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Abstract 

The concepts of processes and services can be used to structure both businesses 

and software systems. From a business perspective, the use of processes 

promises efficient management of organizations. From a software perspective, 
executable process descriptions provide a way to structure software systems 

according to the business process the systems should support. Furthermore, the 

concept of software services allows systems to be partitioned in a modular 
fashion, thereby enabling large-scale system integration on a technical level. 

By combining process descriptions with software services in service-based 

processes, it is feasible to address both business and more technical software 
needs.  

Aligning the business and software perspectives of processes and software 

services is, however, challenging, since implemented executable processes and 

software services need to cater for operational and strategic business needs as 

well as existing legacy software systems.  

In this thesis, several instruments are presented that aim at aiding the design 

and evolution of service-based processes. The aligning of operational business 

and software perspectives on process descriptions is addressed by the 
introduction of business and technical process model levels. These levels can 

be aligned by the use of a set of model transformations and associated 
transformation rules. Furthermore, the aligning is aided by introducing means 

for achieving flexibility on both the business and technical model levels. The 

development of service-based processes from a strategic business point of view 
is aided by the introduction of novel models and methods for goal-based design 

of software services. Taken together, the instruments can be used for the design 

and evolution of service-based processes. 
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1 Introduction 

The increased complexity of both business and software systems has put new 

requirements on the analysis and design of software systems. From a business 

perspective, the change from value chains (Porter, 1985) to the collaboration in 
value networks (Tapscott et al., 2000) increases the extent of business-to-

business collaboration. From a software perspective, the cross-enterprise 

collaboration and needed flexibility require an increased degree of system 
interconnection. This increased complexity requires new means to design and 

interconnect software systems. Two such means for structuring complex 

software systems that are increasingly popular are the notions of processes and 
services. 

The notion of process can be used as a means to describe and design 

organisations as well as software systems. Processes describe a set of linked 

activities that produce a certain output (Davenport, 1992). The notion of 

processes can be used both to describe the way a business works and as a tool 
for changing the business (Hammer and Champy, 2003). Processes have also 

been used to structure software systems, for example in workflow and business 

process management (BPM) systems (Dumas and Aalst, 2005), where process 
descriptions are executed to automate the whole or part of a business process.  

The notion of services can be used to modularize business offerings and 

software systems. Traditionally, the notion of service has been used to 

distinguish service-producing businesses from agricultural and manufacturing 

businesses (Metcalfe, 2001). Central to the concept of service is that services 
are value offerings that commonly consist of intangible values such as 

performed work. However, as pointed out in (Goldkuhl and Röstlinger, 2000), 

service offerings can also, in some contexts, consist of a combination of the 
exchange of goods and intangible values. In recent years, the concept of service 

has been applied to software systems in order to describe and design modular 

systems. A well-known architectural style for systems based on services is 
SOA – service-oriented architecture (Erl, 2007). In systems based on SOA, 

service providers deploy and host software services, which are used as 

resources by service consumers. Software services could thus be seen as the 
building block of large-scale systems, making it possible to support large 

networked or “virtual” enterprises (Fremantle, 2002).   

Both from a technical and from a business perspective, the combination of 

processes and services to build software systems can leverage several benefits. 
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From a business perspective, the use of executable process descriptions enables 

organisations, ideally, to use the same concepts for structuring their business 

and supporting software. Moreover, based on an executable process 
description, a part of the process can be provided as a software service 

(sometimes referred to as an “e-service” (Piccinelli and Stammers, 2001). On a 
business level, processes thus provide the means to describe the sequence of 

activities performed by internal or external parties. These activities can be 

supported by modular software services. On a technical level, process 
description languages such as BPEL (OASIS, 2007) offer the ability to 

combine software services with advanced process constructs, such as flow 

synchronization, which would otherwise be difficult to implement. To 
summarize, from the business perspective, the use of processes and software 

services promises closer support for business activities, while from a technical 

perspective, software services promise a better structure of software systems 
and the ability to interconnect large-scale systems with the use of executable 

process descriptions. A service-based process is a process that is designed to 

make use of software services, leveraging benefits from both the business and 
technical perspectives. 

1.1 Research Problem 

The combination of processes and software services is challenging, from both 

business and technical perspectives. 

From a business perspective, the designed software in the form of realized 

process descriptions and services must support the business on an operational 

as well as a strategic level. On an operational level, the realized process must 

support the day-to-day activities and message exchanges performed in the 
business. This means that it is desirable that the realized process and supporting 

software services mirror the design of the actual business process, as performed 

in the organization (Nurcan et al., 2005). The problem here is thus how to 
design process descriptions and services so that they follow a stipulated 

operational business process. From a business strategy point of view, the 

designed software must moreover be in line with the strategic goals of the 

organization; this is referred to as “strategy alignment” (Hendersson and 

Venkatraman, 1999) (Avison et al., 2004). From the above business 

perspective, there is a problem of creating software process descriptions and 

services such that they conform to the operational business processes as well as 
the strategic business goals of an organization. 

From a technical perspective, process descriptions and services need to fit 

into a context of legacy systems and existing software services. This means that 

new and modified processes and software services need to be designed with 
existing systems in mind. As pointed out in (Hoque, 2002), aligning existing 
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systems with business processes could lead to two problems. Firstly, the 

existing system services might simply not support the desired process design; 

this can lead to a situation where there is a discrepancy in the alignment of the 
desired business process and the realized process. Secondly, if the existing 

system services were to be modified to support every detail of the business 
process, it could be costly – thus hindering the cost-cutting effect of business 

process automation. Not being able to make use of existing systems efficiently 

can hinder the necessary business change (Shpilberg, 2007). Taking the 
technical perspective into consideration, there is thus a problem of creating 

software services and processes that fit within the technical context of existing 

systems. 

The problem domain is thus set in the intersection between operational 

business processes, strategic business goals and software processes and 

services. The target of the research is to address the above problems. A single 
guiding research question for this work can thus be formulated: 

 

How can process- and service-based instruments aid in combining business 

and technical perspectives in order to support business organizations on an 

operational process level as well as on a strategic level? 

 

In this work the focus is on instruments in the form of models and methods 

used for describing and combining the technical and business perspectives on 
processes and services. The result of the work is several instruments that aid in 

the realization of business processes that make use of existing system services. 
The instruments build on the perspectives of business and technical processes 

that exist in the context of existing system services. Thus, the instruments aid 

in the development of service-based processes. An overview of the instruments 
is given at the beginning of Chapter  3, and they are summarized below: 

- Business-level instruments: Models and methods are presented that aid in 

the design of service-based processes by enabling a strategic selection of 
software services, thereby addressing the problem of creating services and 

processes that conform to the strategic goals of the business. Furthermore, 

concepts are introduced that enable a higher degree of flexibility in the 
constructed operational service-based processes, thereby addressing the 

problem of fitting created software services and processes within existing 

systems.  

- Alignment instruments: Concepts and methods for the aligning of business- 

and technical-level processes in the form of structured model 
transformations (realization types) are presented. Furthermore, rules for how 

to uphold the alignment (realization rules) and instruments that enable the 

evaluation of the alignment (realization levels) are presented. These 
instruments together aid in the continuous evolution of service-based 
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processes. The alignment instruments address the problem of conformance 

between created software services and processes and business processes. 

- Technical-level instruments: Instruments in the form of design guidelines 

that aid the creation of software services that are easy to align with business 

processes are presented. Furthermore, models that allow the analysis of 
constraints in the existing system (system constraint models) are introduced. 

An assessment of basic architectures that can aid in the aligning of the 

business and technical levels is provided. The technical-level instruments 
address the problem of fitting processes and services into an existing 

technical context by letting software services be constructed such that they 

are easy to align with business processes.   

1.2 Research Approach 

Research in the field of information systems (IS) can be undertaken from 
several different perspectives. For example, research can take a technically 

oriented perspective to IS development (Benbasat and Weber, 1996), or 

consider IS from an economic and organizational perspective (Heikkila, 1995). 
This diversity is also reflected in the research approaches that are used in IS 

research. Given the diversity of research approaches in IS research, and their 

respective form of outcomes, it is of importance to explain the research 
approach taken in this work. 

The research approach taken in this work can be described as consisting of a 
main research method and a data collection method. The main research method 

concerns the generic step-by-step process to reach the desired type of research 

result, while the data collection method describes the way in which information 
is gathered from the studied problem domain. In this section, the choices of 

main research method and data collection method are described and justified. 

A description of how the research approach was concretely applied in the 
context of research projects is described in Section  1.3. 

As the main research method, this work takes a design research approach. In 
design research (Simon, 1996) (Hevner, 2004), the study of a domain is 

performed to create novel artefacts that can aid in solving problems in the 

domain. As pointed out in (Denning, 1997), design research is a path to 
innovation that can result in new ideas, practices or products. In (March and 

Smith, 1995), the outcome of design research is more abstractly classified as 

being constructs, models, methods and instantiations. According to this 
classification, constructs give a structured description of a domain, models 

interrelate problems and solutions, methods prescribe how to apply models and 

instantiations refer to the use of the artefact in a particular domain. The focus 
on artefact creation in design research is in contrast to approaches in natural 
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sciences which, to a greater degree, focus on the description and explanation of 

phenomena in a particular domain.  

Generally, the main research method is selected such that, by following a set 

of steps, the desired type of research result is achieved. The research reported 

in this thesis was performed in research projects that aimed to contribute to 
new methods and models for service-based business and technology 

integration. The use of design research is thereby justified by the desired type 

of research outcome. Applying design research to the business and technical 
problems of creating service-based processes stated in Section  1.1 means that 

the focus on the work is the creation of instruments that solve these problems 

and address the research question. Practically the design research followed a 
design research cycle to create novel methods and models, this is further 

described in the next section. Another approach would be to rely more on 

methods focused on descriptive research, such as grounded theory 
(Myers, 1997) (Strauss and Corbin, 1998). This would, however, shift the focus 

from solving problems in the domain into analysing and describing the domain. 
The ability of design research to improve the studied domain under the course 

of the research is similar to action research. However, in action research 

(Lewin, 1946), the focus is on the action that the researchers perform in the 
course of the research rather than the creation and validation of artefacts.  

As data collection method, this work is based on qualitative data collection 

performed in case studies. In (Yin, 2003), a case study is defined as an 
empirical inquiry that investigates a phenomenon within its real-life context. 

What make case studies appropriate for the research presented in this thesis are 

both the need to study complex real-world scenarios in their context and the 
need to test the created artefacts continuously. Thus, the case studies work as 

the empirical grounding of the research as well as a validation of the created 
artefacts. Note that case studies could be considered as being a complete 

method in itself (Yin, 2003); however, in this work, case studies are used as a 

part of the overall design research method. Three main case studies were 
performed – two within the Serviam project, and one within the REMS 

research project. The projects are further described in the next section. Within 

each performed case study, literature surveys, case data and modelling 
workshops were used as the means for data collection. Even though case 

studies are the most common way to perform qualitative studies in information 

systems (Myers, 1997), another approach would be to use quantitative methods 
for data collection. This would, however, not be in line with the desired type of 

research outcome as the created instruments in the form of novel models and 

methods were to be designed and used in a complex context of systems and 
business processes: this called for a more qualitative explorative approach. 
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1.3 Research Process 

The research was performed following an iterative design process based on 
case studies from two research projects, the Serviam project and the REMS 

project. Central to the process was the formulation of the artefacts, or 

instruments, that were applied in the case studies. Figure  1:1 gives an overview 
of the research process, each project is further described in the end of this 

section. As pointed out in the previous section, the design research method is 

central; therefore, a design research cycle is performed within each project and 
case study. The design research cycle (Takeda, 1990) consists of five steps. 

During the problem awareness step, a problem in the domain under study is 

discovered and analysed, as a foundation to a tentative solution suggestion 
produced in the suggestion step. In the case studies, concrete problems in 

industry were used as the fundament for creating solutions. During the 

development step, the created instruments are formalized further. In the 

research projects, the development step meant grounding the solution in 

existing research, as well as a formal, publishable, formulation of the 

instruments. The instantiation and validation step evaluates the created 

instruments, leading to further refinements. The validation was performed 
within each case study, applying the instruments. The conclusion step is used to 

sum up the research findings and the strengths and weaknesses of the created 

instruments. Central to the five steps is the iterative use of circumscription – 
where knowledge during the design and validation of artefacts is used as input 

to better design (see Figure  1:1). In the following, the five steps of the 

described design research cycle are described for the Serviam and REMS 
research projects. 
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In the Serviam project, the aim was to aid the development of new software 

services by the use of novel methods and technologies. The project consisted of 

ten organizations: with six industry partners (Sandvik, SEB, Volvo, The 
Swedish Tax Agency, SAS, AMF pension) and two research organizations 

(University of Skövde and the Royal Institute of Technology/Stockholm 
University), the project was hosted and led by the Swedish Computer Society 

and ITPlan consultancy. As a starting point, several smaller case studies and a 

literature survey were performed to analyse the participating organizations’ IT 
architectures and to reach consensus about the existing problems. During these 

smaller studies, the problem of using process descriptions to tackle both 

business and technical problems become evident (problem awareness step). As 
an outcome of this, the focus for the Royal Institute of Technology/Stockholm 

University research group was to focus on business and technical process 

alignment to aid the use and development of software services (suggestion 

step). Several instruments were developed, instantiated and validated in two 

case studies in collaboration with SEB and Sandvik. The smaller initial case 

studies are reported on in technical reports (not included in the thesis but 
available from www.serviam.se), while the other case studies and instruments 

are formalized in published research papers, five of which are included in this 

thesis (Papers 1–5).  

In the REMS project, the aim was to improve the handling of referrals sent 

between the primary health care and eye specialists in the Stockholm region. 
The project participants were S:t Eriks Eye Hospital, the city council of 

Stockholm, OOPix Consultancy and the Royal Institute of Technology/ 

Stockholm University. As a continuation of earlier research efforts, process 
descriptions were used as means to establish where in the health care process 

software services could come to best use. A new (compared with the Serviam 

project) research problem was how to identify future software services 
(problem awareness step). As a part of this work, the use of models of “soft” 

values were devised to identify possible future software services (suggestion 

step). Soft values such as trust, knowledge and safety are central to designing 
software services for the health care sector. As the outcome of the REMS 

project, instruments in the form of novel models and methods were developed, 

instantiated and validated. In the context of the REMS project, several 

modelling workshops were carried out to validate and use the created 

instruments. The description of the instruments was formalized in several 

research papers, two of which are included in this thesis (Papers 6 and 7). 
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2 Contribution 

The contribution of this thesis is published in seven research papers. This 

chapter provides an overview of each paper, and the specific contribution of 

each paper is outlined. The papers all provide instruments that aid in the 
development of service-based processes; an overview of the instruments is 

provided in Chapter  3. As a reference, other related publications from the 

author are given last in this chapter.  

2.1 Overview of Included Papers 

 

Paper 1: Service-based Processes – Design for Business and Technology 

Henkel, M., Zdravkovic, J., Johannesson, P. (2004), “Service-based Processes 

– Design for Business and Technology”, The International Conference on 
Service Oriented Computing (ICSOC'04), New York, USA, November 15–18, 

ACM Press. 

 

In this paper, two perspectives on processes are outlined: business and 

technical. Moreover, it is examined how the alignment of these perspectives is 

affected by constraints in the existing systems. For a successful implementation 

of business process support, these two perspectives must be taken into 

consideration. In order to support business processes, the design of the 

executable process must closely follow the business events and activities, as 

perceived by business actors. However, the design must also consider technical 
issues such as limitations in the existing technology and system services.  

In the paper it is examined how technical system constraints influence the 

realization of business processes. Based on this examination, a set of basic 

realization types are presented that describe the transformation from a business 
process into its realization as a technical process. Furthermore, the design 

criteria that need to be adhered to in order to cater for both business and 

technical needs are outlined. The paper is grounded in a case from the Serviam 

project, describing a process at the global engineering company Sandvik. 

