98), a final theoretical framework
was build to depict the general implications oingsCIM for El and IS integration (see
figure 15). Two new elements are added to the freonle semantic integration issues
and the use of CIM. Two links were added as wellink is drawn between the use of
CIM and the IS interoperability principles. Fromethesults, a conclusion is that using
CIM could increase the reusability, compliance tandards, loose coupling and
interpretability of service interfaces. And a setdink is between the use of CIM and
the semantic integration issues. CIM might fadéitahe reuse and transferring of
knowledge regarding the semantics of informatiordeheentities. In addition, a well
documented model could improve the interpretatibelements, and a well structured
model might facilitate the separation of domainsaerns and purposes of a model,
thus reducing the number of conflicts and incoesisies. The arrangement of the
concepts in this model form two horizontal caudeatfchains that go from information
aspects in the left side, through IS or applicatispects in the center, to enterprise wise
aspects in the right side.

Finally, two contextual boxes were added to the ehdol represent the factors that
affect the cause-effect chain. The upper gray hdicates the telecom context elements
and encloses the semantic integration issuesstir@égration tax and the challenges of
El. This context represents the challenges of dyn@&mvironment of telecoms for the
provision of integrated solutions, the heteroggnet technologies, platforms and
systems from multiple parties that normally papi#te in integrations; and the semantic
integration issues underlying the complexity of thésiness and operations support
systems. The lower gray box indicates the conté&xdiements of using CIM, including
the conditions, issues and alternatives. This comtpresents the elements that should
be considered in the implementation of CIM to lexger its benefits. For instance the
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tool chain, the modeling roles and the governarspeets, all of them should also be
integrated when implementing CIM.

| Vicious cause-effect chain >

Telecom contextual aspects

Semantic cause | IS integration tax cause | Challenges of EI
integration issues *

ameliorate influences influences

L 2

Using a CIM + facilitate IS.mFeroperability facilitate | EI dynamic
SOA principles capabilities

L 4

Conditions, issues and alternative aspects of using a CIM

| Virtuous cause-effect chain >

Figure 15. Virtuous effect of CIM effects in entege integration.
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7 CONCLUSIONS

7.1  Closing statement

Unlike traditional business that based purely oadpct manufacturing or services
provision, new business models are based on theéioation of both products and
services to provide value-added solutions to ttetarners. Companies that are moving
towards the provision of these integrated solutiamsuld need a larger set of
capabilities geared towards the integration of tha and inter organizational
functional entities, resources and IS. These iatégr capabilities are also required to
be dynamic, in the sense that companies shouldleeta react to changing business
environments by reconfiguring their structural edemns efficiently and rapidly. This is
highly important for the case of telecom operatadsere integrating solutions is highly
costly and complex, mainly affected by interopdmbichallenges of integrating
services from multiple partners and heterogeneSuspecifically, a main root issue is
the heterogeneity of information used by the déferstakeholders.

This issue is reflected in the disparity of thdatiént information models used in the
development of IS. In order to face these challengeveloping an integrated and
service-oriented enterprise architecture will citmitie to the creation of efficient service
structure and to align the business and informatienhnology strategy and
infrastructure. And industry reference informatiorodels have been developed for
unifying both the intra and inter organizationatemoperation of IS. This research
studied the use of a telecom industry referenceemasl CIM for the case of a NSN.
The focus of the research was the benefits, isandsalternatives of using CIM for
developing dynamic integration capabilities.

Theoretical research was done to create a condefpamaework that explains the
cause-effect relationship between aspects of irdtion modeling, IS interoperability
and enterprise integration. The concept of dynarapabilities served to define the type
of requirements needed for the provision of integtaolutions. Three main capabilities
were studied: organizational learning, coordinationtegration, and reconfiguration /
transformation. In addition, reference was maddSointeroperability principles as
enablers of those three dynamic capabilities. adily, this studied included the
compliance to open standards, reusability and lcosg@ling and the interpretability of
components. Finally, El and IS integration was yred from the perspective of IM.
Objectives and challenges of information and datagration were described and the
use of CIM was explored as an alternative to imprthe semantic integration efforts
and facilitate 1S interoperability principles.
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Furthermore, an empirical research was performedlidate the framework and to
learn the practical implications and alternativésusing CIM. The telecom industry
reference model from TMF, the SID model, was uséd {or integrating data models
as part of application integration required in v®e oriented use case. This empirical
research was done in three progressive iteratisgsiag action research methodology.
Finally, interviews with practitioners from multglindustries served to confront the
action research results and to refine the initt@oeptual framework. Results from both
action research and interviews were triangulatedgusategories such as benefits,
issues, conditions and alternatives for using CIM.

