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Chapter 1

Introduction

The impact of Information Technology (IT) within an enterprise has under-
gone many changes over the years. In its early days in the 1960s IT was
merely used to support some specific processes within an enterprise. Un-
til the end of the 20th century IT was commonly used for automation of
processes and helped enterprises to increase their efficiency [He05c]. Since
then, IT more and more plays an important role within companies. It is an
enabler for new technology based business models and has become a crucial
factor for the success and the survival of business. IT has to be aligned
with the business strategy of an enterprise on one side but also acts as an
enabler for new strategies on the other side [Kr05b]. This leads to a very
basic distinction of the attitude towards the IT in a company: While com-
panies with a strong enabling function of the IT, focus on new technologies
and put a lot of resources into their I'T departments, others using the IT to
support their business and increase their efficiency, have a more businesslike
view on the IT and consider it as commodity. This dilemma becomes ob-
vious in the article ”IT doesn’t matter” [Ca03]. Nicholas J. Carr claims,
that I'T will only be valued by the costs and no competitive advantage can
be achieved by the use of IT. Due to this circumstances and the challenges
of the competition, it is becoming more and more evident, that enterprises
not only have to focus on the technical opportunities of new technology, but
also have to value the costs and benefits of the use of IT.

One of the main challenges for modern IT are the fast changing business
processes that demand a high level of flexibility. This makes IT a com-
plex discipline, that has to deal with a lot of constraints which have to be
fulfilled. Many requirements from various stakeholders have to be consid-



ered when planning and running IT systems. One of the main problems a
lot companies face is the lack of alignment to the business. Often the IT
departments are detached from the core business processes and therefore
fail their responsibilities in supporting the business needs. One promising
solution to these problems are the so called Service-Oriented Architectures
(SOA). It’s supporters claim a better alignment of IT and Business along
with many other benefits.

1.1 Motivation

The Chair for Software Engineering for Business Information Systems at
the Technische Universitat Miinchen held by Prof. Dr. Florian Matthes is
researching in Softwarecartography a discipline in Enterprise Architecture
Management (EAM). EAM is an approach that tries to align business and
IT. Softwarecartography is a discipline that describes, evaluates and designs
application landscapes to provide an intuitive and perspicuous view to all
relevant aspects. These aspects are composed of economical, technical, op-
erational and strategic aspects. Based on this concept, several views on
the application landscape are supplied, that allow a transparent and holistic
overview over the existing application landscape and enable long-term plan-
ning, control and evaluation of the application landscape. The aim of this
research project is to collect empirical data from big German companies
about the structure and the economic relevance of enterprise information
systems. This information should help to verify what concepts and no-
tations are well suited to depict the economic relevance of the enterprise
information systems of those enterprises in a way, that they can be easily
understood by the respective stakeholders of the application landscape.
Today many companies are confronted with an application landscape that
is characterized by a high level of diversity and heterogeneity. Thus mak-
ing workflows complex and hindering enterprise wide integrated business
processes. Enterprise Application Integration (EAI) is one approach to ad-
dress these problems. But as numerous projects in the past have shown, this
just shifts the complexity of the heterogeneous application landscape into
the EAI layer, not really solving the fundamental problems [KBS05] (p. 21).
The reason for this complexity lays in the different platforms, databases and
systems that have evolved over the time. All this impedes efficiency and ef-
fectiveness within an enterprise and makes it hard to adopt to changes and
deliver flexible IT solutions.



The basic concepts and techniques behind SOA are not a new to application
development, in fact they have been used in various contexts in the past.
Only now with heterogeneous application landscapes that can be found in
business computing, the demand for such concepts has leveraged their use.
In general a SOA focuses on services that can be reused and flexibly com-
bined. Thus many people expect SOA to remedy their problems with their
enterprise I'T landscape. But there are also some problems to the intro-
duction of an SOA that have to be taken into account. For example some
projects failed due to the lack of sufficient governance structures or the
wrong granularity of the developed services. Along with the potential bene-
fits of an SOA, also the problems and risks will be addressed in the following
chapters.

SOA is introduced in many companies to help them dealing with their prob-
lems and renovate their I'T landscape. But with the first projects getting
out of hand and first problems arising it gets more and more obvious, that
certain constraints have to be taken into account. Nevertheless many so-
lution provider try to push SOA into the market as part of their software
solution portfolio (e.g. IBM WebSphere, SAP Netweaver, etc.). Resulting
in high expectations, this lead to a big hype surrounding the SOA develop-
ment. According to Gartner Research, SOA has already passed the climax
in its Hype Cycle for Emerging Technologies. As shown in figure 1.1 SOA
has already reached the “Through of Disillusionment”.

This classification is not without controversy as some circumstances lead
to different classifications. For example a high number of articles in current
technical magazines deal with SOA, which makes it hard to believe that
this topic has already lost interest. Furthermore, the number of companies
that plan to investment into SOA in 2006 regarding to [CIO06] is very
high. This could suggest that SOA is somewhere between the “Peak of
Inflated Expectations” and the “Through of Disillusionment”. But it seems
to be a legitimate proposition to say that SOA has passed the peak of the
hype. Therefore, a rational reflection of this technology is more then ever
necessary to support a proper usage of SOA, especially a neutral assessment
of its potentials and its risks. This thesis gives an overview over the existing
literature about SOA in general and about the business and IT related
impacts of SOA in particular. Although a lot of literature casually covers
these issues there are only a few focusing on this topics. Among the huge
variety of origin, level of detail, intended audience and motives of the authors
it is very hard to find relevant articles. In addition, there seems to be no
common understanding of basic terms and concepts, e.g. some literature



\.|I'|S|h|||ty E Biometric |dentity 0o cuments

‘ BF M Suites
FZF WolF
7 ) Desktop Search
Inkjet banufachuring —_18 U Desetan for Mairet Buszi U
i igi ni on Desktop for Mainstream Businezs Users
Elei:‘trc-nlc Ink/Trigital Paper % Tt Pl Cellsp
tlod &b Crriven Approaches
Carbon Hanohbes
Fodeasting O J Really Simple Syndication Internal
eh
Text Mining G:rid Biometric User denfification Speach Recognition far Senrices
Fugmented Realiby Computing Corporate Blogging Telephony and Call Center ?J ? él
Business Process
Hetworks " ® ) S02.16 2004 ik, O Tedto
Wikis L - . WalP Speech
Corporate Organic Light-Emitting [evices LF ) Speech
Sem antic Wb W ek Services- ) blesh Hetwokis — Sensor Business Rule Syrthesis
Enabled Business —@  Trusted i Engines
45 i Models g Computing Group Q Location Avvare Applications
? Sofware 2 Service’SP
A Prediction Markets S0A Handwarting R ecognition
@ Netwomked Collective Infeligence Wideaconfer encing
£ Quantum Computing RFID (Fassive)
A% DHA Logic XBRL
TabletPC
Internet Micropayments A of August 2005
Peak of
Technology Trough of - Plateau of
- Inflated o Slope of Enlightenment -
Trigger Expectations Disillusionment Productivity
maturity r
Plateau will be reached in: ohsnlete

Olessthan 2years C2toayears @ ato10vears & marethan 10years & hefore plateau

Figure 1.1: Gartner Hype Cycle for Emerging Technologies

refers to service oriented architecture, others to Web Service architecture,
sometimes meaning the same.

1.2 Structure of this Thesis

This thesis provides an introduction into the basic ideas of an SOA and its
underlying concepts. Chapter 2 will describe the foundation of SOA that
is generally accepted and found common throughout the articles, based on
two representative resources. Thereby topics that are argumentative will be
pointed out, as well as topics that are field of ongoing research. In addition,
the key issues that are relevant relating to an SOA will be elaborated. Fi-
nally, SOA will be compared to other important technologies and concepts
that can be found in an Enterprise Architecture (EA) today, to clarify their
similarities and their distinctions with SOA. This will help to outline the
specifics of SOA and shows its application areas.



These key issues are building a foundation for the analysis that will be de-
scribed in chapter 3. One goal of this thesis was to find relevant articles
covering the topic SOA in order to provide basic definitions around this
subject. In addition to the basics of an SOA, also the benefits and risks of
an SOA from a business and an IT perspective as well as the alignment of
business and IT within an SOA should be described. Therefore, the most
interesting and credible articles on these topics should be found to attain a
very comprehending and holistic overview over the topics. At first, the ap-
proach of the analysis will be described in detail. Some general results about
the material used for the analysis will be presented, followed by a detailed
categorization of the articles by the topics established earlier. Afterwards
implications from this findings will be described.

The results of the categorization of the articles and the general findings were
used to depict the most relevant sources, dealing with SOA, from an acad-
emic perspective. In chapter 4 the content of these analyzed papers will be
described and summarized. Thereby, SOA will be analyzed from a business
and an I'T perspective in order to cover the most interesting topics. For both
perspectives, IT and business, potentials and risks as well as benefits and
problems will be drafted and compared to the basic SOA as it is described
in chapter 2.

At last chapter 5 summarizes the concept of an SOA as it is widely used
today and described in the analyzed articles. Furthermore prospects will
be given for future development on SOA, based on the open issues and the
propositions within the surveyed articles.



Chapter 2

Basic SOA

This chapter gives an overview over the basic understanding of an SOA
and describes the components that are usually mentioned to be part of
an SOA. As there is no generally accepted definition of an SOA and its
relevant parts, instead the concepts that appear throughout the literature
in the context of SOA are described. These concepts are important for
understanding SOA and many of them are important parts for building an
SOA. This thesis does not try to find a definition for SOA, instead important
topics are described, to give the reader an overview over the basic concepts.
Many of the ideas that are described in this chapter are adopted from the
books Service-Oriented Architecture by Thomas Erl [ErO5a] and Enterprise
SOA by Dirk Krafzig et al. [KBS05|, which give a good overview over
SOA. Further sources were used to extend these ideas and to show different
approaches.

At first, all the underlying concepts of an SOA are described in section 2.1.
Thereby only the very basic ideas are covered and abstracted from concrete
implementation issues. The ideas that are common throughout these two
books will be opposed to the distinctions.

At second, core characteristics and the expected benefits of an SOA are
illustrated in section 2.2 and 2.3. These benefits are often the motivation to
introduce and maintain an SOA, and are important to understand many of
the analyzed articles. These expected benefits are also crucial for the later
discussion of the business value and the application of an SOA within an
enterprise in chapter 4.

In addition to the concepts that are part of an SOA also a comparison is
made with other concepts and methods in Software Engineering. Some of



them address similar problems or are forerunners of SOA. This helps to show
the differences and commonalities between an SOA and other concepts. This
offers the possibility to give a better impression of the key issues of an SOA.
Finally some important issues of an SOA are presented. Those are topics
that extend the basic understanding of an SOA and refer to issues that are
found interesting throughout the sources. These are either open challenges,
special fields and applications of SOAs, as well as technical and architectural
issues.

2.1 Underlying concepts

As there is no generally accepted definition of the term SOA, the under-
standing of the term SOA as it is described in the books by Erl and Krafzig
et al. is presented in the following. Since Erl focuses on the technological
aspects of an SOA and Krafzig et al. focus on the adoption of an SOA within
an enterprise, these two understandings represent the two main fields of in-
terest that are covered in chapter 4. Their understanding of SOA should
illustrate the basic concepts and also demonstrate how different the defini-
tions and the view on this topic can be, although the general ideas seem to
be similar.

According to Erl, SOA is a software architecture that is built using service-
oriented design principles, whereas service-orientation is a concept in Soft-
ware Engineering (SE) that represents a ”distinct approach for separating
concerns” [Er05a] (p. 32). This means, that the functionality of a system is
decomposed into smaller logical units called services. These services are in-
dependent from each other, but have the ability to interact with each other
via a certain communication mechanism. Therefore, Erl defines the compo-
nents of an SOA as: services, descriptions, and messages. Erl refers to this
principles as the fundamental SOA. Services are communicating with each
other via messages and to allow interaction between services, they need to
be clearly specified by a description. Two services communicating with each
other are often referred to as service requestor and service provider, where
the requestor is the service that calls another service, which is called service
provider.

In many other sources a similar definition of a basic SOA can be found.
Sometimes it is also called Web service framework, but in general it is de-
picted like in figure 2.1. Services that offer their service to the public, take
the role of service providers that promote the description of their service to
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Figure 2.1: Basic Service-Oriented Architecture [Pa03]

the service registry. Service requestors, demanding the delivery of a service
can find the respecting service provider using this service registry. These
two services are bound to each other, to exchange data and use each oth-
ers functionality. This conforms to the definition that is presented by Erl,
extended by a service registry. In this service registry, services can be reg-
istered with their service description (see section 2.1.2), so that they can be
found by the service requestor. Throughout his book, Erl expands his very
basic definition of an SOA, using the Web service framework, a concrete
SOA framework based on Web services. For a more detailed description on
Web services, please refer to section 2.4.8. The Web service frameworkis a
technology framework, that is based on standards, which are mapped onto
the primitive SOA model as follows:

e Services are realized as Web services
e Messages are described by the SOAP protocol
e Descriptions are specified by WSDL

e In addition to the primitive model, a service registry using UDDI is
introduced



This basically corresponds to the correlation shown in figure 2.1. As this
description is used in many articles, it represents a common understanding
of an SOA. However it has to be considered that this definition of SOA is
only dealing with the technological aspects of an SOA. It is very closely
related to solutions based on Web services and their requirements, but the
concepts can be abstracted to build a general SOA foundation.

Krafzig et al. on the other hand define SOA from an enterprise point of view.
Thus their definition of SOA is not as abstract as the way Erl describes SOA,
instead he describes concrete parts of an SOA that solve enterprise related
problems. Krafzig et al. even give an explicit definition of SOA and the re-
spective components: ” A Service-Oriented Architecture (SOA) is a software
architecture that is based on the key concepts of an application frontend,
service, service repository, and a service bus. A service consists of a con-
tract, one or more interfaces, and an implementation” [KBS05] (p. 57).
These elements of an SOA and their dependencies as defined above are visu-
alized in figure 2.2. Each entity in this diagram is represented by a rectangle.
Each line that connects these entities and leads from a higher level to an en-
tity depicted below, describes a consists-of relationship. For example, SOA
consists of application frontends, services, service repositories and a service
bus. .

The application frontend is the owner of the business processes, and is con-
nected to the services via the service bus. Services are defined via an in-
terface that allows access to the service, a contract that specifies the func-
tionality and the implementation of the service. The implementation of a
service provides relevant business logic and data. Services provide business
functionality that can be used by application frontends or other services. A
service repository is used to store the service contracts of the services and
thereby enable the usage of the services.

Obviously there are certain commonalities among the two SOA definitions.
Both contain services as a basic entity within their concepts, and services
descriptions, that describe the services that are provided. Also both contain
a component for communication between the services, but where Erl deals
with messages as an abstract concept, Krafzig et al. use a service bus. In
Erl’s definition of fundamental SOA, there is is no such element as a ser-
vice registry. By contrast a service registry is part of the SOA definition
by Krafzig et al., but as this element is included into the definition of the
Web service based SOA that Erl describes later in his book, this component
can be assumed to be an important part of any SOA. The definition from
Krafzig et al. contains some additional elements that cannot be found nei-
ther in the primitive SOA nor in the extended Web service based SOA.



SOA

[ | | |

Application
frontend

Service Service repository Service bus

l [ |

Contract Implementation Interface

Business logic Data

Figure 2.2: Artifacts of an SOA, [KBS05]

The following sections take a detailed look at the elements of an SOA and
how they are seen by the two authors. These sections were chosen in order
to group the elements according to their common functionalities.

2.1.1 Services

The service concept can be found with a very similar definition throughout
the literature and is the element with the most broadly accepted under-
standing. According to Erl a service ”"encapsulates logic within a distinct
context”. This context can either be ”specific to a business task, a business
entity, or some other logical grouping” [Er05a] (p. 33). The definition by
Krafzig et al. sounds very similar: ”A service is a software component of
distinctive functional meaning that typically encapsulates a high-level busi-
ness concept” [KBS05] (p. 59).

Both definitions describe a service as a software component that encapsu-
lates a specific part of logic. This logic usually represents some kind of
business related logic. The strong relation to business functionality is what
distinguishes SOA from any other concept that propagates separation of
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concerns. For example in an object-oriented environment, objects also en-
capsulate a specific part of logic, but in contrast to service-orientation this
logic is not directly related to business functionalities. Section 2.5 takes a
closer look at the comparison of SOA with object-orientation.

The reason why the term service shares a very similar definition among
many articles may be found in the real world analogy, the service industries.
Services are offered can be used in a similar way as within an SOA. The
services are mostly generic and not specific to customers which makes the
service delivery more efficient.

The definitions do not say anything about the granularity, the level of detail
a service covers. This can either be a single process step, a subprocess or
an entire process. Depending on the purpose, the stakeholder of the system,
the intended reuse and many other influences, the granularity of a service
can vary. To define services with a reasonable granularity is a very big chal-
lenge when building an SOA. Section 2.4 takes a closer look at granularity
and the involved difficulties.

So far the understanding of services was very similar in both sources. But
Krafzig et al. define some additional components, a service comprises of.
These are a contract, an implementation and the interface. Since the in-
terface and the contract are related to the service description, they will be
covered in section 2.1.2. The implementation is further divided into business
logic and data. As already described, the business logic that is implemented
by a service, is one of the central ideas of an SOA. On the other hand, a
service that provides access to a persistent storage of data is called data cen-
tric service. This distinction is not in contrast to Erl’s fundamental SOA.
It seems that Erl just implicitly assumes that the storage of data is part of
many services. But the data centric services exemplify one specialty of ser-
vices. In classical n-tier applications access to persistent storage is provided
by one tier for the entire application, in a service oriented environment, each
service is responsible for its own entities.

2.1.2 Service description

Since a service exposes its functionality to be used by other services or pro-
grams, each service needs to provide a description. To interact, services
must be aware of each other, which is achieved by such a service descrip-
tion. Erl provides a very basic characterization of a service description: ” A
service description in its most basic form establishes the name and location
of the service, as well as its data exchange requirements” [Er05a] (p.35).

11



This kind of relationship between services is often referenced to as loose
coupling. Meaning that one service remains independent of another service.
It is just depending on the information that is provided by such a service,
not on the concrete service implementation. The benefits of loose coupling
will be covered in chapter 2.2, when the specifics of SOA and the expected
benefits are discussed.

In the definition of SOA by Krafzig et al., there is nothing named service
description. Instead they define a service contract and a service interface,
both as part of a service. Basically the functionality that Erl sees in a ser-
vice description can be found within the contract. According to Krafzig et
al., ”The service contract provides an informal specification of the purpose,
functionality, constraints, and usage of the service” [KBS05] (p.59). A for-
mal interface definition is considered optional. This formal definition of the
interface corresponds to the description demanded by Erl, which provides
information that is used to find and use the service. But Krafzig’s et al.
definition goes beyond the formal aspects and they explicitly claim that a
contract ”provides more information than a formal specification” [KBS05]
(p.59). This can be a detailed description of the semantic and the func-
tionality of the service. The interface that Krafzig et al. mention, can be
considered part of the service definition, but as it is also very implementation
specific, it could also be assigned to the service. The role of the interface is
to provide a concrete implementation of the interface, that is accessible to
the service consumer. This are often service stubs, which are a local repre-
sentation for the interface that is located elsewhere. As this stubs describe
the implementation of the interface, they are considered to be part of the
service description, within this thesis.

Since the definition of services can be considered crucial when working with
services, the service definition was also incorporated into the Web service
framework. The Web Services Description Language (WSDL) ! has become
one of the key concepts of Web services. WSDL is an XML based descrip-
tion of Web services and provides a standardized description of web services,
that is platform- and protocol-independent. This might also be an important
factor for the success of Web services in the recent past.

http:/ /www.w3.org/TR/wsdl
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2.1.3 Service communication

The motivation for defining a service description was to allow services to
communicate with each other. But the communication mechanism for ser-
vices still needs to be specified. In the context of Erl’s primitive SOA he
claims, that for the communication of services in a loosely coupled man-
ner, a special communication framework like messaging is required. This
implies that these messages have to be independentand autonomous, like a
service. Later in his book, in the context of the Web service frameworkhe
describes, how these messages are implemented using the SOAP? messaging
framework. SOAP is a standard message format, that provides a common
format and transport protocol for all services within an SOA. These mes-
sages encapsulate intelligence, are document-style and highly extensible, to
meet the requirements of SOAs for independent units of communication.
Krafzig et al. define a service bus for the communication within an SOA,
in comparison to Erl” more generic approach, using messages. Nevertheless,
messages are also used for communication within the service bus. The intro-
duction of a service bus is more focused on the needs of enterprises with a
heterogeneous application landscape, which is one of the key issues that are
addressed by Krafzig et al. A service bus is used to connect the participants
of an SOA as described in section 2.1. This can be either from the applica-
tion frontend to invoke a service or services communicating with each other.
This concept of a service bus is similar to a software bus, as it is used in
the CORBA environment®. The idea of a software bus or in particular a
service bus, is to enable objects or services to locate each other and call sup-
plied operations. Thereby it is important, that a service bus offers various
communication methods like synchronous, asynchronous or file based com-
munication, to offer a broad variety for different vendors and applications.
In addition to the communication a service bus should also offer ” Techni-
cal services such as logging, auditing, security, message transformation, or
transactions” [KBS05] (p.65).

