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Abstract We explain the importance of conceptual models for process design

with service-oriented architectures (SOA) and illustrate how these models can be

used to evaluate the value of SOA. To do so, a methodology is introduced, which

comprises both the configuration and the implementation of processes by services

and IT components. The approach presented here, makes it possible to evaluate the

monetary and objective potentials of SOA, as well as to enhance SOA implemen-

tation by providing guidelines. The requirements analysis from an online-mail order

company serves as a case study. The results show that up to now, economic aspects

were ascribed too little importance in the SOA discussion.

Keywords Service-oriented architecture � Web services �
Business process management � Value � Methodology � Conceptual modeling

1 Introduction

Information systems will change dramatically within the next years. Service-

oriented architectures (SOA) make it possible to flexibly create information systems

from independent sub-systems (services) (Leymann 2003; Krafzig et al. 2006). The

idea is not to keep application systems as complete systems in enterprises, as

practiced today, but rather to ‘‘pull’’ the services needed from the Internet and then,
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configure them to make them fit the respective requirements (Fremantle et al. 2002,

p. 78; Ferris and Farrell 2003, p. 31; Kreger 2003, p. 33). Already, the spreading of

web service standards is leading to the implementation of this idea in operational

application systems (Vollmer and Gilpin 2006). More and more, service-oriented

product variants are, for example, being developed by the providers of ERP systems

(e.g. SAP 2006).

Economic expectations lie in the flexible exchange of information system parts,

which should allow a more differentiated coordination between organization and

system design (Hagel and Brown 2003). New possibilities for IT/Business

Alignment (Henderson and Venkatraman 1993) are seen in process design: on the

one hand, an information system configured from services should be capable of

adapting itself flexibly to changing operational requirements and on the other, one

expects the configurability of services to open new operational fields of action

(Luftman 2005). This coordination in organization and system design should result

in an SOA that promotes the ‘‘agility’’ of companies and serves as a foundation for

the implementation of a ‘‘real-time enterprise’’ (Fingar and Bellini 2004).

All in all, SOA poses the question of the value proposition of information

technology anew (Carr 2004). In particular, the value of SOA use remains unclear.

It must be said, that euphoric expectations were insufficiently justified by efficiency

calculus. The results of the hype circle analysis for application system development

carried out by Gartner confirm this estimation (Duggan et al. 2006). In fact, the

study states that SOA is in a phase of potential over-expectation. Case studies from

system providers add fuel to these expectations by showing triple-digit profits (SAP

2006; BEA 2006; Oracle 2007). These studies were carried out in participation with

independent analysts, such as the IDC studies at Goodyear (Wang 2003b) and Sasol
(Wang 2003a), which show a return on investment (ROI) of 308% resp. 453% from

the introduction of SOA. These studies are highly problematical for decisions

concerning the use of SOA, because one cannot simply transfer them to other

contexts. It can be assumed that the potential depends on a multitude of influencing

factors that vary heavily in different applications. Therefore, we need a method-

ology that allows us to evaluate the multi-use options of SOA in individual

situations and then, to subsequently realize these.

This article will address the value of SOA. We will compare and describe the

benefits of an investment in SOA and the costs connected with it. The article is

organized as follows: previous work on the design, as well as the evaluation of

SOA will be analyzed (Sect. 2). Due to the deficit in research on this topic, we

will also consider contributions from neighboring disciplines. To fill the research

gap we will design a methodology that can be used for decision support in the

introduction of SOA. A framework will be developed for the construction of the

methodology (Sect. 3). Then, the methods integrated through the framework will

be selected resp. extended and specified (Sect. 4 and 5). The practical benefit of

the methodology will be demonstrated with a case study (Sect. 6). We will

analyze the case of the company Matchball and carry out value calculations on the

implementation of an SOA according to the methodology introduced here. We

then close with a discussion of the results and an outlook on future research

challenges (Sect. 7).
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2 Related work

The evaluation of the value of investments in information technology is a field

controversially discussed within information systems research for some time now

(Porter and Millar 1985; Brynjolfsson 1993; Mukhopadhyay et al. 1995; Hitt and

Brynjolfsson 1996; Tam et al. 1998; Im et al. 2001). It must however, be considered

that the general problems in evaluating investments in IT are augmented by SOA-

specific challenges. Thus, the consideration of SOA value is, in addition to its

primary intention—i.e. the economic justification of the investment—implicitly

given a design function with regard to determining the optimum degree of service-

orientation within an enterprise.

The multitude of research work dealing with evaluating the value of investments

in information systems can be classified as ex ante or ex post with regard to the time

of the evaluation, whereby the ex ante evaluation of investments is especially

focused upon by research (for an overview, see, e.g. Walter and Spitta 2004). Up to

now, an adaptation of existing concepts with regard to the evaluation of the value of

SOA does not exist. Current research primarily concentrates on discussing the

generic benefits of an SOA (Woods 2003; Erl 2005; Krafzig et al. 2006; Woods and

Mattern 2006), without addressing the special requirements of SOA regarding a

value analysis. In addition, a few isolated ROI calculations on the basis of selected

practical examples also exist (Barnes 2005a, b).

The problem is complicated further by the fact that most of the previous work on

SOA is predominantly technical nature. This goes so far as to reduce SOA to the

integration of XML and web services (Hündling and Weske 2003; Erl 2004) or only

consider thoughts on technical integration via web services (Ganesh et al. 2004;

Mallick et al. 2005). There is, however, work that aims at decision support in

selecting web services when the same functionality can be provided by different

services. These contributions gather criteria as a distinguishing feature for web

services (Kalepu et al. 2003; Zeng et al. 2003; Ran 2003; Yu et al. 2007), which in

turn should help decide which service is adequate for a special purpose depending

on the enterprise or IT-specific preferences. The ‘‘quality of service’’ is considered

here as a central aspect in the orchestration of business processes. Up to now,

questions on the economic efficiency of this new technology have hardly been

investigated. We lack methods that can put decision makers in a position to

economically evaluate and realize the use of SOA from their individual situation.

This article will introduce a solution for such a decision support through the usage

of conceptual models. By constructing conceptual models, the attempt is made to

create abstracting artifacts that make the complexity of information systems

manageable (Hirschheim et al. 1995; Weber 1997; Mylopoulos 1998; Wand and

Weber 2002). In information systems research it is widely accepted that conceptual

models have a lasting influence on the quality of the software developed (e.g. Wolff

and Frank 2005). Moreover, from a practical point of view, a current study from

Gartner points out that the documentation of business processes with their processing

times and respective responsibilities can lead to an increase in productivity of more

than 12% (Melenovsky 2005). Consequently, conceptual models can also be used

meaningfully in the development of service-oriented systems.
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However, the idea of model-driven SOA design is not completely unheard of.