As a result of this study, a cause-effect framewarks built to describe the
relationship between information modeling, IS im&pn and El, including: a vicious
cause-effect chain referring to the challengesiasdes present during the integration
efforts, which is affected by the context of thie¢em industry. A virtuous cause-effect
chain referring to the benefits of using CIM, faveloping application interoperability
principles and dynamic El capabilities, which i¢eafed by a context of conditions,
issues and alternatives. The theory resulting ftbim study contributes to both the
industry and the scientific community.

Industry community, including managers and prawigirs might benefit from this
study in a number of ways. The refined theory pitesi managers with an overall
overview of the connection between IM and EI froergpectives of both semantic
integration issues and benefits of using CIM. Basedthe three EI dynamic capabilities
studied in this research, managers could identégefits of using CIM in terms of
business agility. This would be useful in makingnagerial decisions regarding for
aligning business and IT strategies at both theiahd inter organizational level, for
instance, by coordinating the different stakehadeegarding the alternatives for
information/data models integration and the depleymof best practices through
governance policies. At the tactical level, managshould consider restructuring
organizational resources in a way that favors tleeisability of knowledge,
documentation and data mappings of CIM. Moreover,results of this study might be
useful for industry practitioners to understand phactical implications of using a CIM.
The empirical part of this research explored a nembf CIM implementation
alternatives and a number of lessons learn couléveaged by industry practitioners.
This includes the benefits and issues obtained fusing CIM for integrating data
models in a SOA application integration demo. Idiadn, the present study provides
insights regarding the conditions that should bestered in order facilitate the
benefits of CIM and the issues that might be preseimplementing CIM.

Finally, the present study might be used by therdific community as a base for
further studies of CIM and EIl. The next sectionl wilesent some areas of interest for
further research and suggestions to expand themtrédseory.
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7.2 Further research

This section will outline areas of expansion ofsthiesearch and other research
opportunities that will complement the resultshagtstudy. The present study is a basis
for the study of CIM in the context of El in thertext of the telecom industry. The
main focus of this research was the IM aspectsd&A.

Moreover, expansion for this research is expectedoime from different angles.
First, dynamic EIl capabilities could be studied &@ses in which CIM is used in
combination with a common business process framewixe the eTOM framework
from TMF. Additional enterprise and IS integratibenefits are expected from using
them in parallel. Particularly the combination i and SID has the advantage that
both use the same terminology and a group of th& Tdnmunity is currently working
to map the two frameworks. Second, this researgjhtriie expanded to study the
adoption of CIM by teams coming from multiple comjgs and/or situated at distant
geographical locations. Third, the present researgjint be extended the study the use
of CIM for providing integration solutions that emabe the different participants of a
value chain, including manufacturers, integratoperators and service providers.

Nevertheless, the conceptual framework build duting research is expected to be
complemented and made more detailed, by focusingpewific aspects of it. Further
research might focus on the degree in which pdaticaspects of CIM favor specific
interoperability principles or the degree to whitie interoperability principles favor
specific dynamic El capabilities, such as the oneed in this research or other
capabilities. Additionally, further studies mighiclis on alternatives for performing
semantic mapping of data models with CIM, includiogics such as automation of
mappings and tooling support. Finally, governarsyeats of CIM should be developed
in terms of what aspects need to be governed f@emmenting CIM, who should
govern and how to enforce the decisions made.
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Appendix 1 — Constructs for El and data integrationchallenges

The following table contains the constructs gemetaior the first phase of this
research. Each construct consist of a statemenaadistl of references that include the
statement. The constructs were organized accorttinthe categories proposed by
Borgatti (2009).

Table 7. Constructs used for pattern matchingénfitist research phase.

Category Constructs

cause Data heterogeneity of formats (Zhao and 3@&@; Cummins,
2002).
Data volatility, changes of data over time (Hamm|t@999; Cummins
2002).

Data interoperability, same data modeled very wbfidy (Dittberner
Associates, 2005; Wilmes, 2008).