2.1.4 Service repository

Specifying services with a service description, to allow them to communi-
cate with each other, is a fundamental principle of an SOA. But with an
increasing demand for flexibility and dynamic usage of services, a central

*http://www.w3.org/TR/soap
3http://www.corba.org
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repository with information about the offered services is needed. As such
a repository is not necessary for an SOA, Erl does not use such a concept
when describing his fundamental SOA. Later, in the context of his Web ser-
vice frameworkhe introduces this concept. This central repository is called
service registry in the context of Web services and is usually implemented
using UDDI (Universal Description, Discovery and Integration)*. The main
goal of a service registry is to offer the possibility to provide access to the
service descriptions and to discover services. This includes latest versions of
services that are already known by there service descriptions as well as the
discovery of new services by certain criteria. To access these service descrip-
tions programmatically or by hand, each record contains information about
the business entity and one or more business service areas. These busi-
ness entities contain information about the organization or service provider.
Business services provide information about the service offered, which is ba-
sically an additional description of the service. Erl subdivides the registries
into public and private registries, where private registries are only accessible
within an organization. In Krafzig’s definition of an SOA, a service repos-
itory ”provides facilities to discover services and acquire all information to
use the services” [KBS05] (p. 60). This comprises information that extends
the service contract like physical location, information about the service
provider or technical constraints. Like Earl, they distinguish between pub-
lic repositories and private repositories within an enterprise. They focus on
repositories within an enterprise since the main focus of their book lies on
enterprise SOA and public available repositories face some additional issues.
Furthermore, they also state (like Erl), that an SOA can be built without
a service repository, or without a technically implemented repository. This
could for example be printed service contracts or a proprietary database,
but again, this solutions would not be usable in many enterprise scenarios,
especially in dynamically and large projects. Krafzig et al. list some in-
formation that should be contained in enterprise-wide service repositories.
This includes service operation, and arguments signatures as well as informa-
tion about the intended performance of the service, which somehow overlaps
with their definition of a service contract. Furthermore, information about
the service owner, access rights and transactional properties of the service
should be included in the service repository. Krafzig et al. also distinguish
between development time binding and runtime binding of services. Services
that are known and bound at development time must be known in advance
and provide only little flexibility, whereas services that are bound during
runtime offer more flexibility and make more use of a service repository.

4http://www.uddi.org/
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2.1.5 Additional elements

The elements that have been described in previous sections can be consid-
ered important parts of any SOA, as they are mentioned in most available
articles. Nevertheless in some articles additional elements of an SOA can
be found that allow for special topics and applications. Considering all this
specialties would make the basic understanding of an SOA much to complex
and does not necessarily lead to a better comprehension of the topic.

As an example of such additional elements the application frontend as in-
troduced by Krafzig et al. [KBS05] (p. 58) can be seen. An application
frontend can be compared to the presentation layer in a multi-layer applica-
tion. It interacts with the end users, initiates business processes and receives
the results. Krafzig et al. call them ”active players of an SOA” , because
they ”initiate and control all activity” [KBS05] (p. 58). Such an application
frontend can be a graphical user interface, like a Web application or a rich
client application. Batch programs and processes that react to events are
further examples. Those application frontends delegate their responsibilities
to one ore more services, which execute the business process.

This example of an additional element aims at pointing out a specific prob-
lem within an SOA, namely where the control over the business processes
happens. But as described earlier, this component is not fundamental for
characterizing an SOA. This might be the reason, why it appears in Krafzig’s
definition of an SOA, to show the integration into the enterprise, but is not
part of Erl’s fundamental SOA.

2.2 SOA characteristics

After the basic concepts of an SOA have been described, this section takes
a closer look at the special characteristics of an SOA and the benefits that
are commonly expected of an SOA. These benefits often result from one or
more of the described characteristics. Some of the characteristics that are
presented can also be found in other concepts of software engineering (SE),
but the combination of the characteristics is very specific to SOA. In section
2.5 a detailed comparison with those concepts and their characteristics will
be made.
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2.2.1 Loose coupling

Basically, the most fundamental characteristic of an SOA is loose coupling.
It can be found across the literature in many articles and represents one of
the basic ideas behind SOA. Coupling "refers to the degree to which soft-
ware components depend upon each other” [KBS05] (p. 47), and describes
the way in which the different services are connected. Instead of tightly cou-
pling the services together, the services are using each others functionality
while still remaining independent. This can be achieved by the use of service
contracts and service repositories as described above. These concepts offer
the possibility to dynamically call the functionality of other services using
their interface description and the repository to find appropriate services.
According to Krafzig et al. [KBS05] (p. 47), several levels of coupling exist.
The physical coupling describes how remote components are connected. If
they are tightly coupled, a direct physical link between the components is
required, e.g. a client requires a server to be alive. Loose coupling at this
level can for instance be achieved by the use of message queues that act
as an intermediary. The communication style also has an influence on the
degree of coupling. In general asynchronous communication is more loosely
coupled than synchronous communication where one component has to wait
for another components response. The next level of coupling is based on
the underlying type system. Stronger type systems result in tighter coupling
of the components, as the components have to adopt to the respective type
systems of other components. This makes changes to the system very hard
and the system becomes less flexible. The level of interaction patterns de-
scribes how distributed components interact. This can be either navigating
through object oriented components or message based systems. While the
navigation through object trees leads to a high degree of coupling since a
lot of knowledge about the provided objects is needed, message oriented
systems provide a simpler interaction model. Therefore, the message based
approach provides a better solution for loose coupling as the data that is
needed is provided in a single message. The control of process logic can
be managed centrally or business processes can be highly distributed. If
the business processes are distributed throughout the system, they are more
independent and therefore more loosely coupled. The drawback of such a
system is the fact, that no globally defined consistent process state can be
guaranteed. The last level of coupling considers the way in which services
are discovered and bound. If services are bound statically, which is usually
done at compile time, the system is very tightly coupled, whereas the use

16



Level Tight Coupling Loose Coupling

Physical coupling Direct physical link required Physical intermediary
Communication style Synchronous Asynchronous

Strong type system (e.g., interface Weak type system (e.g., payload
Type system semantics) semantics)

OO-style navigation of comlex object Data-centric, self-contained
Interaction pattern trees messages
Control of process logic Central control of process logic Distributed logic components

Service discovery and
binding Statically bound services Dynamically bound services

Figure 2.3: Levels of loose and tight coupling [KBS05] (p. 47)

of service repositories to dynamically bind the services leads to a loosely
coupled system. Figure 2.3 gives an overview over the levels of coupling, as
described by Krafzig et al.

Loose coupling can make systems very dynamic and flexible. But loose
coupling also makes systems more complex and harder to maintain. The
concept of loose coupling requires a broad understanding of the system,
additional skills from the developers and extra effort in development.

2.2.2 Autonomy of services

Another fundamental characteristic of an SOA is the autonomy of services.
” Autonomy requires that the range of logic exposed by a service exist within
an explicit boundary” [Er05a] (p. 303). This means in other words, that a
service can govern itself without having to deal with many external depen-
dencies to other services. Furthermore, this ensures more independency of
the service implementation and avoids side effects. The logic that a service
represents does not necessarily need to be exclusively owned by one service,
but during the execution the service has full control over its represented
logic. Erl distinguishes two types of autonomy: service-level autonomy and
pure autonomy. Service-level autonomy on the one hand describes the case
where a service has distinct boundaries, but shares resources with other
components or services. Pure autonomy on the other hand means, that the
logic is "under complete control and ownership of the service” [Er05a] (p.
305).
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2.2.3 Abstraction

Abstraction is an important characteristic of software systems. It allows
to conquer complex systems, as it hides implementation details and logic.
Components of systems can be combined without having to know the details
of the components, as they are only used as black boxes that are accessed
through their interfaces. The implementation of such a black box can be
changed independent from the rest of the system as long as the interface
remains unchanged. Thereby, abstraction can increase the robustness and
the flexibility of a system.

An SOA is characterized by abstraction because the services act as black
boxes that hide their internal logic and the interfaces are described and made
public using the service description. The amount of logic that is contained
within a service is not further specified and leaves room for different design
strategies. Actually, finding the right granularity of services is a difficult
and important topic in SOA development and will be further examined in
section 2.4. This influences the level of abstraction that a service and an
SOA provide.

2.2.4 Reusability and composability

An SOA promotes resusability, since the logic is divided into services, that
represent components within the system. This logic can then be used by
other services or applications with only little effort. To achieve reusability,
design standards have to be applied to provide a generic service, that can
be used for a wide variety of applications. Services do not provide reusabil-
ity on their own. Services that are not well designed or solve a very specific
problem are unlikely to be reused. But in general, since services encapsulate
logic that is often related to business functionality, this logic can easily be
called by any other service.

Again, abstraction plays an important role in defining a flexible interface to
the service to make it potentially reusable. If the interface is not specific to
certain activities, the chance for reuse increases. Using intelligent messages
for the communication among the services further increases reusability, as
some of the logic can be incorporated into the message. Erl claims, that
especially with the use of SOAP messages this goal can be achieved, as
messages can be equipped with processing instructions. These instructions
can contain application specific information, whereas the service remains
generic.
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Figure 2.4: UpdateEverything operation encapsulates service composition
[Er05a] (p. 301)

As already described, the granularity of logic a service represents is not
limited and can vary. Given the principle of composability, services can be
composed of other services and therefore further promote reuse. Especially
when services with a fine level of granularity are built, composition makes
it possible to offer a service that provides an interface that is very coarse
grained. This allows building a hierarchy of services with different levels of
granularity, providing the possibility of reusing low level services. Figure 2.4
shows how a service can be composed of several services. An important con-
cept within an SOA that closely relates to composability is the orchestration
of services, which will be covered in more detail in section 2.4.

2.2.5 Discoverability

Discoverability characterizes the ability of an SOA to provide a mechanism
for the discovery of services. This is usually implemented by a service repos-
itory as described in section 2.1.4. Such a mechanism for the discovery of
services enables an SOA to avoid redundant services and redundant logic.
Discoverability is very important to leverage the true potentials of an SOA,
as it also encourages reuse of services. If the possibility to find adequate
services that offer necessary functionality is not given or not convenient to
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use, the stakeholders of an SOA will rather build redundant services than
use existing ones.

In addition to discoverablity on the architectural level, which describes the
facilities that have to be provided by the SOA architecture, there is also
discoverability on the service level. On this level, discoverability ”refers to
the design of an individual service so that it can be discoverable as possible”
[Er05a] (p. 309). Meaning, that a service is designed in such a way, that
they provide a declarative service description that can be used to find and
value the service and its provided operations. Service description and ser-
vice contracts that have been depicted in section 2.1.2 contain elements that
are able to achieve discoverability within an SOA, if they are used properly.

2.3 Expected benefits

The adoption of an SOA is driven by certain expectations regarding the
benefits an SOA provides. For an enterprise, two main goals in managing
its IT-systems are important, because they generate a competitive advantage
on the market. On the one hand the reduction of costs of IT and on the
other hand an improvement in their business processes. Each of the benefits
that an SOA can imply is aimed at one of these goals. The following section
shows some benefits that an SOA can possibly create, but the degree to
which these benefits occur strongly depends on the concrete realization of
the SOA. Many benefits are listed in the articles, but to give an overview,
the following section just covers a view important aspects.

2.3.1 Agility and Flexibility

Increasing agility and flexibility of the business processes within the enter-
prise is an important goal for many companies. They face the need to quickly
react to changes in market and business to adopt their business processes
to the ever-changing environment. The driving forces behind this constant
change can be customers that change their consumer behavior, competitors
offering new products or mergers and acquisitions, that require the integra-
tion of the IT systems of two companies. One of the biggest obstacles for
agility is complexity. Thus the reduction of complexity results in more agile
IT systems, which leads to more flexibility within an enterprise.

SOAs are designed to support ongoing change in IT systems and consti-
tuting flexible and agile systems. Loose coupling, composability and reuse,
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are characteristics that help decreasing complexity and increasing flexibility.
As the services are loosely coupled within an SOA, they can be dynamically
exchanged, reducing dependency among each other. If the logic within one
service changes, only the affected service has to be changed without any
further influence on other services. This reduces the complexity in develop-
ment, testing and maintenance of the system. Composability reduces the
complexity of systems. Large and complex system can be decomposed into
smaller units of logic that can be managed more easily. With decomposi-
tion, also an abstraction from technology can be achieved, as for the usage
of composed services no knowledge of the underlying technology is required.
Composing services to build new business processes also contributes to an
increased flexibility. This results in less development efforts and faster de-
velopment, as existing services can be reused.

2.3.2 Technology independence

Many IT projects are focused on technology issues instead of the required
business functionality. SOA abstracts from the underlying technology using
service contracts and service composition. The technology is hidden from
the consumer as it is encapsulated within services. Especially in very het-
erogeneous IT landscapes this can lead to a better integration of different
applications into a business process. With different platforms involved and a
tight coupling of business functionality to technology it can be very difficult
to integrate these distinct systems. SOA provides a solution to this problem,
as these heterogeneous systems can communicate with each other using a
common protocol and standardized interfaces, which are decoupled from the
technology. In comparison to other approaches (see section 2.5 for details)
SOA tries not to eliminate heterogeneity but enables different technologies to
integrate. SOA also decouples technology lifecycles from business lifecycles
[KBS05] (p. 246). This makes an enterprise less vulnerable to technology
changes since the business functionality is decoupled from the technology.
This makes an exchange of technology less painful and limits the impact on
business functionality to a minimum.

Nevertheless, an SOA also requires a baseline of technological infrastructure
to do its work. this includes a service repository and as specified by Krafzig
et al. also a service bus. But this technology is encapsulated wheres the
overall technology dependence is reduced.
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2.3.3 Cost savings

Many of the benefits covered, also result in cost savings, that can either be
"direct (saving IT costs) and indirect contributions (saving business costs)”
[KBS05] (p. 243). Krafzig et al. also mention some examples where costs
can be saved at business and IT level due to SOA. At a business level,
choosing the cheapest supplier, supported by a flexible, SOA based IT, can
save production costs. SOA can enable such an advancement, as it pro-
vides an integration platform that can be used by the suppliers and also
enables flexible adaption of business processes. Another example for saving
at the business level is an improved financial reporting. Because SOA al-
lows, that ”different parts of the architecture share live-data” [KBS05] (p.
243), important data can be integrated more frequently, which results in
more up-to-date business reports. These again can lead to faster and more
well-founded decisions, which save costs or increase returns. These examples
for saving costs at the business level might seem farfetched, but especially
in low-margin markets they can make an important difference and can lead
to an edge over business competition.

Cost savings at IT level can be achieved in various ways. IT cost savings
are usually the first that come to mind when thinking about the benefits
of an SOA, as they immediately relate to the development costs. Further-
more, a more efficient implementation and deployment when using an SOA,
as well as a simpler design of business processes can reduce project costs.
However these reduced cost have to be weighed up against higher initial
costs for introducing an SOA. Another savings potential lies in the reduc-
tion of maintenance costs. Since side effects within the system are reduced
and the application landscape is decomposed into manageable subsystems,
the efforts for maintenance can be decreased. An up-to-date documentation
that is necessary due to the service contracts also ensures fewer problems in
maintenance. Employing an SOA also provides a future proof solution. Ab-
straction avoids a tight coupling with underlying technology, which makes
it more technology independent and even allows the exchange of technology.
The ability of an SOA to integrate existing systems protects previous invest-
ments and does not render existing applications useless. Finally, once the
functional infrastructure is established, it can be reused with many future
scenarios. These are no immediate cost savings in I'T development, but in
cases where new approaches are necessary they can save costs compared to
other technologies.
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2.3.4 Reuse

Reusing existing assets is an achievable goal in I'T development. SOA offers
a possibility for reusing existing business logic and program code at vari-
ous levels, in conjunction with the ability to compose services. Depending
on the required functionality, services with very basic functionality as well
as services that describe entire business processes or subprocesses can be
reused. Every service can be used as a building block for the creation of
new new services, that implement new business processes. With the usage
of service repositories for the discovery of services, the use of a service is
not limited to projects or business units, but can be applied throughout
the enterprise. This often has been a problem with existing architectures,
because the information about existing code, that could be used was not
available across the enterprise. Reusing services also ”significantly reduces
redundancies and inconsistencies in business data” [KBS05] (p. 244). Ser-
vices would not only share the same code, but as there is only one actual
instance of an service that is supervised by a responsible department, the
data is more likely to be consistent and the problem of data integration will
be reduced. Reusing services also increases the robustness and reliability of
a system. Services are described by a service contract, which reduces failure
when integrating services, due to a mandatory description of the interfaces.
At the same time, the usage of existing services reduces testing and debug-
ging times, since services that are already used in production are usually
very robust and testing can basically be limited to integration tests.

2.3.5 Reduced risk

According to Krafzig et al., the reduction of risk ” could even be the most im-
portant benefit of an SOA” [KBS05] (p. 249). They describe certain domains
where SOA can reduce critical project risks. An SOA requires a detailed de-
scription of its services within the service contract or service description (see
section 2.1.2). This helps ensuring that a projects requirements and objec-
tives are correctly defined, especially when specifying business-level services.
Thereby the gap between business and technology is closed and the business
side becomes more involved in the development process. Thereby, the risk
to develop a product that fails the requirements is reduced.

Loose coupling and composability also enable an SOA to follow a divide-and-
conquer strategy. This reduces project risks, as the decomposed services are
easier to manage and therefore problems can be identified early and resource
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planning can be improved. Furthermore, the dependencies within a project
are reduced due to the logical decomposition, which also eases project man-
agement and reduces integration problems of sub-projects. Shifting to a
new technology involves a lot of risks for an enterprise, as not only the in-
vestment into the new technology is involved, but also legacy systems and
their integration into the new technology have to be taken into account. An
SOA can reduce such introduction risks. Companies often fear to invest into
the wrong technology which becomes rendered useless after a short period.
SOA is based on architectural concepts rather than on concrete technology,
which helps reducing this risk. Trough its flexibility and loose coupling, SOA
provides the possibility to integrate legacy systems. Therefore, existing and
mature technology can be used, which further reduces the risk of migration.

2.3.6 Business orientation

In many companies, the contribution of I'T to the business success is realized
through monolithic applications with static and fixed functionality. The de-
mand for more flexible and agile IT systems is linked with a demand for a
better business orientation of IT. Often the gap between the demands from
the business departments and the potentials provided is dissatisfying.
Instead of developing monolithic applications with limited use, SOA allows
the development of services that represent encapsulated business logic. To-
gether with reuse and composition, this not only offers the possibility for
flexible design of business processes, but also allows a stepwise develop-
ment of applications. This leads to a business infrastructure that lowers the
mismatch between technology constraints and business demands. Applica-
tions can be developed more flexible and their functionality can be changed
and enhanced more easily. With the use of an SOA and business oriented
services, the business can also be involved in the development process by
concrete specifying their demanded services. This results in a better busi-
ness understanding by the IT and bridges the gap between the two different
views on the business.

2.4 Topics of an SOA

Achieving the above covered benefits of an SOA is not a trivial task. Many
stakeholders are involved in the adoption of an SOA and many pitfalls have
to be avoided. This section takes a closer look at special topics that have to
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be considered when deploying an SOA, to leverage its full potentials. At the
same time, these topics are mentioned in many articles in the analysis that is
described in chapter 3. The topics in this section are described with regard
to potential problems and basic methodologies for facilitating a successful
SOA.

2.4.1 Granularity of services

When describing the benefits of an SOA, the potential for describing ser-
vices with various levels of granularity was mentioned. But this advantage
can also become a problem when choosing the wrong granularity. Finding
the right granularity for involved services is a challenge. Fine grained ser-
vices are limited to a small part of business logic and only exchange small
amounts of data. Whereas, coarse grained services are likely to exchange
large amounts of data, but encapsulate a larger amount of business func-
tionality within one service request. When splitting functionality into many
fine grained services, instead of one coarse grained service, the number of
service calls increases, which might cause a communication overhead. The
basic idea of services within an SOA is, that "every service is an entity of
distinctive functional meaning that typically encapsulates a high-level busi-
ness entity” [KBSO05] (p. 60). This would in general lead to coarse grained
services that closely align to business functions. The drawback in designing
coarse grained service interfaces, lies in the possible loss of reuse potential.
Service requestors that only need parts of the functionality might not be
interested in using the offered service functions. In summary it can be as-
certained that ”interoperability is promoted in coarse-grained services, and
reusability is more fostered in finer-grained services” [Er05al] (p. 557).
Finding the appropriate level of granularity within an SOA depends on the
concrete circumstances of the project and the enterprise. Basically it is de-
sirable to generate coarse grained services, that align with business function-
ality and provide a higher level of abstraction. This reduces dependencies
and the number of communications.

2.4.2 Orchestration

Orchestration describes an extended concept of an SOA that is based on the
principle of composability. Complex activities are controlled by orchestra-
tion services, which encapsulate a set of workflow logic. The orchestration
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Figure 2.5: Orchestration in dependence on [Er05a] (p. 201)

service controls the workflow and therefore interacts with other services, as
illustrated in figure 2.5. This enables different applications to collaborate
and to connect different processes. Moreover, this leads to an abstraction of
workflow logic and standardization of processes. The encapsulation of the
logic within orchestration services also reduces the complexity of the system
and leads to a better maintainability of the workflow logic. Furthermore,
“through the use of orchestrations, service-oriented solution environments
become inherently extensible and adaptive” [Er05a] (p. 205). As orchestra-
tion services provide potential integration endpoints for other processes and
applications, orchestration can be considered as an integration enabler and
”for many environments, orchestrations become the heart of SOA” [Er05a]
(p. 206). To standardize orchestration, the specification of Web services
Business Process Execution Language (WS-BPEL)® was introduced by the
OASIS® consortium. It is aimed at the use of Web services, but the basic
concepts also apply to SOA in general.

2.4.3 Choreography

Collaboration between companies based on SOA is a complex task and re-
quires rules for collaboration. Service choreography addresses this issue to
allow services from different organizations to work together. The basic idea

Shttp://www.oasis-open.org/committees/tc_home.php?wg_abbrev=wsbpel
Shttp://www.oasis-open.org
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Figure 2.6: Choreography in dependence on [Er05a] (p. 208)

is to arrange organized message exchanges of services, whose collaboration
logic is not necessarily controlled by a single organization. Instead, it ”acts
as a community interchange pattern” [Er05a] (p. 211). Services from differ-
ent organizations expose their functionality and allow each other to collab-
orate using choreography to execute complex tasks. Figure 2.6 shows, how
services from different organizations can interact, enabled by choreography.

While choreography enhances composability, reusability, and extensibility,
it is strongly depending on discoverability to allow other participants to find
and use their provided services. Altogether, choreography helps making en-
terprise IT more agile. To provide a common basis for choreography, some
specifications emerged, trying to lay the groundwork for SOA based business
collaboration. A very famous specification is provided by the W3C and is
called Web Services Choreography Description Language (WS-CDL)7. Like
WS-BPEL it also uses Web services as underlying technology, but neverthe-
less, the basic concepts also apply to SOA in general.