Focusing on the transactional properties of web services, the use of UML class

diagrams as a transactional layer above UML statechart diagrams describing the

service’s structure is proposed by Schmit and Dustdar (2005). Baresi et al. (2003)

use UML models to decide about the aptitude of certain middleware platforms for

business information platforms. Their approach shows some convergence between

conceptual modeling and SOA but concentrates solely on the validation of SOA and

not on the specific needs for designing an SOA. Emig et al. (2006) examine how the

concept of programming in the large can be applied practically to SOA development

based on process models. They use the business process modeling notation (BPMN)

as a process programming language, which can be mapped to the business process

execution language (BPEL). Because process languages are led by IT-relevant

aspects, they are hardly relevant for business analysts designing an SOA driven by

business needs. On the level of technical integration, the synergy effects between

process modeling and SOA has been recognized by approaches related to the

concept of model-driven architecture (MDA) (Frankel 2003). Pfadenhauer et al.

(2005a, b) have proposed a model-driven service architecture (MDSA) but fail to

integrate pure business requirements formulated by non-technical managers or

domain experts. Contrasting to this prevailing technical understanding, Wenhui

et al. (2006) confirm that the true potential of process-driven SOA lies in innovative

business models, which are facilitated by web service infrastructure.

To sum up, among these existing approaches there is a missing link between the

moderate innovations an SOA brings to IT integration and unprecedented potentials

to be leveraged for business integration. None of the related contributions examined

acknowledges the fact that business process modeling has established throughout

companies by means of semi-formal diagrams that are easy to understand and handle

by non-technicians. Our approach is to leverage this treasure of existing conceptual

models created during longsome BPM projects. In addition, to complement the

existing works, we should however aim at the evaluation of SOA value using

conceptual models. Therefore, the models should not just span an alternative set that

shows potentially usable services for the support of business tasks, but rather provide

decision support to those responsible when selecting these services. Because this

decision support must be deduced from considerations on value, the models must be

enriched with evaluation criteria for the implementation of SOA.

3 A methodology for the model-based design of service-oriented systems

A fundamental idea in service-oriented architecture is the separation of process

logic and process control in system design. This aims at structuring processes with

respect to situational requirements and using selective services for the execution of

activities. Thus, in principle, a predefined spectrum of system functionalities is not

the starting point for the design of SOA, but rather an enterprises-individual

situation. An adaptation between the business requirements and the possibilities on

the technical side, as suggested in the framework of the model-based design of

service-oriented systems (cp. Fig. 1), must be carried out.
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Understanding the adaptation possibilities between the organization and system

design is not simply a case of selecting technical components. In fact, process

restructurings must be considered with regard to questions of added value, system

integration and enterprise cooperation. Before the services and infrastructure

elements used for the institutionalization of a process—here referred to as a service
portfolio—can be implemented, the respective configurations must be carried out.

The design possibilities given by the SOA must be listed (potential model factual)

and evaluated according to their economic consequences (potential model value) for

the configuration of the service portfolio. This way, the design alternatives

profitable in a specific decision situation (as-is) can be found and then serve as

guidelines for the implementation of the service portfolio (to-be) (cp. Fig. 1).

Despite the decision support available with this approach, the coupling of the

service portfolio configuration and the service portfolio implementation remains

difficult. The consequent transfer of business requirements into a service-oriented

system is not guaranteed here due to the existing gap. The problem is the lack of

continuity in modeling from the configuration to the implementation level. The basic

idea of the integration of business and technical process description in our approach

is to insert the process logic shared in both levels into a third level (cp. Fig. 1). Based

on the given processes, information models, application models and execution

models could then be differentiated between dependent on their proximity to IT.

This separation between information and application models is based on an

understanding of information systems consisting of three main components: people,

Information 
model (as-is)

Information  
model (to-be)

Potential 
model 

(factual)

Potential 
model 
(value)

Application 
model

Execution
model

Configuration 
of the service 
portfolio

Implementation
of the service 
portfolio

Fig. 1 Framework of the model-based design of service-oriented systems
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tasks and technology (Bostrom and Heinen 1977; Orlikowski 1992). In our

terminology, information models represent information about people, tasks and

technology. They contain the potentially business-relevant framework for each of the

tasks, functions or activities defined in the process organization. These can be, for

example, organizational units, resources, respectively, costs or legal restraints. The

components ‘‘tasks’’ and ‘‘technology’’ of an information system form the sub-system

‘‘application system’’. In this sense, an application model represents a component of an

information system. Application models represent the information needed for the

IT-support of the processes. These can be for example, the services involved, required

input and output data or the interface information needed for the integration of external

partners. Lastly, execution models represent the technical component of an information

system and contain all of the information required for the process execution.

The methodology for the model-based design of service-oriented systems

therefore, follows the paradigm of a method and model-based design theory for
companies, as postulated in the field of business engineering (Schelp and Schwinn

2005; Thomas et al. 2006; Österle 2007). With the methods available by business

engineering (here: conceptual modeling) companies and strategic fields of business

should be designed according to engineering principles by using the potentials of IT

(here: SOA). In addition, the framework is oriented on problem-solving strategies
from software engineering. The fundamental system development strategy ‘‘top-

down’’ with its origin in human problem-solving (Newell and Simon 1972) can, in

particular, contribute to solving problems within the framework of SOA projects. In

analogy to human problem-solving behavior it is first assumed that one must proceed

systematically for the model-based design of service-oriented systems, because at the

beginning neither a complete set of alternatives, nor a final design goal can be

defined. And second, a problem is broken down successively through desaggregation

into sub-problems and relationships in the top-down approach. This breakdown is

repeated until sub-problems emerge that are seen as solvable by the participants.

These are then integrated to form an overall solution via the derived relationships.

Very different challenges exist for the development of methods in the areas of

configuration and implementation of service portfolios. In the configuration phase,

potentials must first be gathered and evaluated value-based. Because the represen-

tation of this information has not been dealt with in existing works, questions

pertaining to the conceptual and representational extension of the modeling

languages available for use come to the foreground. In the implementation phase

however, the value-based best alternatives should be transferred step-by-step in IT

components. Thus, the methodical support pertains more to action guidelines that

describe how models should be created using modeling languages (cp. Fig. 1).