Communication gap between business and IT peopim(dns,
2002).

context Source of uncertainty defines the desitgtof integration, which is
more suitable for interdependence between units filracomplexity
of task or unstable environment (Goodhue, Wybokinsth, 1992).
Telecoms have two types of uncertainty: future ideckure and
integration of multi-vendor and multi-technology ®ittberner
Associates, 2005).

Mergers and acquisitions landscape of the teleéndcsstry and the
increased requirement to partner with external megdions to deliver
new services such as content (Wilmes, 2008).

Adapting to change as OSS/BSS interfaces changsyateins are
added and removed over time (Petri, 2008).

“The primary challenge lies not in the ICT infrastture itself, but in
the increasing demands placed upon the OSS tceddlolistically
across the range of ICT operations” (Wittgreffe &aines, 2005).

phenomenon Integration tax, semantic integratidmis consuming and complex
(Hamilton, 1999; Dittberner Associates, 2005).

Data integration is a main cause of failure of ortfolio alignment.
These issues are causing OSS transformation pregracoming
unsuccessful (Hamilton, 1999; Wilmes, 2008).

Changes in business processes require a long diodse
implementation that involves many people, consiolerime, and
usually trial-and-error solutions (Cummins, 2002).
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action

Approaches point-to-point vs. conceptual eig@alvanese, 2008).
Minimalist vs. strategic (Robinson, 2008).

Types of model integration: master, unified ancefated (Lim,
1997).

Architecture driven integration of IS (Hamilton,99).

SOA to hide complexity of underlying telecom praitsc(Mittal,
2008).

Solutions of information interoperability includeet middleware-
based interoperability and the mediation-basedaperability (Zhao
and Siau, 2007).

A standard data model as common model offers aceztliearning
curve. Industry/enterprise standards should beegpplilmes, 2008;
Cummins, 2002).

Stable integration standards (Robinson, 2008).

An enterprise data model is very important (LanQ20

An enterprise should leverage industry efforts extgnd or
complement them with local standards where necg$sat in all
cases, especially if data exist within a singleliappon or function).
(Cummins, 2002).

“Unless SOA can be aligned to business procedsedl be viewed
as a risky proposition that adds to costs withangtotly addressing
business needs” (Gulledge and Deller, 2008).

condition

Cost control, use of tools (Hale, 2006).

Software tools could help in facing integration lidrages (Petrie,
1992).

Vendor support / partnership (Robinson, 2008).

Contribution of stakeholders, willingness to chdirgprove
(Robinson, 2008).

Depends on interdependence of units, need fortikibyiand
difficulty of working with integrated data (Goodhu&'ybo and
Kirsch, 1992).

Absorptive capacity of the organization should afswease
(Francalanci and Morabito, 2008).

SOA and IS integration should be process driverlé@ge and
Deller, 2008).

Only using a Common Data Model and ensuring ddaexaperability
can maximize the potential of SOA (Wilmes, 2008)
Implementing a CDM will require the continual evibddun of the
common model and the business requirements plgoadit
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(Wilmes, 2008).
“There must be an agreement on data. If an organizeannot agree
on standardized master data to load [..], thenwdkess should be
suspicious of activities that require the challeggiype of
governance that SOA implementation requires” (Glgéeand Deller,
2008).

Customizations and extensions are always needdd@al/j 2008)
Impact analysis and change management that aneties$er
governance and maintenance (Wilmes, 2008)

It is necessary for business functions to be peréarin a reasonably)|
consistent fashion (Cummins, 2002)

consequences| Flexibility / transparency to dedh wiversity of data and sources
(Izza, 2006; Robinson, 2008)

Unify business / data consistency (Hale, 2006; Rsxin, 2008)
Cost reduction of implementation and maintenanabiiison, 2008)
Business agility and risk reduction (Robinson, 2008

SID-based data servicesable more rapid integration of OSS/BSS and
adaptation to change as system interfaces are iedihd as systems
are added and removed (Petrie, 2008)
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Appendix 2 — TeleManagement Forum’s shared informabn/data
model structure

The SID model is an object-oriented model that cetee domains of the entire end-
to-end network operators’ business. The SID is miegal in three views, the business,
the system and the implementation view.