This paper has three main contributions. First, the notions of business 

process (B), technical process (T) and system constraints (S) are introduced as 
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a means to systematically describe the context of business process 

implementation with IT support in the form of system services. Secondly, using 

a structured process framework, an instrument for describing the 
transformation from a business to a technical process is presented in the form 

of a set of realization types. Thirdly, a basic set of rules that should govern 
such transformations in order to uphold business process and technical process 

alignment is presented – the basic realization rules.   

The author contributed to all the parts of this paper: the main contribution 
made by the author was the notions of business and technical processes and 

their relation to system constraints and the basic realization rules. 

 

Paper 2: Moving from Business to Technology using Service-based 

Processes 

Zdravkovic, J., Henkel, M., Johannesson, P. (2005), “Moving from Business to 
Technology using Service-based Processes”, IEEE Journal of Internet 

Computing, Vol. 9(3), May/June. 

 

In this paper, the notion of business and technical processes is further 

analysed, along with their alignment. The alignment between business and 
technical processes can be described either as a binary fit/misfit. However, this 

will lead to an overly simplified description of the alignment from a pragmatic 
perspective – many process realizations would simply be described as not 

aligned to the business process. In this paper, the concept of alignment is thus 

further elaborated – allowing for a better description of actual process 
alignment cases. Four realization levels are introduced: loss-full, constrained, 

lossless and exceeded. Furthermore, the concept of realization rules is further 

detailed.   

This paper has two main contributions. First, a set of realization levels is 

introduced as an instrument to discern different levels of process alignment. 

Secondly, the basic realization rules from Paper 1 are further detailed.   

The author contributed to all the parts of this paper, the main contribution 

being the refinement of the realization rules and the elaboration of the 
alignment concept into the concept of realization levels. 

 

Paper 3: Supporting Development and Evolution of Service-based 

Processes 

Henkel, M., Zdravkovic, J. (2005), “Supporting Development and Evolution of 

Service-based Processes”, The IEEE International Conference on e-Business 
Engineering (ICEBE'05), Peking, China, October 18–20. 

 

In this paper, several concepts targeted towards aiding in the aligning of 

business processes and service-based systems are put forward. The aim is to 
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provide support for both the development and evolution of systems that are 

built using the concept of processes and system services. As a starting point, 

the notion of realization levels (as defined in Paper 2) can be used to discern 
the level of business conformance. The level of conformance relies on the 

supporting IT system to supply services as demanded in the business process. 
Thus, the system constraints as described in Paper 1 are vital. This paper 

presents a model of system constraints in order to clarify the system constraints 

that affect conformance. To reach a high level of conformance, process 
realizations need to follow certain realization rules: in this paper, the detailed 

realization rules that need to be followed are described. These rules guide the 

developer to process realizations with high business conformance. Based on a 
case study, the paper also outlines a method that makes use of the described 

models. By the combined use of the concepts, the structured development and 

evolution of process realizations are enabled by the continuous tracking of the 
alignment between the business and the supporting technology. 

The paper has three main contributions. Firstly, extended realization rules 

are presented, where each rule details under which condition the resulting 

realization will be a loss-full, constrained, lossless or exceeded realization. 

Secondly, a system constraint model documenting constraints in system 
services that affect the alignment is presented. Thirdly, the presented concepts 

are put to use in a high-level method for the development and evolution of 

systems, allowing the tracking of changes in the business and technical process 
models.  

The author contributed to all the parts of this paper, the main contribution 

being the extension of the realization rules. 

 

Paper 4: Flexible Realizations of Business Processes Using Existing 

Services 

Zdravkovic, J., Henkel, M. (2006), “Flexible Realizations of Business 

Processes Using Existing Services”, The 8th International Conference on 

Enterprise Information Systems (ICEIS'06), Paphos, Cyprus, May 24–27. 

 

In this paper, the aligning of business and technical processes is studied 

using a case from the Serviam project. When realizing business process 

models, in most situations, process specifications collide with specific 
properties of the existing system services. In this paper, an approach is 

presented that enables a relaxation of the business process specification to 

enable integration between the process and existing services. The approach is 
based on the notion of visibility, which allows a categorized relaxation of the 

process specification by not requiring every process state to be distinguished 

after the process is realized with existing services. The visibility levels 
presented in this paper are applied by indicating flexible elements in the 
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process at the design phase. The presented approach stimulates the aligning of  

business processes and existing services, facilitating a larger scale of 

transparent process realizations. 

The contribution of this paper is the presented visibility levels, which 

represent a novel means of describing flexibility in businesses processes. 
Guidelines for setting the visibility levels are further presented. 

The author contributed to all the parts of this paper, the main contribution 

being the identification of the notion of visibility levels. 

 

Paper 5: Architectures for Service-oriented Processes 

Henkel, M., Zdravkovic, J. (2004), “Architectures for Service-oriented 

Processes”, Proceedings of the Nordic Conference on Web Services 

(NCWS'04), Växjö, Sweden, November 22–23.  

 

In this paper, the alignment of business and technical processes is put in the 

context of common software architectures. The ability to handle the aligning of 

business and technical issues is briefly examined for three high-level 

architectures. The examination is based on three starting points for the 
combination of business and technology issues: starting with a technical 

process and adding a business layer on top of it (a layered approach), starting 

with a business process and adding technical aspects (an aspect-oriented 
approach) or combining business and technology into self-contained modules 

(a domain service approach). The advantages and disadvantages of each 

approach are discussed in the paper. 

The contribution of this paper is the examination of three typical 

architectures, in the form of an architecture assessment.  

The author was the main contributor to this paper.  

 

Paper 6: A Value-based Foundation for Service Modelling 

Henkel, M., Perjons, E., Zdravkovic, J. (2006), “A Value-based Foundation for 

Service Modelling”, The European Conference on Web Services (ECOWS'06), 

Zurich, Switzerland, December 4–6. 

 

In this paper, a strategic perspective on the use of process models and 

system services is taken, thus complementing the operational perspective taken 
in earlier papers. In the paper, it is reported how the use of value models and 

service process models can be used as the foundation for the analysis and 

design of system services. Value models facilitate the exploration of new 
services, whereas service process models relate services to specific activities in 

an organization’s business processes. A set of principles and models is elicited 

for the analysis and design of services, and the experiences of practising the 

principles in a project in the health care sector are discussed.  
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The contribution of this paper is the modelling approach that combines a 

high-level value model with technical system services. The paper is grounded 

in a case study from the REMS project. 

The author was the main contributor to this paper. 

 

Paper 7: Value and Goal Driven Design of E-Services 

Henkel, M., Johannesson, P., Perjons, E., Zdravkovic, J. (2007), “Value and 

Goal Driven Design of E-Services”, The IEEE International Conference on e-
Business Engineering (ICEBE'07), Hong Kong, China, October 24–26. 

 

In this paper, the strategic perspective of processes and services from Paper 

6 is refined. In the paper, an approach that utilizes strategic value models and 

goal models as the foundation for the identification of system services is 
presented. The approach can be used to ensure that the developed services 

support the desired high-level business values and goals of the involved actors. 

A case study from the Swedish health sector is used to ground and apply the 
presented approach. 

The main contribution of this paper consists of two parts. Firstly, a 
systematic goal-driven service identification method is presented. This method 

allows value models to be combined with goal models to identify system 

services that support the values and goals of the organization under study. 
Secondly, existing value models are extended with the notion of intended 

effects, which let the models capture the effect of exchanging economic 

resources between business partners.  

The author contributed to all the parts of this paper, the main contribution 

being the identification of the notion of intended effects and the description of 

the refinement of services.   
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3 Business Processes, Technical Processes 
and System Services 

A common problem of the system development efforts of today is to achieve 
integration between business and IT. A typical manifestation of the need to 

integrate these spheres of interest is the attempt to take a model of the business 

and transform it into an executable system. Thus, the business perspective on a 
process needs to be aligned with the requirements from a technical perspective. 

Examining this alignment requires an understanding of both the business and 

technical perspectives of process models. 

From the business perspective, process models provide the capability to 

steer the day-to-day business activities, as well as being a tool for exploring 

and designing new business processes. Business processes exist in the 
environment of organizations, people and business documents. As such, the 

process reflects organizations’ information exchange in the form of document 
flows, and tasks performed by employees as business activities. Since it is 

rooted in the business environment, the particular design of a business process 

is motivated in business terms, for example, by stating that the activities “plan 
shipment” and “plan production” should be executed in parallel to minimize 

the overall execution time of the process. However, when the business process 

is to be executed by system services, the process needs to be aligned with a 
technical environment that differs from the business environment.  

From the technical perspective, the environment of a process is confined by 

system services, coordinated by a specific programming language such as 
BPEL (OASIS, 2007). Thus, a process executed in this environment cannot 

solely be represented by pure business concepts, because constraints in existing 
system services might impose changes in the business process. For example, if 

the functionality corresponding to the activities “plan shipment” and “plan 

production” is entirely integrated and hidden in a company’s legacy system, it 
might not be possible to execute these activities in parallel. Another example is 

that the information structures used during execution might not exactly mirror 

the business documents, since additional information, such as transaction 
identifiers, are added in order to handle technical issues. Furthermore, software 

development frameworks and tools that are used as an aid to create software 

services might influence the final process realization. Thus, from the technical 
perspective, executing processes must solve technical problems related to 
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existing system services, as well as being aligned with the specified business 

process. 

Without abilities for the flexible design of process models from both the 

technical and business perspectives, changes to business requirements can 

result in major redesigns of the supporting services. For example, if the 
execution order of activities is firmly encoded within system services, it might 

be difficult to accommodate changed business requirements. On the other side, 

unnecessarily strict business requirements can hinder the reuse of legacy 
system services or the use of new innovative system services. Thus, if 

improvement of the alignment between business processes and supporting 

systems is to be achieved, both relaxation of business requirements and a 
technical realization that can accommodate changing business requirements 

must be achieved.  

The problem of non-fitness between enterprise business processes and 

information system functionality has been extensively studied in the research 

community (Bubenko and Wangler, 1993)(Dehnert, 2004)(Nurcan et al., 
2005)(Rolland and Prakash 2000)(Yu et al., 1995). This work differs in several 

aspects. First, the misfit between business and technical perspectives in process 

modelling is discussed with a focus on executable model specifications. 
Secondly, the research is concentrated towards bridging the gap between 

existing business- and technology-dependent model layers, by achieving 

flexibility in both layers.  

This work is also different from approaches that, based on a business 

process model, introduce manual (Aalst et al., 2005) or automated (Mantell, 
2003) (White, 2006) refinements in order to create an executable technical 

process model. Although these works provide valuable input to model 

transformations and combined business and system analysis, they do not 
consider an existing technical context. This work acknowledges that this kind 

of refinement is performed in a context of existing system services. Taking 

existing systems into consideration allows organizations to leverage existing 
system assets, and not only to employ a top-down approach for building new 

systems from the ground up.   

The usage and comparison of two model layers, business and technical, is 

similar to the model layers and model transformations in the Object 

Management Group’s (OMG) Model-Driven Architecture (MDA) approach. 
MDA is a general approach for separating models from the underlying platform 

technologies (Kleppe et al., 2003). Although the ideas of MDA can be applied 

to create automated model transformations, for example for component systems 
(Weis et al., 2003), MDA is rather a framework for such transformations. Thus, 

the realization types/transformations that are presented in this work can be used 

within the MDA framework. 

By introducing a set of novel instruments, this work specifically targets the 

case where a business process needs to fit on top of existing technical 



 

 16 

foundations. The aim is to introduce instruments that can be applied in order to 

achieve a high degree of flexibility in the aligning of a business process and 

these technical foundations. The approach targets three parts: the business and 
technical levels, and their alignment (Figure  3:1). 

On the technical level, this work presents service design guidelines, 

architecture assessment and a structured system constraint model. The service 

design guidelines need to be adhered to in order to minimize the impact of 
business requirement changes. Furthermore, a set of common software 

architectures is assessed to discern their ability to work as a foundation for 
building flexible software services. To discover and document constraints in 

existing services, a system constraint model is devised.   

On the business level, this work presents novel modelling constructs, adding 
the notion of visibility levels to business process models; a goal-driven method 

for the identification of system services is also devised. The notion of visibility 

levels is defined to make it possible to indicate an acceptable level of business-
process to-technical system alignment. To aid a designer to create system 

services that are not only compliant with the business process but also well 

aligned with the overall strategic business goals, a goal-driven method for 
service identification is used. 

 To aid the aligning of the business and technical levels, a set of 
transformations, in the form of realization types, is devised. These realization 

types describe possible transformations of business process concepts into 

technical concepts. Applying the realization types can lead to misalignment 
between business and technical layers; therefore, a set of basic realization rules 

is introduced to guide the use of the realization types. To enable a more 

Technical process layer 

Business process layer 

Process alignment 

Figure  3:1 Overview of instruments provided in the thesis 

Visibility levels 

Goal-driven service identification 

System constraint model 

Architecture assessment 

Service design guidelines 

Realization types 

Realization levels 

Basic realization rules 

Instruments 
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detailed assessment of the business process to–IT alignment in a particular 

setting, a set of realization levels is introduced.  

Combined, these instruments increase flexibility in realizations of business 

processes with existing services. The instruments that are presented are 

summarized below:  

 

Business-level instruments 

- Visibility levels. Applied to a process model in order to introduce flexibility 
into the process. For example, a process designer can indicate the desired 

conformance level when a business process is realized, thereby allowing a 

greater degree of freedom during the technical design. 

- Goal-driven identification method. Used to identify/design a set of services 

based on the overall business goals. For example, a service designer can 
apply the guidelines in the method to identify services that support business 

goals. 

 

Instruments for the aligning of the business and technical levels 

- Realization types. A realization type captures a possible transformation of a 

business process when it is realized in a technical setting. For example, a 

business process can be expanded to contain technical-level activities (such 
as system communication) in the technical realization.  

- Basic realization rules. Defines a set of rules that need to be upheld if the 

realization of a business process should support the desired business 

requirements. Basically, the realization rules govern the use of the 

realization types. 

- Realization levels. To assess the conformance between a business process 
and its technical realization, a set of realization levels can be used. The 

realization levels refine the realization rules, enabling a finer grading of the 

business–technical conformance in four levels. 

 

Technical-level instruments 

- System service constraint model. A service constraint model captures the 

constraints that are inherent in a service implementation. By using this 
model, the designer can discover possible clashes between the desired 

business process implementation and the existing system services. For 

example, existing services might have dependencies that hamper their 
ability to be used as a foundation for a business process realization.  

- Service design guidelines. The design guidelines guide the designer of 
system services to a flexible design. For example, avoiding unnecessary 
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dependencies between services makes them less susceptible to changed 

business requirements.  

- Architecture assessment. Assesses three general software architectures’ 

ability to handle differences in business and technical processes. The 

assessment is based on realization types and realization rules. 

 

All of the above instruments build upon the notion of business and technical 

processes, as described in the next section.   

3.1 Technical and Business Processes 

The designer of a process must be aware of both business and technical 

perspectives. The designed process must fit into a technical context represented 

by existing system services. Existing services can be seen as system constraints 

that affect the final process. Based on this reasoning, three models that a 

process designer needs to consider are defined: the business process, system 

constraints and technical process:  

- Business process (B) is a model of a real process, designed from the pure 

business perspective to reflect concepts such as business activities and 

business actors. 

- System constraints (S) are limitations in existing services. System 

constraints reflects the limitations of the current services that may hamper 
the alignment between a business process and its supporting systems. 

- Technical process (T) is a realization of a business process B in a context of 

existing services S, representing the final process model. A single business 

process can be realized in several ways by technical processes. This means 

that T belongs to the set R(S,B), where R is the function of realization. 

Commonly, a single business process B can be realized in several different 

ways, for example by using different technology-related activities in the 

technical process. If there are no constraints put on the realization from 
existing services, the technical process will directly correspond to the 

business process (T=B). 

 

An example of a business process and its realization as a technical process is 
presented in Figure  3:2. The example is based on a process provided by 

Sandvik, a global industrial materials engineering company. One of the 

concerns of the company is the coordination of their existing ERP systems in 

the form of services. The business process in Figure  3:2(a) depicts an excerpt 

of a process used to supply customers with product information. The model is 

described in the Business Process Modeling Notation - BPMN (White, 2006). 