4 Configuring the service portfolio

4.1 Preliminary considerations

In this section, we will study information models that can be used by decision

makers for the configuration of service portfolios. In accordance with the framework
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introduced, the focus will lie on methods for constructing potential models. With

these methods, the SOA potentials can first, be recorded factually and then

compared with each other value-based. Because the evaluation takes place directly

on the basis of the factual representation, service portfolio (re)configurations can be

carried out, which are understandable with regard to their economic consequences.

Three levels of analysis can be derived from the technical works on SOA

(Krafzig et al. 2006) and these can be transferred to the design of processes (Österle

1995, p. 16; Becker and Kahn 2003, pp. 4 ff):

• Activity level: sub-step in a process, which describes one change of state.

Activities can be connected to each other logically and improved as a process.

• Service level: an alternative to the execution of an activity, which can exhibit

different forms of institutionalization. In particular, a comparison between

internal and external, as well as automated and non-automated services must be

made.

• Infrastructure level: all of the requirements necessary for the integration of the

services into the process. Non-technical requirements must also be considered

here, which for example, pertain to organizational aspects of the service

integration.

Thus, different aspects of service-oriented designed processes are recorded on

these levels. They form the parameters for the configuration of a service portfolio.

To study their adjustment methodically, they must be examined from a factual, as

well as a value-based point of view:

• Factual representation: The factual representation is important for recording the

design alternatives given by SOA. Thus, it must be shown which selection

possibilities are available. These possibilities consist of specific combinations of

decisions on activities, services and infrastructures that each correspond with a

specific configuration of the service portfolio.

• Value-based representation: The individual, factually documented design

alternatives are evaluated with regard to their economic consequences. In order

also, to record long-term consequences, the payments connected to a service

portfolio configuration must be calculated and compressed to key figures.

The integration of the dimensions described should make it possible to

understand the effect of modifications in individual design areas on other areas.

Examples are changes in the factual requirements on the service choice or the

specific conditions of individual service providers. However, process reengineering

can also be taken into account here. The mechanisms of the method integration will

be discussed in detail in the following.

4.2 Factual representation of the potentials of SOA

Process modeling languages can be used for the factual representation of design

options. For reuse reasons it makes sense to use languages already existing for the

as-is modeling in specific application contexts. Examples where meta models exist

are the EPC (Scheer 1999; Korherr and List 2007), Petri nets (Murata 1989, pp. 542
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ff; Billington et al. 2003, p. 5) and UML activity diagrams (Rumbaugh et al. 1998,

pp. 81 ff; Fowler 2003).

In contrast to conventional information models, potential models are character-

ized by optionality. Alternatives in the terminology of decision theory for the

process design are represented, which again, must be tested with regard to their

value. We can differentiate between two principles for the construction of models:

• Explicit representation: Explicit models are created for individual design

alternatives. The optionality is expressed in the relationships between the

models that, in turn, can be expressed in a model system with a corresponding

operator.

• Implicit representation: The number of design alternatives is represented within

individual models. Constructs for the explication of individual design options

and rules for controlling any dependencies between options are required.

The value of an explicit or implicit representation is influenced by the number of

alternatives, as well as by their diversity. If, for example, an out-tasking is being

considered where alternative services from several service providers must be

selected for the institutionalization of a local activity (Knolmayer 1997, p. 100;

Keen and McDonald 2000), then the advantages of an implicit representation take

effect. If however, restructurings are connected with the decision, in the case for

example, of applications for process integration (Linthicum 2000, p. 18; Sutherland

and van den Heuvel 2002), then an explicit representation may be superior for

reasons of model clarity. The number of alternatives for explicit representation can

be limited in order to enhance the value of model construction.

In the following, the new requirements on modeling languages for the implicit

representation of design alternatives will be discussed in detail. The basic principle

is illustrated in Fig. 2 on an EPC.

The representation of institutionalization alternatives in process models is pivotal

for recording the potentials of SOA. Constructs, which make the description of

processes on the activity, infrastructure and service level possible, must be allowed

for here. As can be expected, process modeling languages provide constructs for the

description of processes on the activity level, for example events, functions and

operators of the EPC. In addition, constructs for executing activities are also

provided (Becker et al. 2003, p. 21). According to our approach, these must be

classified in the service level. In doing so however, the resources needed for

executing activities are strictly assigned.

To record the design potentials of SOA, it seems expedient to extend modeling

languages with constructs for the representation of services and infrastructures.

Services fulfill a specific task and use a specific amount of resources to do so. The

individual requirements necessary for the integration are recorded as infrastructure

elements. They are determined in part, by the specific type of service and in part, by

the application context and can thus be explained in the correlation between

activities and services. The SOA’s optionality is registered through the fact that the

services available for each activity are represented as alternatives. Potential models

can therefore, be characterized as build-time models (Remme 1995). To make their

74 O. Thomas, J. vom Brocke

123



Organiza-
tional unit

Web service

ESB

...

X
System training

...

S2

S1

F2 FV2,1

F1

FV2,2 FV2,3

F3 FV3,1 FV3,2

F5

Feature Feature values

FV1,1 FV1,2 FV1,3

F4 FV4,1 FV4,2

FV5,1 FV5,2 FV5,3

F2 FV2,1

F1

FV2,2 FV2,3

F3 FV3,1 FV3,2

F5

Feature Feature values

FV1,1 FV1,2 FV1,3

F4 FV4,1 FV4,2

FV5,1 FV5,2 FV5,3
Activity

Infrastructure

Service

F2 FV2,1

F1

FV2,2 FV2,3

F3 FV3,1 FV3,2

F5

Feature Feature values

FV1,1 FV1,2 FV1,3

F4 FV4,1 FV4,2

FV5,1 FV5,2 FV5,3

Application 
system

Activity Event Event

Fig. 2 Principle for the representation of design options for SOA in process models
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execution possible, a choice of individual services for all functions must be made.

The relationships are illustrated in the meta model (cp. Fig. 3).

The excerpt of the model shown here specifies which constructs are relevant for

the representation of potential models when using an SOA. It shows that alternative

services are used for the execution of an activity (Activity-Service-Rel.). In doing

so, individual services can make specific demands with regard to the integration

infrastructure (Infrastructure-Service-Rel.). The configuration of a service portfolio

is thus characterized by the fact that a specific service is selected for each activity in

a process (Service Selection). An aggregation of all of the activities assigned to a

process must be carried out here, in the course of which the infrastructural

requirements must be consolidated.