It is important to understand how orchestration and choreography relate
and what the differences are. Orchestration on the one hand describes busi-
ness workflows within one organization that controls and owns the business
workflow that describes the orchestration. Choreography on the other hand
describes collaboration between different organizations that are not owned

Thttp://www.w3.org/TR/ws-cdl-10/
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by a single one of these organizations. Orchestration can be seen as ”a
business-specific application of a choreography” [Er05a] (p. 212). Orches-
tration and choreography overlap in the sense, that orchestration can also
incorporate participants from other organizations. Still the logic is central-
ized within one organization.

2.4.4 Service layer

Traditionally in an enterprise, the enterprise logic can be divided into busi-
ness logic and application logic. The business logic represents the business
requirements that are described as business processes. They show a series of
steps with their constraints and dependencies that are involved in achieving
a business goal. Application logic on the other hand is described by an im-
plementation within an IT system. Application logic implements business
process workflows within a distinct boundary of the technological solution,
which is limited by IT infrastructure, security constraints and technological
prospects. Services provide abstraction and composability and are therefore
hard to fit into this concept. In fact, when looking at SOAs, services are as-
signed to a new layer - called service interface layer - between business logic
and application logic, as illustrated by figure 2.7. This allows to provide
a high degree of abstraction, as the service interface layer can encapsulate
logic from both, the business layer and the application layer. The service
interface layer acts as an integration and connectivity layer between the flex-
ible business processes and the confined applications. Although, the service
interface layer is illustrated as a single layer, this does not mean, that all the
service implementation resides within this layer. In fact, the implementa-
tion is likely to be encapsulated within the application layer, but the service
interface layer describes the service interfaces and thus provides a layer of
further abstraction.

Krafzig et al. and Erl, both also describe a concept for layering services
within the above described service interface layer. Erl divides them into
orchestration-, business-, and application service layer [Er05a] (p. 337).
Krafzig et al. on the other hand define enterprise-, process, intermediary-,
and basic layer. Basically the idea behind their ideas seems to be similar.
They both describe how the granularity of services can be used to compose
a hierarchy of layers, providing more coarse grained interfaces at the upper
layers.
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Figure 2.7: The service interface layer, [Er05a] (p.282)

2.4.5 Service bus

Section 2.1.3 already covered the topic of communication within an SOA,
including a short overview over the service bus as it is defined by Krafzig
et al. The problem of the basic description of SOA, that just defines mes-
sages for communication, becomes obvious when looking at enterprises with
a heterogeneous IT landscape. It seems to be almost impossible to introduce
an enterprise wide standard for a single communication technology. There-
fore, in extension to the definition of messages for communication, more
sophisticated concepts are needed, to face many of the problems within an
enterprise. According to Krafzig et al. a service bus should ”enable basic
interaction with different service components across the different platforms”
[KBS05] (p. 159). Thus they claim, that a ”Meta bus” [KBS05] (p. 162)
should be created. This Meta bus should support different communication
types and products from different vendors. Therefore, the SOA communica-
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tion infrastructure has to conform to standards to support interoperability.
The communication within a service bus is handled using service stubs and
dispatcher. The service stub is a software component that resides on the
communication client. It provides easy to use, access methods to the re-
mote services. Furthermore it also encapsulates functionality for handling
security and network issues. On the side of the service provider, acting as
a counterpart, the service dispatcher is responsible for handling incoming
service requests over the network. It analyzes the incoming requests and
invokes the service operations that are called by the service requestor.

One concept that emerged from the service bus approach, is the Enterprise
Service Bus (ESB) [Ch04a]. An ESB is based on a coarse-grained XML com-
munication protocol in combination with a message-oriented middleware.

2.4.6 Governance

Many different stakeholders are involved in the implementation and man-
agement of an SOA. Each of them is driven by the requirements of his field
of responsibility. In addition to an initial introduction of an SOA, changing
environments and new needs, have to be properly managed and supervised.
Especially with the use of an SOA that promotes heterogeneity and distrib-
uted responsibilities, it is a challenging task to maintain the usability and
to make use of the expected benefits.

In general I'T-governance describes, how decision rights and accountabilities
have to be specified to achieve the desired outcome of IT usage [WRO04].
This approach can also be applied to SOA. For an SOA to work properly,
also decision rights and accountabilities have to be assigned to achieve the
desired outcome of an SOA. Policies have to be established, that ensure that
business logic is implemented using services and that services are actually
reused. Furthermore, it has to be assured, that services are designed in
a reusable manner, not tailored to the current and specific requirements.
Guaranteeing the compliance to these policies is a very challenging task,
as for many stakeholders, following the SOA requirements means extra ef-
fort, without returning an immediate benefit. Sometimes the established
processes and organizational structures within an enterprise might also hin-
der the proper usage of an SOA. As an example, instead of reusing existing
services, someone might implement new ones from scratch, because circum-
stances can make this the more convenient approach. Lacking a proper
governance for an SOA, can put all efforts for introduction at risk, as many
of the described benefits require the support of the employees.
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2.4.7 Business Process Management

Business Process Management (BPM) is a management topic, focusing on
the strategic and operational aspects of process orientation. Unlike Busi-
ness Process Reengineering (BPR), which focuses on optimizing business
processes by reinventing existing business processes, BPM focuses on the
incremental change and evolutionary optimization of business processes.
Whereas BPR is a one-time activity, BPM is a continuous improvement
process.

The reason why BPM is mentioned in the context of an SOA, is that for
the support of BPM, an IT system is required which provides the ”technical
platform for realizing BPM management” [KBS05] (p. 105). Such a sys-
tem is called a Business Process Management system (BPMS). Since such
a system is highly complex and demands the underlying logic to align with
the overall business processes, SOA seems to be a promising approach to
support such a system. As covered earlier in this thesis, orchestration and
composition of services can be used to build services that reflect entire busi-
ness processes or parts of a business process. Compared to other concepts
like object-orientation, this leads to a system that is more likely to fulfill the
demands for flexibility, loose coupling and business alignment, which are re-
quired to enable BPM. According to Krafzig et al. ”SOA represents a good
foundation for adopting a process-oriented approach” [KBS05] (p. 115).
Such a SOA that adopts the process-oriented approach is called ”process-
enabled SOA” [KBS05] (p. 115) and is the target of Krafzig’s roadmap to
SOA implementation.

2.4.8 Web services

When looking at articles about SOA, Web services are mentioned in almost
any of them. Although, it is possible to build an SOA without using Web
services, e.g. by using CORBA, obviously Web services play an important
role for the deployment of an SOA. For example, M. Huhns and M. Singh
claim that ”Web services [...] form the basis for an SOA” [HS05](p. 78). In
fact Web services are ”just one possible implementation technology” [St06]
(p. 54) for implementing services in an SOA. On the other hand, it is claimed
that Web service are the key technology that founded the enormous interest
in SOA, since they ”form the basis for an SOA” [HS05] (p. 78).

Web services are based on XML standards for data exchange. The World
Wide Web Consortium (W3C) defines Web services as follows: ”A Web ser-
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vice is a software system identified by a URI, whose public interfaces and
bindings are defined and described using XML. Its definition can be discov-
ered by other software systems. These systems may then interact with the
Web service in a manner prescribed by its definition, using XML based mes-
sages conveyed by internet protocols” [W3C06¢]. Several standards exist in
the area of Web services, ranging from basic Web service specifications to
elaborate definitions for Web service transactions® and Web service choreog-
raphy”. The basic Web services can be described using figure 2.1, as an in-
teraction between service requestor, service provider and service repository.
The basic actions that are performed by service requestor, service provider
and the repository are defined by the Web service description of the W3C19.
For the communication between the different participants, the SOAP pro-
tocol', which is based on XML is used. Furthermore, for the description
of service interfaces, the Web Service Description Language (WSDL)? is
used. It contains relevant information about the service provided, includ-
ing interface description as well as necessary information on how to access
the service. Finally, the service repository is implemented using Universal
Description, Discovery and Integration (UDDI)'3. This is a directory index,
containing service descriptions along with the organization providing the
service.

Web services support the basic characteristics of an SOA, described earlier,
but according to [HS05] (p. 75), "they are unnecessary limited”. Anyhow,
as some papers dealing with Web services, their findings can still be ab-
stracted for SOA in general, if the special characteristics of Web service are
taken into account.

2.5 Comparison with other concepts

Looking at the characteristics and potential benefits of an SOA, the ques-
tion emerges, what differentiates an SOA from existing concepts and what
the similarities are. This section compares SOA with concepts that relate
or contrast to the service-oriented concept. This also helps getting a better
understanding of SOA, as it allows to classify SOA in reference to existing

Shttp://www-128.ibm.com/developerworks/library /specification /ws-tx
“http://www.w3.org/TR/ws-chor-model

Yhttp:/ /www.w3.org/2002/ws

"http://www.w3.org/TR/soap

2http://www.w3.org/ TR /wsdl

Bhttp://www.uddi.org
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knowledge and experience. Some of the covered concepts aim at the solu-
tion of similar problems, while others have different goals, but share similar
strategies.

2.5.1 Client-Server architecture

Client-server architecture distinguishes between a client and a server, each
playing a specific role. Any instance of the client software can send requests
to a central server. The main idea behind this concept is to split respon-
sibilities between these two entities, where the server is merely responsible
for data management and storage and the client for the presentation and
business logic. This is also referred to as the two-tier architecture. Modern
architectures often rely on the n-tier principle to further divide the system
into several different modules.

Within a client-server environment, a majority of application logic is placed
into the client software, resulting in monolithic fat clients. In an n-tier en-
vironment this application logic can reside in a separate application server,
resulting in a more complex system. In contrast, within an SOA the distri-
bution of this application logic can vary, since any service can be a service
requestor, that invokes this logic. In a client-server environment, usually
a large amount of processing is done by the client. Furthermore, ”commu-
nication is predictably synchronous” and ”connections or often persistent”
[Er05a] (p. 91). SOA on the other hand is highly distributed, with each ser-
vice working in explicit functional boundaries. The communication within
an SOA can be either synchronous or asynchronous, providing an increased
level of flexibility. In addition, SOA puts a large amount of intelligence into
the messages allowing stateless and autonomous services.

At first glance, the basic SOA model looks like traditional client-server in-
teraction with requests and responses, but one big difference is the fact, that
a service can be both, client and server at the same time, as described in
section 2. In addition, the client-server model is tightly-coupled, whereas
the SOA model supports loose-coupling between the services.

2.5.2 Component based development
Component Based Development (CBD) focuses on the decomposition of sys-

tems into smaller units of logic which can be viewed as black box and are
exposed by an interface. Obviously some of these characteristics have also
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been described for the basic requirements of an service. In fact many of these
concepts form the basis for service-orientation. R. Perrey et al. describe the
relationship between service-orientation and CBD as follows: ”One damag-
ing assumption for service is that it is another term for component. Many of
the good practices that were expounded in component-based development
and integration methodologies are relevant but services are freed from the
ties to platform or language specific technical frameworks” [PLO03]. One
big difference between these two concepts concerns the approach to flexi-
bility and reusability. Although CBD also addresses these issues, an SOA
allows dynamic invocation of services, based on policies, whereas CBD views
components merely as distributed objects. Furthermore, services focus on
continuous maintenance and improvement and can be offered to an growing
number of consumers. Composability is another important aspect, that is
available in service-orientation and is not supported by CBD. In summary
it can be ascertained, that SOA focuses on the system behavior, and not on
the system structure, like CBD.

2.5.3 Object orientation

Object-orientation (OO) is a development strategy, which is based on the
concept that systems should be built from a collection of reusable compo-
nents. Data and functions are integrated into components called objects
[BD0O]. According to T. Erl, ”object-oriented programming is commonly
used to build the application logic encapsulated within Web services” [Er05a]
(p. 107). Where service-orientation provides loose coupling between the ser-
vices, OO is more tightly coupled due to static class dependencies. Further-
more, the services within an SOA should provide coarse-grained interfaces
to foster reuse, OO relies on fine-grained interfaces. In general, the scope
of services can vary significantly, whereas objects "tend to be smaller and
more specific in scope” [Er05a) (p. 107). As claimed earlier, services are
designed to function in a stateless manner. In object orientation, data and
logic are bound together in objects, resulting in stateful units.

Both concepts support composition to build higher-level entities. Within
an SOA, this leads to an increased level of abstraction, while preserving the
lose coupling between the services.

Unfortunately, in object-orientation, the composition is realized using inher-
itance, which increases the coupling between objects. Furthermore, reuse is
claimed by both concepts, but in a service-oriented environment reuse plays
an important and fundamental role for the creation of systems. In contrast,
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object-orientation claims to provide reuse, but it is on the one hand not nec-
essary and on the other hand enabled at a low-level, which makes location
and usage of those components a difficult task.

As shown, these two concepts have fundamental differences, yet they com-
plement each other. As shown later in this thesis, object oriented paradigms
can be used to implement services, especially with the application of addi-
tional concepts like design patterns.

2.5.4 Enterprise Application Integration

Enterprise Application Integration (EAI) ”entails integrating applications
and enterprise data sources so that they can easily share business processes
and data” [Qu05] (p. 341). Since many organizations have a very hetero-
geneous [T landscape, EAI tries to enable inter-operation between various
applications allowing them to effectively and conveniently use each other’s
functionality. EAI is mostly driven by the IT, aimed at low-level connectiv-
ity between applications. Many of the EAI solutions are based on propri-
etary solutions of software vendors and require a lot of hand work for the
integration of the different systems. These systems therefore lack an ”ease-
of-integration for users” [Ti04] (p. 34) and instead requires an extensive
involvement of developers. Nevertheless, both concepts are well suited for
the integration of legacy systems, based on the concept of encapsulation.
One big advantage of an SOA compared to EAIL, is that it allows integration
across organizations, using orchestration and choreography. Where EAI tries
to integrate components to avoid heterogeneity, SAO enables heterogeneity.
SOA allows services to be developed using different platforms. Instead, the
interface description and the communication are standardized to enable easy
integration of the individual components. Nevertheless, SOA can be used
as a driver for EAI and vice versa [KBS05] (p. 211). A proper deployment
presumed, an SOA can ”address many of technical and core concerns related
to EAD” [KBS05] (p. 212).
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Chapter 3

Analysis

Based on the fact that SOA is a very hyped technology on the market, a lot
of literature exists, which makes it very difficult to find a common basis and
a good starting point for finding relevant information. The existing litera-
ture is characterized by a lot of “best practices” and commercial solutions,
making it even harder to value its true benefits. As an example one can
find a lot of references to the redbooks provided by IBM. Academic articles
dealing with the business value of SOA are rare and even the technology re-
lated work is often very technical and seldom covering architectural basics.
The goal of this thesis is to provide the reader with an overview over impor-
tant articles and articles that examine the basic criteria for Service-Oriented
Architectures from an IT perspective on the one hand and those that deal
with the business perspective on the other hand. Furthermore the most im-
portant and common points as well as conflicting opinions throughout the
articles will be excerpted.

In many fields of research that are already established usually there exist
some basic articles that describe the basic understanding of the subject and
will be referenced in many of the succeeding articles. SOA, as a concept,
is quite a young field in Software Engineering there seems to be a demand
for such essential work to refer to in future work. Out of this demand the
concept of the research, described in the following, was derived.
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Step 1: Step 2: Step 3:
Search for primary Search for secondary Indexing primary and
resources resources secondary references

Step 4:
Keyword analysis

Figure 3.1: Stepwise procedure of analysis

3.1 Approach of analysis

The following procedure was chosen, in order to find relevant articles with
academic background and classify them according to their relevance for fur-
ther analysis. Thereby, the main goals of the search were to find the most
relevant articles defining and describing the basic concepts of an SOA. The
goals of the analysis were to find out more about the historical evolution of
SOA and to structure the huge amount of articles according to their covered
topics. Especially the classification of the articles, based on their content
will be very important for the later description of SOA. The procedure as
depicted in figure 3.1 will be described in detail in this chapter.

3.1.1 Stepwise procedure

At first numerous sources were searched for papers covering SOA, service-
orientation and services. These sources include: The ACM Digital Library
L IEEE Xplore 2, the Electronic Library for magazines of the Technische
Universitit Minchen 3 and to some extent Google search *. The reason for
this broad search was on the one hand to find academic documents about
the subject and on the other hand to include papers that are available to the
public. This should provide a broad spectrum of articles, to assure that no
relevant articles were left out and eventually give some conclusion whether
there is some linkage to academic articles. During this search a lot of articles
and websites were screened. To limit the result set to a manageable amount,
articles that were found irrelevant for this thesis, based on the title or a quick
overview over the content were excluded from further inspection. Some addi-
tional articles were added to the papers contemplated in this thesis, because

"http://portal.acm.org

http:/ /ieeexplore.icee.org

3http://rzblx1.uni-regensburg.de/ezeit /searchres.phtml?bibid=TUM
“http://www.google.com
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they were found interesting and valuable, but were not accessible through
the above mentioned resources. This includes conference proceedings from
conferences and articles supplied by experts, as well as articles that were
found following links on websites, or from proceedings with references to
other relevant articles. Most of the articles that were found are written in
English, but a few interesting articles in German ware also included ®. This
procedure unfortunately lacks traceability on the articles that ware selected,
but therefore helps getting a preferably broad overview over the subject. To
manage the articles the tool EndNote ¢ was used. EndNote helps managing
bibliographies and is able to export the data to various formats, which was
very important for the later statistical analysis.

During the next step, the bibliographies of the articles found in the first step
(primary sources) were checked for referenced articles (secondary sources).
For each primary source all references were checked if they were dealing with
SOA, otherwise they were excluded from further inspection. Many of the
articles that are referenced by the primary sources are dealing with special
topics and domains were SOA is applied as a solution, and therefore have
no relevance for the later research. Some other references are covering tech-
nologies that can be used to implement certain building blocks of an SOA.
These references are used to show the link of articles to this technologies, but
will not be part of the keyword-analysis, which has been performed during
one of the next steps.

The set of articles that was found was then further analyzed in detail. Each
reference was indexed with several attributes, including the publication year,
the names of the authors and many more. In addition to the attributes re-
lating to the articles itself, some information about the dependencies of the
articles among each other was also added to the analysis. As each article
from the set of primary sources was searched for all the references to other
papers, those references were stored in a separate document. The idea be-
hind this was to create a graph representing this information in order to
visualize the dependencies and give an overview over the articles and their
correlations.

Finally the sources that were available in digital form, either as a PDF ”
file or a HTML ® page were searched for keywords, that should help describ-
ing the content and the main focus of the articles. Articles that could not

A detailed listing of the papers with regard to their language distribution is given in
section 3.2.

Shttp://www.endnote.com

"Portable Document Format (PDF)

®Hypertext Markup Language; http://www.w3.org/TR,/html4/
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be found or were only available in print-out, had to be excluded from this
search. The keywords used for the search (see appendix A for a detailed
list), were selected in such a way, that they describe the relevant issues of
an SOA from a business and IT perspective as shown in chapter 2 but also
produce a limited number of results for the search on the documents. This
was a very challenging task, as many of the terms used for describing an
SOA are very basic terms that might occur within any text. For example
the term service will not help to categorize the articles as well as the term
architecture as it will be contained in almost any document because it is
contained within an SOA. Another point for the selection of the keywords
was, to get both, keywords that describe the IT related issues as well as
business related topics. As the results from this keyword analysis were used
to depict the most relevant articles for describing SOA from a business and
IT perspective in chapter 4 there should be sufficient keywords for analyzing
both perspectives.

The analysis was done using Adobe Acrobat Reader © and a text editor with
the capability to search multiple files. Acrobat Reader was used to search
the articles that were available as PDF files, the text editor was used for
searching across the files, that were available as HIML. Each keyword was
searched within all the available articles. The number of found results for
each document was then entered into a spreadsheet containing the labels
of the documents, their titles and a column for each keyword. As a result,
for each document the number of occurrences of the keyword can easily be
found and be used to get an overview over the topics covered in the articles.
The complete list can be found in appendix A.

The main drawback about this evaluation is the fact, that the numbers of
search results is absolute. Meaning, that articles that comprise a higher
number of pages are more likely to contain more hits. But a relative result,
specifying the number of results per page might also lead to a wrong selec-
tion of papers. For instance an article comprising many pages could contain
a few pages focusing on the searched topic, which would make the number
of results per page very low, but the absolute number is higher than in other
pages.

The spreadsheet was further enriched with information about the results
from the dependency analysis. For every article, the number of outgoing
references and the number of incoming references was added. These are also
valuable information when selecting the important and interesting articles
for a special topic. Some of the articles that were found, while checking the

“http://www.adobe.com
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references from the primary references, are not available, and are therefore
highlighted in the spreadsheet. This allows to distinguish them from refer-
ences that were searched, but did not contain any results from the keyword
search. All this data was then used to pick out the most relevant articles to
describe SOA from a business and IT perspective.

3.1.2 Graph generation

For the generation of the aforementioned graph the tool Graphviz'® was
used. Graphviz is an open source graph visualization software that is able
to render graphs from a text file. It allows the user to choose from various
output formats and layouts. Since the proprietary format of the Graphviz
definition files is not very useful for further analysis of the dependencies
among the articles, an XML dialect called DOTML'? was used to repre-
sent this data. For each primary source a node was generated as an XML
element. When the articles were searched for referenced articles, for each ref-
erence a node was generated and an edge from the primary reference to this
secondary reference was added. In case, the primary reference cites another
primary reference only an edge from to this reference was added. The re-
sulting XML document describes all the dependencies among the references.
This XML document was then transformed into the DOT [DOTO06] format
that can be read by Graphviz and used as an input for creating the graph, vi-
sualizing the dependencies between the analyzed articles. For transforming
the DOTML file into the DOT format, the Extensible Stylesheet Language
Transformation (XSLT) processor Apache Xalan'® was used.

3.1.3 Statistics

For the statistical analysis of the references, a variety of tools and approaches
were used. The information that could be analyzed was available in the fol-
lowing formats. The dependencies of the articles was available - as described
in section 3.1.1- as an XML file, containing elements for the nodes and edges
in the dependency graph . The details of the articles were also available as
an XML file, which was exported from EndNote, and were also incorporated

Phttp://www.graphviz.org

"Extensible Markup Language (XML) is a simple and flexible text format for documents
that can be read by humans as well as machines; http://www.w3.org/XML

2http://www.martin-loetzsch.de/DOTML

Bhttp://xalan.apache.org
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into the spreadsheet that was generated during the keyword analysis. The
XML file contains various attributes, including the year of publishing, the
authors and the language of the source.