BPMN is a technique used to express graphically rich process semantics which 



 

 19 

might be directly mapped to executable language specifications such as BPEL 

(OASIS, 2007). 

The business process in Figure  3:2(a) starts upon receiving a product 

information request. The customer profile information including the contact 

information and the order history are then gathered. Following this, the product 
drawing, the current stock level and the customer-based price are fetched 

concurrently. When the product information has been merged, it is archived 

and sent to the customer. Since the product information should not be archived 
unless the customer has received it, the archive and send activities are enclosed 

in an atomic transaction (Bernstein et al., 1987).  

The technical process is based on existing services, provided by the internal 

ERP systems (CAD, Order, Production and CRM system pools in Figure 

 3:2(b)). Compared with the business process, the technical process must adhere 
to a set of system constraints: 

- The customer profile is provided as two activities, because the customer 

contact and order history information are located in different ERP systems. 

- The customer price cannot be obtained concurrently with the stock 

information, because the Order system requires the stock location to 
calculate the price.   
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- Based on the customers’ service ability, product information should be sent 

as either an HTTP message or an FTP file. 

- Since the CRM system does not support atomic (two-phase commit) 

transactions, the stored response to the product request must be explicitly 

removed if the information does not reach the customer. This is realized by 
using a long-running (LRT) transaction (Garcia-Molina, 1991). 

 

The presented example shows how a realization of a business process can be 

affected by system constraints posed by existing software services. In the next 

section, the requirements that must hold for a technical process to be 
considered as a valid realization of a business process are defined. 

3.2 Aspects of Process Realization and Realization 

Types 

As described in the previous section, business processes are designed from the 

pure business perspective while, in technical processes, the context of existing 
services is considered in addition. Therefore, the results of the design of these 

processes differ. When studying the differences between a business process and 

a realized technical process, simple differences such as the amount of activities 
and differences in the sequencing of activities can be seen. However, more 

subtle differences in the way transactions and information are handled can also 

be analysed. To have a structured approach to the analysis, several aspects of 
the process must thus be examined. According to the process modelling studies 

(Curtis et al., 1992) and (Jablonski, 1995), the design of a workflow process is 

constituted by four distinguished aspects: functional, behavioural, 
informational and organizational. The design framework is further extended in 

(Rausch-Scott, 1997) by adding a fifth aspect, the transactional aspect, which 

defines which process activities are to be executed consistently, by enclosing 
particular transactional boundaries.  

The process design of each aspect will have a slightly different focus when 
designing business and technical processes. For example, while the functional 

design of a business process concerns the decomposition of a business into 

activities, the design of the corresponding technical process also concerns 
mapping those activities to existing or new system services. In Table  3:1, 

below, the design of technical and business processes for the described process 

design aspects is summarized.  
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Table  3:1 A summary of design aspects for business and technical processes 

 Functional Behavioural Informational Organizational Transactional 

General 
design 
task 

Decompose 
into activities 

Sequencing of 
activities 

Structure 
message and 
process 
information 

Assign 
responsibility for 
executing an 
activity 

Select 
transaction 
model and 
transaction 
boundaries 

Business 
process 
design 

Decompose 
according to 
business 
activities 

Governed by 
business rules 
and contracts 

According to 
business 
concepts 

According to 
business actors 

Keep 
consistent 
business 
states 

Technical 
process 
design 

Decompose 
according to 
operations in 
existing 
services 

Governed 
(partly) by 
features of the 
existing systems 

Business 
concepts 
split/extended 
according to 
service needs 

System services 
hosted by 
business parties 

Keep systems 
and data in a 
consistent 
state 

 

In the following, the technical considerations of the five process design aspects 
are described. Based on them, a set of model transformations are defined, 

called realization types, which are utilized when transforming a business 

process into a technical process.  

 

The functional aspect concerns activities that are to be executed. Based on 
(Rausch-Scott, 1997), the functionality of an activity is defined with three 

elements: activity name describes the result to be fulfilled, input and output 

messages define information exchange and constraints determine pre- and post-
conditions. For example, in a business process activity “get customer order 

history”, the required result is to obtain past customer orders, the input message 

is the customer identification and the output message is an order history. A 
post-condition of the activity might be that the order history must contain at 

least the last twelve months. When a business process is realized with a 

technical process, some changes may be required, due to the capabilities of the 
existing services. This means that the functionality of the technical process 

activities will differ from the business process activities regarding the 
constituting elements. Based on this, the following transformations (i.e. 

realization types) are identified: 

 

- Specialization. Technical process activities may change the results of 

business process activities by specializing them to particular technical 

protocols or systems. 

- Aggregation. Technical process activities may aggregate exchanged 

messages differently than business process activities. 

- Constraint mapping. Technical process activities can impose constraints 

different from the constraints in the business process activities. 
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The behavioural aspect concerns the process control flow, i.e. when an 

activity is to be executed in relation to others. Core control-flow constructs are 

used to express order (sequence or in parallel) and conditional branching of 
process activities. In a business process, the use of the control-flow constructs 

is governed by business rules – for instance, it may be required that the activity 
“deliver goods” cannot be started before the activity “receive payment” is 

completed. When realizing a business process as a technical process, 

dependencies between existing services can prevent a transparent 
implementation of the behavioural aspect. Based on the described control-flow 

constructs, the following realization types are identified:  

- Reordering. The ordering of a set of technical process activities may not be 
the same as of the corresponding business process activities. 

- Condition mapping. Branching conditions in a technical process may not 
match the specified conditions in the business process. 

 

The informational aspect considers the concepts needed for representing 

process internal data and the data that the process exchanges with the external 

environment. In a business process, the informational aspect entails business 
concepts such as customers, orders, invoices, etc. The technical process 

includes information concepts that are available from existing services in the 

form of well-designed information structures. Hence, the following realization 
type is elicited:  

- Information inclusion. A technical process might not include the 

information concepts defined in the business process. It is also possible that 
the technical process includes non-business information to model technical 

concepts such as system or transaction identifiers. 

 

The transactional aspect rules consistent execution of a set of process 

activities. As the activities may have a short or long duration, process 

transactions involve two different models. The atomic transaction model 
(Bernstein et al., 1987) is used to govern a set of short-durable activities, where 

the results of the activities become visible only after they all complete 

successfully. In the case of an error, the activities are rolled-back (i.e. 

cancelled), by the two-phase commit protocol. Long-durable activities are ruled 

by the long-running model (Garcia-Molina, 1991), where the result of an 

activity becomes visible as soon as the activity completes. In the case of errors, 

a long-running transaction is rolled-back by compensating for the activities that 
had successfully completed. Realization of the transactional aspect of a 

business process is limited by the transactional properties of the existing 

services. For example, it may be that order processing activities in a business 
process are designed as long-running to enable the control of intermediate 

documents, while the corresponding services are governed by an atomic 
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transaction in the final technical process, as they are short-durable, and 

compensating services are not, therefore, designed. This brings out the 

following realization type: 

- Model mapping. A technical process may impose the use of a transactional 

model other than that required by the business process.  

 

The organizational aspect addresses the responsibility for executing process 

activities. When designing a business process, the responsibility is assigned to 

business roles, to dedicate and control the responsibilities of parties engaged in 

the process. In the technical process, the business roles correspond to the 
parties that host services. For instance, a business partner that is responsible for 

handling a delivery might in the technical process be represented by the 

services provided by the partner’s organization, or by a third party. The 
described transformation elicits the following realization type:  

- Role mapping. The roles responsible for business process activities are in 

the technical process mapped to the parties that realize those activities by 
the corresponding services; the services, however, might not be owned (or 

supervised) by the designated parties.   

 

The described realization types cover the possible transformations from 

business to technical processes. In order for the realization types to be applied, 

it must be possible to structure the business process at least using the functional 
aspect, i.e. there must be a set of activities. 

3.3 Basic Realization Rules 

A business process is designed to fulfil a goal. This means that a technical 

process, to be aligned with a business process, must fulfil the goal of the 
original process. Every process consists of a set of states (Aalst and Baste, 

2002). By enclosing the current process status, a process state points out the 

extent of the final goal (i.e. a sub-goal) that is reached (Letier, 2002). Note that 
the process state is not only about which activity is about to be performed, but 

encompasses all five process aspects mentioned previously: functional, 

behavioural, informational, transactional and organizational. This means that in 
every process state the status of each of the five process aspects might be 

discerned. For example, when the activity “send order” completes, the process 

comes into the state which, from the functional aspect, might be described as 
the required order is sent, from the organizational aspect that the activity is 

performed by a particular actor, and so on.  

Following the given argumentation, the basic criterion for the alignment 

between the technical and the business process is that the technical process 
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should be designed to satisfy all sub-goals of the business process by tracing its 

states:  

 

A technical process must be designed to trace all states of a business 

process, where the content of a single process state comprises the statuses of 

all five design aspects. 

 

This means that, when aligning business and technical processes, each of the 

design aspects must be regarded. Following the defined requirement for 

alignment between business and technical processes, it can be concluded that, 

in the context of given existing services S, a technical process T can realize a 
designed business process B in the following two basic ways: 

- As a lossless realization, meaning that the process T traces all the states of 

the process B. It means the process B is realizable with the existing services 
S. 

- As a loss-full realization, meaning that the process T does not trace the 
states of the process B. It means the process B is unrealizable with the 

existing services S. 

 

When constructing a technical process, the designer can perform alterations to 

the business by applying the realization types as described earlier. Depending 
on how the realization types are applied, the resulting technical process can 

either become a loss-full or a lossless realization of the business process.  

By following a set of basic realization rules when applying the realization 

types, a lossless realization can be ensured. So, for each of the realization 

types, a set of rules can be defined that describe how the realization type should 
be applied in order to reach a lossless realization. An example of basic 

realization rules for the behavioural aspects is the sequencing and conditional 

branching rules (the full list of basic rules can be found in Paper 1 and 
Paper 2): 

- Sequencing. In a technical process, activity ordering must be the same or 

stronger than in the business process. This means that parallel flows in a 
business process could be realized by using the same (parallel) order or by 

using the stronger sequential ordering in the technical process. In contrast, a 

sequence in a business process must be realized in the same way as in a 
technical process to ensure that the technical process control flow mirrors 

the control flow of the business process activities.  

- Conditional branching. Control flow must be designed such that every 

branch in the business process corresponds to at least one branch in the 

technical process. If this isn’t the case, determining the executed branch in 
the business process is impossible.  
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Breaking these requirements means that the business process is loss-fully 

realized in its current form. We can use the set of basic rules to analyse a 

technical process on a per-aspect basis and discern how well it realizes the 
corresponding business process. This analysis yields a list of required 

modifications to the technical process to support the business process.  

If the above basic rules of the behavioural aspect are applied to the case in 

Figure  3:2, we can see that the behavioural aspects are realized in a lossless 

way. The technical process uses the sequential flow for the “get stock” and “get 
customer price” activities instead of the parallel flow in the business process. 

Furthermore, a conditional branching has separate activities for each of the FTP 

and HTTP protocols. However, neither of these modifications breaks the stated 
rules of ordering or conditional branching. 

Process designers can perform this type of assessment in the design stage to 
create a plan for lossless realization. Later, when carrying out maintenance on 

the process because of changing business requirements, the designer can apply 

the basic realization rules to perform an impact analysis. For each aspect, such 
an analysis can yield a list of required modifications that need to be performed 

in the technical process in order to support the changed business process.  
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4 Extended Realization Rules – Introducing 
Realization Levels 

In reality, due to constraints of existing services, it is difficult to obtain 
technical processes that are strictly lossless in comparison to corresponding 

business processes. Some business processes cannot be realized without 

alterations to the business; this is the case when existing services cannot 
support the process states as required on the business level. In other situations, 

a business process could be realized by one technical process, or even more if 

there are services that provide alternative implementations.  

Finally, the constraints of existing services could lead to a realization of a 

business process where the technical process only is capable of tracing the 

states of some of the business process instances. This leads to a situation where 
it is the actual instance data that determine if the technical process can realize 

the business process.  

The basic realization rules that were introduced previously are quite crude; 

either a realization supports all possible instances of a business processes (a 

lossless realization), or it does not (a loss-full realization).  

To be able to assess the level of realization in a more fine granular way it is 

necessary to look at what process instances a technical realization supports. 

A loss-full realized process might still support a constrained set of instances, 

while a lossless realized process support for instances might exceed those 

needed by the business process. Based on the capability of a technical process 
to trace the states of a business process, four possible levels of realization of a 

business process (B), by using existing system services (S) can thus be defined: 

- Lossfull-realizable (LFR): The process B cannot be realized as it is, because 
it is not possible to define a single technical process that would trace the 

states of the process B.  

- Constrained-realizable (CR): The process B is realized with one or more 

technical processes, where those processes trace the states of the process B 

but only for some of the required instances. 

- Lossless-realizable (LLR): The process B is realized with exactly one 

technical process, where this process traces the states of the process B for all 

required instances.  
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- Exceeded-realizable (ER): The process B is realized with a technical 

process where this process traces the states of the process B both for the 

required and some, not required instances.  

 

In many circumstances, existing services enable realization of a business 
process for some instances, while not for others (i.e. the process is constrained 

realizable). It is also important to detect the situations when existing services 

provide more capabilities than required. An exceeded realizable business 
process indicates that existing systems are “too-supportive”. Exceeded 

realizations can be examined when it is important to identify if an organization 

engage more resources in service design than necessary. The realization levels 
can be used as an instrument to assess the alignment between a business 

process and a technical process. The four realization levels are summarized in 

Figure  4:1.  

Based on the given classification of realization levels it is possible to examine a 

technical process to assess at what level the realization is performed. Since 

each realization type defines a possible transformation from a business process 

to a technical process the condition under which each realization type leads to a 

certain level can be examined. Depending on the underlying system constraints 

(S), a realization type transforming the business process (B) into a technical 

process (T) might result in different realization levels. In the following sections 

the conditions under which a realization type could be considered Loss-full 
(LFR), Constrained (CR) etc is examined, examples are given from the 

Sandvik case presented in Chapter  3.  

 

Functional aspect 

The functional aspects got three realization types; aggregation, specialization 

and constraint mapping, all describing possible transformations from a business 
process to a technical process. Table  4:1 examines the conditions that governs 

when the three realization types are to be considered resulting in a loss-full, 

Loss-full (LFR) 

Constrained (CR) 

Lossless (LLR) 

Exceeded (ER) 

Realization level Business process alignment 

Does not support all business process states 

Support all business process states, for some 
instances 

Support all business process states 

Support business process states, and 
additional states 

Figure  4:1 The four realization levels 
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constrained, lossless or exceeded realization. Furthermore, the table contains an 

evaluation of the case example in Figure  3:2. 

Table  4:1 Realization levels of the functional aspect 

 Aggregation Specialization Constraint mapping 

L
F

R
 

The message exchange of a 
system service S 
corresponds to more than 
one activity in the process 
B. The process B states 
cannot be monitored 
because several activities 
are realized with a single 
system service. 

The specializations of 
system service S do not 
fulfil the goal of the process 
B activity, because they are 
in conflict. 

A system service S has 
stronger preconditions and 
weaker post-conditions than a 
process B activity. The 
constraints of the process B 
activity are not therefore 
supported. 

C
R

 

For some instances high 
granularity system services 
S that correspond to the 
message exchange of 
multiple business activities 
are invoked. 

The given specializations of 
a process B activity support 
certain required instances, 
but not others (i.e. some of 
the required specializations 
are supported).  

The system service S has 
stronger preconditions and/or 
weaker post-conditions than 
the process B activity, but 
certain instances are satisfied.  

L
L

R
 

The message exchange of a 
system service S 
contributes to the message 
exchange of most one 
activity in the process B. 
This ensures that the state 
of the process B can be 
monitored on a per-activity 
basis. 

One or more system 
services S specialize an 
activity from the process B, 
while the goal of activity is 
fulfilled (i.e. the 
specializations are coherent 
with the requirements of all 
the instances). 