Feature-driven description methods can be used for decision support with regard

to the selection of services. Feature-driven techniques allow the construction of

classification systems (Buchanan 1979) already used in information systems

research (e.g. Glezer and Yadav 2001). Feature catalogs can be used here to specify

the requirements of the execution of activities (to-be quality), as well as the

performance from individual services (as-is quality). Thus, principles from web

service selection (Padovitz et al. 2003; Cardoso et al. 2004; Day and Deters 2004)

can be transferred to the modeling by way of a comparison of features. Added to

this, are features for the characterization of individual infrastructure elements,

which also serve the identification of specific offers for the requirements defined

from the service view.

Further types of features focus on the management of the service portfolio

configuration. Using features on the process level, relationships between feature

characteristics can be modeled across several activities. This makes it possible to

describe situations where typical specialized requirements exist for the execution of

the activities. Thus, for example, it could be necessary to select different service

levels due to different seasons, which are then adjusted over all of the activities by

marking the seasonal characteristic. Similarly, knowledge about the context factors

of the configuration can be saved based on features regarding the service portfolio,

for example data on the term of planning.

4.3 Value-based representation of the potentials of SOA use

Methods from process controlling can be used to evaluate the processes (Leymann

and Altenhuber 1994; zur Muehlen and Rosemann 2000; Kang and Kang 2005). In

particular, works that allow model-based evaluation, as available for activity-based

costing (Cooper and Kaplan 1991), are interesting for the construction of potential

models. Because however, arrangements for the design of processes must be made

in potential models, the consideration of the long-term economic consequences of

the individual design decision becomes necessary. Thus, the introduction of SOA is

typically characterized by the decision situation of an investment, whose anticipated

benefit is seen in a potentially higher flexibility in process design.

Works where an investment appraisal was conceived on the basis of process

models (Grob and vom Brocke 2006) can be used to evaluate value. These works

allow one to determine the economic value connected with the implementation of a

76 O. Thomas, J. vom Brocke

123



process alternative in a concrete decision situation based on factual descriptions.

This principle is illustrated in Fig. 4.

First, the original payments derived from the depositions documented in the

process model must be recorded. On the service and infrastructure levels payments

arise, which must be calculated differently depending on the specific decision

situation. Generally, one differentiates between a market and a resource-oriented

calculation:

• Market-oriented calculation: Services and infrastructure elements are calculated

according to the conditions customary on the market. Different models can be

used (Vandermerwe and Rada 2007). In the case of flat pricing models,

performance-neutral (or fixed-step developing) payments are available. Pay-

ments must be characterized as performance-driven for transaction-based price

models. The performance can be measured in different reference units such as,

for example, the process frequency and duration.

• Resource-oriented calculation: The valuation is calculated on the basis of the

resources needed for the value performance. Different models can be used here

for pricing. Thus, for example, the cost rate for a demand-oriented calculation is

dependent of the utilization of individual resources, while constant cost rates are

used for a supply-oriented calculation.

In addition to the pay-outs, the pay-ins connected with a process alternative must

also be calculated. These were recorded in our approach on the activity level. The

representation of such payments can take place in general—and thus performance-

neutral—or performance-distinguished. Performance-neutral valuations are recorded

by period-individual payments, which must be calculated in relation to the total

process. A differentiated evaluation can be carried out with prices that can be
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Fig. 4 Principle for the evaluation of process alternatives based on controlling methods
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calculated depending on individual institutionalizations of activities. They function

as agio respectively disagio and are calculated in a transaction-based manner:

• Process-wide calculation: Payments that arise when a process is carried out

once can be registered by the usage of prices based on the whole process. This

facilitates the planning of pay-ins that can be generated by the use of process

performance measures.

• Activity-specific calculation: differences in quality (for example: service level)

can be evaluated on the monetary level with prices for special service

alternatives. To do so, agio resp. disagio must be calculated in dependency of the

feature characteristics formulated on the activity level.

The basic constructs for recording original payments are illustrated in the meta

model in Fig. 5. Payments on the activity, infrastructure and service levels must be
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Fig. 5 Meta model for the evaluation of design options for SOA in process models
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summed up for the individual configurations of the service portfolio. To do so,

locally recorded values must be aggregated in accordance with the specific process

structure. Methods from process analysis and simulation, which allow the

consideration of probabilities in process chains can be used here (Giaglis and Paul

1996). The result is a sequence of payments that represents all of the monetary

consequences of the design alternatives in a process.

Further economic consequences result from the original payments. These can

be referred to as derivative payments. In order to analyze these payments, the

financial situation of the use case enterprise must be considered. Established

methods from investment controlling can be used here through the determined

sequence of payments per process alternative. Decisive for the selection of

methods is how differentiated the finance situation can be mapped. While for

example, classic, dynamic methods from investment appraisal allow for a

consistent, adequate target rate for debit and credit interest, finance plan-oriented

methods allow the explicit modeling of various finance alternatives and tax

conditions (Grob 1993, pp. 121 f).

The transparency of the original and derivative payments connected with a

process alternative allow the calculation of a wide spectrum of key figures on the

value of a process alternative (vom Brocke 2007). Among these figures are for

example, the total cost of ownership (TCO), which traditionally serves the life

cycle-oriented recording of application system costs (Ellram and Siferd 1993). The

TCO of a process alternative is particularly significant when no pay-ins must be

calculated in the use case. Alternatively, it is also possible to show value, such as for

example the ROI. Based on these key figures, different configurations of the service

portfolio can be compared with each other. Optimization, as well as experimental

procedures can be used.

All in all, the method described above supports decision makers by first, making

the options for process design given by the SOA transparent and second, using these

options for the purpose of corporate goals. The result of the configuration is a to-be

model, which provides for a clear assignment of services to activities in a specific

process structure. This model is the guideline for the implementation of the service

portfolio.

5 Implementing the service portfolio

5.1 Preliminary considerations

The methods in the previous section support the configuration of the service

portfolio during the model-based design of an SOA. The result is a model that

represents the information system to be implemented on a conceptual level. This

representation must be adjusted to the corresponding application system for the

purpose of implementing the service portfolio—in accordance with the research

design selected in this paper in order to then, be transformed into an executable

process model. Thus, the application system design constitutes the link between

information system design and the process execution.
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In the transitions from information to application model and from application to

execution model, a reuse of model elements occurs. In order for this reuse to be

successful, the corresponding models must be constructed so that they first, abstract

from the individual content of the systems represented and then serve as a guideline

for the model construction. An example for this is the concentration of

organizational relationships (for example: responsibilities) in the information

model, as well as the conscious abandonment of these simultaneously combined

with the enhancement of technical details in the transition to the application model

(for example: detailed specification of the system behavior, consideration of

transactions and system errors). Altogether, the implementation of service portfolios

is characterized by creativity and exhibits a high level of complexity. To make this

complexity controllable, previous works from the field of reference modeling

(Thomas 2005; Fettke and Loos 2007; Becker and Delfmann 2007) on procedure

models and construction techniques can be consulted, due to the established

correlation of model reusability. Furthermore, modeling languages and tools must

be selected for the implementation of the service portfolios.