First, the business view is further composed daosjavhich are areas of concern for
a business or layer of the value-chain. There aylet elomains in SID: market/sales,
product, customer, service, resource, supplierparenterprise and common business.
In turn, domains are composed of a number of atistnasiness entities (ABE), which
are high-level concepts that are of interest fa blusiness. For example, within the
customer domain there are ABEs such as customsioroer order and customer bill.
Finally, ABEs are composed of business entitiesicivfare tangible or intangible
concepts that are represented by a name and & attiloutes. These business entities
might have relationships with other business a#ito represent connections between
them.

Second, the system view is also decomposed in d@mabstract system entities
(ASE) and system entities. The difference is thatesn entities extend the business
entities, from an object-oriented perspective, Whimplies that a system entity will
have the same properties than the correspondingdsassentity plus additional system
related details, such as the attribute type. Thetegay view is available in various
formats, such as UML, XSD and RSM. Finally, the lempentation view is the data
model representation of the system view (Reilly @nelaner, 2005).
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Forum, 2008)
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Appendix 3 — Progress DataXtend semantic integrator

The tool is used to integrate various data modelsCIM and generate a
transformation modules or applications. Within ttwol it is possible to import,
visualize, navigate and map data models, among @ahetions. Next is an unofficial
list of the features of this tool:

Various importing formats include XSD, WSDL and UMNVisualization
allows, among others, a hierarchical view and drtyerelationship view.
Navigation is a useful feature of this tool, in wlnia user is able to go from
one entity to the related entities simply by doutdiek.

Mapping is done either graphically, by drag andpdier with wizards provided
by the tool. As part of the mappings, the tool wHBothe definition of
‘computed’ attributes and other business rulesluding transformations of
formats and routing of mappings based on conditions

A test environment is embedded in the tool to leus the development cycle
to track mappings and detect mapping errors.

An impact analysis feature allows managing both daéga models and the
mapping files.

Lastly, the deployment function includes multipl&atform options for the
generated transformation application or module ctvimierforms mappings and
acts as a translator or adapter is obtained frasridiol.

Finally, various architectural alternatives arepmanped for the generated application,
such as a transformation only application and a iatied (message routing)
application. In the former, the generated applacatis limited to transforming
information from a data model to another. The tatiption is used to generate a
mediation application that serves as an interlaguhioother words all communication is
done with the transformation application as oppdesatirectly contact any OSS.
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Appendix 4 — Procedure for semantic integration

The following procedure is an adaptation of the llReand Wilmes’ (2008)
procedure for application integration using the SNdditional details and steps were
added from literature on semantic integration apghes (Mirbel, 2007; Rahm and
Bernstein, 2001; Weng, 2007).

1.

Define the scope of the project by selecting Sibndims, ABEs and business
entities that should be considered. For a defimitd domain and ABE refer to
the appendix 2.
Identify and analyze data models involved in theegnation, to identify the
ABEs that will be mapped for each data model. \ihik, the scope of the project
is confirmed or refined.
Perform structural mapping of data models. Using &sign patterns described
in Reilly (2007), a rough structural mapping isfpened for a particular set of
elements. Then a more detailed element level mgpmnperformed using
linguistic matching, for instance, based on thenellet name and description.

“A design pattern describes a common problem andvigies a

corresponding solution{Erl, 2007)
Attribute mapping of data models. Linguistic matahbased on name and data
type. Two types of matching were identified:

o Simple Attributes - simple one to one mapping. udels the conversion
of types but not format conversion or formulas.
o Complex Attributes - complex one to one mappinguneng formulas

for validation or format conversions, or one to jampping.
Relationship mapping is the last step of the precksconsists of validating the
element relationships in relation to the SID mod#lis is done by navigating
through the elements and looking at the cardinabify the relationships.
Cardinality of a relationship is the minimum andxinaum number of instances
of a model element that might participate in swedatronship.
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Appendix 5 — Categories and subcategories for thenalysis of results

The following categories were chosen as represeataiements of a cause-effect
relationship of the use of CIM in enterprise anglaation integration. Two types of

effects, or dependent variables, are the bend@)taiid issues (I) caused by using CIM.
The other two categories are causes, or dependeidbles, which correspond to
conditions (C) that should be present and alteraat(A) that might be taken in the
implementation of CIM. Furthermore, the benefitsdaissues categories are
decomposed one level down into subcategories twatel the EA aspect they are
related to, from enterprise (E), IS (S) or model{f). The codes corresponding to the
subcategories are appended to the codes of threintpaategory.