The constraints of a service S 
are same as for an activity in 
the process B. This ensures 
that the pre- and post-
conditions of the process B 
activity are supported. 

E
R

 

The system service S 
provides alternative 
message aggregations, 
where all those 
aggregations support a 
lossless realization. 

The system service S 
specialize a process B 
activity to several technical 
systems (protocols), where 
some of them are not 
needed by the required 
instances. 

The system service S has 
weaker pre-conditions and/or 
stronger post-conditions than 
the process B activity.  

E
v
al

u
at

io
n
 

 “Get customer profile” in 

Figure  3:2(a) corresponds 

to the activities “Get 
customer contact” and “Get 
customer orders” in Figure 

 3:2(b). This is a lossless 

realization, since the states 
of the business process can 
be traced by the technical 
process states. 

“Send product information” 
in Figure 1(a), corresponds 
to activities “Send product 
info. by HTTP” and “Send 
product info. by FTP” in 

Figure  3:2(b). The 

realization is lossless 
because current Sandvik’s 
customers require exactly 
those protocols. 

“Get customer price” in 
Figure 1(a) has both the euros 
and US dollars as the post-
condition, while the activity 

in Figure  3:2(b) gives euros 

only. The realization is 
constrained, because Sandvik 
has more than “Euro” 
customers. 
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Behavioural aspect 

The behavioural aspect concerns the sequencing of activities, when realizing a 

business process two realization types were identified; reordering and condition 
mapping. Table  4:2 outlines the four realization levels for the behavioural 

aspect. 

Table  4:2 Realization levels of the behavioural aspect 

 Reordering Condition mapping 

L
F

R
 The ordering dependency of a group of system 

services S is weaker than of the corresponding 
activities in the process B.  

The system services S do not provide 
support for required branches from the 
process B. 

C
R

 

The ordering dependency of a group of system 
services S is weaker than of the corresponding 
activities in the process B, but this is 
acceptable for some customer instances. 

The system services S do not provide 
services to support all required branches 
from the process B. 

L
L

R
 

The ordering dependency of a group of system 
services S is the same or stronger than of the 
corresponding activities in the process B. This 
ensures support for a required ordering of 
activities in the process B. 

The system services S provide services 
such that every branch in the process B 
corresponds to one branch in the technical 
process. This ensures that branching 
conditions as specified in the process B 
may be followed in the technical process. 

E
R

 The system services S support alternative 
orders to implement an order of activities in 
the process B. 

The system services S support wider 
branching than required in the process B. 

E
v
al

u
at

io
n
 

“Get stock” and “Get customer price” are 

ordered in parallel in Figure  3:2(a), while the 

corresponding activities are sequentially or-

dered in Figure  3:2(b), due to execution 

dependency. Since the sequence is a stronger 
order than parallel, the business process is 
lossless realized. 

In a business process credit ratings are 
handled by two different branches, one for 
level A and another for level B. If there are 
no services to support the ratings, the 
process will be lossfull realizable; if only a 
single rating is supported, the realization 
will be constrained. 

 

The informational aspect 

The informational aspect concerns the concepts needed for representing data 

that a process uses. For the realization of business processes into technical 

processes the information inclusion realization type was identified. The basic 
rule for information inclusion is that the technical process must include all 

concepts used by the business process, this rule is further detailed by the use of 

the four realization levels as shown in Table  4:3. 
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Table  4:3 Realization levels of the informational aspect 

 Information inclusion 
L

F
R

 

The system services S do not support all information concepts required by activities in the 
process B. 

C
R

 The system services S support all information concepts required by activities in the process 
B, but only for some process instances. 

L
L

R
 

The system services S support all information concepts as required by activities in the 
process B. In addition, extensions to handle technical issues might exist. 

E
R

 The system services S implement all information concepts required by the process B and, in 
addition, support some non-required business concepts.  

E
v
al

u
at

io
n
 

Investigation of the customer profile document required in the business process in Figure 

 3:2(a), shows that needed information concepts are supported in the documents exchanged 

by services for retrieving customer contact and orders (i.e. the realization lossless). In the 
same example, the process would be lossfull realizable if, for instance, the customer’s e-
mail address is required in the business process, while the customer contact document 
retrieved by the corresponding system service does not contain this information. 

 

The organizational aspect 

The organisational Aspect defines the actors that are to perform activities 

within a process. A single realization type were identified, role mapping, 

describing the mapping between business actors in the business process and 

systems in the technical process. The four realization levels for the role 

mapping realization type are described in Table  4:4, below. 

Table  4:4 Realization levels of the organizational aspect 

 Role mapping 

L
F

R
 The system services S that implement business activities from the process B are not owned 

by the parties in the process B that are responsible for those business activities (in the form 
of business roles). 

C
R

 Responsibility for executing an activity in the process B by one of several parties is 
determined dynamically. For those instances where a party is assigned to the corresponding 
business role, the responsibility for execution is traced; for those others, it is not. 

L
L

R
 The system services S that implement business activities from the process B are owned by 

the parties in the process B that are responsible for those business activities (in the form of 
business roles). 

E
R

 Several business parties may take responsibility for an activity in the process B. All parties 
provide supporting system services.  

E
v
al

u
at

io
n
 

In the example in Figure  3:2, Sandvik is responsible for executing all activities in the 

business process. Thus, the realization is lossless, because there is a clear role mapping 
between the business roles and the services, since Sandvik owns all systems that implement 
the activities in the technical process.  
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The transactional aspect 

The transactional aspects concerns the process transactions, govern by the 

selected transactional model (atomic or log-running). For the transactional 
aspect the model mapping realization type were identified. In table  4:5 it is 

discerned under which situation a model mapping lead to each of the four 

realization levels. 

Table  4:5 Realization levels of the transactional aspect 

 Model mapping 

L
F

R
 

The system services S enclosed in a transaction, differ in transactional properties from the 
corresponding activities in the process B. 

C
R

 The system services S differ in transactional properties from the corresponding activities in 
the process B, but for some customer instances, the transactional requirements are satisfied 
(such as, for instance, visibility of intermediate results).  

L
L

R
 The system services S enclosed in a transaction have same transactional properties as 

required for the corresponding activities in the process B. This ensures the equivalence of 
transaction models in the process B and a final technical process. 

E
R

 The system services S enclosed in a transaction support both atomic and long-running 
properties. 

E
v
al

u
at

io
n
 In the example in Figure  3:2(a), activities “Archive response” and “Send product 

information” are designed as atomic while the corresponding systems services support only 

the long-running properties (and therefore, the activities in the process in Figure  3:2(b) are 

enclosed in a long-running transaction). The business process is therefore lossfull realizable. 

 
The levels of realization as defined in this section, give the possibility to assess 

the realization of a business process in greater detail compared to the Basic 

Realization Rules. The process can be examined on a per-aspect basis to 
discern if it is lossfull-, constrained-, lossless- or exceeded realizable.  

By following the discussion of the Sandvik case (given in the evaluation part 
in Tables  4:1- 4:5) the following can be concluded: the realization of the 

functional aspect is constrained, the behavioural, organizational and 

informational aspect are lossless realized, while the transactional aspect is 
lossfull realizable. A conclusion is therefore that the business process in Figure 

 3:2(a) is loss-full realizable with the existing ERP services (i.e. the process in 

Figure Figure  3:2(b) does not realize the original process).  
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5 An Approach to Achieve Alignment Using 
Constraint Modelling  

In the previous chapters it was shown how constraints in system service 
capabilities may lead to a loss-full realization of a business process. In this 

chapter it is examined how systems can be described in order to provide a 

structured overview of the offered services. Having a systematic model of 
current system service constraints is important from two perspectives. Firstly, 

looking from a top-down perspective it gives the process designer an overview 

of current system limitations, thereby enabling a quick assessment whether or 
not a technical process can be made lossless. Secondly, from a bottom-up 

perspective, it enables the designer to do a quick assessment of the possible 

impact on a business process when a system service is changed. 

5.1 System Constraint Model 

The purpose with the system constraint model is to document the constraints in 

existing system services that affect the use of the realization types. For 
example, when realizing the behavioural aspect of a business process the 

process designer need to be aware of any behavioural dependencies in existing 

services that may affect the order of the activities in the realized process. The 

realization types, as described in Chapter  3.2, thus give a base for how to 

structure a model of system constraints.  

 

Modelling functional aspect 

- The aggregation realization type is used to map business process activities 

to services that are close to the granularity of business process activities. 

Thereby, a classification of services into granularity levels is needed to 

enable searching for appropriate services. Furthermore, documenting 

feasible service aggregations make it possible to identify multiple services 
that implement a single activity in the business level. To support the 

described use of the aggregation realization type, two concepts are included 

in the system constraint model: granularity level and aggregation (see 
Figure  5:1).  
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- The specialization realization type is applied when there is a need to provide 

multiple implementations for a business activity, such as for instance, 

specialization to different transport protocols. For this purpose, the concept 
of specialization group is introduced into the model of system constraints. 

For instance, a business activity “send order” might be implemented by the 
services “send order by HTTP”, or “send order by FTP”, belonging to a 

single specialization group. A specialization group provides easy access to 

all the services that are designed as specializations to particular technical 
systems. 

- By using the constraint mapping realization type, the designer introduces 

requirements in the pre and/or the post-conditions of a service. Of 
importance for the design is to select services that provide a satisfying 

mapping of the pre- and post-conditions. As described in Chapter  4, lossless 
(LLR) and exceeded realizations (ER) of the constraint mapping realization 

type require equal or weaker pre-conditions, and equal or stronger post-

conditions. By introducing the concept of conditions, and associating it with 
input and output messages (in the form of message contracts), the system 

constraint model provide support for a structured use of the constraint 

mapping realization type. 

 

Modelling behavioural aspect:  

− The reordering realization type is used to (re-) arrange the order in which 
activities are performed in the technical process. System services might be 

designed to be executed in a certain order. This is common, for example, for 

the services in a single system interface. Services that were designed to be 

Condition 

Granularity 
level 

Dependency Organization 

Specialization 
group 

Message Message 
contract 

Input Output 

Own 

Contain 

Include Strengthen 

Aggregate 

System Service 

Figure  5:1 Model of system constraints 

Include Include 

Start End 

Has 

Inc. in 

Support 

Transaction 
model 
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executed in a sequence, cannot be executed in parallel, or in the reverse 

order. The designer must be aware of this when transforming the business 

process into a technical process using the reordering realization type. A 
concept of a dependency is therefore introduced in the system constraint 

model. Note that a dependency between two services only indicates that the 
services should be executed in a certain sequence. Unlike a control flow 

dependency, a sequence dependency allows the designer to insert additional 

services between two services that have a dependency.  
− The use of the condition mapping realization type is dependant on the 

existence of the services that support business-level process branches. 

Therefore, the concepts of service and aggregation are used to find 
appropriate services to implement each branch. 

 

Modelling informational aspect: 

− The information mapping realization type maps concepts in the business 

process to those in the technical process. A vital part of the design of a 
technical process and its services is to ensure that all the information 

structures that exist on the business level are supported by the system 

services. The information structures are represented by the input and output 
messages of the system services. To enable the designer to browse the 

information structures and to select the services that support the business 

level information needs, the system constraint model contains the message 

concept. In the model in Figure  5:1, the structure of each input and output 

parameter may be represented by a nested structure of messages. More 

advanced models might include the use in generalization and the notion of 
primitive data types to further refine the message structure definition.  

 

Modelling transactional aspect: 

− The model mapping realization type is used to map transactional models 

from the business to the technical process. In order to achieve a lossless 
realization, the designer needs to select services that enforce the same 

transactional model as the business level. To enable the selection of these 

services the system constraints model includes the simple concept of 
transactional model. The concept has the extent {no transaction support, 

atomic, long-running}.  

 

Modelling organizational aspect: 

− The role mapping realization type maps a business role to a system that is to 
execute services on behalf of the business role. Deciding if a service should 

be part of a technical process is therefore not just a matter of matching 

service messages and goals. The service must also conform to a correct role-
mapping realization type. This means that a service must execute within a 
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system owned by an organizational unit that corresponds to a business role. 

To help the designer ensure that the service is owned by the appropriate 

organization the system constraint model contains the concepts of system 
and organization. System is used as a convenience concept, to depict groups 

of services belonging to the same organization unit. The organizational 
concept is used to depict legal entities, such as the organizational 

departments in a company.  

 
The outlined system constraint model is derived from the information required 

when applying realization types to transform a business process to a technical 

process. This kind of model is an important aid in the development of new 
technical processes. In the next section, it is described how a combination of 

the concepts of system constraints, realization types and realization levels 

enable a continuous process evolution.  

5.2 Process Development and Evolution 

The concepts presented in this chapter can be used to support both the 

development of new technical processes, as well as to support the evolution of 
those processes. Developing new processes consists of selecting the 

transformations (realization types) and utilizing the system services that yields 

the highest possible realization level. Later, in process evolution, it must be 

possible to track how changes of system constraints affect an existing business 

process realization. 

The key issue to enable this kind of tracking is to represent the use of 

realization types and the system constraints that affected the selection of the 

realization types in a unified model. A high-level version of such a model, 
based on the concepts presented in this chapter, is shown in Figure  5:2. The 

system constraints of each system service presented in the model are expressed 

in a uniform and structured way, as described in the previous section. The 
applied realization types are documented in the form of realization cases. Each 

realization case has a level of realization (lossless, constrained, etc). 

When creating a process realization based on existing system services the 

aim is to select and use those services that provide at least a lossless realization 

level. As a first step in developing technical processes the system constraint 
model (Figure  5:1) can be used to select appropriate services in a stepwise 

manner: 

 

1. The concepts of organizations and systems are used as an entry point to 

find the services that a business partner provides, for example the customer 
in Figure  3:2 might already have predefined services for receiving product 

information. The granularity levels can further help the designer to browse 
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the existing services using a top-down approach, starting with high-level 

services.  

2. The candidate services selected in step 1 can be further examined by using 
the models concepts of message structures and pre- and post-conditions 

(constraints). 
3. The concepts of transaction model and the concept of specialization groups 

can be used last, to ensure proper transactional behaviour and, if possible, 

provide alternative implementations of the business activity. 
 

By applying the above outlined steps, it is possible to find services that match 

each activity on the business level. The services selected for inclusion in the 
process are documented by registering a set of realization cases (Figure  5:2). 

Once the business process is realized, the model from Figure  5:2 may be 

continuously used to check the consistency between the business processes and 
system constraints. When changing existing system services, according to 

technology updates, organizational restructuring, etc., the model is used to 

control the validity of the existing business process realization. The following 
ways along which system constraints may be changed can be distinguished: 

 

- Extension – when a new service is added to the system. For instance, in the 

example case in Section  3.1, adding a “send product” service to the existing 

system with the specialization to the SMTP protocol, would lead to the 
upgrade of the realization case from lossless to exceeded (as none of the 

customers’ instances require SMTP protocol). The realization upgrade is 

detected by relating the service with adequate specialization group (Figure 

 5:1).  
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Figure  5:2 High-level traceability model 
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- Update – when existing service is changed in some of its capabilities. In the 

case example, updating the existing services to support the atomic 

transactional model for the required transaction, would improve the related 
realization case to the lossless level. 

- Remove – when a service is removed from the system. The change may only 
downgrade level of related realization cases. For instance, removing the 

service for sending the product information by the FTP protocol in the 

example case, will downgrade the related realization case from a lossless to 
a constrained realization.  

 

Taken together, the presented concepts are instruments to the quality controlled 
development of new processes as well as their future evolution. The solution as 

discussed in this chapter consists of four interrelated parts. The first two parts 

are the previously described realization types and realization levels, these are 
used to describe transformations from business to technical processes and the 

quality of the transformation. A third part introduced in this chapter is to 

support the process designer in the selection of realization types by using a 

model of system constraints, which provides the basic concepts needed for 

selecting realization types. Last, a basic framework that utilizes the 

aforementioned concepts to track changes in business and technical processes 

were presented. The concepts together forms a basis for providing structured 
tool support for the development and evolution of processes that need to take 

advantage of existing assets in the form of software services. 
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6 Flexibility in Business and Technical 
Processes 

An increasingly important characteristic of service oriented systems and 
executable processes are flexibility. Constructing flexible business and 

technical processes means that they can accommodate changing business 

requirements, without a major redesign.  