5.2 Modeling languages

For the implementation of the service portfolio, the process logic represented by an

information model can be taken as a starting point for the derivation of an application

model. While the basic structure defined for the process flow is enriched for example,

by the annotation of organizationally relevant constructs in the information model, an

extension of the application model occurs through technical details for process

execution. These pertain in particular, to the detailed specification of the behavior of a

system carrying out the process in error-situations, as well as the consideration of

transactions. Thus, the modeling language BPMN can be used for the representation of

application models. It was significantly developed by IBM and accepted as a

specification in February of 2006 by the Object Management Group (OMG 2006a). It

was designed to be understandable by all business users and to be transferred into

technical process description languages for process execution. The language

constructs made available by BPMN thus allow the construction of models, which

contain the process logic of the information model level, as well as consider the

technical details of the execution model level via attributes. The representation of

responsibilities or resources and thus, the representation of the organizational

components of an information system are not in the interest of BPMN. Alternatives to

the representation of the application system during the implementation of the service

portfolio are: UML activity diagrams (OMG 2005), UML EDOC Business Processes

(OMG 2006b), IDEF (Knowledge Based Systems Inc. 1993), ebXML BPSS (OASIS

2001), activity-decision flow (ADF) diagram (Mentzas et al. 2001), line of visibility

enterprise modeling (LOVEM) (IBM 2007).

Overall, BPMN helps to specify the behavior of an information system more precisely

as EPC. This can be seen for example, on the use of a transaction concept allowing for

time-based events (OMG 2006a). The creation of this sort of models requires an IT-close

way of thinking that puts the focus on the possibilities and limitations of process support

through application systems and thus, differs from organization design.
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The design of an execution model should build upon the graphic representation

of the control flow and the textual attribution of the process elements in the

application model. While the configuration of the service portfolio and the transition

between information and application model were affected primarily by organiza-

tional aspects, the encoding of the requirements of the graphic application system

model into an execution model lies in the sphere of IT development and represents

the most technical task. In doing so, information gaps rooted in the semi-formal

definition of the modeling language used on the application level and hindering the

process execution (Recker and Mendling 2006) must be filled in (for example:

specifying partner links or expressing data manipulation). The BPMN specification

has mapping rules for this purpose, which allow the conversion process, i.e. the

transfer of existing BPMN models in code-based, executable BPEL models.

BPEL is an XML-based language, whose specification was initiated by IBM,

BEA and Microsoft and is currently being developed by the OASIS standardization

initiative in the Version 2.0 (Alves et al. 2006). Due to the high acceptance of the

language in the software industry, BPEL can be referred to as the de-facto-standard

for business process implementation based on web services. A BPEL process is

generally understood as a set of service calls that are subject to a logical and

chronological order. This is also referred to as the ‘‘orchestration’’ or ‘‘composition’’

of services (Alonso et al. 2004). Thus, a BPEL process model can be seen as the IT

counterpart to a business process model. BPEL builds upon the Web Service

Description Language (WSDL) by combining the web services described in WSDL

to form a process (Alves et al. 2006).

BPEL processes are executed on so-called BPEL engines, which in turn can be

integrated into application servers. For the graphic illustration and modification of

BPEL processes some BPEL engines make separate modeling tools available, which

use a proprietary notation (e.g. Klückmann 2007) despite the contextual proximity

of the used visualizations to BPMN.

Alternatives to BPEL are XL, a XML programming language for the

specification and composition of Web Services (Florescu, Grünhagen & Kossmann

2003), the XML Process Definition Language (XPDL), an XML-based standard of

the Workflow Management Coalition (WfMC) for the description of workflows

(Workflow Management Coalition 2007), Wf-XML, a standard for the interoper-

ability of process instances (Swenson et al. 2004), and the Business Process

Modeling Language (BPML), whose further development has however, been given

up by the Business Process Management Initiative (BPMI). The XPDL version 2.0,

available since May of 2005, especially supports BPMN.

5.3 Modeling tools

Tool support can considerably increase the efficiency of the service portfolio

implementation procedure. This refers to the ‘‘manual’’ process that must be carried

out by the model user in the transition from an information to an application model,

as well as to the (semi-) automatic adaptation process in the transition from an

application to an execution model. Thus, in addition to selecting modeling

languages, one must also decide upon a preferred modeling tool. The ‘‘Magic

Approach to the design of service-oriented information systems 81

123



Quadrant for Business Process Analysis’’ from Gartner (Blechar and Sinur 2006)

can be drawn upon to clarify the wide range of professional modeling tools available

on the market. It is however—despite its annual updating—hardly suitable for

decision support in selecting one (or more) of these tools, unless the development

potential of the tool provider is—as is common in business practice—a decisive

selection criterion. Market surveys and studies (e.g. Berlecon 2005) extend the

model developer’s horizon on modeling tools, for example by comparing the tool’s

range of functionalities or identifying application possibilities in selected use cases.

However, these ‘‘snapshots’’ often exhibit weaknesses with regard to content.

Therefore, the conceptual framework for the evaluation of modeling tools for

business process management from Nüttgens (2002), which provides explicit

modeling-specific selection criteria, is recommended as an auxiliary means for the

selection of tools. The conceptual framework is divided up into five main categories

‘‘Product and Pricing Model’’, ‘‘Producer and Customer Base’’, ‘‘Technology and

Interfaces’’, ‘‘Methodology and Modeling’’, as well as ‘‘Application and Integra-

tion’’. These central attributes are operationalized in a multi-level manner via sub-

features and comprise a total of 350 individual features.