The information contained in these files had to be combined and condensed
to result in meaningful statistics. As the relevant information for the sta-
tistics were both available via an XML file, XQuery 4, a query language
that is based on XML was used to access the data. XQuery allows to query
XML files and select elements and attributes based on certain constraints.
The resulting output can again be stored as an XML file which makes it
easy to import the results into a spreadsheet for further processing. To
actually execute XQuery statements, Qizz/open > an XQuery engine was
used. Qizx/open is open source and is very closely sticking to the XQuery
specification defined by the World Wide Web Consortium (W3C) 6.

The queries that were written produced the following statistics:

e The number of articles that were written by each author, ordered by
the number of articles

e The number of articles that were published in each year, order chrono-
logical

e The number of references that were pointing to and from each article,
ordered by the number of references

e The number of articles grouped by the type of article, ordered by the
number of articles

e The number of articles grouped by their academic background

Furthermore, XQuery was used for the spreadsheet to gather information
from the different sources.

3.2 General results

During the collection and the analysis a lot of information was gathered.
This section summarizes these information and gives an overview over the

Y“http:/ /www.w3.org/ TR /xquery
Bhttp://www.axyana.com/qizxopen
Yhttp://www.w3.org
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articles involved in the research and shows some general results of the analy-
sis. Whenever possible, the data was put into graphs to allow a better visu-
alization of the attained results. As a large number of articles was included
in the analysis, some of the tables and graphs just contain a cutout of the
most important results. The complete list of the results can be found in the
appendix.

After the second step in the analysis, described in section 3.1.1, when all the
secondary sources were included, the number of articles adds up to a total
of 415 references. Thereof 203 are primary references that were found
in the first iteration of the analysis and 212 are secondary resources that
were referenced by the primary references.

3.2.1 Disposability of articles

During the second step of the research, the secondary resources that were
included into the further research, were chosen by their topic and their
context within the articles. Although a lot of effort was put into gathering
the referenced articles, some of them could not be found or at least are not
available in electronic form, so they had to be excluded from the keyword
search. A few of the primary resources only were available as print-out
and could not be included in this step either. Nevertheless, the references
to other articles from the printed articles or books, were still included for
finding secondary resources.

Table 3.2 shows all the references used for the research, ordered by their
disposability. Each resource was assigned to one of the following categories:

e Book: Some of the articles include references to books. As these
books could not be used for the keyword analysis or they were not
available at the accesible libraries, they were not included into further
inspection.

e HTML: Articles that only were available in HTML, were downloaded
and searched separately in the keyword analysis. The results of this
search have been integrated with the results from the PDF search.

e WebPage: Some of the articles referenced Web pages that either did
not contain a single article that could be downloaded and stored as a
HTML file, to include them into the analysis, or that were to generally
specified. Some of the references for example point to technical speci-
fications that span several pages, making an analysis also inapplicable.
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Disposability

References

Book

TAIO4], [Ap03], [Ba03b), [Ba05], [BCKO3], [Bi05b], [Bu96], [Ce02], [Cho4a), [CKKOZ], [Er04],
[Go03], [HB02], [HS02], [JMP04], [Ka03], [Le03], [Li03], [Ne02], [Ne04], [PBO3], [Sco2],
[SGY6], [SHO5], [WC03], [We04], [We05], [ZTP03]

28

Not available /
Not found

[BKO4], [BI02], [Bu05], [Cn04], [Di05al, [Gro5], [Hu03], [KZO4], [Le04], [Le05c], [Li04],
[Ma04b)], [Ma05d], [QDD04], [Sp02], [Tu04], [Za03], [ZY04b]

18

WebPage

[An03], [Ar05], [BoO4al, [Bo04b], [ChOT], [ChOZal, [ChO3b], [ChO4b], [Ha03al, [IBMOT],
[IBM02a], [IBMO2b], [IBMO2d], [IBMO3], [IBMO8], [MGO03], [OA04], [SUNOZ],
[W3C02a],[W3C02b], [W3c02¢], [W3C04b]

22

PDF

[AASO4], [ABO5], [Ac05), [AHO6], [AHZ04], [AKL99], [AI97), [APS06], [Ar03], [Ba02],
[Ba03a], [Ba06], [Be01],[Be02], [Be03], [BGAO1], [BHO5], [Bi04], [Bi05a], [BLOS],
[BLMO5], [BMO5], [BNZ08], [Bo01], [Br02], [BRV04], [BSD03], [BSMO5], [Ca03], [Ca04],
[Ca05a], [Ca05b], [CBDOS], [CDHO5], [CFRO3a], [CFR03b], [Ch02b], [Cho3al, [Cho5al,
[ChO5b], [CHTO4], [Ci08], [CKO1], [CKOS5], [CLMOS], [CMO4], [Co04b], [Co05],

[Cro5], [CTO5], [Cu02], [Cu03], [Cu05a], [Cu05b], [CVO5], [CYNOS], [Di04], [Di05b],
[Du05], [EDS06], [EL04], [EMMOB], [En04], [Er05b], [EWAO08], [FB02], [Fe06], [FFO3],
[FHHO4], [FLBO5], [Fo02], [Fo03], [Fo04], [Fo05), [Fo0s], [FP02], [Fro4], [FS05al,
[FS05b], [FTO5a], [FTO5b], [Fu05], [FWK02], [Ga02], [Ga0s], [GB04], [Ge0s], [GMKI8],
[Go02], [Go04], [Gr03], [Gro4], [GuO5), [Ha05al, [Ha05b], [Ha06], [HBO3], [HB04], [HBO5],
[HCDO8], [HCZ05], [He02], [He05al, [He05b], [HGOS], [HLCO5], [HS05], [HuO5], [HW03],
[1BMO02c], [IBMO4al, [IBMO4b], [IBMO4d], [IBMO5a], [IBMOS5b], [In05a], [In05b], [In08],
[JDTO5], [JeO5], [Ji05], [Jo04], [JoO5], [JRMOS], [JS05], [JWOS], [Ka05], [Ka08], [KCO5],
[Ke04], [Ke05], [Ke08], [KEAO5], [KJEO5], [KKPO5], [KKO03], [KKS08], [KL03], [KLS05al,
[KM04], [KMMO8], [Ko05], [KPR04], [Kr04al, [Kr04b], [KRO5a], [Kr06al, [Kro6bl, [Kr95],
[KuO5], [Ku08], [KZ05], [LA02], [La02], [La03], [La06al, [La06b], La06c], [Le0O], [Le05al,
[Le05b], [Li08], [LMCO5], [LMS08], [Lo06a], [LRS02], [LTO3], [LUO5a], [Lu05b], [Ma03],
[Ma04a], [Ma05a], [Ma05b], [Ma05c], [Ma0b], [Ma06c], [Ma06d], [MBE03], [Me04],
[MKGO04], [MLDO5], [MMO4], [M002], [Mo08], [MPP02], [MPT99], [MR03], [MSRO5],
[MVAO5], [Na02], [Na03], [Na05], [Ne05], [NGO5], [NM02], [No0s], [NP03], [NS03],
[OHEO3], [OY05b], [OYPO5], [Pa02], [Pa03], [Pa05a], [Pa05b], [Pa0s], [Pe03al, [Pe03b],
[Pe04], [PGO3], [Pi04], [PLO3], [PI05a], [PI05b], [PI05c], [Po06], [PS02], [PSZ01], [PW04],
[PY04], [QDS05], [Ra03], [RBO5], [RDO5a], [RDO5b], [RDO5¢], [RDO5d], [RDO5¢], [Ri05],
[Ro05], [SA05], [Sc02], [ScO3], [ScO5], [ScO8], [SDS04], [SEH02], [SEHO05a],

[SEHO5b], [Sh02], [Sh03], [Sho4], [Si04], [Si05], [Sk05], [Sk06], [SLCO5), [Smo4],
[SMO5], [SM06], [SNO3], [Sn08b], [So06a], [So06b], [Spo5], [SS04], [St05], [St06], [St97],
[SUNO04], [SUNO6a], [SUN0Bb], [SUNO6C], [SUNOB], [SVA04], [SVW04], [SW04], [Ta03],
[TACO5], [TBBO3], [TCPO5], [TGOS], [ThOS], [Ti04], [Ti06a], [Tiosb], [TJ0S5], [TJHO5], [TPO2],
[Tr04], [Ts04], [TsO5], [TYLO5], [Vi02], [Vi06], [VMO8], [VoO03], [Wa04], [Wa05), [WDL04],
[WEI08], [Wi06], [WKO5a], [WKO5b], [WT04], [WYHOS], [Ya03], [YIMO5a], [YIMO5b],
[YK97], [Yu04], [Za87], [Za96], [ZCCOA4], [Ze03a], [Ze03b], [Ze04], [Zi04], [Zi05], [Zy02],
[ZY04a]

314

HTML

[Ar04], [BROS], [Bu02], [CCOB], [Ch05C], [CKBO4], [Co04a], [Dab4a], [Da04b], [Fe03],
[Gi06],[Ha03b], [He03], [HeO8], [IBMOO], [IBMO4c], [IBMO4e], [KLSO05b], [KPO3], [Li05],
Ma06a], [Mi05al], [Mi05b], [Pa05¢], [Ro04], [ZKGO4]

26

Printout

Sn06a], [KBS05], [Gr06], [Er05a], [Bro3]

Not searchable

SB96], [OY05ba]

Figure 3.2: Disposability of articles
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Therefore, the URL was included into the list of references, but not
into the keyword analysis.

e PDF: More than three-quarter of all articles are available as PDF files
and are included in the attached CD. When searching the secondary
references, this was the preferred document format, as it allows search-
ing across all documents, using the Adobe Acrobat Reader 7.

e Not available / Not found: Not all of the articles referenced in
the primary sources could be found, despite an elaborate search. The
reason for this is manifold. Some articles referenced, are only available
for a fee, because they are written by a consulting company. Others
are not available to the public. This includes thesis and doctoral dis-
sertations that are only available at the respecting universities. And a
few articles could simply not be found with the provided information
of reference.

e Not searchable: Although, the search engine of Adobe Acrobat
works well, some articles could not be searched, because they are pro-
vided as a scanned image with bad quality.

Figure 3.3 gives a visual overview over the disposability of the articles.

3.2.2 Distribution in time

For each article involved in the research, the year of publication was anno-
tated. In addition to following the standards for referencing publications,
which requires a publication year to be included in the label, this also pro-
vides valuable information about the articles involved. Figure 3.4 shows how
the articles included into the research, disperse over the years.

Obviously most of the articles included into the research were written
after 2002. Only five percent of all papers were written before 2002 and
many of these articles cover basic topics of software architecture rather than
SOA specific issues. This underlines the assumption, that the topic SOA
is comparatively new. Still, any of the underlying concepts and ideas are
already established and are known for years, which is shown by the fact that
the secondary references go back to 1987. It might be the case, that some
early articles covering SOA were simply not found by the chosen approach,

"http://www.adobe.com
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Figure 3.3: Visualization of disposability

but if there was any fundamental paper from this time, covering SOA, it
should have been referenced in some of the articles.

The most articles contained in the research were published in the year 2005.
In 2004 and 2006 only half the amount was released. One would expect the
number of articles published to increase further in 2006, compared to 2005,
as the topic is currently said to be of much interest. The reason for this result
in the statistics is twofold. Firstly, the search for articles was performed until
the middle of the year 2006. Therefore, articles from 2005 were still very
up-to-date. Secondly, when searching articles that were written in 2006,
they are very unlikely to contain references to articles that were also written
in 2006, because of the short timespan that would be necessary between
writing and publishing. In fact only two of the secondary references refer
to articles from 2006. When looking at the constantly increasing numbers
of articles since 2002, the number should actually be expected higher than
2005, at the end of 2006. This could be proven by another analysis in the
future.
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Figure 3.4: Distribution in time

3.2.3 Authors

When working with such a large number of references it is also interesting
to look at the authors of the articles, to find out who can be considered
an domain expert in this field. Therefore, a query on the list of references
was made, giving the authors and their articles along with the number of
articles written. The number of articles written refers to any participation
of an author in an article. Many articles have been developed by many
authors in cooperation. Figure 3.5 shows the results of this query. To keep
the results concise, only the authors, that wrote at least three articles were
included in the results.

When looking at the results, one can see several entries containing names
of organizations like IBM, SUN and W3C. This entries denote articles or
Web pages that could not be assigned to single authors. To provide a rea-
sonable abbreviation and complete entries in the list of references, the name
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A. H. M. ter Hofstede

SEH02], [SEH05b], [SEH05a]

F. Rosenberg

RDO5¢], [RDO5d], [RDO5H]

Author # |References
[IBMOO], [IBMO1], [IBMO2d], [IBMO2c], [IBMO02a], [IBM02b], [IBMO03], [IBMO04e],

IBM 15 [[IBMO04d], [IBMO04c], [IBM04a], [IBM04b], [IBM05a], [IBM05b], [IBMO6]
F. Curbera 8 [[An03], [Ar05], [ChO1], [Cu02], [Cu05b], [Cu03], [MKC04], [We05]
F. Leymann 8 |[HeO05b], [KLO3], [Le03], [Le04], [Le05c], [Le05a], [LRS02], [We05]
S. Weerawarana 6 |[Ch04b], [ChO1], [Cu02], [Cu03], [FWKO02], [We05]
J. Yang 6 |[Ji05], [OY05a], [OYO05b], [OYPO5], [PY04], [Ya03]
SUN 6 [[SUN02], [SUN04], [SUNO6a], [SUN06b], [SUN06c], [SUN06d]
P. Malinverno 5 |[BMO05], [BSMO05], [Ma06b], [Ma06c], [Th05]
B. Benatallah 5 |[BSDO03], [HBO3], [Ze03a], [Ze03b], [Ze04]
M. Dumas 5 |[BSDO03], [Di04], [QDD04], [Ze03a], [Ze04]
E. Newcomer 5 |[Bo04b], [BoO4a], [Ch02a], [Ne02], [Ne04]
I. H. Kruger 5 |[BK04], [Kr04b], [Kr04a], [KM04], [KMMO06]
S. Dustdar 5 |[JDT05], [RD05c], [RD05¢€], [RD05d], [RDO5b]
Y. V. Natis 5 [[Na03], [Na05], [NS03], [SN03], [Th05]
C. Ferris 4 |[Bo04b], [Bo04a], [Ch02a], [FF03]
R. Khalaf 4 |[Cu02], [Cu03], [FWKO02], [KL03]
Y. Han 4 |[FHHo04], [TJHO5], [WYHO05], [Yu04]
P. Krogdahl 4 |[Ke06], [KLSO5a], [KLS05b], [ZKG04]
D. Smith 4 |[LMS05], [LMS06], [SmO04], [Ti04]
D. Edmond 4 |[OHEO03], [SEH02], [SEH05b], [SEH05a]
M. P. Papazoglou 4 |[OYPO05], [Pa03], [PGO3], [PY04]
Q. Zimmermann 4 |[Zi05], [ZKG04], [Zi04], [ZTP03]
F. Casati 3 |[Al04], [Be03], [Ca03]
A. Arsanjani 3 |[Ar03], [En04], [LAO2]
N. Gold 3 |[Be01], [Be02], [GBO4]
P. Layzell 3 |[Be01], [Be02], [ELO4]
D. Budgen 3 |[[Be01], [Be02], [TBBO3]
P. Brereton 3 |[[Be01], [Be02], [TBBO3]
S. Bose 3 _|[Bi05b], [Bio5a], [Du05]
H. Haas 3 |[Bo04b], [BoO4a], [Ha03a
M. Champion 3 |[Bo04b], [Bo0O4a], [Ch02a
D. Orchard 3 |[Bo04b], [BoO4a], [ChO2a
H. Yang 3 |[Ch05a], [ZY04a], [ZY04b]
H. Kreger 3 |[CKO05], [Go02], [KPO3]
|. Foster 3 |[Fo05], [Fo02], [FTO5b]
G. Wang 3 [[Fu05], [Wa05], [Wa04]
Y. Huang 3 |[Hu03], [Hu05], [HLCO5]
Y. Li 3 |[Hu05], [HLCO05], [WDL04]
M. Keen 3 |[Ke04], [Ke06], [Ke05]
R. Mathew 3 |[KM04], [KMMO06], [Ma04b]
M. Marchese 3 |[Ma03], [YIMO05a], [YIMO5b]
G. Piccinelli 3 |[MPT99], [PSZ01], [PS02]
R. W. Schulte 3 |[[NS03], [SN03], [SVA04]
B. Orriens 3 |[OY05], [Or05], [OYPO5]
J. O'Sullivan 3 |[SEH02], [SEH05b], [SEH054a]

3

3

3

3

3

W.T. Tsai Ts05], [TCP05], [Ts04]
W3C W3C02a], [W3C02b], [W3C02c]
L. Zeng Ze03a], [Ze03b], [Ze04]

Figure 3.5: Authors of articles
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of the publishing organization was entered instead of an author.

The resulting numbers of papers an author published, are influenced by the
references found during the research process and the primary references that
were chosen in the first place. Some authors tend to reference to their own
prior work. This makes authors from the primary references more likely to
achieve a higher number of articles in this research.

Recapitulating, 145 authors are listed with more than one article regarding
SOA. This can be a result of the references to their own prior work, but it
also shows, that a lot of experts in this area exist and that many different
ideas were gathered throughout the analysis. Furthermore, this also shows
a high level of interest and huge demand for SOA related articles. Francisco
Curbera and Frank Leymann are the authors, who participated at the most
articles. Both are listed in eight articles as an author. Some of Cubera’s
work also includes participation at specifications regarding Web services,
which is a reason for the high number of references.

3.2.4 Reference origin

To be able to assess the various statements of the different articles, it is
necessary, to know about the origin and the background of each paper. Ar-
ticles that were written by software vendors might tend to overestimate the
benefits of SOA, especially when the company offers a product, based on
these concepts. This does not mean, that these papers do not provide valu-
able information, but the statements have to be considered in the context
of the authors and publishers. Therefore, figure 3.6 gives an overview over
the resources, based on their origin and type of reference. The following
categories where chosen, to represent clusters of different origin:

e Conference proceeding: Given the proposition to base the research
on an academic and sophisticated foundation, this category contains
all articles that have been submitted to a conference. Under the as-
sumption, that papers that are presented at a conference, have been
carefully screened and reviewed, this adds the respecting articles a
high level of credibility. Moreover the fact, that 160 out of 416 articles
fall in that category, builds the basis for a reasonable result of the
research in this thesis.

e Journal article: Many of the included articles were published by sci-
entific journals. These journals include computational journals, acad-
emic journals and journals released by organizations or companies. A
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Type

References

Conference
Proceedings

[ABO5], [AHZ04], [Ac05], [BGAO1], [BHO5], [BLMO5], [BNZ06], [BRV04], [Ba02],
[Ba03a], [Be01], [Be02], [Be03], [Bo01], [CBDOS], [CDHO5], [CFRO3b], [CKO1],
[CMo4], [CTO5], [CV05), [CYNO5], [Ca04], [Ca05a], [Chozb], [Cho3al, [Chosal,
[Co05], [Cuo5a], [Cu05b], [Du05], [EWAOS], [FHHO4], [FLBO5], [FS05al, [Fo03],
[Fo04], [Fu05], [GBO4], [Ga08], [Gro5], [Gr06a], [Gu05], [HB03], [HBO5], [HCDOS],
[HCZ05], [HGO5], [HLCO5], [Ha05b], [He05b], [Hu03], [Hu05], [JDTO5], [JRMOS],
[JWO05], [Ji05], [KCO5], [KEAD5], [KJE05], [KKP05], [KKO03], [KKS08], [KLO3],
[KLS05a], [KM04], [KMMOS], [KPR04], [KZ04], [KZ05], [Ko05], [Kr04a], [Kro4b],
[LMCO5], [LMS05], [LMS06], [Le04], [Le05a], [Le05c], [Luo5al, [Lu05b], [MKCO04],
[MLDO5], [MPT99], [MSR05], [MVA05], [Ma03], [Ma05a], [Ma05c], [Mo02], [MPP02],
[NP03], [Na02], [Ne05], [OHE03], [OY05a], [OY05b], [OYP05], [PLO3], [PS02],
[PSZ01], [PW04], [PY04], [Pa02], [Pa03], [Pa05b], [Pe04], [Pi04], [Po06], [QDDO4],
[QDS05], [RBO5], [RD05a], [RDO5b], [RDO5C], [RDO5d], [RDO5e], [Ri05], [SDS04],
[SEHO5a], [SLCO5], [SS04], [SVW04], [SW04], [Sc02], [Sc08], [Sho2], [Shoa],
[Sho4], [Si05], [Sn06a], [Sn06b], [SpO5], [Sto5), [St97], [TACO5], [TCPO5], [TG03],
[TJO5], [TJHO5], [TYLO5], [Tr04], [Ts04], [Ts05], [VMO6], [WDLO4], [WEI08],
[WKO5a], [WT04], [WYH05], [Wa04], [Wa05], [YIMO05a], [Yu04], [ZCC04], [ZY04a],
[ZY04b], [Zi04], [Zi05], [Zy02]

159

Journal Article

[AKL99], [APS06], [Ar03], [BLO6], [BSD03], [Ba06], [Bio4], [Bio5a], [CFR03a], [CKOS5],
[CLMO03], [CN04], [Ca03], [Ca06], [Cho5b], [Co04al, [Cro5], [Cu02], [Cuo3], [Dao4a],
[Da04b], [Dio4], [EL04], [EMMOS], [Er05b], [FBO2], [FFO3], [FS05b], [FT05b], [FWKO2],

[Fo05], [Fo06], [Go02], [Go04], [Groa], [HBO4], [HS05], [HW03], [Ha05a], [Ha0s], [He02],

[He05a], [IBM04b], [JS05], [Jo04], [Jo05], [KP03], [KR05a], [Ka05], [Ka06], [Kr06al,
[Kro6b], [Kro5], [Kuos], [LA02], [LRS02], [LT03], [La03], [La06b], [La06c], [Le0O], [Li04],
[Li06], [MBEO3], [MMO4], [MR03], [Ma05b], [Ma0&d], [Me04], [Mo06], [NGO5], [NM02],
[No06], [PG03], [Pa05a], [Pe03a], [Ra03], [Ro05], [SEH02], [SMO6], [Sco5], [Sio4],
[Smo4], [So06b], [St086], [TBBO3], [TP02], [Ta03], [Tio4], [Vi02], [Vi0s], [Voo3], [Wios],
[YIMO5b], [YK97], [Ya03], [Za87], [Ze03b], [Ze04]