A problem with respect to flexibility is that large organizations rely on 

legacy systems for their core business, thus the technical foundation is fixed 

rather than flexible (Rettig, 2007). This means that changes in the business 
requirements that affect the technical process can be difficult to implement. 

One solution to the problem is simply to avoid business process designs that 

break the alignment with current support systems. However, this is far from 
ideal since it would let the legacy systems govern the business development.  

In this chapter an approach that offers a systematic way to achieve flexibility 
both from the business and the technical perspective is presented. The first 

perspective presumes relaxation of business process specification, without 

changing designed activities, flow constructs, etc. The second perspective 
focuses on the aspects of service design and system architecture that minimize 

potential conflict with business concepts. By the use of the approach, the 

alignment of business and the supporting services is improved. 

Existing proposals on how to introduce flexibility in process specifications 

can be classified into two categories. Firstly, some authors suggest making the 
process specification more abstract. By raising the abstraction level the process 

looses details, but at the same time captures a wider range of behaviour. 

Examples of constructs that raise the abstraction level are the use of ad-hoc 
sub-processes (Heinl et al., 1999), activity inheritance (Aalst and 

Basten 2002)(Ribó and Franch, 2001), task constraints (Pesic, 2006) and 

patterns of flexibility (Sadiq, 2001). The second approach to process flexibility 
is to introduce constructs that are tailored to handle complex behaviour. These 

constructs are commonly “cross-cutting”, i.e. they control behaviour on a set of 

activities or an entire process. Examples of such constructs are Event-
Condition-Action (ECA) rules (Joeris and Herzog, 1999), process 

parameterization (Aalst, 1999) and the use of profiles to describe complex error 

handling (Chopra, 2004). The business-level approach presented in this chapter 
belongs to the first category - a notion of visibility levels is introduced to 
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enables the business process designer to construct processes that are less 

specified, and thus more abstract. However, the use of visibility levels differs 

from related work in two ways. Firstly, process visibility is introduced into 
existing business processes. This enables the designer to augment an existing 

process specification without changing its activities or flow constructs. 
Secondly, the case were a process needs to fit on top of existing technical 

foundations is specially targeted by the definition of a set of service design 

guidelines and an architecture assessment. The approach is thus mainly to 
support the aligning of two processes, business and technical. 

To summarize, to enable aligning of business and technical processes two 

levels are addressed in this chapter: 

- Business level – A notion of visibility levels is introduced as a tool for the 

business process designer to state, for each process construct, the desired 
degree to which the states of a business process are visible. The visibility 

levels are defined based on the realization levels presented in Chapter  4.  

- Technical level – A set of service design guidelines is defined, by following 
these guidelines the service designer can minimize the impact on business 

processes. Furthermore a high-level architecture assessment is presented, 

allowing a service designer to choose an architectural style that encapsulates 
the desired technical aspect of the service design, so that those aspects do 

not affect the business process. Both the service design guidelines and the 
architectural assessment are based on the previously defined realization 

types. 

 

The business level instruments of visibility levels is presented in Section  6.1, 

while the technical level instruments of service design guidelines and 
architectural assessment is presented in Section  6.2 and Section  6.3. 

6.1 Flexibility in the Business Layer by the Use of 

Visibility Levels 

The business process given in Figure  6:1 illustrates a process for supplying 

customers with furniture, using a virtual sales portal named Itea (Itea, 2006). 
The model is based on a case developed to investigate capabilities of the SEB 

bank, a North European financial group, to integrate its ERP systems in the 

form of Web services and coordinate them with process-based management 
systems. The process is described using the Business Process Modelling 

Notation (White, 2006).  
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The first step in Itea’s business process is to receive a customer’s order request. 

Upon this, the customer’s contact and the order history are retrieved, and the 
order amount and details are verified. After the order is processed by a 

supplier, if the ordered furniture is available, the customer’s account is debited 

for the amount of the purchase and the order confirmation is then sent to the 
customer. 

A technical realization of the given business process is shown in Figure  6:1. 

The process is designed upon the existing services, provided by Itea’s internal 
Order system and by the partners (the bank - SEB and the furniture 

manufacturers – Mio and its partners). Compared to the business process, the 

technical process must adhere to the following constraints: 

 

a. The customer contact and the order history are obtained with a single 

activity, because the information is provided by a single service. 

b. The execution order of verification of the order amount and details is not 

visible, because these activities are implemented within a single service.  
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Receive customer 
request  

Process  
order 

Debit customer 
account 

LRT 

C
u
s
to

m
e

r 
e

r 

Send order 
conf. by email 

Get customer 
contact 

Get order 
history 

Send order 
conf. by fax 

 
S

u
p

p
lie

r 

 

 

B
a
n

k
  

Verify order 
details 

Calculate 
order amount 

Receive customer 
request 

 
 
 

Process  
order 

AT 

C
u
s
to

m
e

r 
e

r 

 

  
  

 I
te

a
 O

rd
e

r 
S

y
s
te

m
 

 

M
io

/.
..
 

 

 

  
  
 S

E
B

 

Verify  
order 

Send order 
confirmation 

Itea order process 

Debit customer 
account 

Get customer 
information 

 

Figure  6:1 Itea business process (a) and technical process (b) 



 

 41 

c. The order processing and debiting of the customer account are governed by 

an atomic (two-phase commit) transaction (AT), because the corresponding 

services do not support compensations needed for a long-running 
transaction (LRT). 

d. The order confirmation is sent by one activity, because it is realized with a 
single service, which encapsulates the use of e-mail and fax protocols.  

 

Following the realization rules given in Chapter  4, it can be concluded that the 

outlined service constraints are in collision with the aggregation (a), reordering 

(b), model mapping (c) and the specialization rule (d). This means that the 

technical process is a loss-full realization of the given business process, 

meaning that it cannot trace all the business states. 

To enlarge abilities for realizations of business processes, it is important to 

have a mean to relax the realization requirements. A way to achieve this is to 
distinguish the states in the business process that must be visible in the 

technical process, from those states that might be hidden in services 

(Figure  6:2). The distinction is determined according to: 

 

A business process state must be visible in the technical process if its 

content is used by the business process environment, i.e. by internal and/or 

external actors that interact with the process; otherwise the state needs not to 

be visible. 

 

For example, it might be important that a set of business activities are 

executed in a predefined order, but the business might not require visible 
tracking of the run-time execution order. Not requiring visible tracking allows 

the use of existing services that hide the execution order of activities. In this 

way a business process that was unrealizable, or “incompatible” with existing 

services, becomes realizable in a limited way. It might also be required to 

Technical process    Services Business process 

Figure  6:2 States hidden in a service implementation 
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support visibility of the process states for a group of instances, while not for the 

others. Following this, in design of a business process three levels of visibility 

may be discerned:  

- Loss-full visibility: the flexibility is chosen when a set of states of the 

business process need not to be captured, because the contents of those 
states are not used by the process environment for any of the process 

instances. 

- Constrained visibility: the flexibility is chosen when a set of states of the 
business process need not to be captured for particular process instances, 

while they must be captured for the other instances.  

- Lossless visibility: the flexibility is chosen when a set of states of the 

business process must be captured, because their contents are used by the 

process environment for all process instances. 

 

As it may be seen from the above categorization, the loss-full visibility gives 

maximum flexibility for realizing a business process, while the lossless 
visibility gives minimum. The constrained visibility is used when neither 

lossless nor loss-full visibility might be applied – in that situation, the business 

process states are set to be visible on a “case” basis. Having in this way 
categorized concepts of flexibility, allows the business process designer to 

relax requirements for alignment of a business process with its technical 

realization, by selecting flexible process elements with an adequate level of 

visibility. 

When applying a level of visibility, all five design aspects need to be 

considered. This is because the alignment between the business and the 

technical process must be considered for each design aspect. Therefore, in the 

following, the criteria for discerning requirements for visibility of business 
process states are defined on a per-aspect basis. 

 

Functional aspect  

The functional aspect considers the activities that are to be executed in a 

process. Existing services may be designed to encompass more functionality 
than a single business activity. Thereby, the technical process is not capable to 

capture the states that distinguish the exchanged messages or results or pre- and 
post-conditions of each of the business activities. 

Existing services might be designed to support the required functionality by 

a business process, but without “notifying” the process about the fulfilment. 
This is the case when the granularity of a single service is designed such that 

the service encompasses functionality of more than one business activity. 

Thereby, the technical process is not able to capture the states to distinguish the 
exchanged messages or results or pre- and post-conditions of each of the 

business activities. 
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For instance, in Figure  6:1, we may see that in the business process the 

customer information is retrieved with two activities - “Get customer contact” 

and “Get order history”, because from the business perspective those 
information concepts are handled by distinct business tasks. Since the two 

messages defined in the business process are exchanged internally, following 
the rule defined in the previous section, the minimal level of visibility is 

determined by the requirements of the internal actors governing the customer 

information. If none of them need to distinguish the customer contact from the 
order history, the visibility of the two activities might be set to loss-full. 

Thereby, the technical process, exchanging the customer information with a 

single service, will become aligned with the business process. If, however, the 
messages has to be separately available for all customers (lossless visibility), or 

at least for some instances (constrained visibility), aligning the two processes is 

not possible without redesigning existing services.  

In general, the requirement for visibility of the functional aspect of a 

business process can be determined by the business process designer by 
applying the following guiding question: 

Table 9:1 Visibility criteria of the functional aspect 

Q Is it mandatory to capture the messages, the result, or the pre- and post-conditions 
of a business process activity, in the technical process?  

A - No, because the business process environment does not use (i.e. does not need to 
distinguish) any of the three functional elements of the activity (loss-full 
visibility, LFV) 

- Yes, because the business process environment uses at least one of the functional 
elements of the activity (lossless visibility, LLV). 

- Yes, for some process instances (constrained visibility, CRV). 

 

Behavioural aspect 

The behavioural aspect depicts process control flow, i.e. when an activity is to 
be executed in relation to others.  

When realizing a business process, existing services are used to implement 

the required flow constructs. The granularity of these services might be such 

that they encompass some execution order as well as branching conditions, i.e. 

existing services might govern it internally. For instance, examining visibility 

of branching conditions, it may be seen that in the business process in 

Figure  6:1(a) the order confirmation is sent using one of the two protocols: e-

mail or fax. The selection of the protocols is chosen based on the customer 

profile data. However, as Itea does not oblige to inform customers on the 

protocol used for sending the order confirmation, it means that the visibility of 

the selected condition is not required in the business process (i.e. might be set 
to loss-full). As the implementation is provided by a single service that 
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includes the selection of a protocol, the corresponding technical process, not 

supporting the condition selection, becomes aligned with the original process.  

Table 9:2 Visibility criteria of the behavioural aspect 

Q - Is it mandatory to capture the ordering of a set of activities in a business process? 

- Is it mandatory to capture the conditions of a branch in a business process? 

A No - LFV; Yes - LLV; for some instances - CRV. 

 

Informational aspect  

The information structures of services (input and output documents) might not 
provide the contents required by a business process. The alignment of the 

information concepts of the example case in Figure  6:1 cannot be determined 
directly from the given BPMN model, as this requires comparison of the 

messages in both processes. An example of applying a loss-full visibility to the 

example case would be to state that some part of the customer information is 
not required by external or internal actors. For example, the customer data may 

contain a notification e-mail address that is only required by system services, 

and not by the actors defined in the business process. By setting the loss-full 
visibility for the delivery address, alignment between the business and 

technical process can be upheld.  

The requirement for visibility of the informational aspect can generally 
determined by using the following guiding question: 

Table 9:3 Visibility criteria of the informational aspect 

Q Is it mandatory to capture the content of an information concept defined in a 
business process?  

A No - LFV; Yes - LLV; for some instances - CRV. 

 

Transactional aspect  

The transactional aspect governs consistent execution of a set of activities 

(implemented by services). Process transactions comply with two different 

models. The atomic transaction (AT) model (Bernstein et al., 1987) is used to 
control a set of shorter services such that the outcome is visible only when all 

services within a transaction finish successfully. The long-running transaction 

(LRT) model (Garcia-Molina, 1991) rules more durable services, were each 
service enforces a globally visible outcome independently of the other services. 

This means that the models differ in the exposure of the intermediate 

transactional states. Thus, when designing transactions in a business process, 

the selection of the model is determined upon necessity on visibility of internal 

transactional states.  
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Concerning the example from Figure  6:1, business process activities 

“Process order” and “Debit customer account” are designed as long-running, in 

order to capture the supplier information on availability of the furniture. 
However, as Itea still does not offer the ability for a partial delivery (might be 

used when the supplier informs on partial order availability), the current 
business requirements would be satisfied even without ability for using the 

internal transactional results. This means that the visibility of the business 

process transaction might be set to loss-full. The technical process, supporting 
the atomic model, would then be possible to align with the originally designed 

process.  

The requirement for visibility of the transactional aspect of a business 
process is generally determined by using the following rule: 

Table 9:4 Visibility criteria of the informational aspect 

Q Is it mandatory to capture the internal states of a transaction in a business process?  

A No - LFV; Yes - LLV; for some instances - CRV. 

 

Organizational aspect 

When the business process is realized with existing services, the 

responsibilities are transferred to the parties that host services. Those parties 

may perform the services themselves, or they may forward them to third 

parties. This transformation may prevent the business process to “see” what 

parties actually executed these services. Examining the example in Figure  6:1, 

it may be seen that the business process defines the Supplier business role as 

being responsible for the activity “Process order”. Itea has a long-term contract 

with Mio, for the main supplier. From the contract perspective, Itea does not 

mind if the furniture is actually supplied by a third-party. This means that the 
visibility of the organizational aspect for the “process order” activity may be 

set to loss-full, which enables aligning the two processes. The requirement for 

visibility of the organizational aspect of a business process is guided by using 
the following question: 

Table 9:5 Visibility criteria of the organizational aspect 

Q Is it mandatory to capture the information on what business party executed a 
business process activity?  

A No - LFV; Yes - LLV; for some instances - CRV. 

 

The following section describes how the notion of visibility is applied when 

realizing a business process.  

6.1.1 Applying Visibility Levels 

The use of the visibility levels affects both the design and implementation of 
executable processes. During design, the business designer applies the levels by 
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labelling business process elements (activities, control flow, transactions, 

information concepts, roles, etc.) with a desired level of visibility. The 

technical process designer later on uses these labels in order to implement the 
process on top of existing services.  

In this section it is outlined how the business- and the technical- process 
designer use visibility levels. The intention is to provide an overview of how 

the visibility levels affect the design process rather than providing a complete 

method description. The use of visibility level requires that there exist a 
business process model that they can be applied on, however the technical 

system constraints need not to be known at design time. 

The business process designer starts with creating an “ordinary” business 

process model. This is done by analysing the business requirements; neither the 

forthcoming visibility labelling, nor technical concerns affect this model. As 
the next step, the business process designer must change mindset in order to 

apply the visibility levels. The visibility levels should reflect the need of the 

environment to monitor the process execution at runtime. The process 
environment consists of external and internal actors that interact with the 

process. External actors are commonly depicted in the business process model, 

for example “Customer”, “Supplier” and “Bank” in Figure  6:1. Internal actors 
are those within the organization that are interested in monitoring the process 

states. In order to view the process from the internal viewpoint it might be 

helpful for the designer to take the viewpoint of a process supervisor. A process 
supervisor is responsible for the execution of the process, that is, the 

completion of the process cases (Aalst and Hee, 2002). The reason to take a 

process environmental view is to be able to pinpoint the process elements that 
do not need to be visible at runtime even thought these elements are being 

executed. Guided by the questions from the previous Section, the designer 
applies the loss-full visibility (LFV), or constrained visibility (CRV) labels to 

the elements that do not need full visibility during execution. Elements from all 

five process aspects are labelled as following: 

 

- Functional – Activities and sub-processes 

- Behavioural – Branching and ordering constructs 

- Informational – Information concepts 

- Transactional – Transactions boundaries 

- Organizational – Roles/organizations that are participating in the process 

 

Figure  6:3(a) depicts a labelled excerpt from the beginning of the Itea example 

case. In this case, the designer decides to label the first activity as LFV, 
because the start and completion of the activity “Get customer contact” does 

not have to be monitored at runtime. The “Get order history” activity is labelled 
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as CRV because there is a desire to get a notification whenever a “gold” 

customer with an annual order history exceeding 5000€ places an order. In this 

case, a note is placed beside the CRV label to indicate for which instances 
lossless visibility is needed. 