Due to the lack of integration of the various modeling and development tools, the

implementation of the service portfolio based on the information, application and

execution model, trouble-free and free of breakage, was not possible up to now. It is

to be expected however, due to today’s convergence of different product categories,

that this situation will strongly improve in the future. Thus for example, Forrester
predicts that tools that concentrate primarily on human interaction (‘‘human-centric

BPM suites’’) will overlap more and more with tools aimed at automated business

processes (‘‘integration-centric BPM suites’’) (Vollmer and Moore 2006) so that

companies can cover the expert analysis and documentation of processes, as well as

their technical integration with integrated development environments. Gartner
differentiates between the tools in ‘‘Business Process Analysis’’ and ‘‘Integrated

Service Environments’’ and thus, differentiates between tools in expert-analytic and

integration-oriented categories and predicts their mergence to ‘‘Business Process

Platforms’’ (Graham et al. 2004).

All it all, the problem of creating continuity in concepts from the business level

to IT-supported process execution by way of tool providers has already been

recognized and will be considered in the next generation of products. This will

allow the comprehensive IT-support of the methodology suggested here and

simplify the implementation of a service portfolio.

6 The usage of the methodology for the model-based design of service-oriented
systems

6.1 An introduction into the case study

The methodology developed here for the model-based design of service-oriented

systems has been tested in a case study. Our partner was the small business

Matchball Sportartikel Vertriebs-GmbH (short: Matchball), Germany, which is
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specialized in selling ball game items on the Internet. To support their business

processes, the company uses an ERP system, a shop system based on a database

with shopping basket functionality and in their call center, a CRM system.

Matchball provides its customers with the possibility of paying per credit card or

direct debit. The results from market studies that showed that 78.6% of the

customers in internet shops prefer payment by invoice triggered the business

process reengineering examined in the case study. Credit transfer is the second most

used payment method for shopping on the internet with 60 % before credit cards

with 59.5% (Postbank 2004; van Baal et al. 2005). However, a higher payment risk

is to be expected with the introduction of payment by invoice. To reduce this risk,

payment by invoice at Matchball was to be connected with a customer

creditworthiness check: only customers who were creditworthy (resp. whose rating

exceeded a minimum value) were to be allowed to pay by invoice. Different design

options for the creditworthiness check were examined and in association with this,

an SOA was introduced. Three alternatives were worked out:

1. Crefosprint online: This is an IT solution from Creditreform, which allows the

user to call up information from an economic database with approx. 3.6 million

data sets via an online-interface and can be integrated into the Matchball ERP

system. The customer’s creditworthiness data is transferred in an encoded,

structured form and linked with the customer master data in the ERP system

(Creditreform 2007). The creditworthiness check’s corporate task is completely

out-tasked to Creditreform with this solution.

2. Creditworthiness index: Within this individual solution, existing internal

evaluation rules and customer data should be enriched with external informa-

tion. A probability index from the SCHUFA (2007) provides this external

information on possible payment losses of customers. The contractual partners

receive a customer-specific score value with a rating level. The creditworthi-
ness index is provided over a proprietary interface technology from the

SCHUFA. The SCHUFA Computer Direct Information (SCDI) facilitates

communication between the customer’s application and the SCHUFA for order

processing via a dial-in.

3. MediaFinanz web service: With this web service specialized in internet

commerce from MediaFinanz GmbH & Co. KG creditworthiness data about

people living in Germany can also be obtained. The information is queried

directly from the contractual partner’s system via an SOAP interface. It is

however, possible to integrate the web service into Matchball’s ERP system

with little effort (MediaFinanz GmbH & Co.KG 2007).

The subject of the case study was the analysis of the value of each alternative.

The results we received using our methodology will be discussed in detail in the

following.

6.2 The configuration of the service portfolio

As the starting point for our analysis, the design alternatives at Matchball will be

described in potential models (cp. Fig. 6).
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The model shows that alternative services are available for the implementation of

the activity ‘‘Check creditworthiness of customer’’. The introduction of each

individual service however, has different infrastructural requirements. It becomes

clear that the decision is relevant locally in the process model, because it does not

show structural or institutional effects on other parts of the process. However,

different economic consequences do go hand-in-hand with the alternatives and these

can often only be discovered in a value-based examination.

To register the payments, an analysis based on a partial model (vom Brocke

2007) was carried out in the case study. It lend itself due to the locally, relatively

limited effect of the design decision. Thus, we examined which additional
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Fig. 6 Potential model for an order transaction at Matchball
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payments—in comparison to continuing with the status quo—were connected with

the selection of each alternative. In accordance with the methods introduced, the

payments were calculated differently according to the activity, infrastructure and

service level. The results are summarized in Table 1 and, in the case of the

MediaFinanz Web Service, broken down in detail.

The calculation allowed us to map and discuss the various economic

consequences in detail. The resulting planned values form the basis for the

following thoughts:

• Activity level: Matchball linked the introduction of a method of payment by

invoice with the expectation of minimizing the rate of abort events in the order

process. Log file-analyses have shown that the rate of abort events was at an

average of 95% up to now. Due to path analyses, it is assumed that this rate

could be improved by six percent to 89% with the introduction of the new

payment method. Market basket analyses show that an average turnover of 40 €

Table 1 Calculation of the payments for the usage of an SOA at Matchball
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per transaction should be fixed. A market forecast furnishes the estimated

process frequencies with which additional turnover can be determined. This

amounts to 960,000 € in the first period. In the case of the out-tasking of

creditworthiness checks to Crefosprint Online, this potential would be guaran-

teed by the service contract, payment risks however must be taken into account

for the other alternatives. While the risk in the case of MediaFinanz Web Service
only amounts to 0.1% in accordance with the service level agreements, one must

assume a risk of 5% in the case of the development of the creditworthiness
index. Correspondingly, the additional payment would be lower.

• Infrastructure level: The use of the MediaFinanz Web Service requires the

introduction of an enterprise service bus (ESB). In the use case it was planned to

follow an incremental implementation strategy (Hagel 2002), so that payments

to the amount of 25,000 € and the periodically new payments for maintenance

and adaptation could be assigned completely to the alternative. Such payments

would be lower in the case of out-tasking the creditworthiness checks to

Crefosprint Online. Here a monetary equivalent for the personal expense was

calculated that would result in the implementation of an online-interface

between the economic database and the ERP system through the in-house IT

consultants at Matchball. Similarly, payments for the alternative to the

creditworthiness index were calculated. These were higher due to the extent

of the task.

• Service level: A transaction-oriented price model with a cost rate of 6 Cent per

transaction was fixed for the MediaFinanz Web Service. The resulting payments

per period take the absolute frequency of the order transaction from the sales

planning into account, so that in the first period an activity frequency of 17,600

and payments amounting to 1,056 € result. In the case of the out-tasking to

Crefosprint Online, a cost rate of 1.5 € per transaction can be fixed at the same

quantity structure, so that correspondingly higher payments result. The

payments fixed for the creditworthiness index are the basis for a calculation

where the price models from the SCHUFA, as well as the internal cost rates for

resources were considered.