99

Electronic Article

[AAS04], [AHO6], [BKO04], [BMO5], [BR03], [BSMOS5], [Bro2], [Bu05], [CHT04], [Ca05b],
[Ci08], [Co04b], [Di05a], [En04], [FP02], [FT05a], [Fe03], [Fe06], [Fro4], [Ga02], [Ge0s],

[Gro4], [IBM01], [IBM04a], [IBM04d], [IBMO4e], [IBMO5a], [IBMOSbY], [In05a], [In06], [It06],

[Je05], [Ku05], [Lo06a], [Ma04a], [Ma06b], [Ma06c], [NS03], [Na03], [Na05], [Pa0s],
[Pe03b], [PI05al, [PI05b], [PI05c], [SA05], [SMO5], [SNO3], [SUN02], [SUN04], [SUNOGa],
[SUNOBb], [SUNO6c], [SUNOGd], [SVAO4], [Sk05], [Sk08], [So06al, [Sp02], [Thos],
[Tio6a], [W3C04a], [WKO05b], [Za96], [Ze03a]

65

Electronic Source

[An03], [Ar04], [Ar05], [Bo04a], [Bo04b], [Bu02], [CKBO04], [Cho1], [Cho2a], [Cho3b],
[Cho4b], [Cho5c], [EDS08], [Fo02], [Gi06], [Ha03a], [Ha03b], [He03], [He08], [IBMOO],
[1BM02a], [IBMO2b], [IBMO2c], [IBMO2d], [IBMO3], [IBMO4c], [IBMOS], [In05b], [KLS05b],
[La06a], [Li05], [MG03], [Ma05d], [Ma06a], [Mi05al, [Mi05b], [0A04], [Pa05c], [Ro04],
[SEHO5b)], [Ti06b], [W3C02a], [W3C02b], [W3C02c], [W3C04b)], [ZKG04]

46

Book

[Al04], [Ap03], [BCKO3], [Ba03b], [Ba05], [Bi05b], [Bugs], [CKKO2], [Ce02], [Cho4al,
[Er04], [Er05a], [Go03], [HB02], [HS02], [JMP04], [KBS05], [Ka03], [Ke04], [Ke05],
[Ke08], [Le03], [Li03], [Ne02], [Ne04], [PB03], [SG96], [SHO5], [Sca2], [WCO3], [We04],
[We05], [ZTP03]

33

Report

[BI02], [CC06], [La02], [Le05b], [Sc03], [Tu04], [Za03]

Thesis

[Al97], [Bro3], [Diosb], [GMKS8], [Ma04b], [SBY6]

Figure 3.6: Types of references
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big part of the journal articles comes from various IEEE journals and
the IBM Systems Journal'®. Thse articles usually have passed several
reviews and are therefore considered to be of a high quality.

e Electronic article: Electronic articles include mostly papers written
by software vendors or commercial organizations and research papers
by Gartner research. Also articles that could not be found and are
evidently not references to a Web page, a conference proceeding, or
a book were included in this category. The main intention of these
articles is to provide an overview over certain topics and show trends
that have been identified in research studies.

e Electronic source: This category mostly contains Web pages con-
taining specifications or portals with information about SOA. Another
big part of this category are articles that are published in the Web like
articles from IBM developerWorks!?.

e Book: Some of the primary and secondary references are referring to
books. Other than in section 3.2.1 this category contains any reference
to books even the ones that were available as print-out. Still most of
the books were not available for the research, but their references are
important for showing sources of information about SOA.

e Thesis: A few articles were found being theses from universities, ei-
ther Ph. D. theses, master theses or publications from a chair. They
offer good academic background and a high level of independence. Un-
fortunately some of them were not available for the research, as they
were only available at the respective university.

e Report: Reports are usually written by consulting firms, analyzing
special topics of interest and giving recommendations based on the
results. Most of them are only available for a fee, so they were not
included in the research of this thesis.

3.2.5 Frequency of referencing

One of the goals of this thesis is to find most relevant articles covering the
topics of an SOA. One interesting indicator for the importance of an article

Bhttp://www.research.ibm.com/journal/sj/
Yhttp:/ /www-128.ibm.com /developerworks
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# #
Label Incoming | Outgoing Incoming references
[BLMO5], [Ca03], [FS05b], [Ka05], [KMO4], [KPR04], [KZ05], [Le05a],
An03 15 0 [MKCO04], [Po06], [RD05d], [SLC05], [Sp05], [SVYW04], [Zi05]
[BLMO5], [Cu05b], [Du05], [Jo05], [KMO04], [LMC05], [MKCO04], [OYPO5],
Chot 14 0 [Pa05a], [Ri05], [VMO6], [WKO05a], [Zi05], [BNZ06]
[Cu05b), [Du05], [EWAOE], [Fu05], [Ga0s], [MVAO5], [QDS05], [SDS04],
IBM03 11 0 [SMO08], [BNZ06], [KBS05]
[Ca03], [CBDO5], [CTO5], [Gro6a], [Le05a], [MSR06], [MVAOS5],
Alo4 10 0 QDS05], [RDO5b], [YIM05a]
Choda B 0 AC05], [Cu05b], [KJEOS], [Pa05b], [Po06], [SMOE], [St06], [KBS05]
En04 6 0 Bi05a], [FS05al, [IBM04b], [Kao5], [KKP05], [St06]
Pa03 6 0 KC05], [Ko05], [RD05d], [TYL05], [WKO05a], [YIM05a]
IBM02d 5 0 Hu05], [JDT05], [KLS05a], [OY05a], [OYP05]
Ke04 5 0 Ar04], [Bi05a], [IBM04b], [WEI08], [Zi05]
PG03 5 0 Fu05], [KEAO5], [OYPO5], [SW04], [TJO5]
ZKG04 5 0 Ar04], [Ch05a], [KLS05], [KLS06], [WKO05a]
Ar04 7 Z KLS05], [KLS06], [Mi05b], [WYHO5]
Cu03 4 0 BHO5], [Ch03a], [KEAO5], [T1J05]
QDDO04 4 0 MLDO5], [QDS05], [WYHO5], [YIMO5a]
W3C04a 4 0 Ba03a], [Ch05a], [Co05], [GrO6a]
KBS05 3 4 Sn06a], [Sn06b], [St05]
Sco5 3 3 ChO05b], [CKO5], [NGO5]
Bo04a 3 0 JDTO5], [Pa05a], [VMO6]
Co04a 3 0 KLS05], [KLS08], [TYLO5]
DI04 3 0 OYPO5], [QDS05], [YIMO5a]
Ero4 3 0 FLBO5], [Sh04], [KBS05]
FBO2 3 0 Co05], [OYPO5], [WDL04]
IBMOO 3 0 Ba02], [Lu05a], [Sc05]
LRS02 3 0 Fu05], [KZ05], [SWO04]
Li03 3 0 CBDO05], [JW05], [ZY04a]
Li04 3 0 Ch05a], [Sn06a], [Sn06b]
SG96 3 0 KM04], [KMMO6], [PL03]
SH05 3 0 Gr06a], [HS05], [Ts05
Za87 3 0 Jo05], [OYPO5], [St05
Z603b 3 0 OY05a], [OYP05], [SW04]

is, how often an article is referenced by other authors. For this purpose,
every reference from a primary reference to another article covering SOA,
was stored as described in section 3.1.1. This information was then trans-
formed into an ordered list, containing the number of incoming and outgoing
references for each article. Figure 3.7 shows the articles with more than three
ingoing references, along with the number of outgoing references and the la-
bels of the incoming references. This helps identifying articles that were
considered important by other authors. The list of labels of the outgoing
references was omitted, since only a few articles contain outgoing references

Figure 3.7: Number of ingoing and outgoing references

and these references can easily be looked up in the relevant articles.

Looking at the results, the three references with the most ingoing references
are specifications in the Web service area. This shows, that many articles
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focus on Web services in association with SOA. On the other hand, speci-
fications are often referenced, when the technology is mentioned within an
article, as it is the best way for providing comprehensive information about
that technology. Another influence on the references that are given in an
article is the academic background of an article. Academic articles and con-
ference proceedings often contain a lot of references, whereas reports for
example by Gartner seldom reference other articles. When collecting the
references, it became obvious, that often references were provided to arti-
cles that deal with the domain, an SOA should be deployed. References
to basic SOA issues on the other hand were sparse. Another driving force
for the references that are made in the articles is the origin. Articles that
are written by organizations, mainly tend to reference other articles from
that organizations. For example, many articles that are published by IBM,
include a high percentage of references to other articles that were published
by IBM. Furthermore, the fact that many references are made to papers
by IBM, suggest the assumption, that SOA lacks a common foundation.
These issues may limit the conclusions that can be drawn from this statis-
tic, but still, the indication of important articles can be valuable for finding
a starting point and further readings.

3.2.6 Referenced specifications

When looking through the primary references in step 1 of the analysis, a lot
of references to Web service related specifications were found, that deal with
specific problems of Web service architectures. Since these specifications
closely relate to topics of an SOA, because Web services can be viewed
as a characteristic SOA, they can provide interesting approaches. On the
other hand they do not deal with SOA itself, and therefore were mostly not
included into the secondary resources. Figure 3.8 gives an overview over
specifications that were found during the analysis.

3.2.7 Visualization of references

To give a quick overview over the articles and their relations, a graph was
built that contains all the references found during the analysis. Primary
references are depicted with a yellow ellipse and secondary references are
represented by a white ellipse. Each node also contains the label of the
reference. For any article that is referenced by a primary reference, an edge
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Specifiaction URL

Business Process Execution Language for http://www-

Web Services 128.ibm.com/developerworks/library/specification/ws-bpel
SOAP Messaging Framework http://www.w3.org/TR/soap

The Universal Description, Discovery, and

Integration http://www.uddi.org

Web Service Choreography Interface (WSCI) |http://www.w3.org/TR/wsci

Web Services Architecture http://www.w3.org/TR/ws-arch

Web Services Architecture Requirements http://www.w3.org/TR/wsa-regs

Web Services Conversation Language

(WSCL) http://www.w3.org/TR/wscl10

Web Services Description Language (WSDL) |http://www.w3.org/TR/wsdl

Web Services Transaction (WS-Transaction) |http://dev2dev.bea.com/pub/a/2004/01/ws-transaction.html

Figure 3.8: Referenced specifications

is drawn, from the primary reference to the referenced article. Figure 3.9
shows the complete graph, containing all the primary and secondary refer-
ences. Unfortunately, this graph is very widespread and confusing. This is
based on the fact, that over 400 resources are depicted in the graph. Since
the layout is done by the graphviz tool, without any detailed influence on
the layout of the nodes and edges, some of the edges are overlapped by the
nodes, which decreases the readability of the graph. Nevertheless, overlap-
ping of the nodes was avoided by certain parameters of the layouter. For a
detailed view on the graph, please refer to the appendix.

Figure 3.10 shows typical primary and secondary references. The primary
reference [TYLO5] contains references to the secondary references [LT03],
[Ta03], [CNO04], etc. In addition it also references [CHT04], which was al-
ready selected as a primary reference. Due to the approach that was chosen
to build the graph, each secondary reference must at least be associated with
one primary reference, the one that cited this particular secondary reference.

Some of the chosen primary references do not contain references to other
articles or at least do not contain references that deal with SOA related
topics. When looking at the graph that was generated, those articles can be
easily found as they do not contain any edges pointing to other references,
like [GMKO98] in figure 3.11. Unfortunately, these articles do not contribute
to the search for secondary references that was performed in the second
step of the analysis, but on the other hand they also contain valuable in-
formation for the keyword analysis. Furthermore, these articles are often
journal articles, that give a compact overview over the topics covered within
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Figure 3.9: Complete Graph
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Figure 3.10: Primary and secondary references in the graph

the article. Some of them are also reports from consulting companies that
broaden the view on SOA and reflect the problems and risks of applying an
SOA in concrete scenarios.

The graph also visualizes articles that are often referenced, through a mul-
titude of edges pointing to the article, as shown in figure 3.12. As already
discussed, some of these references are specifications that are often refer-
enced throughout the articles. For example the reference to [An03] in figure
3.12 describes the specification of the Business Process Execution Language
for Web Services (BPEL4WS). Another group of articles with one of the
most ingoing references are articles that are published by software vendors
like IBM. This indicates the problem of missing standards and basic work
in the field of SOA.
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3.3 Topics of the articles

In the last step of the analysis, the available papers were searched for key-
words, describing the content of the articles. These keywords where chosen
with reference to the topics of an SOA which have been described in section
2.4. For a better overview they were divided into business and IT related
keywords. For each keyword that was analyzed, the following sections show
a list of the top ten articles, that contained the most hits in the keyword
search. In case that there are several articles with the same number of hits
than the article rated at position ten, the list was expanded with these ar-
ticles. In total, 341 articles were included into the keyword analyzis, being
either PDF or HTML documents as described in section 3.2.1. When looking
at the numbers provided in this section, it has to be taken into account, that
these are absolute figures, meaning that they are not independent of the size
of the searched articles. To make them relative and more comparable, they
could be put in relation to the number of pages of each article. Nevertheless,
this would not necessarily improve the significance of these numbers, since
one paragraph dealing with the topic in detail would get a bad rating in
a large document. Therefore, absolute numbers were considered the best
approach and are provided throughout the following results.

3.3.1 Business related keywords

¢ Business Value
The term business value was searched in order to find articles that deal
with the benefits of an SOA in business terms. The term was searched
case insensitive over all available articles and found 130 times in 48
documents. The results shown in figure 3.13 contain mostly journal
articles and papers from companies.

e Governance
To find appropriate articles dealing with governance, this term was
searched case insensitive throughout the articles and found 614 times
in 60 documents. More than half of the occurrences were found
within the first four articles listed in figure 3.14. The high number of
documents dealing with governance shows the relevance of this topic,
especially when considering, that many of the articles are exclusively
dealing with technical issues. Most of the articles that are listed in fig-
ure 3.14 are published by companies like Gartner and IBM. Only Two
of them can be considered to have an academic background, namely
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Label |Title #
Tio4 On the business value and the technical challenges of adopting Web services 19
Gr03 _ |An Analytic Approach for Quantifying the Value of e-Business Initiatives 13
RDO05a [Managing End-to-End Lifecycle of Global Service Policies 7
ChO5b |Impact of service orientation at the business level 6
Sn06b |Integrating legacy Software into a Service oriented Architecture 5
Ca05b |Service-Oriented Enterprise: How To Make Your Business Fast, Flexible and Responsive 4

Findings From the 'All Company' Research Meeting: What's the Value of Service-Oriented
Fe06  [Architecture? 4
Service-oriented agility: Methods for successful Service-Oriented Architecture (SOA)
KLS06 [development, Part 1: Basics of SOA and agile methods 4
Sk05  |Service Oriented Architecture Realizing the Business Value 4
So06a |A new Service-Oriented Architecture (SOA) maturity model 4

Figure 3.13: Number of occurrences of the term Business Value in references

Label |Title #
Ke05 |Patterns: Integrating Enterprise Service Buses in a Service-Oriented Architecture 142
Mi05b |A case for SOA governance 89
Wi06 |SOA Governance: Rules of the Game 48
Ma06¢_|Service-Oriented Architecture Craves Governance 43
So06a |A new Service-Oriented Architecture (SOA) maturity model 20
1t06 SOA - Service-orientierte Architekturen: Praxistest bestanden? 20
SUN064 SOA Governance Solution - Accelerating SOA 19
Ma06b |The ICC and SOA Governance 18

Impact of service-oriented architecture on enterprise systems, organizational structures, and
Bi05a |individuals 16
KR05a |10 Steps to SOA 12
KKPO5 |Reckoning Legislative Compliances with Service Oriented Architecture - A Proposed 12
Hot Spots der Software-Entwicklung: Service-orientierte Architekturen - Anspruch und
Ku05  |Wirklichkeit 12
Mo06  |Web Services Governance 12

Figure 3.14: Number of occurrences of the term Governance in references

[Ku05] and [Bi05a]. One of the reasons for this could be, that academic
research is more focused on technological groundwork than on business
relevance and problems that arise in the adoption of this technology
within an organization.

e Alignment
Another interesting topic is the influence of an SOA on the alignment
of business and IT within an organization. To find relevant articles,
the term alignment was searched case insensitive, resulting in 93 hits
within 44 documents. Since the term alignment was searched with-
out any reference to business or I'T, the resulting hits could also contain
the term in another context. The results in figure 3.15 show, that the
term is seldom used within the articles, because the article with the
most occurrence of this term only mentions it six times. In average al-
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Label |Title #
SUNO4 |Assessing Your SOA Readiness 6
Jo04  [Concepts for Modelling Enterprise Architectures 6
Mio5b |A case for SOA governance 5
Ke05 |Patterns: Integrating Enterprise Service Buses in a Service-Oriented Architecture 5

Hot Spots der Software-Entwicklung: Service-orientierte Architekturen - Anspruch und
Ku05  |Wirklichkeit 5
Sn06b |Integrating legacy Software into a Service oriented Architecture 4
Impact of service-oriented architecture on enterprise systems, organizational structures, and
Bi05a |individuals 4
QOYPO05 |A Rule Driven Approach for Developing Adaptive Service Oriented Business Collaboration 4
KLS05 |Service-Oriented Agility: An initial analysis for the use of Agile methods for SOA development 3
Sto5 Aligning Business and IT: The Process-Driven Architecture Model 3
FB02 |The Web Service Modelling Framework WSMF 3
1t06 SOA - Service-orientierte Architekturen: Praxistest bestanden? 3
KKP05 |Reckoning Legislative Compliances with Service Oriented Architecture - A Proposed 3
QY05b |Establishing and Maintaining Compatibility in Service Oriented Business Collaboration 3

Figure 3.15: Number of occurrences of term Alignment in references

most each of the 44 articles mentions this keyword twice. This leads to
the conclusion, that this topic is mostly just mentioned in the respect-
ing articles without a detailed discussion. But papers that contain this
keyword can be considered to dealing with the business relevance and
benefits of an SOA.

e Return on Investment (ROI)
One of the most interesting questions when planning to introduce an
SOA within a company is, what the monetary benefits of an SOA are,
compared to the investment that has to be made for the deployment
and maintenance of an SOA. Return on investment (ROI) describes
the measure that shows how effectively the capital is used to generate
profit. Therefore, the term return on investment was searched case
insensitive throughout the articles. Since the abbreviation ROI is of-
ten used, it was also searched and the resulting hits were added. This
results in 132 hits within 53 documents. Looking at the results of
figure 3.16 it has to be taken into account, that the method of search-
ing both terms, return on investment and ROI can result in a total
number of hits that does not truly reflect the number of occurrences.
Usually when a new term appears in an article, both the full term
and the abbreviation are mentioned together, to introduce the abbre-
viation. However, the results show, that the topic is realized in the
articles, although the total number of papers, at least dealing with
this issue, should be significantly higher. Especially when considering

the importance of this issue for decisions about the introduction of an
SOA.
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Label |[Title #
Sko6  |SOA Starts With Design and Delivery 18
BMO05 [Learn the Key Success Factors for SOA Deployments 9
FS05a |[Service Discovery Based on Business Processes: A Practical Approach Using UML 8
HB04 [Reuse Is the Key to SODA ROl Model 6
Lio5 The ROl of Your SOA 6
Da04b [What you need to know about service-oriented architecture 4
GMK98 |Disaggregating the ROl to IT capital 4
In05a [Data Integration in a Service-Oriented Architecture 4
Mi05a |Business-driven development 4
Tio4 On the business value and the technical challenges of adopting Web services 3
So06a |A new Service-Oriented Architecture (SOA) maturity model 3

Impact of service-oriented architecture on enterprise systems, organizational structures, and
Bio5a [individuals 3
CHTO04 |Migrating to a service-oriented architecture 3
Ha05a |[Service-Oriented Architecture for the Pragmatist 3

Figure 3.16: Number of occurrences of term Return on Investment in refer-
ences

Label |[Title #
1t06 SOA - Service-orientierte Architekturen: Praxistest bestanden? 54
Semantic Business Process Management: Using Semantic Web Services for Business
He05b |Process Management 40
Ko05 |Dynamic Policy Management on Business Performance Management Architecture 40
TioBa |Business Process Management on an SOA Foundation 34
ZKG04 [Elements of Service-Oriented Analysis and Design 33
Ro05  |Der optimale Weg zur Geschaftsagilitat: SOA oder BPM? 32
Gio6 The Difference Between IT and Business Enablement 30
Ka05 |Analysis and simulation of business solutions in a serviceoriented architecture 27
Cross-Enterprise Business Process Management Architecture - Methods and Tools for
AHZ04 |Flexible Collaboration 24
LRS02 |Web services and business process management 18

Figure 3.17: Number of occurrences of term Business Process Management
in references

e Business Process Management / BPM As described earlier in
section 2.4, BPM is a topic, that is not directly linked with SOA. Nev-
ertheless, an SOA can support BPM with its ability to quickly adopt
to changes and its close alignment to business processes. A search for
the terms Business Process Management and the abbreviation BPM
resulted in 574 hits within 98 documents. This result shows, that
many articles dealing with SOA, at least mention the concept BPM
in this context. Most of the hits are created by the articles in the top
ten list and some of the occurrences in the articles might be produced
by the complete term in combination with the abbreviation. Never-
theless, it seems obvious, that there is a lot of interest in using SOA
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Label |Title #

Ke04 |Patterns: Implementing an SOA Using an Enterprise Service Bus 500
Ke05 |Patterns: Integrating Enterprise Service Buses in a Service-Oriented Architecture 249
En04  |Patterns: Service-Oriented Architecture and Web Services 39
Ke06 |Patterns: Extended Enterprise SOA and Web Services 36
So06a |A new Service-Oriented Architecture (SOA) maturity model 16
1t06 SOA - Service-orientierte Architekturen: Praxistest bestanden? 16
Combining Service-Oriented Architecture and Event-Driven Architecture using an Enterprise
MaQ6a |Service Bus 14
SABO5 |SOA Maturity Model, der Leitfaden fir die Einfliihrung einer Serviceorientierten Architektur 12
Ro04 |Understand Enterprise Service Bus Scenarios and Solutions in Service-Oriented Architecture 8
Impact of service-oriented architecture on enterprise systems, organizational structures, and
Bio5a |individuals 7
Pa06 |Event Strem Processing and Event Driven Architectures 7
Co04b |SOA - So What? How SOA Expands the vision of Web Services 6
Lio6 IT-Riesen kdmpfen um die SOA-Krone 6
Sc03  |Hype Cycle for Application Integration and Platform Middleware 6

Figure 3.18: Number of occurrences of term FEnterprise Service Bus in ref-
erences

to solve BPM related issues.