At the end, the business process designer gets a business process with 
elements labelled with the desired visibility, from a process supervisor’s point 

of view. 

When the business process is labelled, it is up to the technical process designer 
to construct an executable process that adheres to the business process design 

and that utilizes existing services. Ideally, the business process can be 

implemented as-is, with no changes applied. However, existing services might 
not allow the implementation of the lossless visibility for all constructs in the 

process. For example, certain information concepts might be hidden inside old 

legacy systems, and therefore be unavailable to the technical process. Since the 
business designer has labelled the elements with their desired run-time 

visibility, the technical process designer has obtained flexibility for designing 

the technical process. Unmarked (lossless visibility) elements must still be 
implemented as-is, but the elements labelled with LFV or CRV can be 

implemented by applying “black-boxing” and selective black-boxing: 

 

- Black-boxing can be applied when an element is labelled with the loss-full 

visibility (LFV). For example, information concepts and behavioural 
branching can be hidden inside legacy services. 

- Selective black-boxing can be applied were lossless visibility is needed for 
some instances; this is applicable for elements marked as CRV (constrained 

visible).  

Get customer 
contact 

Get order 
history 

LFV 

CFV 

LLV for instances 
with ”gold” 
customers  

Get customer 
contact & 

history 

Get customer 
contact 

Get order 
history 

Get customer 
contact & hist 

a b1 b2 

Gold customers 

 

Figure  6:3: Labeling activities with levels of visibility (a); alternative realizations in 

a technical processes according to existing services (b1 and b2). 
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Figure  6:3(b1) depicts how black-boxing is applied to two activities - they are 

simply implemented as one in the technical process. Note that applying black-
boxing in this way violates the business process design, since some instances 

(those with gold customers) need full visibility. However, if both the activities 
in Figure  6:3(a) would be labelled as LFV, this would be a valid construct.  

Figure  6:3(b2) depicts how selective black-boxing is applied. In this case 

two branches are introduced, one that handles “gold” customers and one that 
handles the other customers. The branches are implemented by using different 

services that represent two existing solutions.  

The above basic steps outline how the business- and the technical- process 

designer apply the visibility levels to align business and technical processes. It 

must be stated that the goal of the technical designer is to keep maximum 
visibility (LLV); the lower levels of visibility are considered when it is of great 

cost to change existing services. The benefit of striving towards high visibility 

in the technical realization is to keep important flow logic inside the technical 
process, rather than scattering it across services. 

6.2 Flexibility in the Technical Layer by Service Design 

The previous section described an approach to improve the alignment of 
business and technical process from a business perspective, in this section a set 

of service design guidelines are introduced to improve the alignment from a 

technical perspective. 

When designing services on the technical level it is desirable to design 

services such that they provide adequate support for business processes. As 
seen from previous example cases limitations in service design can otherwise 

lead to a loss-full realization. Since business processes change over time it is 

reasonable to design for flexibility when constructing new system services. 

From a technical viewpoint flexible services are those that introduce as few 

system constraints as possible, that is, they let a business process be realized on 

a lossless or exceeded lossless realization level. Essential system constraints 

are captured in the system constraint model described in Chapter  5. 

When designing a single service the designer can use the defined realization 

types (Chapter  3) and realization rules (Chapter  3.3 and  4) to discern how the 
service should be designed for maximum flexibility. For each possible 

transformation (by the use of a realization type) it is possible to design the 

service such that its use will lead to a lossless realization. For example, 
designing services such that their order of execution becomes irrelevant can 

support business processes with different ordering of the activities. The 

reordering realization rule is thereby easier to meet.  
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Based on the defined system constraint model and the stated realization 

rules a set of service design guidelines can be issued for each process aspect. 

 

Table 9:5 Service design guidelines for the five aspects 

 Service design guidelines 

F
u
n
ct

io
n
al

 

- Aggregation. Services are to be designed to enable finer granularity of activities, 
or to support several levels of granularity (see system constraint model, Figure 

 5:1). In the Itea case example in Figure  6:1, retrieving customer contact and the 
order history with two or more services instead with a single service, would 
enable a lossless realization of functionality of the two business activities. 

- Specialisation. Specialization to different systems should be offered, i.e. at least 
to the systems/protocols required by the customer. In the given Itea example in 
Figure  5:1, it means the system needs to provide a specialisation group (see 
Figure  5:1) of two services to support sending of the order confirmation by e-
mail and by fax.  

- Constraint mapping. To ensure realizations of constraints of business activities, 
service message contracts (Figure  5:1) must support minimal input constraints 
and maximal output constraints. For instance, if the activity “calculate order 
amount” in the Itea business process in Figure  6:1(a) would be defined to handle 
the currency Euro as valid output, the corresponding activity in the technical 
process must support the same currency, and may additionally support other 
currencies. 

B
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io

u
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- Reordering. Services should be designed in the way to avoid ordering 
dependencies (denoted as sequence dependency in the system constraint model in 
Figure  5:1). In the example in Figure  6:1, there is no mismatch between the 
ordering of the technical activities compared to the business process activities. 
However if, fore some reasons the system services did require a different 
invocation order it would clearly lead to an aligning problem.  

- Condition mapping. To support different branching, services should be designed 
to avoid hiding high-level conditional choices, in order to support at least the 
choices required in business processes. For example, customer credit ratings can 
be handled by two different branches in a business process, one for Credit level A 
and another for Credit level B. It means that granularity of services must be low 
enough to support the choice of different credits levels at the process level, and in 
addition, all required credit branches must be supported. 

In
fo

rm
at
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n
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- Information inclusion. A service should be designed to expose all business 
concepts that the service handles. Thus, in the Itea example, the Itea’s order 
system should be designed to support a broad range of customer information even 
thought not all details be required in the business process. 
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- Model mapping. Services should be designed to support both atomic and long-

running models, i.e. systems should provide resources for both two-phase 
commits and compensations. In the Itea example in Figure  6:1, service support 
for compensations of activities “process order” and “debit customer account” 
would enable the lossless realization of the transactional aspect of the given 
business process. 
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- Role mapping. Services are to be designed with well-described and reusable 
interface descriptions. These descriptions allow several parties to implement the 
same service, thereby enabling inclusion of new parties in the process when the 
business requires it. In the example in Figure  6:1(b), it is not clear which supplier 
processes the customer order – Mio, or some of its partners. If Mio’s partners 
would provide descriptions of their services, it would be possible to map the 
Supplier business role with all systems (i.e. organizations) that are capable to 
realize the responsibility of the role. 

 

 

Future situations where constraints in existing services can lead to a loss-full 

realization can be avoided by considering the design guidelines for services. 
Even thought the aim is to provide flexible service implementations, it is not 

always feasible to do so. For example, legacy system might be so expensive to 

change that it requires less resources to change the business process, or its 
visibility levels. Furthermore, a high degree of flexibility that are not used 

might also be expensive to maintain (Beck, 2000). Estimating what new 

business requirements that will arise in the future can also be problematic 
(Lassing et al., 2003).  

This section described the measures that a designer can take to design 
flexible services on a per-service basis. In the next section it is examined how 

the designer can apply system architectures as an infrastructure to yield better 

alignment between the business and technical levels. 

6.3 Flexibility in the Technical Layer by the Use of 

Architectures 

As seen in the previous section the proper design of individual services can 

lead to an improved alignment between business and technical processes, what 

further can aid in the implementation of services is the generic structure of the 
system implementation. The generic structure of a system, its architecture, can 

be described as the systems general organization in parts and the parts 

relationships as seen internally and externally (ANSI, 2007)(Bass et al., 2003). 
A system architecture thus represents the general design principles that should 

be used to build a system, those design principles affect the way each 

individual service is implemented within the system.  
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Selecting an appropriate architecture is about creating a system structure that 

gives the system a certain set of properties, such as scalability and quality. 

A classical set of desired properties of a system that need to be examined when 
selecting an architecture are presented in (Barbacci et al., 2005). Software 

development methodologies such as RUP (Booch et al., 2005) especially target 
the process of gathering requirements for desired system properties in the form 

of models. These models are used as an input for system design. Even high-

level approaches for structuring a system according to a business model exist 
(Gordijn and van Vliet, 1999). However a relevant point for this work is to 

examine how a system architecture can enable the aligning of business and 

technical processes on a generic level. A key question is how to select a system 
architecture such that the implementation of a technical process and aligning it 

with a business process is simplified. This means that going from a business 

process model to a technical implementation should be aided by the selected 
architecture. 

A final implementation of a business process must somehow blend the 

business perspective, in form of the business process, with the technical 

perspective, in the form of a technical process and existing system constraints. 

As pointed out in Chapter  6, the business states of a realized process should be 
visible to business actors. This means that business and technical perspectives 

must coexist in the technical process. 

Architectures that combine business and technical perspectives of processes 
must be able to handle all, or at least some of the process design differences, in 

the form of realization types, that were discussed in Chapter  3. An example of a 

difference is that a technical and a corresponding business process might 
contain different number of activities (i.e. they differ in the functional aspect). 

Even though this difference exists, the architecture must be able to convey the 
state of the business process, for example by making it possible to instantly 

identify the activities that are currently executing on the business level. The 

desirable properties of a system architecture that support both business and 
technical perspectives of processes could thus be described as the architectures 

ability to handle the realization types. 

When constructing an architecture that support both business and technical 
aspects there are basically three possible approaches: 

 

- Use the designed technical process as a starting point and add the features of 

the business process. Thus, the business process will be seen as an 

abstraction layer (Bass et al., 2003) on top of the technical fundament. This 
architecture can be called a Layered architecture. 

- Use the business process as a fundament, and add technical aspects. Thus, 
the technical aspect will be inserted, or weaved (Elrad et al., 2001), into a 
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business process model. This will result in what can be called an Aspect 

oriented architecture. 

- Combine business and technical aspects by identifying “modules” that 

encapsulates technical and/or business behaviour. From an architecture 

point of view this a common approach to modularize systems (Wald and 
Stammers, 2001), (Channabasavaih, 2003). This architecture can be called 

the Domain service architecture. 

 

In the following sections it will be examined how each of the three 

architectures enables a closer integration between business and technical 
processes. The examination can be based on all the process aspects (functional, 

behavioural, informational, transactional and organizational) described in 

Chapter  3. However this chapter only gives a brief overview of the 
architectures, for details refer to Paper 5. 

6.3.1 The Layered Architecture 

In a layered architecture, the business process is layered on top of the technical 

process (see Figure  3:2). The executable business process reflects the states in 
the business, while technical issues are dealt with in the technical process. The 

two layers of processes is kept synchronized, for example by implementing a 

publish-subscribe event system.  

Generally the business process will represent an abstraction of the 

underlying technical process. This is in-line with the common architectural 

principle of abstraction layers (Bass et al., 2003). The business process layer is 

dependent on the technical process for executing systems actions, thus this 

dependency can be categorised as a “use” dependency (Parnas, 1979).  

Technical process layer 

Business process layer 

Process synchronization 

Figure  6:4 The layered architecture 
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The main advantage of this architecture is its clear separation between business 

and technical issues. This separation makes it possible to represent a graphical 

overview of the business process, while still enabling detailed monitoring of 
the technical process. However, the synchronization of the levels can introduce 

severe limitations of the process design. Simply put, the business level must be 
a “pure” abstraction of the technical level. In many cases it is not possible to 

realize the technical level without affecting the business level. Using 

techniques such as setting visibility levels (see Section  6.1) for the constructs in 
the business process makes is simpler to synchronize the levels without the 

need to change the business process. 

6.3.2 The Aspect Oriented Architecture 

While the layered architecture has the technical process as the basic building 

block, the aspect oriented architecture starts with the business process as the 
fundament. The main idea of this architecture is to add orthogonal technical 

features to the business process without affecting its design. Commonly these 
orthogonal technical features can be expressed as non-functional requirements 

(Cysneiros and Prado Leite, 2002) such as security, transaction handling and 

error handling.  

When the business process is executed the functionality of the aspects is 

combined with the process. This process of at runtime extending code with 

aspects is commonly called “Weaving” (Elrad et al., 2001). 

Aspects such as those presented in Figure  6:5 are not the only types of 

functionality that can be expressed as aspects. Any functionality that is generic 
enough to be independent of the actual design of the business process can be 

added as an aspect. Just as for the layered architecture, the aspect architecture 

cannot be applied to implement all business processes. In the following each of 
the four process aspects is examined to single out possible uses of the aspect 

oriented architecture, and to find its limitations. 

The main advantage of this architecture is that technical features can be moved 

into generic aspects, or middleware products. These aspects and products can 

then be applied to a wide range of business processes. 

Generic technical aspects 

Business process 
Transactions 

Security 

Errorhandling 

Figure  6:5 The aspect oriented architecture 
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6.3.3 The Domain Service Architecture 

The two previously described architectures started with either the technical 
process or the business process as a fundament. A third approach to creating an 

architecture that support both business and technical perspectives is to combine 

technical and business requirements at the design stage. A viable solution is to 
let technical and business requirements guide the creation of modules that later 

can be combined using an executable process language. This approach is 

commonly presented as an option when building process-based systems (Wald 
and Stammers, 2001)(Yang and Papazoglou, 2000)(Johannesson et al., 2000). 

Figure  6:6 contain a schematic overview of a domain service architecture 

where the modules sales, production planning and logistics are coordinated by 
a process layer.  

The advantage of this architecture is that it is possible to hide technical 
details in the modules, and thereby only expose a façade to the modules 

functionality. A critical point when employing this architecture is to select a 

principle that governs the decomposition of functionality into modules. 
Selecting modules according to existing business functions are proposed by 

some authors (Wald and Stammers, 2001) (Channabasavaih et al., 2003). This 

approach is illustrated in Figure  6:6. Another option commonly used when 
construction component-based systems is to partition the modules according to 

central business concepts (Herzum and Sims, 2000) (Cheesman and 

Daniels, 2001). 

While the service domain architecture provides a good way to isolate technical 

details into modules, it relies heavily on the selection of decomposition criteria 
for the modules. If technical considerations play a major role when designing 

the modules, it will affect the coordinating process. Since all communication 
go through the coordinating process there is a risk that technical features 

“creep” into the process. Note that this problem is not evident in the layered 

architecture, since that architecture enables communication on the technical 
level. 

Production 
planning 

Logistics Sales 

Coordinating process 

Figure  6:6: The domain service architecture 
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6.3.4 Selecting Architecture 

The three architectures to some extent represent extremes, when selecting 
architecture the best option is to combine features of the architectures. 

The layered architecture can be used to provide monitoring capabilities for 

the business, while enabling complex technical processes on a separate layer. 

As discussed before, the needed process synchronization is the Achilles heel of 

this architecture. In practice it might not be possible to implement his 

architecture in its pure form. However, if the process synchronization is made 

less strict, the architecture is applicable in more cases. A “loosened” 

synchronization can be applied by applying the visibility levels that were 
discussed in Section  6.1. 

The aspect oriented architecture is applicable as a powerful tool for 

introducing system-wide technical properties. However, domain specific details 

should not be implemented as aspects, since there is not point in adding the 
complexity of an aspect to implement functionality that only concerns a single 

activity.  

The service domain architecture provides a traditional fundament to build 

systems by dividing the functionality into modules. This is of course applicable 

to all processes. However, the architecture lacks the clear separation of 
processes provided by the layered architecture. The architecture also lacks the 

possibility to add generic technical functionality.  

Given the above discussion, a suitable approach is to combine the features 

of all the architectures in the following order: 

 

1. Maximize the use of aspects by identifying technical concerns that affects a 

large part of the activities. Use an aspect oriented language, or an existing 

middleware product to supply these aspects.  