The payments recorded were successively aggregated for the purposes of

decision support. A succession of payments for each individual alternative was

determined by using the methods introduced. Based on this, the derivative payments

were determined in further analyses, in order to determine the economic value
generated in the concrete decision situation at Matchball per alternative. The results

are documented in the finance plan in Table 2 for the MediaFinanz Web Service
alternative.

In the financial plan created for the calculation, the original payments are first

taken over as a succession of payments. In order to determine the capital flow

connected with this, concrete positions for different types of investments and credit

from Matchball were listed. It was assumed that their own liquid assets amounted to

10,000 €. In addition, a loan with amortization for 2 years at 6% and a disagio of

5%, as well as an advance on a current account at 8% interest on debit were an

obvious choice. An interest rate at an average of 6% could be assumed for
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investments. The specific fiscal effects of the individual alternatives were also

considered, whereby a sinking average tax rate was assumed. The relevancy of the

fiscal analysis can be seen in the calculations, for example in the ability to

capitalization of the ESB solution, which means that a decision for the MediaFinanz
Web Service would result in fiscal advantages caused by the depreciation and

amortization of fixed assets, which then lead to a lower tax base.

The accumulated values of all design alternatives were calculated through the

extrapolation of loans and assets. In the planning at Matchball documented here, an

accumulated value for the investment in process reorganization using MediaFinanz
Web Service amounted to 4,615,991 €, an accumulated value of 4,535,077 € resulted

with Crefosprint Online and an accumulated value of 4,443,736 € resulted with the

creditworthiness index. Compared with the accumulated value of the opportunity—

a 6 % interest rate of the owner’s equity, which results in a value of 13,382 €—it

was shown that the introduction of payment by invoice would be advantageous for

Matchball. Due to the rate of the accumulated values, several variations of the

planned values were carried out, in order to investigate the sensitivity of the results.

Thus for example, it was shown that (on the example of the MediaFinanz Web
Service) a critical reduction of the frequency of abort events of 4.23% could be

achieved: if this percent mark is not exceeded, then the investment in the

reorganization proves to be disadvantageous.

The order of the alternatives shows that at Matchball the highest additional

accumulated value could be generated through a decision for the web service

alternative. The added value amounts to 80,914 € in contrast to Crefosprint Online
and 172,255 € in contrast to the creditworthiness index. Therefore, the introduction

Table 2 Calculation of the payments for an SOA usage at Matchball
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of payment by invoice using the MediaFinanz Web Service was set for the

implementation.

6.3 The implementation of the service portfolio

During the implementation of the service portfolio, the to-be information model for

order transactions at Matchball must be transferred into a corresponding application

model as a first step. The modeling language BPMN will be used here to represent

the application model. The starting point for the adaptation process is the process

logic represented in the EPC potential model (cp. Fig. 6). It will be complemented

with regard to the behavior of the service-oriented IT system supporting the order

process. Figure 7 shows the BPMN model resulting from the potential model. As in

the EPC model, we have gone without the representation of returns by the customer,

which serve informative purposes or corrective measures, in favor of a more clearly

arranged representation. For the same reasons, the process is represented after the

selection of a delivery address by the customer.

After the customer has selected his or her preferred address, the customer’s

creditworthiness is checked. This check takes place via data exchange with

MediaFinanz, the service provider for the creditworthiness check, which is

represented in a separate lane as an external organizational unit. Because errors

in the creditworthiness check or the communication with MediaFinanz cannot be

ruled out, error correction is defined with the help of an intermediate error event.

The error event is shown graphically on the lower edge of the respective activity.

The sequence flow coming from this leads directly to the activity ‘‘Inquire payment

method’’, which guarantees the operation of the shop system even if the

creditworthiness check fails.

The result of the creditworthiness check affects the choice of payment methods

offered to the customer. The corresponding decision is represented as a data-based

XOR gate in the form of a rhombus in the BPMN application model. A positive

result assumes the existence of explicit information about the customer’s sufficient

creditworthiness. In all other cases, i.e. should the check come up negative or

creditworthiness information not be available for the customer, the result of the

check is negative (default flow).

If the customer is creditworthy, then he is asked if he wishes to pay by invoice. If

the customer confirms, then the activity ‘‘Prepare invoice’’ is triggered immediately.

This may comprise several sub-steps, such as the calculation the gross/net amounts

of the invoice and the display of the value-added tax. Because these steps are not

shown in the graphic model, the relevant activity is marked with a ‘‘?’’ (collapsed

sub-process). Should the customer decide against payment by invoice, he is shown a

selection of other methods of payment, just as if the creditworthiness check had

turned out negative.

A selection between direct debit and credit card is only possible in this step of the

process. The shop system however, recommends direct debit as a standard. In both

cases, the payment transaction is prepared—similar to payment by invoice, i.e. all of

the information required for processing the later payment is collected. The use of

compensation activities ensures that, in the case of an aborted or failed order
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transaction, these payment preparations are recalled. Compensation activities can be

recognized by an arrow pointing backwards (compensation marker) in the lower

part of the activity rectangle. They are connected with the respective activity they

compensate via a dotted line (association). These in turn, are marked by a

compensation event, whose graphic appearance is similar to a ‘‘rewind’’-symbol.

When the procedures connected with the selection of the payment method are

concluded, the order is completely defined and only requires the legally binding

confirmation by the customer. If this occurs, then the transactional sub-process

‘‘Order transaction’’ is successfully concluded and the corresponding transaction,

represented by a frame with a double line (transaction sub-process), can be left

successfully. What follows is the order processing activity not discussed here, which

concludes the process as a whole. If the customer does not confirm the order, then

the order transaction is cancelled and the sequence flow leads to an abort event. This

in turn, leads to the process being stopped and triggers the abort event of the

transaction. This is represented at the lower edge of the transaction frame and can

also be triggered by external events such as a defined period being exceeded since

the last interaction of the customer with the online shop system.

The abort event of the transaction now causes the transaction to roll back by

activating all of the compensation events within the transaction and thus, triggering

the execution of the compensation activities connected with them. Lastly, the abort

event of the transaction triggers the activity ‘‘Delete order’’, which removes the

temporary shopping basket from the system.

Overall, the example once again illustrates the added value of the BPMN

application model in contrast to the EPC information model. After the decision for

support through a web service on the organizational level was made, the

representation concentrates on the precise illustration of the behavior of the

information system in the application level.