3.3.2 IT related keywords

e Enterprise Service Bus

In section 2.1 the abstract concept of an service bus was presented,
and later on in section 2.4 a concrete instance, the Enterprise Service
Bus (ESB) was introduced. This concept for communication within an
SOA has been encountered multiple times when screening the articles
and was therefore included into the keyword search. The term was
found 1016 times within 67 documents. More than 80 percent of
all hits are generated by the first four articles in figure 3.18, which are
all published by IBM. The reason for this high number of hits within
these articles is on the one hand, that they are all substantially large
and on the other hand, that IBM offers an ESB within one of their
solutions. Still, the large number of 68 documents that contain this
term also shows, that this topic attracts some attention throughout
the articles.

e Service Layer
A special layer for services in the architecture of applications, should
help improving reusability and accessibility of services. to find articles
dealing with the realization and technical details of such a service layer,
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Label |[Title #
En04 [Patterns: Service-Oriented Architecture and Web Services 6
RDO05d [Design and Implementation of a Service-Oriented Business Rules Broker 6
BSDO03 [The Self-Serv environment for web services composition 4

SOA Without Web Services: a Pragmatic Implementation of SOA for Financial Transactions
Du05  [Systems 4
JDTO5 |A Setrvice Oriented Architecture Framework for Collaborative Services 4
Sto5 Aligning Business and IT: The Process-Driven Architecture Model 3
1t06 SOA - Service-orientierte Architekturen: Praxistest bestanden? 3

Impact of service-oriented architecture on enterprise systems, organizational structures, and
Bi05a [individuals 2
CKO05 |Management of the serviceoriented-architecture life cycle 2
Gu05  |Service-Oriented Grid Architecture and Middleware Technologies for Collaborative E-Learning 2
KMMO06 |[Efficient Exploration of Service-Oriented Architectures using Aspects 2
LT03 [Dissecting Service-Oriented Architectures 2
Pa05¢c [An Introduction to Service-Oriented Architecture from a Java Perspective 2
PGO03 [Service-Oriented Computing 2
RDO5b [Towards a Distributed Service-Oriented Business Rules System 2
Ti06a |Business Process Management on an SOA Foundation 2
WKO05b |SOA: EAl in neuen Schlduchen? 2
ZCC04 |Migration to web services oriented architecture: a case study 2

Figure 3.19: Number of occurrences of term Service Layer in references

this term was searched within the primary and secondary references.
Thereby, the term was found 60 times within 26 documents. The
results shown in figure 3.19 shows, that the term is seldom used within
the articles and only few contain this term several times. One of the
reasons might be, that the articles do not explicitly mention this term,
but still deal with its concept. Another reason could be, that this
term is not very commonly used, or not considered important by the
authors. Anyhow, the list shows articles that deal with that topic,
even though, it seems like none of them provides detailed information
about the technical realization.

e Web Service
To find articles dealing with Web Services as a concrete realization of
an SOA, the term Web service was included into the keyword analysis.
Not only articles that deal with technical details, but most of the
article that were searched, contained this term. Thus, the term Web
service was found 11277 times within 275 articles. The spelling of
the term Web service was found in different variations throughout the
articles, e.g. Web-service. These different variations were not included
into the search, so the number of articles that contain any variation of
the term Web service would almost reach the number of the documents
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Label |Title #
Ke04 |Patterns: Implementing an SOA Using an Enterprise Service Bus 421
Ke06 |Patterns: Extended Enterprise SOA and Web Services 351
Ke05 |Patterns: Integrating Enterprise Service Buses in a Service-Oriented Architecture 328
En04  |Patterns: Service-Oriented Architecture and Web Services 309
Cu02 |Unraveling the Web Services Web 116
CKBO04 |An introduction to the Web Services architecture and its specifications 96
Fu05  |A Study of Service Composition with QoS Management 92
TP02 |An Overview of Standards and Related Technology in Web Services 82
HWO03 |Web services: Foundation and composition 57
Zi04 Second generation web services-oriented architecture in production in the finance industry 51

Figure 3.20: Number of occurrences of term SOAP in references

searched. Since the results have produced such high numbers of hits,
they were not further analyzed and not added in detail to the articles.
The significance of such an analyze can be neglected.

e SOAP

The term SOAP was included into the keyword search to find arti-
cles that are very affine to development of Web services as a concrete
implementation of an SOA. Especially articles with many occurrences
of this term can be considered dealing with technical details of Web
service implementation. The term SOAP appeared 3000 times in
181 documents. Furthermore, the result in figure 3.20 shows, that
almost half the hits are generated by the Patterns series published
by IBM redbooks?”. These documents are comprising more than 300
pages and deal with technical details of Web services, which drastically
increases the numbers of hits in the results. Nonetheless, almost one
half of all documents searched mention the term SOAP. Most of these
articles can be considered dealing with technology related issues, but
also papers which focus on the business related issues tend to at least
mention this technology.

e WSDL
Another term that comes across when working with Web services,
is WSDL as described in section 2.1.2. Much like SOAP, this term
should be used within papers, dealing with technology related issues
of an SOA, in the context of Web services. The term was searched case
sensitive, to avoid additional hits from code examples, that contained
the term WSDL as part of the XML structure. When searching for
WSDL, the outcome was very similar to the search for the term SOAP,

2Ohttp://www.redbooks.ibm.com

63



Label |Title #
En04 |Patterns: Service-Oriented Architecture and Web Services 286
Ke06 |Patterns: Extended Enterprise SOA and Web Services 235
Ke04 |Patterns: Implementing an SOA Using an Enterprise Service Bus 212
Di05b  |Model-Driven Engineering of Web Service Compositions: A Transformation from ISDL to 190
Ke05 |Patterns: Integrating Enterprise Service Buses in a Service-Oriented Architecture 98

Framework for Semantic Web Process Composition, Semantic Web Services and Their Role
Sio4 in Enterprise Application Integration and E-Commerce 66
TP02 |An Overview of Standards and Related Technology in Web Services 44
Pe03b |Web services orchestration: a review of emerging technologies, tools, and standards 39
Fe03 Secure, Reliable, Transacted Web Services: Architecture and Composition 34
Zi04 Second generation web services-oriented architecture in production in the finance industry 34

Figure 3.21: Number of occurrences of term WSDL in references

as shown in figure 3.21. 2298 hits were counted within 188 docu-
ments. The four IBM redbooks were again within the five best rated
articles and generated more than 30 percent of the hits. The reason
for this result can be related to the fact, that SOAP and WSDL are
often mentioned together. Unfortunately, this result does not provide
any further insights than the results of the search for SOAP, but shows
the close relation of these two technologies.

Case Study

Finally the term case study was searched in order to find articles that
show concrete examples of how an SOA can be implemented and de-
ployed as well as some experiences on existing projects. This term can
not clearly be assigned to the IT related keywords, since case studies
could just as well be used to show the business perspective. Anyhow,
uses cases are often used to show development projects. The search
resulted in 252 hits within 54 documents. Another drawback of
this keywords gets obvious when looking at the results in figure 3.22.
The article containing the most hits, describes basic software archi-
tecture issues with no concrete relevance for SOA. This is founded in
the fact, that the term case study could not be linked with SOA when
performing the search.
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Label |[Title #

Al97 A Formal Approach to Software Architecture 74

ZCC04 [Migration to web services oriented architecture: a case study 18

KPRO4 |A Framework for Integrating Business Processes and Business Requirements 11

CFRO03b|Improving Dependability of Service Oriented Architectures for Pervasive Computing 10
Analyzing the Reuse Potential of Migrating Legacy Components to a Service-Oriented

LMS06 |Architecture 10

Kro4b |Service specification with MSCs and roles

Pe03b [Web services orchestration: a review of emerging technologies, tools, and standards

KJEO5 |Service-Oriented Software Engineering (SOSE) Framework

KM04 |Systematic Development and Exploration of Service-Oriented Software Architectures

9

8

8

Ma05c |Transformation of UML Models for Service-Oriented Software Architectures 7
6

6

KMMO06 |Efficient Exploration of Service-Oriented Architectures using Aspects

Figure 3.22: Number of occurrences of term Case Study in references
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Chapter 4

Enterprise SOA

The introduction of an SOA within an enterprise has to deal with a lot of
issues, other than just technology related ones. Basic ideas and concepts of
an SOA have been depicted earlier in this thesis, now this chapter takes a
closer look at an SOA with a special emphasis on the concerns of an enter-
prise. Thereby, two main perspectives are used to describe relevant issues.
The business perspective, on the one hand, concerned about the continuity
and the success of the enterprise, and the IT perspective, supporting exist-
ing processes in everyday business and enabling new strategies, on the other
hand. For both perspectives, a set of articles from the ones selected during
the analysis described in chapter 3, were selected to deepen these topics.
The goal was to find articles, that provide further details on the topics cov-
ered in this thesis. In addition, the view on an SOA the articles illustrate
and the basic understanding of SOA will be compared to the basic concepts
described earlier in this thesis.

In this chapter, at first the relationship of Business and IT will be described,
and approaches will be presented, how an SOA can help to improve this re-
lationship. These topics were briefly touched in chapter 2 and will now be
presented in more detail. At second, the articles that were chosen to de-
scribe IT relevant topics of an SOA will be presented and their statements
will be related to the concepts, benefits and risks of an SOA as described
so far. At last, the papers dealing with business relevant topics will be dis-
cussed. These articles will also be described in detail together with a critical
reflection of their conclusions.
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4.1 Business and IT: SOA as a mediator

IT departments are usually not directly involved in the business processes
within an enterprise which makes the development of solutions, that fit the
companies requirements, a difficult task. Business domain experts specify
their requirements with little knowledge about the underlying technologies.
These requirements are then implemented within the IT departments, that
have to deal with certain technology constraints. In some cases the outcome
fails the business needs due to different understandings between these two
departments. Besides other potential benefits of an SOA, the improvement
in the alignment of business and IT is supposed as one of the key benefits
compared to existing concepts. Before describing certain specific issues re-
lated to either of these two perspectives, this section takes a closer look at
their relationship.

Jonkers et al. [Jo04] describe three architectural layers for describing En-
terprise Architectures . These are business layer, application layer and a
technology layer. This layering is similar to the layering described in chap-
ter 2, when the topic of a service layer was introduced. The first layer, the
business layer deals with organization and processes, focused on the busi-
ness strategy and goals. The application layer contains the applications that
deliver functionalities used to execute business processes. Thereby, the ap-
plication layer uses the IT infrastructure which is assigned to the technology
layer. Like in most layered architectures, ”lower layers provide functionality
to support the higher layers” [Jo04]. For modeling the functionality within
these layers, several different concepts exist, but each of these concepts is
only supporting one of these layers. For the business domain, certain model-
ing techniques like ARIS!, a set of standards for e-Business with XML called
ebXML? and the Business Process Modeling Language BPML? are used to
model organizations and processes. For modeling the application domain as
well as the technology domain, e.g. the Unified Modeling Language (UML)*
has become a widely accepted standard, providing several different concepts
for modeling a variety of technical issues.

The article by Jonkers et al. aim at describing a common language for de-
scribing ”integrated enterprise modeling” [Jo04] (p. 2), which should be
able to describe the relationship between the above mentioned layers and

"http://www.ids-scheer.com
Zhttp://www.ebxml.org/
3http://www.bpmi.org
“http://www.uml.org/
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Figure 4.1: Service architecture: hierarchy of services, [Jo04]

their modeling concepts. Thereby they make use of services to describe
the relationships among the different layers. These layers form a hierarchy
within an enterprise, which allows to look at an enterprise starting from the
business processes and activities. [Jo04] (p. 13). Certain actors or roles per-
form those business activities and processes, and are supported by several
business applications. The business activities can ”be viewed as services to
this business processes” [Jo04] (p. 13). This service-oriented view leads to
a hierarchy of services as depicted in figure 4.1. On each layer within this
hierarchy, the external services are made available to the layer above. The
external services of one layer can depend on both, the internal services of
the same layer, or the external services of one layer below. Internal services
are used by other services within one layer. Application layer services can
use internal services offered by other applications, to enhance their function-
ality.

The layering of services is similar to the approach that can be found in
[ErO5a]. Erl defines the business process layer and the application layer,
that are connected via the service interface layer, as described in section 2.4.
This service interface layer, which is located between the business process
layer and the application layer can further be specialized into the following
three layers as depicted in figure 4.2:
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Figure 4.2: Primary service layers as described by [Er05a] (p. 337)

e orchestration service layer

e business service layer

e application service layer

The application service layer provides ”ground level foundation that ex-
ists to express technology-specific functionality” [Er05a] (p. 337) and can

be considered similar to the application layer in the article by Jonkers et
al., but in contrast, a technology layer is missing in Erl’s model. But since
he defines the application service layer to provide reusable functions for
processing data, it can be assumed that the functionality of the technology
layer is incorporated in the application service layer. The business service
layer is equivalent to the business layer in the article by Jonkers et al. Its
main purpose is to represent business logic and provide suitable interfaces

for expressing business processes. To provide a ”parent level of abstraction”
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[Er05a] (p. 444), Erl introduces the orchestration service layer. Its main
purpose is to manage composition and interaction of other services and en-
capsulates the linkage of process logic to service interactions. This behavior
is expressed in the external services of the business layer of the model de-
scribed by Jonkers et al.

The layering proposed by the article of Jonkers et al. and the book by Erl is
based on the concept of composition that was already described in section
2.2. The key to alignment of business and IT, is the increased abstraction
introduced with each layer. It allows business and IT to agree on a com-
mon language that includes relevant entities and stakeholders. Jonkers et al.
specify those objects, stakeholders and entities in their article and provide
a common basis for interconnecting the languages of the individual layers.
The resulting descriptions and contracts between business and IT can then
be further specified in more detail by the I'T departments, but the business
needs are clearly expressed and can be understood by the I'T departments.
On the other hand, constraints and problems of the I'T can be comprehended
by the business departments, as they are abstracted from technical details.
Other characteristics and concepts of an SOA like service descriptions and
service contracts contribute to an increased level of alignment between busi-
ness and I'T. Nevertheless, the successful alignment is also a challenging task,
that needs to be supported by a proper governance and promotion for the
new concept.

4.2 SOA and Business

This section takes a closer look at an SOA from the business perspective and
describes certain topics that are relevant from a business point of view during
the introduction and usage of an SOA. Due to the high number of references
and different topics covered, along with a large diversity of approaches to
SOA, three articles that were considerably relevant were selected, to out-
line this perspective. Apparently, this cannot provide an holistic overview
over all the topics involved, but it ensures a certain self-contained approach,
instead of a confusing confrontation of different opinions. Nonetheless, the
ideas presented in these papers will be critically analyzed and compared to
the basics of an SOA that were presented earlier in this thesis.

The information that was gathered during the analysis of the articles de-
scribed in chapter 3 was used, to choose most relevant articles that deal
with the business perspective of an SOA. Thereby, the number of references
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to the papers, the number of hits from the keyword search as well as the
title of the articles and the year of publication were surveyed, in order to
get a good estimation of the content of the articles. Interesting articles were
then viewed in more detail by their abstracts and finally, the three most
interesting papers were selected.

The first article that was selected is called ”Impact of service-oriented archi-
tecture on enterprise systems, organizational structures, and individuals”
[Bi05a], and was written by N. Bieberstein, S. Bose, L. Walker, and A.
Lynch. The article was published in the IBM Systems Journal in 2005.
The reasons for selecting this article were manifold. One reason was, that
the article was referenced one time by another article and contains seven
references to other important articles in the analysis, which leads to the
expectation that the article is well founded on existing material. Another
reason was the title, which indicates, that the article provides answers to
questions regarding the impact of an SOA on the organization and shows
solutions for a proper introduction of an SOA, in context with organizational
structure and governance. The keyword search resulted in a high number
of hits for the term governance and also showed that other business terms
are mentioned. In addition, some terms that were considered technical like
ESB and service layering were also found. Last, two of the authors of this
paper, namely N. Bieberstein and S. Bose were involved in more than one
articles included into the analysis, which also increases their credibility.
The second article selected, is called ” A new service-oriented architecture
(SOA) maturity model” [So06a], and was written by a variety of software
vendors. This article was published in 2006, which may be a reason, why
this article was not referenced by others, unfortunately this article contains
no references to any other work. Nevertheless, one other article that ap-
peared in a technical journal [Ba06], is based on the findings of this article.
The main reason for selecting this article was the topic and its promising
approach, to value the maturity of an SOA introduction. Moreover, the
keyword search showed, that the article deals with any of the business rele-
vant keywords, especially with governance, but also technical keywords are
mentioned.

The last article that was selected for the business view on an SOA, is called
”On the business value and technical challenges of adopting Web services”
[Ti04] and was written by S. Tilley, J. Gerdes, T. Hamilton, S. Huang, M.
Miiller, D. Smith and K. Wong. The article was published in the Journal of
Software Maintenance and Evolution: Research and Practice in 2004. All
of the authors have an academic background, and one of them was also in-
volved in three other articles within the scope of the analysis. The article
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was further referenced by two other articles in the list of references, which
further enhances the credibility and relevance of this article. In addition,
this article has the highest number of hits in the search for the keyword
"business value” and was rated within the top ten for the keyword ”"return
on investment”. Besides this business relevant topics, also the IT specific
keywords WSDL and SOAP are used frequently throughout the article.

4.2.1 Impact of service-oriented architecture on enterprise
systems, organizational structures, and individuals

The article by Bieberstein et al. [Bi05a] deals with the challenges that the
introduction of an SOA induces on an enterprise and shows the impact on
different areas of an enterprise. The authors develop a strategy, that enables
successful transformation to an SOA. Thereby they tailor some of their ideas
to IBM products and integrate them into the solutions. Since those products
are of no interest to a general discussion of an SOA, they will be excluded
from further discussions, and instead, only the general approach shown in
this article will be described. Furthermore, the article often relates to ”on
demand”, which is a term widely used by IBM for marketing purposes, when
describing flexible and agile business solutions supported by IT. IBM defines
it as a business, that ”can respond with flexibility and speed to any customer
demand, market opportunity or threat”®. Despite promoting own products,
the article contains basic information about the transformation to an SOA,
that are of general interest.

Transformation strategies

The article proposes several important aspects that have to be considered
when transforming the existing I'T landscape into an SOA. Basically two ap-
proaches are described by the authors: Firstly, to realize short-term business
benefits, an incremental approach can be chosen to apply an SOA. Accord-
ing to the authors, the realization of short-term benefits is ”currently the
primary focus” [Bi0O5a] (p. 691) for many organizations. Secondly, to make
use of the full potential of an SOA, an approach that also ”transforms the
fundamental layers of an organization” [Bi0Oba] (p. 691), is necessary. For a
successful transition to SOA, a well defined transition strategy is required,

Shttp://www-1.ibm.com/partnerworld /pwhome.nsf/weblook /mkt_bp_ebod.html
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that addresses technological, organizational, cultural, and behavioral trans-
formation. This approach is described in the following, dealing especially
with IT, organizational, and cultural and behavioral transformation.

IT transformation

At first SOA funding and investment have to be aligned. Therefore, the
business value of the benefits of an SOA has to be considered, the ROI re-
garding the IT efficiencies has to be calculated, and the economic behaviors
have to be adapted to support SOA. Especially for the collaboration across
departments, that is fostered by an SOA, respective economic directives and
common goals have to be introduced. Funding models have to be introduced
that allow ”business-unit autonomy and enterprise-level directives” [Bi05a]
(p. 692) at the same time. Furthermore, directives have to be established,
that control the relationship between the I'T and business units, to encourage
reuse of I'T services and provide a set of enterprise wide, common services.
From an IT governance perspective, it is important that enterprise ser-
vices have defined owners with assigned governance responsibilities. These
owner’s responsibilities have to be ”aligned with the overall enterprise gover-
nance” [Bi05a] (p. 693). It is crucial for the success of an SOA, to establish
well documented internal technical standards and to ensure that they are
followed by the technical teams. The technical community often perceives
those standards as more complex and time consuming, therefore, manage-
ment policies have to be introduced that control the adherence to those
standards. Standards for interfaces are furthermore required, to improve
decoupling and enable business partner integration and outsourcing oppor-
tunities. To allow integration of business partners, it is also important to
base enterprise standards on common industry standards, to allow service
interoperability. For communication handling between service providers and
service requestors in the described framework, Bieberstein et al. propose the
use of an ESB as a middleware.

For technology adoption, technology standards can provide templates for
projects, to reduce the effort for creating standardized and easy to use ser-
vices. Conditions, under which certain protocols, methodologies, and de-
ployment platforms are used, can minimize training investments and increase
the number of human resources available. The use of common patterns for
business, design and architecture can further decrease the development ef-
forts and help building standardized services. Setting up knowledge man-
agement systems that allow developers to share their knowledge throughout
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the enterprise, further leverages the introduction of an SOA. With the tech-
nical adoption of an SOA, some risk is associated. Since SOA is considered
a leading-edge technology, an increased need for product support of software
vendors or a lack of support for an SOA in the existing infrastructure could
increase costs.