2. Construct a domain service architecture by building modules (services) that 

represent existing business concepts or functions. This enables the 
coordinating process to be as close to the business process as possible. 

3. If needed, supply a business process monitor by implementing a second 

process layer depicting a simplified business process. To make this 
possible, the synchronization criteria of the processes must be relaxed. 

 

Applying the features of the architectures in the above order makes it possible 

to maximize the advantages of the architectures. 

The three architectures represent three distinct ways to unify technical and 
business perspectives in a single architecture. The layered architecture and the 

aspect oriented architecture focused on the business and technical aspects 

respectively. The domain service architecture is an architecture where technical 
and business aspects can be “mixed” together. These architectures are on an 



 

 56 

abstract level, and must thus be combined with other architectural principles to 

build large scale enterprise systems. 



 

 57 

7 Aligning Services with Business Strategies 

While the use of business processes, as described in previous chapters, form the 

operational foundation for the use of software services there is also a need to 

analyse software service use from a strategic point of view. That is, processes 
describe how to perform business actions on the operational level, while on a 

strategic level the concern is to devise the correct processes and services for 

future use. The success of software services depends on their ability to work as 
a medium for exchange of strategic business values, as well as their alignment 

with the operational business process level. Thus it is important to both analyse 

the operational and strategic perspective when designing system services. 

Describing and analysing strategic business values and operational processes 

can be done by utilising models. The strategic level can be expressed in the 
form of a business model. A business model describes what is offered by an 

actor to another actor (Gordijn and van Vliet, 2000), rather than how these 

offerings are performed among the actors. Desired changes, or improvements 
to the business can be described in the form of goal models. How the offerings 

on the strategic level is later negotiated, contracted and fulfilled can be 

described by using process models. 

In this chapter, an approach that utilizes business and goal models as the 

foundation for designing software services is introduced. The approach can be 
used to ensure that the developed software services support the desired 

business values and goals of the involved actors. The approach thus 

complements the operational analysis of the business and technical process 
alignment as described in previous chapters. 

The structured approach for software service design presented here is based 

on value and goal models. As a first step value models is applied to capture 
high-level business requirements in the form of value transfers between actors. 

Using a set of guidelines the top-level of a goal model are then derived from 

the value models. These top-level goals are then used as input for deriving a set 
of candidate software services. The defined services can then be designed as a 

part of a technical process implementation 

The problem of integration between business and information systems has 

been extensively studied in the research community. Approaches exist to 

analyse and identify presumptive services using processes, business models, 
business functions and goals.  
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Many studies have considered the business process perspective as a starting 

point for the identification of services (Terai et al., 03)(Piccinelli et al., 2002) 

(Papazoglou and Yang, 2003). However, being focused solely on processes, 
that is, on an operational perspective, the aforementioned studies have omitted 

the strategic level in form of economic viability and value of services that are 
addressed in this chapter. 

Other research utilise the notion of enterprise business models to address 

business-to-IT integration (Baida et al., 2005) (Hruby, 2006) (Andersson, 
2005)(Gordijn et al., 2000). As stated earlier, a business model describes what 

is offered by an actor to another actor (Gordijn, et al., 2000), rather than how 

these offerings are negotiated, contracted and fulfilled among the actors, as 
explained by a process model. In (Osterwalder, 2004), and (Wieringa and 

Gordijn, 2005) a business model is taken as a starting point for aligning 

business requirements with executable processes, that is, service coordination. 
The approach emphasizes that IT solutions need to be derived from business 

models, validated with particular value propositions and exchanges, and 
accepted by all participating actors. The business model approach is used in the 

approach presented here, however, the value model that is proposed, in addition 

to the exchange of economic resources, captures the concept of actors’ intended 
effects of receiving an economic resources. This means that a difference is 

made between the resource transferred between actors and the intended effect 

experienced by an actor when receiving the resource. This distinction was 
critical in the health care study where the approach was applied. Thus, in the 

approach presented in this chapter, value models are more general than 

business models, including both the exchange of economic resources and the 
intended effects that actors experience by receiving economic resources. 

Examples of intended effects are increased knowledge and increased feeling of 

safety.  

The notion of business functions, or business components, has also been 

used to drive the development of services. The IBM research community 
proposes Component Business Model (CBM) for creating a structured 

representation of the business as an organized collection of business 

components corresponding to distinct business functions (Chebakov et al., 
2005). Each business component provides one or more business services for 

consumption by other business components. Business services are created to 

support exchange of business information across a network of enterprises; 
however a clarification of the method for service identification is not yet 

provided. In comparison, the approach presented here is not driven by business 

functions. Instead high-level business values are used as a starting point. 
However, business functions can be used to structure the outcome of the 

presented approach, which is briefly described in Section  7.5. 

Several studies (Raadt, 2005)(Gordijn and Petit, 2006) consider goal-

oriented analysis as a starting point for the design of IT-enabled business 
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models. These studies focus on identifying strategic goals and aligning them 

with business models. The presented approach differs in the way that a goal 

modelling approach is utilized as a mediator between value models on the one 
hand and software services on the other. Thereby the exploration of alternative 

solutions for provisioning the values in the form of software services is 
investigated. 

The remainder of this chapter is structured as follows. The next section 

gives an overview of the models used in the approach, as well as the relation to 
business and technical processes. The use, and extension, of value models are 

described in Section  7.2. In Section  7.4 the approach for linking value with 

goal models is described. The goal models are further refined into software 
services, as described in Section  7.5. In Section  7.6 the application of the 

approach within the REMS project is discussed. 

7.1 Principles for Model-driven Service Identification 

In order to capture both operational and strategic concerns the previous model 

of business and technical processes can be complemented with a business value 
model and goal models. Each of the models in the modelling approach has a 

specific purpose with regards to the combined modelling of software services: 

- The business value and goal models depicts the economic resources 
(money, goods and service) exchanged between the main actors, as well as 

softer values (such as trust and knowledge) and desired future changes 

(goals).  The purpose of these models is to capture high-level requirements 
of service providers and consumers, which can be used as a base for 

identifying software services (together with domain experts) and to justify 

existing software services in terms of economic resources and the aim for 
providing or building softer values. 

- A business process model is used to model the operational perspective – the 
activities and services that are performed within the business.  

- The technical process model is used to depict the system supported 
implementation of the business process layer. Thus this layer consists of the 

implemented services and the process implementation that orchestrates the 

services. 

These models are selected such that they complement each other during a top-

down, as well as a bottom up software design. For example, the business value, 

goal model and business process models can be used to identify services that 
will be implemented in technical process layer (top-down) while implemented 

services in the technical process layer can be validated and refined using the 
business process and value models (bottom-up). 
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In comparison with the business process model the use of business values 

enable a better understanding of why economic resources are transferred. This 

makes it possible to discern alternatives of resource provisioning i.e., discern 
alternative business models that to a greater degree, or more efficient, provides 

the same business values. 

In this chapter a top-down approach to service identification is presented, 

the focus is to use the business value model to identify possible future services 

that can be implemented in a the technical process. Principles for the joint 
design and aligning of the business process and technical processes are 

described in previous chapters. Goal models are applied as an instrument to 

identify candidate software services that are later to be realized in the technical 
process. 

7.1.1 Overview of the Approach 

The main aim of the approach presented here is to drive the design of software 

services from a business value perspective. In order to do this, four distinct 
steps are utilized: value modelling, top-level goal identification, goal driven 

identification of software services and service refinement (Figure  7:1). In each 

step a set of instruments are applied to create the desired results: 

1. Value modelling: A value model (Wieringa and Gordijn, 2005) is first used 

to capture high-level economic resource transfers between actors. The 
existing types of value models (Gordijn and Akkermans, 2001) are 

extended by also capturing actor intended effects, such as increased 

knowledge and increased safety.  

Result: An extended value model, depicting main actors in the domain and 
their interchange of economic resources, such as money, business services 

Figure  7:1 Overview of the steps in the approach 

1. Value modelling 

3. Goal driven identification 
of software services 

2. Define top goals, based 
on the value model  

4. Service refinement  

Value model 

Goal model 

Services 

Steps in the approach Result 
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and products. Furthermore, the value model includes the intended effects 
that the actors strive for when receiving resources. 

Provided instruments: Value modelling, including the modelling of actor 
intended effects (Section  7.2)  

2. Definition of top goals: A goal model is used to further refine transfers in 

the value model. As a starting point for the goal model a set of guidelines 

to derive top-level goals from the value model is used. 

Result: The top-level of a goal model, with high-level goals based on the 
resources in the value model. 

Provided instruments: A set of guidelines, outlining the use of value 
enhancers to aid in defining top-level goals based on resource transfers in 
the value model (Section  7.4). 

3. Goal driven identification of services: The goal model is refined, leading to 

software services as means to fulfil sub-goals. As an extension to the goal 

model a service-level is introduced in the goal model, specifically enabling 
the identification of services that support goal fulfilment.  

Result: Refined goal models, with the top-level goal refined into sub-goals, 
forming a goal hierarchy. The bottom level in this hierarchy consists of 
services that fulfil the desired goals. 

Provided instruments: Goal refinement using traditional goal-hierarchies.  

4. Service refinement: To aid the service analyst to select and structure 
software services based on the outcome of the goal model a granularity 

guideline is provided. This guideline aid the service analyst to aggregate 

services to the desired granularity level.  

Result: Refined software services, of appropriate granularity to be 
implemented. 

Provided instruments: Granularity guidelines, in the form of a list of top-
down and bottom-up principles for selecting granularity levels (Section 
 7.5).  

 

The presented approach both adds concepts to existing models (in the form of 

internal resources, intended effects, top-level value goals and a service-level in 

goal models), as well as providing methodical support for linking values, goal 

and software services together. The advantage of basing service analysis on 

value models and goal models in this way is that we gain alignment of business 

and IT levels, thereby ensuring that the services support the desired business 

values. 
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7.2 Value Modelling 

Many different kinds of models exist for representing and visualising the 
architecture, actions and environment of an enterprise. One recent type of 

model is the value model that focuses on actors, resources and resource 

exchanges (Gordijn et al., 2000)(Wieringa and Gordijn, 2005)(Weigand et al., 
2006)(Gordijn and Akkermans, 2001). A value model, sometimes called a 

value-based business model, is different from other types of models used in 

enterprise analysis and design. In particular, a value model is different from 
action or process models. A value model gives a high level view of the actions 

taking place in and between organizations by identifying actors, resources and 

the exchange of resources between the actors. So, a value model focuses on the 
what in business. An action or process model, on the other hand, focuses on the 

how, as it deals with operational and procedural aspects of business 

communication, including control flow, data flow and message passing 

(Gordijn et al., 2000). In other words, a value model takes a declarative view, 

while action or process models take a procedural view. 

The approach to value modelling presented in this work is in line with the 

e3-value language, (Gordijn et al., 2000)(Gordijn and Akkermans, 2001). 

However, to cater for the analysis needs of the health care domain the e3-value 
language is extended with the notion of internal resource, which makes it 

possible to capture softer values like knowledge and safety. In the rest of this 

section, an overview of important concepts in the value models is given. 

7.2.1 Actor 

An actor is someone who is able to participate in resource transfers (see 

below). An actor is typically a legal entity, such as a person or a company. 

7.2.2 Economic and Internal Resources 

A resource is an object that is viewed as being valuable by some actor. Some 
concrete examples of resources are books, cars, movies, hair cuts, and medical 

treatments. However, resources can also be of a more psychological and social 

nature, such as status, beauty, pleasure, health state, honour, and feeling of 
safety. To distinguish between these different kinds of resources, two 

categories of resources are identified, economic resources and internal 

resources. Intuitively, an economic resource is a resource that can be 
transferred. As a fundament for analysing economic resources, the following 

categories of economic resources are identified: 

- Goods, which are physical objects, like cars, refrigerators, and cell phones. 

- Information, which is data in a certain context, like blueprints, referrals, and 

customer databases. 
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- Services, which are offered by actors to increase the value of some other 

resources. Examples of services are hair cuts and eye treatments. A hair cut 

can increase the beauty and an eye treatment can give better health state. 

- Money and vouchers, which are media for exchange. A voucher is a 

certificate that can be exchanged for another specific economic resource, 
e.g. a good or a service. Usually, a voucher can be exchanged only at some 

pre-specified actor(s). 

 

In addition to economic resources, there are also internal resources. An internal 

resource is a resource that is not an economic resource, it cannot be directly 
transferred between actors. An example of an internal resource is knowledge. 

At first sight, it might seem that knowledge is possible to transfer from one 

actor to another. However, this cannot be done directly, but only through an 
intermediary economic resource, e.g. a book (goods) or a lecture (service).  

7.2.3 Transfers 

Transfers occur when actors want to acquire control of economic resources. In 

general, a transfer hands over rights on economic resources from one actor to 

another. 

7.2.4 Intended effect 

It is often important to make explicit why an actor wants to get a resource in a 
transfer. To capture this, the notion of an intended effect of a resource transfer, 

is introduced, which is an increase or decrease of an internal resource that the 

receiving actor wants to achieve by using the transferred economic resource. 
Examples of intended effects are: better health state (where “health state” is the 

internal resource), increased knowledge on health condition (where 

“knowledge on health condition” is the internal resource) and increased feeling 

of safety (where “feeling of safety” is the internal resource). 

7.2.5 Graphical notation 

Based on the above notions, a simple graphical form of value models can now 

be defined. A value model is here shown by means of a directed graph 
representing actors, transfers and resources, see Figure  7:2:  

- Actors. Actors are represented by the nodes of the graph and are shown as 

stick person icons.  

- Transfers. Transfers are represented by labels on the directed edges of the 

graph.  
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The label for a transfer consists of three parts:  

 

1. The economic resource being transferred  

2. The category of the economic resource (put within square brackets) 

3. The intended effects of the use of the economic resource (put within 

ordinary brackets)  

 
An example of a label for a transfer is: 

 

- Eye treatment [service] (improved health state, increased feeling of safety)  

 

If several actions are needed in sequence in order to obtain the intended effect, 

it is prefixed it with "potentially". 

 

 

Figure  7:2 An excerpt of a value model created in the REMS project 

Primary health care

Patient

Eye specialist clinic

Referral to specialist eye 

treatment [voucher for service]  

(potentially better health state) 

Referral answer with information on 

symptoms and diagnoses 
[information] 

(increased knowledge) 

Eye - treatment [service] 
( increased feeling of safety, 

better health state) 

Referral [potential voucher for money] 

Patient voucher [ voucher for money] 
Patient fee [ money ] 

Patient voucher [ voucher for money] 

Patient fee [ money ] 

Information on ongoing treatment [information] 
(increased knowledge on condition, increased feeling of safety) 

Investigation [service] 
( increased knowledge on 

condition ) 
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7.3 Referral Case from the REMS Project 

The concepts presented above are applied on a real case from the REMS 
project (REMS, 2008). The main aim of the REMS project is to create a set of 

e-services that can be used to create, manage and transfer health care referrals 

between S:t Erik’s eye hospital (an eye specialist clinic) and primary care and 
private eye specialists in the Stockholm area. Figure  7:2 illustrate an excerpt of 

a value model defined in the scope of the REMS project. The essential parts of 

the figure is explained below, first, the interaction between the primary health 
care and patient are described, then the interaction between patient and the eye 

specialist clinic. Note that this model depicts a limited provider perspective, as 

in this study the focus is on modelling the intended effects as perceived by the 
consumer of the health care services. Thus, the intended effects perceived by 

the service provider (the primary health care and eye specialist clinic in 

Figure  7:2) are not modelled. 

 

From Primary Health Care to Patient  

When a patient experiences an eye health problem, she/he will visit a primary 

health care provider. The basic/primary resource this provider offers is an 
investigation service. The intended effect of this investigation is that the patient 

will get an increased knowledge of her/his health condition. If the patient needs 

further treatment, either the primary care provider will carry out the treatment 
(a service, which is not shown in Figure  7:2) or the provider refers the patient 

to an eye care specialist at a hospital clinic that is able to provide advanced 

treatments. To do this, the provider offers a referral to eye specialist treatment, 
which is a voucher for an eye treatment (service).  