Table 8. Categories for the analysis of results

Code | Category | Type of Description
variable
B Benefit Dependent| Valuable aspect, feature oditmm
I Issue Dependent| Aspect hindering a benefit osiogu
inefficiencies
C Condition | IndependentAspect needed to leverage a benefit
A Alternative | Independent An action or decision aspect.

Table 9. Subcategories for dependent variabldsdarahalysis of results

Code | Subcategory Description

BE El dynamic capability Integration, coordinatid@arning,
reconfiguration or transformation capabilities.

BS IS Interoperability Open industry standards, reusability, loose
principles coupling, granularity and interpretability.
BM Model properties of CIM Documentation, structure, design patterns,

adoption, support from a community, among other
desired features.

IE El challenges Organizational issues, resisttmobange,
incompatibility of vendors, complexity and
heterogeneity of IS, large number of participant

"

(stakeholders), among other enterprise level

factors

IS Integration tax Time and cost (real or percejwadntegration
effort.

IM Semantic integration Heterogeneity, volatility, inconsistency or lack of

issues governance
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Appendix 6 — Summary of action research results

The following tables summarize the results obtaifrech the three action research

iterations. The three iterations were coded as IT2,and IT3, corresponding to the

iterations 1 to 3 respectively. Each entry contairstatement about the action research
extracted from the report. Entries are groupedhi@ inain categories and labeled

sequentially using the corresponding subcategodecérom the ones presented in

appendix 5.

Table 10. Action research results of first iteratio

Category- IT1 — Data transformation application

Subcategory

Benefit BE1. Ability to relate business concepts were mdgpealata elements.
BS1. Translation function is clearly separated frathrer mediation
tasks

Issue IE1. Learning curve for both CIM and proprietarydets

IM1. Incomplete documentation of DIS data model 2

IS1. The DXSI transformation service had a large @@mplex
interface, containing both the portal and DIS datalels.

IM2. Since the entire SID model was used, it wasl ha visualize
navigate the model.

IM3. Different types and several semantic mismagdbehandle, it
became difficult.

IS2. The mappings done in DXSI were not perceivedseful, becaus
additional mappings were required for the same aatdel in ESB
IS3. The mappings done in ESB were doubled, twopinggs rather
than one was needed to integrate the DIS.

IM4. Mapping the SID was time-consuming, mainly dadearning the
SID and making decisions about how to extend tiie But the time is
expected to be reduced in further integrations.

IM5. NPS data model was found to be at a diffelevel of

e

abstraction, thus difficult to do semantic mapping.

% The reason for the documentation not being comptethat the version of DIS used for this pradtica
exercise was not a commercial version
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Alternative | Al. A semantic translator for a tactical demo a&talpplication layer,
using SID as unified CIM for a global translation.
Taken entire SID without modifications.
A2. Documented manual semantic mappings in a fabbeat using
office software.
A3. A simpler to manage subset of DIS data modahehts used for
this first iteration.
A3. Extended SID using the DXSI tool.

Condition C1. SID documentation is useful to perform semam@éppings in

DXSI.

C2. SID design patterns are useful to understandegs of both SID
and DIS models, and to do extensions.

C3. SID structure and design patterns were perddivée flexible for
extending the SID for application specific datanetats.

C4. Knowing the type of semantic mismatches hetpadentify them.
C5. DXSI navigability was useful.

C6. Previous knowledge of the DXSI tool and therallestructure of
SID model.

C7. It was identified the need for guidelines relyay the elements,
data format and version control of SID extensions.

Table 11. Action research results of second itemnati

Category

Iteration 2 - CIM-Based mediation layer

Alternative

Al. Same as first iteration but performing glovahslation with an
extended SID model as CIM.

A2. Some TMF guidelines and design patterns weed usthis
iteration.

A3. The SID was further extended, in addition tee@sions from the
first iteration.

A4. The RSM tool was used for modeling and impletimgnthe
extensions to the SID model.

A5. A change in the application architecture wasge a message-
forwarding transformation application, to form dalenediation layer
between the ESB and the DIS.

A6. A simpler data model, based on the one fronighovas used for
the integration interface of the DXSI transformatapplication.

Benefit

BML1. It was possible to navigate between low-lear&d high-level
concepts.
BE1 The command of the portal, SID and DIS modwstsdased.
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BE2. After making a first set of extensions to 1B model, making
further extensions was perceived to take less time.