Organizational transformation

After the IT transformation, ”an organization structure that is perfectly
aligned to exploit this new IT service framework is required” [Bi05a] (p.
696). Such an organization structure has to ensure business agility, min-
imize management overhead and rationalize tasks and associated commu-
nication. The transformation of the organization has to be conducted in
parallel to the IT transformation. According to Bieberstein et al., such a
target organization has to be accomplished by ”applying the SOA metaphor
to organizational structure” [BiO5a] (p. 697). This means, that tasks and
activities within the organization are viewed as units of service, called team
services, and that employees are assigned to teams, which are providing
such a service. These services can then be orchestrated to build high-level
tasks. To enable collaboration and coordination of the teams and services,
a so called ”collaboration-and-orchestration bus (COB)” [Bi05a] (p. 698)
is proposed. This can be considered as a logical equivalent to the ESB, as
it provides a technical infrastructure for advertising and coordinating team
services as well as for monitoring tasks. The COB further offers tools for
the design and planning of services, which can be divided into three major
tools: the service directory tool (SDT), the asset directory tool (ADT) and
the employee directory tool (EDT). The SDT is used to describe and publish
all services in an enterprise with service descriptions. These service descrip-
tions are annotated with key characteristics like stakeholders, team members
and ratings. The access to the individual services in the SDT is controlled
by roles, authorization levels and privacy policies. The ADT manages as-
sets that are produced by services and can be reused. This can be product
binaries, technical documents or architectural blueprints. Instead of pro-
ducing them again with each service request, the ADT provides facilities to
house and publish these assets. This minimizes unnecessary communication
for asset-producing services. Finally, the EDT lists all employees, together
with their personal and professional information. This includes experience
and qualifications that can be used to assemble and orchestrate teams dy-
namically. Furthermore, contact information and linkage to other employees
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support human networking and therefore supports ”effective teaming and in-
dividual growth” [Bi0O5a] (p. 701).

The above mentioned team services and the COB comprise what Bieberstein
et al. introduce as the Human Service Bus (HSB), which is "an optimized
organizational service structure” [Bi05a] (p. 698). Services, which execute
particular tasks are the central entity within the HSB. For each service,
service agents are defined, who monitor, mediate or choreograph services.
Bieberstein et al. introduce service layers for aggregated and composed ser-
vices according to their functionality and scope of responsibility. They are
team services, departmental services, business unit services, divisional ser-
vices and group services. A detailed description of the service layers can be
found in [Bi05a]. According to Bieberstein et al. the adoption of an HSB
provides several benefits. At first, modeling the organization using a service
structure and assigning responsibilities provides a better overview and con-
trol over the services and removes redundancies, which leads to optimized
business operations at reduced costs. At second, through the involvement
of customers and partners via collaborative tools, the customer satisfaction
and loyalty is increased, leading to a better alignment with the customers.
Furthermore, with the integration of external services and possibilities to
configure and customize services, business agility is increased. At third,
since the services are ”geared to support the organizations’s tactical and
strategic business operations” [Bi05a| (p. 702), new strategies can be de-
signed, reducing opportunity costs. A pool of services that represents the
core competencies of an enterprise, can further help to streamline internal
business processes. At last, the employees are given more creative free-
dom in development, since they are measured by service performance and
meeting service requirements. Their personal growth opportunities are very
flexible. They can choose between specialization, broader responsibilities or
developing orchestration skills.

Cultural and behavioral transformation

One problem that is seldom covered in articles and not always properly ad-
dressed when migrating to an SOA, is the cultural and behavioral transfor-
mation. When change in organization occurs, sociological and psychological
perspectives have to be taken into account. From a cultural perspective, it
is important, to communicate the changes in detail to the entire company, to
speed up the organizational transition. Within stable organizations, employ-
ees should be given the necessary time to adopt and practice these changes.
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It is also important, to point out, that the changes are necessary and can-
not be handled with the existing structure. This helps creating a better
understanding for the necessity of the change and reduces the rejection of
the change. About the impact on the individual behavior, Bieberstein et al.
define several human resource considerations [Bi0ba] (p. 702):

e Fostering teamwork: Organizational change impacts the human
network of the employees. To create team unity within new depart-
ments or teams, regular meetings and events are necessary.

e Designing incentives: Due to the dynamic and impersonal team
assignment, proposed by the HSB, new incentives for different person-
ality types have to be created. This can reach from public recognition
to monetary awards.

e Matching roles and skills to services: To achieve maximum team
performance, it is important to form teams with regard to various team
roles, in addition to the skills and experience of the team members.
This makes it necessary to assess team performance in addition to
individual performance within an SOA.

¢ Reinforcing new working styles: To force the employees to use
new working styles, strong tools with a benefit for the users have to be
provided. The new behaviors must be well understood and required,
and they have to be encouraged by business incentives.

e Managing individuals: For a successful SOA, it is important to rely
on the skills of the employees and to free managers from strictly con-
trolling their employees. Instead only exceptional events that require
action, should be triggered and managed accordingly.

e Designing measurement metrics: Monitoring ensures the quality
of services. To measure the value added by each individual service,
a scale of measurement has to be introduced. Along with the ratings
provided by the SDT, the performance of each service, within a project
can be measured.

e Designing appraisal and compensation metrics: To evaluate the
individual contribution of any employee to the company success, new
metrics have to be established.
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The above mentioned human resource considerations arise when an SOA
is introduced, and the respecting transformations of IT, governance, and
organization are implemented.

4.2.2 A new service-oriented architecture Maturity Model

The article [So06a] that was written by various software vendors, describes
a new approach to assess the stage of an SOA adoption within an organiza-
tion. Therefore, they introduce an SOA Maturity Model (SOA MM), which
is similar to the Capability Maturity Model Integration (CMMI), and shows
a roadmap towards a successful adoption of an SOA. "CMMI is a process
improvement approach that provides organizations with the essential ele-
ments of effective processes” [SEI06]. According to the authors, the article
provides a framework that shows the path to an successful SOA adoption,
provides a common vocabulary to support business and IT alignment and
illustrates possible business benefits. Although, this paper is interspersed
with references to the solutions offered by the software vendors that pub-
lished the paper and lacks academic background, the conceptual model offers
a good overview over the relevant actions required for introducing an SOA.

View on SOA

The authors of this paper also describe their understanding of an SOA. They
describe SOA as "an approach to designing, implementing, and deploying
information systems, such as that the system is created from components
implementing discrete business functionality” [So06a] (p. 3). The compo-
nents that are mentioned in this definition are later on described as services.
This definition of an SOA is very general and does not deal with concepts
that are specific to an SOA, except the usage of services. Similar defini-
tions can often be found for service-orientation as a design concept. The
authors also provide some key factors, about the specialties of an SOA. At
first they claim that ”SOA is built on standards of the World Wide Web”
[So06a] (p. 3). According to the characteristics of a basic SOA, gathered in
this thesis, an SOA is not necessary implemented using Web technology and
therefore this point only applies to an SOA that is implemented using Web
services. At second, they describe services as loosely-coupled which leads
to increased flexibility, reuse and recombination of services. These charac-
teristics conform to the characteristics as described in chapter 2. At third,
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the authors claim, that ”SOA best practices create designs which embody
business processes” [So06a] (p. 3), which is said to support the ability to
outsource and extend processes. This point, has not yet been covered in this
thesis, since it is a rather weak argument that is not specific to an SOA.
Other design concepts also provide best practices that allow a targeted use
for special problems. Furthermore, the issue of best practices is often used
by software vendors, that advertise their solutions as best practice, when in
fact it is difficult to talk about best practices in an area that still is new to
the market. At last, it is mentioned that the integration of legacy systems
is enabled by an SOA and thus preserves existing investments. The authors
also extend these characteristics by several ”critical elements of an SOA”
[So06a] (p. 5) which lead to asset reuse and fast respond to changes. At first,
services are claimed to reflect business activities, especially coarse-grained
services. This is in fact a critical desing imperative when building service
and has already been described in section 2.2.4. At second, the compos-
ability of services as a method to create new services is mentioned which is
also described in the before mentioned section. At third, the platform in-
dependence and location transparency are described to allow heterogeneity.
As SOA was described earlier to be independent from concrete implemen-
tations and abstracts from technology this corresponds to the description
of basic SOA in this thesis. Location transparency is further achieved by
utilizing a service repository, that allows the dynamic assignment of ser-
vices. Finally, the authors demand services to have an interface and to be
message-oriented. Again, these are very basic concepts of an SOA and have
been stated in the context of basic SOAs in chapter 2. Throughout the
description of the different levels of the maturity model, the authors often
use Web service technologies for describing the technologies that have to be
introduced. This might be founded on their practical experiences, but their
conclusions can also be applied to SOA in general.

Altogether, the view on SOA as it is described in the article, basically cor-
responds to the notion of an SOA as described in this article and found
common throughout the literature. Nevertheless, little differences can be
found and it again becomes obvious, that the understanding of an SOA, is
common, but not standardized and well defined.

SOA Maturity Model

The SOA MM described in the article shows goals for an SOA introduction at
various steps and provides guidelines on how an SOA can positively influence
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Figure 4.3: SOA Maturity Model levels with key business impact by [So06a]
(p- 7)

an enterprise. Figure 4.3 shows the different levels of the SOA MM compared
to the levels that are described in the context of CMMI. Each of the described
levels also shows the key business impact. Lower levels are preconditions for
achieving higher levels of maturity. For example, only when all requirements
of level 1 are accomplished, it is possible to reach level 2. Subsequently, the
levels are described in detail, according to their definition in the original
article.

e Level 1 - Initial Services This level represents the first stage of an
SOA adoption that is characterized by an initial learning about the
technology and initial projects for adopting an SOA. It is used for
testing SOA in an laboratory environment and to acquire new skills.
According to the authors, ”the initial introduction of SOA is driven
by the application development organization” [So06a] (p. 10). Along
with this first steps in SOA adoption, attempts to quantify the ROI
of an SOA should be made. The key benefits for the enterprise at this
level are to provide required business functionality and to learn about
developing and deploying basic SOA based applications. The authors
also suggest to already introduce additional infrastructure components
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at this level, to put scalable technology in place to address future chal-
lenges. These include a runtime governance service for monitoring and
control, an ESB as standard interaction model and a service registry
for storing service definitions.

Level 2 - Architected Services At the second level of the SOA MM
standards for technical governance are set, under the leadership of the
architecture organization. The definition of these standards is based
on the learning and feedback of the first maturity level and covers
standards for protocols, platforms and policies. According to the au-
thors, the key benefits at this stage are ”development and deployment
cost reduction” [So06a] (p. 12), based on standard infrastructure and
components. The authors propose the usage of further SOA compo-
nents. A repository should be introduced, which is an extended service
registry, that also stores policies and other SOA artifacts like version-
ing and deployment tools. Further, an extended runtime governance
service is mentioned, that identifies services and their dependencies,
and thereby supports error detection. Another component is called
message transformation service, which transforms messages into the
required format and helps integrating services with a different mes-
sage format. At last, a single sign-on service should be introduced to
provide on single point of authentication and authorization accross the
organization.

Level 3 - Business Services and Collaborative Services The
third level of maturity focuses on the relationship between business and
technology. Thereby two complementary paths, that both achieve im-
proved business responsiveness, are possible to achieve this goal. Busi-
ness Services focus on the improvement of internal business processes,
whereas Collaborative Services focus on the improvement of processes
for collaboration with external partners.

To implement Business Services, BPM is important, to manage long-
running processes. Another key issue is the enhancement of business
processes, which is supported by SOA’s ability to easily reconfigure
services. Finally, reuse of services, provides the possibility to share
common tasks throughout several processes.

When achieving improved business services through Collaboration Ser-
vices, it is important to provide options for linking with external
partners. Standard SOA protocols, that support business-to-business
(B2B) functionality, are one way which is proposed by the authors in
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order to achieve cross-enterprise operations. A collaboration service
that implements these protocols and manages the transformation be-
tween internal and external massages should also be implemented. In
addition to standard SOA protocols, it is also necessary to use stan-
dard industry protocols for supporting interoperability with external
partners.

Level 4 - Measured Business Services Level 4 focuses on mea-
suring and presenting the processes that have been implemented at
Level 3. Thereby, a continuous feedback on the business impact and
the performance of these processes should be provided. The authors
give two examples for key features that can be implemented at this
level. A Real-time Event Stream processing, to collect events that can
be further processed and analyzed, to provide real-time feedback. In
addition, Business Process Visibility can be used to mange SOA from
a business perspective and to gain an overview over business processes
along with their supporting services and the underlying IT infrastruc-
ture.

Level 5 - Optimized Business Services At Maturity Level 5, the
measurements of Level 4 are automatically processed, to optimize busi-
ness processes. Depending on occurring events, automatic responses
are created to build self-correcting processes. According to the au-
thors, enterprises that reach this SOA Maturity Level should be able to
”increase revenues, reduce costs and respond to unanticipated events
in an automated fashion” [So06a] (p. 20).

Figure 4.4 shows a summary of the above described maturity levels in-

cluding major benefits, scope, critical technology success factors, critical
people and organizational success factors, and relevant standards.

4.2.3 On business value and technical challenges of adopting

Web services

The article [Ti04], written by S. Tilley et al. try to give a balanced per-
spective on the business value and technical challenges for adopting Web
services. Although, the term SOA does not appear within the document
and the article instead focuses on Web service technology, it was selected,
since most relevant findings for Web services can be transfered to SOA as
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SOA Maturity Model levels by [So06a] (p. 7)

well. Especially since the author describes Web services using parts of the
basic SOA description, that was shown earlier in this thesis. One goal of this
article is ”separating marketing hype from business reality” [Ti04] (p. 31),
which is also one of the goals of this thesis, as outlined in the introduction.
Tilley et al. also use a practical example, to illustrate their opinions. As
this is just a theoretical example, with no special business insights, it was
not included in further examination.
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View on Web services

At first, the authors view on Web service is described, in order to show the
differences and commonalities with the understanding of an SOA as it was
described earlier in this thesis. The authors refer to the previously men-
tioned definition of Web services by the W3C, to define Web services. They
further mention two different views on Web services. The first, is the role
perspective which conforms to the basic SOA description given in section
2.1, depicted by figure 2.1. This again shows the close relation of SOA con-
cepts and Web service concepts, and is another example for the confusion
about the usage of these terms. Furthermore, this legitimates the use of the
results of this paper in the more general context of an SOA. The second view
on Web services provided in this article is a protocol perspective, that shows
a protocol stack for the different Web service technologies. It comprises a
network, transport, XML messaging, description, and discovery layer, where
each of this layer is assigned to Web service standards, e.g. the description
layer is assigned to WSDL.

The authors claim, that ”Web services do offer a novel approach to engi-
neering and deploying software solutions”, especially ”for the integration of
networked heterogeneous applications across the enterprise” [Ti04] (p. 33).
In addition to an identifiable advancement from a technical viewpoint, chal-
lenges for developers and users of Web services, like an increased skill set
that is demanded from developers as well as increased development costs
have to be taken into account to make a sound business decision.

Business value of Web services

According to the authors, ”Web services hold the promise of considerable
business value” [Ti04] (p. 33). This business value must be balanced with
many issues of moving to a Web service architecture respectively to an SOA.
This includes issues of cost, return on investment, maintenance and control.
The authors refer to two studies that deal with the cost savings of Web
service. One of them claims significant cost savings from Web services,
whereas the other could not determine whether the expected cost benefits
were achieved. This shows the difficulty of assessing the true business ben-
efits of an SOA. Following, two areas of application for Web services are
described that can ”truly provide business value” [Ti04] (p. 33).

The first application area is Enterprise Application Integration (EAI), since
the authors state, that data sharing and information flow within an en-
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terprise are a major problem in many organizations. EAI tries to address
these problems by integrating components from disparate applications. The
problem of EAI can be delineated into three categories: data, control, and
presentation integration. Several approaches for EAI exist, but according
to Tilley et al. they all fail at the usability, as most of the solutions require
extensive programmer involvement. Thus, a lot of knowledge and skills are
required, which makes it impossible for end-users to work with. Further-
more, many of the existing solutions are tailored to specific needs, making
the systems difficult to manage and hard to understand. Earlier EAI so-
lutions were also vendor specific and did not interoperate well with each
other. A lack of commonly available network structure, as it was present in
prior EAI applications, can be neglected in Web service environments, as the
services can be published over the Internet. In contrast to early EAI appli-
cations that focused on data integration, Web services ”offer the possibility
of full integration along all three vectors of data, control, and presentation”
[Ti04] (p. 35). In addition, legacy applications can be wrapped into reusable
components and Web services can provide integrated access to these com-
ponents. This enables just in time integration (JITI), which is "one of the
long sought-after goals of information systems research” [Ti04] (p. 35).

The second application area of Web service that is examined in detail, is
business-to-business (B2B) e-commerce. In contrast to business-to-consumer
(B2C) e-commerce, where end-users access applications, B2B e-commerce fo-
cuses on application-to-application communication. Thereby, web services
offer network-accessible interfaces that allow applications to communicate
with each other over the Internet. This provides a considerable business
value, since the potential users for the system can be increased and core com-
petencies can be enabled as B2B services and be provided to other Web ser-
vices. These services can be centralized within the organization or through
outsourcing agreements, promising savings on the IT costs. For the services
that are centralized internally, these savings result from improved applica-
tion quality and consistency. Furthermore, the IT department can improve
the control over the I'T assets and can ”better address the long-term needs
of the organization” [Ti04] (p. 36). The services that are outsourced, must
not be part of the companies core competencies, which create a competitive
advantage. If only those services are outsourced, costs can be reduced due
to a higher efficiency and better experiences within the outsourcing organi-
zation. Furthermore, experience from other clients and applications of the
outsourcing partner can positively influence the own services and applica-
tions. Besides the potential benefits of outsourcing Web services, certain
potential drawbacks have to be taken into account. This includes a loss of
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control over timing and functionality, as well as potential priority problems
with the Web service provider, since its priorities ”may not be aligned with
that of the requestor” [Ti04] (p. 36).

Technical challenges of adopting Web services

To realize the above described benefits and the business value of Web ser-
vices, some technical challenges must at first be managed. Thereby, Tilley
et al. address two main issues, required software engineering skills to imple-
ment Web service solutions and the integration of legacy systems.

The first point regarding software engineering skills deals with large amount
of knowledge required from developers to work with Web services. Whereas
software engineers used to working with other paradigms like object- ori-
entation, mainly focus on algorithms, programming languages, and certain
project management skills, software engineers ”engaged in Web services de-
velopment need to know all these things - and more” [Ti04] (p. 37). Many
new technologies have to be understood by the developers, to make proper
use of theses technologies to create Web service solutions. Especially new
areas like distributed component technology, computer security, and Inter-
net standards like XML, which build the foundation for Web services have
to be mastered. As Web service development "has the potential to cre-
ate dramatic change in the nature of software engineering” [Ti04] (p. 38),
knowledge which is also broad and deep is required.

Legacy systems are valuable business assets within an enterprise and there-
fore need to be integrated into the new Web service technology. According to
the authors, a typical legacy system is characterized as a monolithic, single-
tier and mainframe-based application. Tilley et al. propose a three-step
reengineering process to integrate legacy systems into the new technology.

o At the first step, the decomposition, an analysis should identify poten-
tial components.

e At the second step, the development, theses modules are developed into
virtual components which can be accessed from the new technology
platform.

e At the last step, called deployment, the components are deployed into
the network to enable usage in new business context.
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This stepwise procedure results in a modernized set of legacy components
that can be integrated with the new Web service environment. In addi-
tion, to solving the technological problems, it is important to keep in mind,
that such a transformation of legacy system inflicts considerable investments
in terms of educating the developers and convincing the customers of the
benefits. This can especially be difficult due to resistance against a mod-
ernization of legacy applications, because the new technology is considered
immature and the business benefit is uncertain.

4.3 SOA and IT

Similar to the selection of articles that was done for the business perspective,
three papers IT relevant topics have been selected. These papers describe
basic SOA concepts that can be used for the development and the deploy-
ment of an SOA. Those concepts described in the articles are compared to
the basic SOA concepts outlined in this thesis. Furthermore, the selected
articles also give some extended thoughts about SOA, that broaden the top-
ics covered so far.

The first article selected, is titled ”Service-Oriented Computing: Key Con-
cepts and Principles” [HS05] and was written by Michael N. Huhns and
Munindar P. Singh. It was published in the journal IEEE Internet Comput-
ing in 2005. Both authors are working at Universities in California which
indicates an academic background of the article. The article was selected
as a primary reference during the first step of the analysis and addition-
ally referenced by another article. Three referenced papers in this article
were further included into the analysis, which shows that this work is well
founded on other literature. The keyword analysis only resulted in one hit
for the term WSDL and two hits for the term SOAP. Since many of the other
technical keywords are describing special concepts, for a description of basic
SOA, the terms found are sufficient. Furthermore, the title of the article
and a short overview, made this article very interesting and promising, to
provide additional viewpoints on a basic SOA.

The second article that was selected is called ”Service-Oriented Computing;:
Concepts, Characteristics and Directions” and was published in the year
2003. The author is Mike P. Papazoglou from a University in the Nether-
lands. His article was found to be one of the most referenced ones, during
the analysis in chapter 3. Altogether, six other papers were referencing this
article, which makes especially his view on SOA very interesting, as it can be
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assumed to be widely accepted. In addition, Papazoglou contributed to four
other papers considered in the analysis, that all cover basic SOA concepts.
Together, all his papers included in the analysis, have been referenced 14
times, which makes him one of the most cited authors within the analysis.
Since his work is dealing with basic SOA concepts and he is cited many
times, his articles seems to be important for finding basic SOA concepts.

The last article that was selected for the IT perspective is titled ”Using
Architectural Patterns and Blueprints for Service-Oriented Architecture”
[St06] and was written by Michael Stal, a member of Siemens Corporate
Technology. The article was published in 2006 in the IEEE Software mag-
azine. Since the article was published in April 2006, shortly before the
selection of articles for this thesis was made, it is comprehensible, that it
was not referenced by any other articles within the analysis. The main rea-
son for selecting this article was the special focus of this article on concrete
implementation patterns for an SOA, which was expected to provide further
ideas and a more detailed notion about SOA implementation in practice.

4.3.1 Service-Oriented Computing: Key Concepts and Prin-
ciples

The article by M. Huhns and M. Singh [HS05] deals with basic service-
oriented concepts and shows a corresponding engineering methodology.
Therefore, they abstract from existing Web service standards, which are
"unnecessarily limited” [HS05] (p. 75) and base their work on key service-
oriented computing (SOC) concepts. As in their understanding services
”provide higher-level abstractions for organizing applications” and ”are sim-
ply a means for building distributed applications” [HS05] (p. 75), they fo-
cus on the concepts for building these applications and the interaction of
services. According to the authors an architecture for applications using
services is based on three main parts: ”a provider, a consumer, and a reg-
istry” [HS05] (p. 75). This definition is equal to the SOA description that
is depicted in figure 2.1 and commonly referenced to as Web services archi-
tecture. The naming of the different parts slightly differs, e.g. the consumer
is called service requestor in other references, but the basic parts and con-
nections represent the same concepts.