The second step in the implementation of the service portfolio is to transfer the

BPMN application model of the order transaction at Matchball into a corresponding

execution model. For this adaptation, further information in the form of attributes

must be added to the graphic model, as for example, partner links or variables for

XML data structures. The BPMN specification stipulates mapping rules defining

how such attributed BPMN models should be transformed into code-based,

executable BPEL models. BPMN is often used as a graphic notation for the

visualization of processes in web services development environments (a current list

of providers can be found at http://www.bpmn.org/BPMN_Supporters.htm). This

functionality has however, not yet been realized in many of the BPMN tools cur-

rently on the market, despite a standardized transformation of the BPMN models

into executable BPEL process descriptions by the OMG. Figure 1. Framework of

the model-based design of service-oriented systems Fig. 8 shows the BPEL code

resulting from the BPMN model in Fig. 7. Omissions are marked by ‘‘…’’.

The entire process is first surrounded by a scope-element (lines 4 and 58), which

defines the transaction context. An exception is defined in the lines 5–9 within the

faultHandlers-element. The transactional order process is located within a sequence-

element (lines 10 and 57). As can be seen in the basic structure of the BPEL

model, the four data-based gates of the BPMN model are transformed to four
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switch-constructs. Each outgoing sequence flow corresponds with an underlying

case-element, Default flows are mapped via otherwise-elements. A possible reset of

the transaction is triggered by the throw-element in line 54 and leads to the

activation of the compensationHandler with its respective invoke-activities in the

 1  <process … > 
 2  <partnerLinks> … </partnerLinks> 
 3  <variables> … </variables> 
 4  <scope>
5   <faultHandlers> 
 6      <catch faultName=“cancel”> 
 7        <invoke operation=“DeleteSalesOrder” … /> 
 8      </catch>
9  </faultHandlers> 
10   <sequence name=“orderprocess”> 
11      <invoke operation=“checkCreditWorthiness” … /> 
12    <switch> 
13        <case condition=“CustomerRating = A”>  
14          <invoke operation=“confirmInvoicePayment” … /> 
15        <switch> 
16            <case condition=“InvoiceConfirmation = false”> 
17              <invoke operation=“selectPaymentMethod” … /> 
18            </case> 
19            <otherwise> 
20              <invoke operation=“prepareInvoicePayment” … > 
21                <compensationHandler> 
22                  <invoke operation=“cancelInvoicePayment” … /> 
23                </compensationHandler> 
24              </invoke> 
25            </otherwise> 
26          </switch> 
27        </case> 
28        <otherwise> 
29          <invoke operation=“selectPaymentMethod” … /> 
30        </otherwise> 
31   </switch> 
32  <switch> 
33        <case condition=“PaymentMethod = Creditcard” > 
34          <invoke operation=“prepareCreditCardPayment” … > 
35            <compensationHandler> 
36              <invoke operation=“cancelCreditCardPayment” … /> 
37            </compensationHandler> 
38          </invoke> 
39        </case> 
40        <otherwise> 
41          <invoke operation=“prepareDebitPayment” … > 
42            <compensationHandler> 
43              <invoke operation=“cancelDebitPayment” … /> 
44            </compensationHandler> 
45          </invoke> 
46        </otherwise> 
47      </switch> 
48      <invoke operation=“confirmSalesOrder” … /> 
49      <switch> 
50        <case condition=“SalesOrderConfirmation = true” > 
51          <invoke operation=“processSalesOrder” … /> 
52        </case> 
53        <otherwise> 
54          <throw name=“cancel” faultName=“cancel”/> 
55        </otherwise> 
56     </switch> 
57   </sequence> 
58  </scope>
59  </process>  

Fig. 8 Execution model for an order transaction at Matchball (excerpt)
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lines 21, 35 and 42 via the execution of the operation DeleteSalesOrder stated in the

faultHandlers-element.

7 Summary and outlook

The leading providers of IT solutions see service-orientation as the paradigm of the

future. With this management and system architecture concept, it appears possible

for the first time to connect business process modeling with the physical execution

in a software platform. Nevertheless, the economic analysis of the investments

connected with the introduction of an SOA should not be neglected. In order to

make this evaluation of a long-term, strategic realignment of enterprise-wide IT

architecture connected with SOA possible, this article emphasized the usage of a

service-oriented architecture for the design of business processes. The introduced

methodology makes recommendations for process design that are economically

founded. With a cost/benefit analysis, one can determine whether the result (the

benefit) of the introduction of SOA justifies its effort (the costs). With the

methodology introduced in this paper, such an assessment can be carried out in

consideration of the individual economic parameters of a company.

The intended connection of two fields—on the one hand, conceptual modeling

and on the other, process controlling—for the evaluation of the value of an SOA is

new for two reasons: first up to now, no noteworthy research results on the value of

SOA were available and second, the lack of continuity of business requirements

towards IT implementations often criticized can be reacted to with the results in this

article.

The scientific preoccupation with SOA in this analysis must however, be

distinguished from empirical research. Nevertheless, the findings won here can be

consulted as a starting point for further empirical research work. Thus, analyses are

possible for investigating whether the more deductively won findings conform to the

reality observed in business practice. It is also possible to analyze to what extent

effects could be achieved on the effectiveness and efficiency of the procedure in

SOA implementation projects by using our methodology. And lastly, a future

challenge can be seen in the investigation of the effects of this methodology in

business reality.
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Österle H (2007) Business engineering: transition to the networked enterprise. Electronic Markets

6(2):14–16

Padovitz A, Krishnaswamy S, Loke SW (2003) Towards efficient selection of web services. In: Workshop

on web services and agent-based engineering, Melbourne, Australia, July 14/15, 2003

Pfadenhauer K, Dustdar S, Kittl B (2005a) Challenges and solutions for model driven web service

composition. In: Proceedings of the 14th IEEE international workshops on enabling technologies:

infrastructure for collaborative enterprise. IEEE Computer Society, pp 126–134

Pfadenhauer K, Dustdar S, Kittl B (2005b) Comparison of Two Distinctive Model Driven Web Service

Orchestration Proposals. In: Proceedings of the seventh IEEE international conference on

E-Commerce technology workshops—Volume 00. IEEE Computer Society, pp 29–36

Porter ME, Millar VE (1985) How information gives you competitive advantage. Harvard Business Rev

63(4):149–160

Postbank (ed) (2004) eCommerce 2004: Strukturen und Potenziale des eCommerce in Deutschland aus
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