Issue

IM1. There were format conversion errors when etipgrfrom RSM to
import into DXSI.

IS1. The total time taken to make extensions tdStiiy including the
first and second iterations was perceived to batgréhan the one spe
for point-to-point integrations.

IS2. Additional logic was needed inside DXSI in@rdb send the right
service request message; the issue is that theikgow in two places,
thus affecting maintainability.

IM2. The integration interfaces were not SID corapti reusability was
perceived to be lower than if they were SID complia

Condition

C1. New extensions were built in addition to thevyoous extensions
from iteration 1.

C2. Mappings from iteration 1 were reused.

C3. Governance regarding SID extensions was idett#s needed.

Table 12. Action research results of third itenatio

Category

Iteration 3 - CIM realization

Alternative

Al. Same as second iteration but using a unifietifaderated CIM, a
subset of CIM was extracted as data model.

A2. All interfaces handled by ESB were based onGhd.

A3. A subset of the CIM was used for semantic irdggns in DSXI.
A4. Further studies could try using defining a diifrgzd CIM by
‘flattening’ the CIM, which consist of pushing théributes of abstract
entities into their children entities. As a resthe flattened CIM model
would contain just the required concrete classes.

Benefit

BML1. It was simpler to visualize and navigate tHMGubset.

BS1. The effort in the ESB was perceivably redusechuse the numbe

of mappings was reduced.
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Category

Iteration 3 - CIM realization

Issue

IM1. The integration interfaces became large andpmex to manage,
because the CIM subset was included as part ohtedaces. Although
smaller than the entire SID, the CIM subset wafsadit to visualize and
manage.

IM2. It was confusing to determine what SID complies. Apparently it
is not the same to be CIM compliant that SID coangli

IS1. The CIM subset included a large number ofarati entities, mostly
abstract classes with optional attributes that weteused in this case.
This was an issue when using the CIM subset adactebecause a
dependency was created between the system integratdhe
information modeler to know what concrete classasse and whether
attributes were required or not.

Condition

C1. A main condition was that the same model igl diseall interfaces
integrated in the ESB.
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Appendix 7 — Interview results data

The following tables present the data obtained ftben interviews with experts and

practitioners. The first two tables correspondhe interviewee and interview details.

The last table presents the interview results wiitiss reference to the interviewee code

and a corresponding categorization code, in appehdre the codes for categories and

subcategories. The code for the interview entriesevbuilt by appending the category

code (B, I, A or C), optionally a subcategory cglle S or M) and a sequential number
within each the categorization group of each ineswv

Table 13. Interviewees

O

[}

es

of
ce

st
nd

ne

nt

Code | Company| Position Background on the topic
NSA | NSN System Started working as system architect 10 years ag
architect | and then changed to research and development
systems architect, when started working with the
NGOSS frameworks, including the SID. Also
contributed in the definition of concepts for in a
TMEF initiative for prototype reference architectur
NBA | NSN Business | Worked 5 years as a consultant, including the ro
architect | of system integration tester and developer, has
worked as business architect with extensive use
eTOM from 2005 to 2008 and with use of SID sir
April 2008.
NSD | NSN Two SOA | One has worked for 15 years at NSN, working fif
developers in the development of radio network simulators g
for the last three years in the research of SOA,
including the development of demos. The other ¢
has worked in the development of those demos.
ESI Electricity | System Worked for 20 years in the automation field,
company | Integration| including the definition of relational and object-
developer | oriented databases for the process automation
industry. Has worked for 5 years in an industry
initiative with other companies, in the definitioh
a data integration framework and the developme
of integration tools used by those companies.
IEA Insurance | Enterprise | Has worked for 12 years in the field of EA,
company | architect | currently works as part of an EA group and in

development projects. Currently the head of

strategy a unit: process & technology.
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Inter- | Topic Duration | Channel Date

viewee (minutes)

Code

NSA Enterprise architects at NSN6O In person 15.05.2009
Topic: Benefits, issues and
alternatives of using the SID.

NBA Enterprise architects at NSN9O Phone 21.04.2009
Topic: Benefits, issues and
alternatives of using the SID.

NSD Implementations  issues  |i60 In person 18.05.200¢
relation to data integration.

ESI Data integration in the “Servi¢ce0 Phone 15.04.2009
framework for process industry
information exchange” project.

IEA Enterprise integration modeling90 Phone 19.05.2009
issues and strategies