The article comprises three chapters. The first one deals with different lev-
els of abstraction for SOC, the second chapter describes key elements for
an SOA and the last chapter describes a development methodology that is
required for engineering an SOA.
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Abstractions for SOC

The authors distinguish four cross-cutting levels of abstractions for SOC.
The first one is called Intraenterprise Abstraction Level, dealing with the
interoperation aspects of services within an enterprise. For this level several
problems are described. The connectivity among the applications has to be
ensured using standard protocols and the components have to understand
each other, which can be supported by the utilization of XML. Although,
XML can provide a schema for a common syntax, it is not able to provide
semantic for the different components. To reconcile the meaning behind the
interacting components, developers have to rely on declarative information
models, which often have to be constructed at integration time. Another
issue concerns the integration of legacy applications, which demands that
enterprise policies must be made explicit by an SOA, to simplify the man-
agement of the system. Furthermore, the ”adherence to interconnection
standards is crucial” [HS05] (p. 77), especially for the introduction of new
applications. This ensures that the right interface is exposed between ex-
isting and new applications. Finally, the authors claim, that SOA provides
a solution for all these problems, as it provides abstraction and relates the
components to the organization.

The second level of abstraction is the Interenterprise Abstraction Level,
which is concerned with interoperation of enterprises. In contrast to ad
hoc data interchange between enterprises, SOA should lead to more cross-
enterprise processes and streamline the interactions between the enterprises.
With XML as data format, the processing of data is simplified, although cer-
tain problems still have to be solved. One issue that can be enabled by an
SOA is dynamic vendor selection. This describes an increased flexibility,
which is enabled through the capability to dynamically pick business part-
ners according to any quality-of-service criteria. According to the authors,
”SOA provides the ability for interacting parties to choreograph their behav-
iors” [HS05] (p. 77). This refers to choreography, that was already defined
in chapter 2.

The third level of abstraction described is called Infrastructure Abstraction
Level. This level describes grid services which provide ” computing resources
as a utility” [HS05] (p. 78). These services are computational resources that
can be configured dynamically and are provided on demand by outsourcing
suppliers, that offer their computing infrastructure. These modular inter-
faces based on services can be seen as analogous to Web services. They
abstract the infrastructure level of an application.
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The fourth level of abstraction is the Software Component Abstraction Level,
describing the software development approach based on services.
Autonomous components with well defined interfaces, as offered by services,
help improving software development. Therefore, the use of the abstraction
models and the semantic representations that are described by SOC, provide
a "semantically rich and flexible computational model” simplifies software
development.

Service Oriented Architectures

According to the authors, service oriented computing focuses on architec-
tural models, since "many of the key techniques for its components |[...] are
already well understood in isolation” [HS05] (p. 78). Thus, the key to a suc-
cessful SOA lies in a cohesive framework that integrates these components.
The authors further specify the following key elements for an SOA:

e Loose coupling: Instead of tight transactional properties among
components, the components are autonomous and high-level contrac-
tual relationships are introduced, to ensure system consistency.

e Implementation neutrality: Interacting components are only rely-
ing on the interface definition and do not need to know implementation
details of each other. This especially refers to programming language
independency and platform neutrality.

e Flexible configurability: Late binding of components ensures flex-
ibility of the configuration, which can be changed dynamically.

e Persistence: Services must exist long enough to handle exceptions
and take actions to correct them. Further, they must be able to ”en-
gender trust in their behavior” [HS05] (p. 79), which requires a mini-
mum lifetime of the services.

e Granularity: The authors demand services to be modeled at a course
granularity, that is visible for business contracts, as this reduces depen-
dencies among participants and limits communication. This basically
conforms to the discussion in section 2.4.1, but still it is important to
also look at the drawbacks of coase-grained services.

e Teams: Autonomous parties working on a team to realize develop-
ment should be considered instead of a central computation. They
should ”solve problems cooperatively or compete intelligently” [HS05]
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All the above mentioned key factors for an SOA are closely related to what
was described earlier in this thesis in chapter 2. They show SOA as a
standardized way to build information technology.

Engineering an SOA

The authors describe how the development methodology changes using SOA
to a service-oriented methodology of development. This methodology ”re-
places code generation with a combination of service discovery, selection
and engagement” [HS05] (p. 79). Thereby, service composition plays a key
role for reusing existing parts to create new value. Compared to traditional
development methodologies, reuse becomes essential and is not just a conve-
nience. Furthermore, some challenges for compositions these methodologies
face are described. One challenge concerns transaction handling of services.
Due to the loose coupling of the services, it is a difficult task to build trans-
actions which include these services, to ensure a consistent state across the
system. Since there are no specifications available that specify a transac-
tion model, the authors claim, that these are implemented in an ad hoc
fashion, which reduces interoperability. Since the appearance of this article
some improvement in this area was made and first specifications have been
defined®. Security is another difficult topic in service-oriented engineering,
because many participants are involved, who have very different interaction
needs. This may lead to pragmatic solutions and problems with incompati-
ble vocabularies.

4.3.2 Service-Oriented Computing: Concepts, Characteris-
tics and Directions

The article by M. Papazoglou [Pa03], describes basic SOA concepts and
further introduces an extended SOA. Services are described as the funda-
mental elements of SOC. Papazoglou describes the correlation between SOC
and SOA as follows: ”To build the service model, SOC relies on the Service
Oriented Architecture, which is a way of reorganizing software applications
and infrastructure into a set of interacting services” [Pa03] (p. 1). This
article provides a description of basic SOA, that corresponds to the basics
covered in this theses, but also enhances the basic SOA concepts described
in the extended SOA. The article is neither focusing on technological details

Shttp://www-128.ibm.com/developerworks/library /specification /ws-tx/
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nor covering specific solutions, instead it gives an abstract view on service-
oriented concepts and SOA. In addition some extended information about
grid services are described later in the article.

Basic SOA

According to Papazoglou, services ”constitute the next major step in dis-
tributed computing” [Pa03] (p. 1). Therefore, he demands services to be
technology neutral, loosely coupled and to support location transparency.
He further distinguishes between two types of services: simple and compos-
ite services. Where composite services assemble existing services to combine
their information and functionality. This helps integrating applications as
described earlier in this thesis. The article describes Web services to be a
specific kind of service, that uses Internet languages and protocols to expose
its features and is implemented using open Internet standards like XML.
Web services ”share the characteristics of more general services” [Pa03] (p.
2), but since they use the Internet for inter-service communication, they
require special attention.

Papazoglou describes SOA as ”a way of reorganizing a portfolio of previ-
ously siloed software applications and support infrastructure into an inter-
connected set of services, each accessible through standard interfaces and
messaging protocols” [Pa03] (p. 3). This definition reflects most of the
points covered in chapter 2. Further, Papazoglou describes the basic SOA
as it is depicted in figure 2.1. Service provider, service requestor and ser-
vice registry ”act upon the service artifacts: service description and service
implementation” [Pa03] (p. 3). The service provider publishes its service
description to the service registry, where the service requestor can find the
appropriate service and use the service description to bind with the service
provider. Then the service requestor can invoke the service and interact
with the service implementation. Service requestor and service provider are
logical roles, that can be taken by services, and even allow a service to take
both roles at the same time.

The author also specifies the scope of the service functionality. He claims,
that a service should represent a complete business function, which can be
reused. These business functions encapsulated in a service can be seen as a
black box that is described by its interfaces, whereas its concrete implemen-
tation is irrelevant for the service requestor. Moreover, the service should
be logically decoupled from the service requestor, to support loose coupling
and to allow the service to be invoked by any service requestor. The ser-
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vice description can be divided into service capabilities, interface, behavior
and quality. The service interface description publishes the service signa-
ture while the service capability description states the conceptual purpose
and the expected results of the service. The service behavior description
describes how the service is expected to behave during its execution. At
last, the Quality of Service (QoS) description publishes functional and non-
functional attributes describing the service quality.

In addition to service deployment as described above, Papazoglou distin-
guishes service realization as another broad aspect of services. The strategy
for service realization, can be chosen among the following alternatives:

e Given the specification of a service, the service is designed and imple-
mented in-house.

e Services can be acquired from a service provider, based on various
payment strategies like leasing, purchasing etc.

o After the service is specified, design and implementation of the service
can be outsourced.

e Existing legacy software can be accessed using wrappers or adapters.
Adapters are similar to wrappers, but in addition they incorporate
newly developed code into the software.

Extended SOA

The basic SOA definition ”does not address overarching concerns such as
management, service orchestration, service transaction management and co-
ordination, security and other concerns” [Pa03] (p. 5). Therefore, Papa-
zoglou introduced the extended SOA (ESOA), which is depicted in figure
4.5. It incorporates the basic SOA definition at its bottom layer called basic
Services.

On top of that layer, the service composition layer contains roles and func-
tionality for composite services. Service aggregators use basic services to
consolidate them to composite services, and acting as a service provider for
these composite services. Service clients can use these value added services
like any other basic service. Thereby, the composite services can provide the
following actions:

e Coordination: The composite service manages the dataflow among
the component services.
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Figure 4.5: Extended Service Oriented architecture [Pa03] (p. 6)

e Monitoring: The composite service subscribes to events of the com-
ponent services and publishes higher-level events.

e Conformance: The composite service performs data fusion and im-
poses constraints on the component services to ensure integrity.

e QoS composition: The composite service derives composite QoS from
the QoS of the composite services.

The service management layer is the top layer of ESOA framework. It
provides managed services to "manage critical applications/solutions and
specific markets” [Pa03] (p. 6). In particular, the support for critical appli-
cations is provided by the operations management. Therefore, it provides
performance statistics to asses the effectiveness of services and delivers status
notifications for defined conditions. Operations management is thus impor-
tant to avoid severe risks of service errors. The responsible organization
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for operations management is called service operator and could either be a
service client or a service aggregator. Furthermore, the service management
layer also aims at supporting open service marketplaces. Their purpose is
to ”create opportunities for buyers and sellers to meet and conduct business
electronically” [Pa03] (p. 7), or by offering added value services. Therefore,
the service management layer includes functionality for market manage-
ment, to support these marketplace functions. A market maker creates and
maintains the marketplace and brings suppliers and vendors together.

Grid services

The functionality of the above described service management can be pro-
vided by grid services. They provide a high level abstraction model to ”allow
a collection of services to function as an integral unit and collaborate with
others” [Pa03] (p. 7). Grid services are stateful and follow specific conven-
tions to manage collections of service providers and aggregators. Thereby,
grid services address critical application and system management concerns.
They complement with Web services, as grid services focus on the dynamic
discovery and efficient use of distributed computing resources. The Open
Grid Services Architecture (OGSA)” uses this complementarity and makes
the functionality of grid services available using Web services. To provide
an abstract infrastructure to enable interaction, aggregation, and coordina-
tion of grid services, the logical construct of the service grid bus (SGB) is
introduced. The SGB is designed, to provide a management tier and single
service connectivity, addressing the following issues:

e Reach and robustness: The SGB allows to locate services anywhere
and guarantees error free connections to any service. Furthermore, the
application should be "robust under transient or long-term failure of
one or more service components” [Pa03] (p. 8). This is mainly enabled
through asynchronous communications and the support of transparent
rerouting in case of failure.

e Policy and security management: Services describe their capa-
bilities and requirements via policies, which are a collection of these
capabilities and requirements. In addition, it is important to restrict
access to the services to authorized stakeholders.

"http://www.globus.org/ogsa,/
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¢ Deployment time cost: The SGB provides facilities to easily aggre-
gate composite services. This process is managed quickly, efficiently
and therefore cost-saving.

e Scalability and performance: The SGB must perform well, regard-
less of the performance of the service components or network latencies.
Therefore, load balancing, workload distribution and fail-over can be
managed by the SGB.

In the application of an open service marketplace, the SGB can be seen
as a business service grid that ”dispatches the best service available from
a pool of dynamically assembled service providers” [Pa03] (p. 9). This
selection is intended to meet the user’s needs and is based on SLAs and QoS
constraints.

4.3.3 Using Architectural Patterns and Blueprints for SOA

In his article [St06], M. Stal describes SOA from an architectural perspec-
tive, using architectural patterns and blueprints to define SOA. According
to the author, "most publications fail to explain SOA, or simply assume
it merely defines a synonym for a stack of XML Web service protocols”
[St06] (p. 54). Instead of focusing on technology and implementations, he
introduces a set of architectural principles, using software patterns. These
patterns should help not only to build new applications based on SOA, but
also help understanding existing applications. In addition to patterns, also
blueprints are presented, ”"which aren’t full-blown patterns but reveal the
same properties” [St06] (p. 54).

Driving forces

According to Stal, the main goal of service-orientation is to reduce depen-
dencies between software components. Therefore, services as main entities
are introduced, that are accessed by clients. He describes several driving
forces that need to be balanced in a service-oriented system:

e Distribution: The software environment consists of several compo-
nents, that are running on different network nodes.

e Heterogeneity: Software components reside on heterogeneous envi-
ronments, that can not be controlled by the service developers.
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e Dynamics: The environments are highly dynamic, and have to be
configurable at runtime.

e Transparency: The underlying communication infrastructure should
be oblivious to the service providers and consumers.

e Process-orientation: Services should be composed to coarse-grained
components for the use in coordinated workflows.

When these forces are balanced by following architectural principles, this
results in a loosely coupled systems.

Architectural principles

Stal, references to the ternary relationship of an SOA, described in figure 2.1.
He claims, that this model ”doesn’t reflect the differences between standard
middleware and the service-oriented approach” [St06] (p. 55). Instead he
argues, that this model has to be refined, defining the following aspects in
more detail using architectural principles:

e Interfaces and contracts: To decouple the service interface from
the concrete service implementation, the author suggests the use of
the Bridge pattern [Ga94] (p. 151). A service interface exposed to the
clients, delegates requests to the actual service implementation. This
allows changes in the interface or the implementation, without influ-
encing the respectively other part. Distribution and transparency on
the client-side can be achieved using the Prozy pattern [Ga94] (p. 207).
These two example patterns are important for implementing interfaces
in a technology agnostic way and with respect to heterogeneity.

e Communication: An SOA must support various communication
styles, to provide loose coupling and flexibility. Therefore, services
communicate asynchronously on the bottom layer through dynamic
message routes. Based on this bottom layer several blueprints and
patterns can reproduce different communication types, even synchro-
nous communication. Therefore, according to Stal, message exchange
within an SOA ”doesn’t imply that clients and services must interoper-
ate in a message-oriented way” [St06] (p. 57). Instead, it is important
for the different peers, to agree upon a common format for message
packets. This can be achieved using standard specifications like XML,
or agreeing on binary formats.
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e Service lookup and registration: Dynamic service location is a
crucial task in an SOA. Instead of hard-coding locations into the client
code, Stal proposes the use of the Client-Dispatcher-Server pattern
[Bu96]. This pattern introduces the dispatcher as an additional inter-
mediate actor, between clients and services. The dispatcher acts as
a repository, where services can register their service and clients can
query the dispatcher for services. The dispatcher can further abstract
more details from the repository, like the location of the services, to
further decouple the clients and services from the repository.

e State and activation: To increase loose coupling and scalability,
services should be stateless. Thereby, certain optimizations can be
implemented like on demand activation of services or service pool-
ing, to increase access time. Some circumstances however can require
services to maintain their state across multiple requests, e.g. when ser-
vices depend on results of previous interactions or when services are
bound to concrete instances that represent exact logical entities. For
both cases, Stal recommends the usage of additional information that
is passed along with each service request, called tokens. These tokens
can be used to access state information or to find concrete instances.

e Processes and their implementations: Clients in an SOA com-
pose independent services to processes that achieve a common goal.
Therefore, the author claims, that a higher layer of abstraction to de-
scribe these processes is required and should be provided by a language
that supports easy service composition. Since the composition often
has to meet additional requirements like transactions, he introduces
the Coordinator pattern [KJ05], which deals with such issues by in-
troducing a central coordination instance. This pattern could further
be extended by the Strategy Pattern [Ga94] (p. 315), which allows
switching between several coordination strategies.

Outlook
Due to ”SOA technologies’ instability and immaturity” [St06] (p. 59), the
author identified three major deficiencies of an SOA and describes possible

solutions:

e Semantic integration: Since most of the available SOA technologies
"don’t sufficiently deal with semantic issues” [St06] (p. 59), Stal pro-
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poses to introduce semantical information and processing at several
layers, to allow adaptive and self-configuring solutions. The semantic
layer should provide semantic properties in addition to the syntac-
tic definitions. This could be contextual information, security roles
or quality-of-service attributes. A communication layer must then be
able to understand and process these additional semantic information.
Furthermore, clients, services, and repositories must be enabled to in-
trospect and change this semantic information.

e Middleware integration: Adding services to existing applications
increases complexity since many functionalities have to be integrated
by hand. In addition, ”many parts of an SOA application or infrastruc-
ture aren’t easy to change” [St06] (p. 60). Therefore, the author
proposes the use of an SOA middleware, which is often referenced as
ESB(see section 2.4.5). This would lead to an integrated solution,
which would be configurable and extensible without impacting other
components.

e Further resource types: Many applications have to access other
resource types like databases and files. As they should be hidden from
the applications, the author proposes to integrate these resources. To
achieve this, he proposes to wrap the access to these resources as
services.

Summarizing, the author introduces some basic architectural guidelines
for the development of efficient SOA based applications. At first he claims to
minimize the communication between client and service. At second, clients
and services should be decoupled from infrastructural issues like service dis-
covery. Finally, the developer productivity should be increased, for example
by using patterns and blueprints.
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Chapter 5

Conclusion

This thesis described the fundamental concepts of an SOA with respect to
the different views of business and IT. Thereby, important topics and terms
were explained and important characteristics of an SOA were examined. As,
many articles dealing with SOA exist and hence many different views and
understandings of an SOA can be found, this thesis did not try to provide de-
finitions for an SOA. Instead, a common understanding of relevant concepts
was described, as it was found in many articles. To avoid an unpromising
discussion about definition details, these concepts were described focusing
on only a couple of references that provide a differentiated, yet continuous
view on the topic. Nevertheless, many points of current and ongoing discus-
sion have been described, to elaborate issues that need close attention and
future refinement. To engross the comprehension about SOA, the described
characteristics of an SOA were related to key characteristics of existing and
preceding concepts.

After the description of SOA basics, an analysis of articles was made. For
this analysis over 400 articles were selected with the goal to find relevant
articles dealing with the special characteristics of the two organizational per-
spectives: business and IT. Furthermore, this analysis should find articles
that can be considered as basic work in this area of research. To ensure a
broad range of articles and to avoid that important articles were left out,
a process consisting of four steps was realized. At first, articles that were
considered interesting by the author of this thesis were selected. In the
second step, articles that were cited in the selected articles were included
into the analysis. In the third step, the entire set of articles was annotated
with various attributes, which further describe the articles. Additionally,
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the dependency among the articles was depicted, to find articles that can
be considered important based on the number of references. In the last
step, important keywords were searched throughout the articles and statis-
tically analyzed. The results of this analysis provide an overview over the
articles altogether and describe the content of each individual article. This
information was used to derive some general conclusions. These conclusions
substantiate the initial assumption, that SOA lacks fundamental work de-
scribing basic concepts, since no outstanding articles could be found, which
could be considered to be a basic reference throughout the articles. More-
over, the understanding of the basic concepts differs among the articles and
not even the terminology is consistent. Another conclusion that can be
drawn from the results, is that SOA is a very young concept, proven by
the fact, that most papers dealing with SOA were published in the last five
years.

With the aid of the analysis’ results, six articles were selected to describe
business and IT relevant issues of an SOA in detail. Especially the align-
ment of business and IT, was described in detail as well as the possibilities
an SOA offers in this area. For each perspective three articles were selected,
and their ideas were depicted in detail. Furthermore, these ideas and their
view on SOA, were also related to the concepts described earlier in this the-
sis. The aim of the selected articles was not to provide a holistic overview
over all the details involved, instead they were selected in a way, that they
address relevant topics in that area, and deepen some of the basic ideas of
an SOA. From the business perspective, issues like organizational challenges
of introducing an SOA, business value of an SOA introduction, and process
guidelines for introducing an SOA were described. The IT perspective, dealt
with extended SOA models, SOA engineering, and architectural patterns for
an SOA.

The description of basic SOA concepts in this thesis, as well as the topics
covered, should provide the reader with a basic understanding of the rele-
vant concepts and act as a starting point for further research in any of the
described topics. The results of the statistical analysis can be used to select
relevant articles for that purpose.

In the future, the analysis should be repeated, to trace the development
of articles around SOA. Thereby, it could be verified, if the trend to an
increasing number of articles continues and new articles can be included.
Furthermore, the significance of the results can be broadened, by also in-
cluding references from the articles that were selected in the second step of
the analysis. Thereby, more articles which are often cited might be found.
Although, it is almost impossible to predict the further development of SOA,

100



especially in the current state where the topic is still in hype phase, it seems
obvious, that the basic concept has a lot of potential for fundamentally
changing IT and business environment and especially the alignment of these
two perspectives. Despite the huge potential that lies within the application
of an SOA, it is important to consider the risks that are associated with the
introduction of an SOA. Therefore, the business value of an SOA has to be
measured and the return on investment must be determined.

Currently, many of the SOA projects that are conducted are evaluating the
technology. A few, mostly in larger enterprises are already proving the in-
creased business value of this concept, and are delivering first results in form
of best practices. Obviously there is a strong demand for more standardiza-
tion and concepts that abstract from those best practices and vendor specific
solutions. When this is accomplished, the technology can be broadly sup-
ported and introduction risks minimized. A first step in this direction can
be observed by an increasing number of standardizations relating to SOA.
Finally, it is important to develop strategies and concepts, that describe
how an SOA can be used in coordination with existing other concepts, to
leverage the full potential of an SOA. For example an integration with Event
Driven Architectures (EDA) as described in [SN03] might provide significant
benefits.
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