 

From Eye Specialist Clinic to Patient  

When the patient visits the hospital clinic, she/he will receive an eye treatment 

service from the clinic. The intended effects of the treatment are two: better 
health state and an increased feeling of safety. Furthermore, the treatment 

encapsulates other resources. First, it encapsulates an information transfer, i.e. 

information on ongoing treatment, with the intended effect increased 
knowledge on health condition.  

7.4 Value-driven Goal Modelling 

While value models are used to analyse the high-level transfers of resources 

among actors, goal models are applied to identify instruments in the form of 

software services for: a) realizing and b) improving these exchanges.  

There are several reasons for choosing goals as mediators between resource 

exchanges on one side and services on the other. First, goal modelling is a 
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convenient form for participative modelling, i.e., goal models are easy to 

understand and discuss for domain experts. Secondly, goal models enable 

domain experts to create new solutions, as well as discuss alternative solutions. 
Thirdly, it is possible to use goals for measuring the goal fulfilment of services. 

This makes it attractive to use goals for the management and evaluation of the 
business and supporting IT systems based on services. 

Goal models have been used in requirements engineering to understand a 

problem domain and to map out the interests of different stakeholders. One of 
the most widely known languages for goal modelling is i* (Mylopoulos, 1999), 

which provides constructs for modelling goals, tasks, resources, and 

dependencies between actors. While i* holds a strong position in the academic 
community, there are also goal modelling languages with a more practical 

orientation. One of these languages is the Business Motivation Model, BMM 

(BMM, 2007). A basic notion in BMM is that of a goal, which expresses 
something a business seeks to accomplish, a desired future state of affairs or 

condition. Examples of goals are being the market leader in an industry or 
having a profit of more than 1 million euros. Goals can be decomposed, i.e. one 

goal can be a part of another goal. The decomposition forms a hierarchy where 

top-level goals are broken down into sub-goals. 

Furthermore, BMM includes the notion of means, i.e. instruments that can 

be used to achieve a goal. Means can take different forms, as they can be 

capabilities, methods, techniques or even devices. When breaking down a goal 
into a goal hierarchy, the goals become more concrete further down in the 

hierarchy until means are reached.  

In the approach presented here, BMM is used as a technique for goal-

modelling. The software services that are modelled are aligned with the 

concept of means in the BMM as they are seen as the IT instruments of the 
enterprise for achieving low-level goals. 

In addition to the goal hierarchy (denoted as “subgoals” layer in Figure 

 7:3), the following novel layers are added to the goal model: 

 

- The resource layer describes the starting point for the goal model. 

- The top-goals layer is derived from the resource layer. 

- The service layer, describing software services that can aid in the fulfilment 

of bottom-level sub-goals. 

 

The first layer, the resource layer (Figure  7:3), is directly created from the 

value model, by considering the exchanged economic resources and their 
intended effects for each of the exchanges in the value model (Figure  7:2). The 

remainder of this section will describe guidelines for creating the second layer, 

the top-goals layer. The elicitation of the bottom software service layer is 
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described in Section  7.4.3, and the guidelines for the refinement of the elicited 

services are described in Section  7.5.  

The second, top-goal, layer, is created transparently from the first layer by 

considering the interests of the actors involved in a business model envisaged 

in the form of internal effects and exchanged economic resources. In other 
words, the top level goals are created from the requirements for a single 

resource transfer to a) obtain the intended effects and b) to exchange the 

economic resource with certain, desired features. This leads to two guidelines 
for identifying the top level goals of an actor: 

 

- Intended effect guideline (described in Section  7.4.1) guides the creation of 

top level goals based on internal resources. These goals express the 

relationship between resource transfers and their intended effects; more 
precisely they specify that the acquisition of a transferred resource should 

result in a improvement of an internal resource. An example is "The eye 

treatment shall give rise to an increased feeling of safety".  

- Resource enhancer guideline (described in Section  7.4.2) focuses on the 

features of transferred resources and guides the creation of top level goals 
based on a number of resource enhancers. A resource enhancer expresses 

either a desirable feature of a resource or a desirable feature of the way in 

which the resource is delivered to the recipient. By applying the resource 
enhancers a number of goals can be identified, these goals concern the 

properties of a resource, as well as the adequacy of its delivery. Examples 

are "The delivery of the eye treatment shall be fast" and "The transferred 
information shall be correct and up to date".  

 

Applying the described guidelines will result in a number of top level goals for 
an actor. These goals reside on a high and abstract level, and as such cannot 

directly suggest any concrete actions to take. Therefore, there is a need to 

further decompose these goals until concrete means are identified.  

It should be emphasized that when eliciting software services an actor could 

use the two outlined guidelines independently and complementarily. In the 
latter case, the goals and sub-goals from the two guidelines may collide with 

each other; it is then on the goal designer to decide which goal to include or 

exclude, using common prioritizing techniques. 

7.4.1 Intended Effect Guideline 

The intended effect guideline is as follows: 

 

For each transfer of an economic resource (ER) with an intended effect (IE), 

introduce the goal "ER should give rise to IE"  
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Using as an example the resource transfer for giving of eye treatment by a 

specialist clinic to a patient (see Figure  7:2), and then by applying the intended 
effect guideline, the following top-level goals are obtained:  

 

- The eye treatment (ER) shall give rise to a better health state (IE) 

- The eye treatment (ER) shall give rise to an increased feeling of safety (IE)  

 
Figure  7:3 illustrates a goal model that is derived from the outlined example. 

The intended effect guideline is applied for discovering goals in the cases when 
the effect of use of an economic resource is of a high importance for involved 

actors. The obtained goals are further decomposed, using a goal hierarchy, and 

finally to the lowest, software service layer. 

 

 

Figure  7:3 Goal model based on the intended effect guideline 
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7.4.2 Resource Enhancer Guideline 

The resource enhancer guideline is as follows: 

 

For each resource transfer, introduce a number of top-level goals based on 

the resource enhancers according to the table below. 

 

A resource enhancer expresses either a desirable feature of an economic 

resource itself, or a desirable feature of the way in which the economic 
resource is delivered to the recipient, making the resource more valuable for an 

actor. The list of resource enhancers is open ended, but in a number of case 
studies we have found the following to be the most fundamental ones: fast, 

high quality, flexible, low cost, and secure. This list also matches the critical 

success factors of business processes as suggested in (Mende et al., 1994), with 
the exception of secure. 

When a certain enhancer is applied to a resource, or its delivery, the desired 

condition is formulated and viewed as a goal of an actor. Following this, 
Table  7:1 summarizes the top-level goals for different types of resources, for 

each of the resource enhancers.  

Table  7:1 Enhancers and derived top-level goals for different types of economic 
resources 

 Delivery of resource types Properties of the resource types 

F
as

t 

- The delivery of the 
information/goods/money to the 
recipient shall be fast. 

- The delivery, i.e. the waiting time for 
the service shall be short. 

- The enactment time of the service 

shall be short. 

- N/A for 
information/goods/money/voucher. 

H
ig

h
 q

u
al

it
y
 

- The delivery of the 
information/goods/money/ service 
shall be reliable, i.e. the goods/ 
information/money/service will 
always reach the recipient and the 
recipient will always be informed 
about delays. 

- The information shall be correct, 
relevant, and up-to-date, and/or 
according to specifications. 

- The goods shall be fit for their use, 
and/or according to specifications. 

- The service shall be enacted fit for 
use and/or according to 
specifications. 

- N/A for money. 
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 Delivery of resource types Properties of the resource types 

F
le

x
ib

le
 

- The delivery of the information shall 
be customizable, i.e. information 
shall be delivered in different forms, 
e.g. paper, digital file sent via 
Internet. Further, the presentation of 
the information shall be adapted to 
the needs of the recipient. 

- The delivery of the goods to the 
recipient shall be customizable, i.e. 
different forms of delivery shall be 
provided, e.g. home delivery, 
delivery to the nearest post office. 

- The delivery of the money can be in 
form of cash, a check, or sent to an 
account. Further, the cash can also be 
delivered in different currencies. 

- The delivery of the service to the 
recipient shall be customizable in 
space and time, i.e. different forms of 
delivery shall be provided, e.g. heath 
care services at home, at health care 
units close to home, as well as the 
waiting time shall be adaptable 
depending on needs and demand. 

- The information shall be 
customizable to the needs of the 
recipient, e.g. a XML file will be 
more customizable than HTML 
(since the XML schemas can be 
changed). 

- The goods shall be customizable to 
the needs of the recipient, e.g. a chair 
is adjustable to fit the user. 

- The enactment of the service shall be 
customizable to the recipient. 

- N/A for money  

L
o
w

 c
o
st

 - The delivery of the information/goods/ 

money/service shall be provided at a 

low cost. 

- The information/goods/service shall 
be provided at a low cost. 

- N/A for money. 

S
ec

u
re

 

- The delivery of the information/goods/ 

money/service shall be provided with 

high confidentiality, high integrity, and 
accountability. 

- The goods shall be safe in intended 
as well as unintended use. 

- N/A for information, money and 

voucher and services. 

 

Some examples of goals obtained by applying the resource enhancer guideline 

given in Table  7:1 are the following: 

- The information shall be correct and up to date (property of the resource, 

when the high quality enhancer is applied)  

- The waiting time for the eye operation shall be short (property of the 

delivery of the resource, when the fast enhancer is applied) 

 

Figure  7:4 shows a goal model that is derived from the example of the transfer 

of an eye treatment from the hospital clinic to the patient (Figure  7:2). 

Applying the resource enhancer guideline results in introducing two top-level 
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goals as indicated in the figure. The described guideline is applied for 

discovering goals in the cases when certain features of the resource that will be 

transferred, or a certain way of its transfer is of a high importance for involved 
actors. As with the intended effect guideline, the obtained top-level goals are 

further decomposed, until the software services is elicited. This process is 
explained in detail in the following section. 

 

 

 

Figure  7:4 Goal model based on value enhancer guideline 
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7.4.3 Goal Driven Identification of Services 

The top goals identified through the analysis of exchanged economic resources 

and intended effects serve as a starting point in the goal analysis, carried out in 
a participative manner including different stakeholders. A top goal is further 

refined to create a goal hierarchy, which forms a basis for the identification of 

software services. When low-level goals have been identified, it is usually 
straight-forward for the stakeholders to determine candidate services that might 

support these goals, see Figure  7:3 and Figure  7:4. A key question to drive the 

identification of candidate services from low-level goals is “Can this goal be 
achieved using a software service?”.  

An example of goal refinement in this manner can be found in Figure  7:4, 
where the top-level goal “the waiting time for the eye treatment shall be short” 

is refined. The first sub goal (see Figure  7:4) states that unused time slots in the 

hospital shall be decreased, and a part of this goal is to minimize the number of 
patients that do not use their allotted time slots. During the goal modelling 

session it was discussed how this low-level sub goal could be achieved. One 

possible way, as seen in Figure  7:4, is to introduce an service that reminds the 
patients via e-mail. Goal refinement leads to a set of software services that can 

aid in fulfilling the top-level goals. After the goal refinement there is a need to 

structure the identified services, this is discussed in the next section.  

7.5 Service Refinement 

Depending on how the goal modelling sessions were carried out, the software 
services will be specified on different granularity levels. There will simply be 

service candidates ranging from quite small features (such as “document the 

patient symptoms”) to larger services (such as “prioritize and route the referral 
to a clinic”). Therefore, a discussion among business and systems developers 

about a preferred granularity level needs to be performed. This discussion will 

be similar to identifying the granularity of UML Use Cases, which are 
important modelling artifacts in the Rational Unified Process. For example, 

Cockburn (Cockburn, 2001) distinguishes between, and also presents 

guidelines for identifying, Use Cases on different granularity levels, i.e., kite, 
sea and fish level.  

During the discussion about the granularity level of the services, it is 

recommended to specify which criteria the choice of granularity level will be 

based on. There are two basic approaches for defining the software services 

granularity level for the identified services: top-down refinement and bottom-
up refinement. A top-down approach would use business level concepts as a 

guide to create corresponding services. A bottom-up approach tries to align 
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new services with existing IT infrastructure. Typically the bottom-up approach 

fit the desired functionality into existing systems. Although a top-down 

approach is necessary during analysis to get a good overview of the complete 
set of software services (Erl, 2007), a bottom-up approach is vital for 

performing alignment with existing IT assets within a company.  

To refine the result of the goal modelling two guidelines can be applied, top-

down and bottom-up. The top-down refinement guideline is as follows: 

 

Use a top-down approach to refine the identified software services 

according to business level concepts, such as business activities in a business 

process.  

 

Three guiding principles are identified for refining the identified services 
from a top-down approach: 

 

- Process descriptions – the services shall be refined according to process 

descriptions of an organization or standardized process models presented 

by a standardization body. 

For example, the services identified by the European health care standard 

Healthcare Information Service Architecture - HISA (HISA, 2006) are 

based on the process standard SAMBA (SAMBA, 2004). Examples of 

process steps in SAMBA are deciding referral, refer, renew healthcare 

mandate, and perform treatment. These steps can be seen as potential 
software services.  

In (Anzböck and Dustdar, 2004) the use of pre-specified workflow 

transactions between two actors from the Integrating the Healthcare 

Enterprise (IHE) technical framework is recommended for the identification 

of services. Examples of such workflow transactions are patient identity 

feed, query registry, retrieve document, find personnel white pages, test 

results management.  

- Work assignment (task) – the services shall be refined according to a 

definition of what constitutes a work assignment, i.e. an software service is 

something that fulfils all steps in a specified work assignment.  

For example, in (Cockburn, 2001) such a work assignment is defined as the 
steps that a user will fulfil before he or she will take a small (“coffee”) 

break. For example, to refer a patient to an eye specialist is a work 

assignment, while a step such as find an eye specialist and address the 
referral to an eye specialist are too small actions to be one work assignment. 

They should rather be seen as sub steps in the work assignment “refer a 

patient to an eye specialist”. 
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- Sell/Buy – the services shall be refined according to a set of other software 

service products supplied for the market  

Services may be designed for being a product sold on the market, for 

example the health care market. Therefore, they need to be adapted for that 

market or for different market segments. 

 

The bottom-up refinement guidelines are as follows: 

 

Use a bottom-up approach to refine the identified services according to 

existing infrastructure. Two two principles for refining the identified services 
from a bottom-up approach are defined: 

 

- Legacy system – the services shall be refined in order to adapt to existing 

legacy systems and its functionality 

The different software services work as wrappers for an existing legacy 

system (Cheesman and Daniels, 2001).  

- Reuse – the services shall be refined so that they can be reused by other 

software services.  

In this case, the least common denominator of the requirement from other 

services’ use may direct the level of granularity. 

 

The above guidelines and principles can be used to single out services that are 

to be implemented. Services being on a finer granularity level might be 
implemented as features (or functions) of other (larger) services.  

7.6 Applying Value and Goal Models in the REMS 

Project 

The described approach on using value and goal models has been applied in the 

health care project REMS as an instrument for identifying and refining 
services, and as a general approach for conducting iterative and participative 

project work. As described in the introduction, the aim of the REMS project is 

to support the eye health care in the Stockholm region, with an IT asset for 
health care referrals. Since a referral works as a “communication tool” between 

primary health care units, hospital (eye specialist clinic) and private specialists, 
the project work includes all of these actors in the service analysis. The 

following steps outline how the described approach were applied in the REMS 

project: 
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1. Value model creation. As a starting point a value model was developed by 

the key stakeholders, that is, the representatives from the management at 

S:t Eriks Eye hospital and eye specialists at the clinic. At the outset, an 
initial value model depicting the exchanged economic resources between 

the patients, the primary health care and eye specialist was designed. 
Furthermore, the intended effects that motivated each value object flow 

were modelled. Initially, there was a mix of internal and economic 

resources in the model. The value model was later on structured by 
assigning (at least) one intended effect to each resource exchange. 

2. Scoping the value model and iterative application of the value object-to-

services approach. Transformation of value models into services using 
goal models, was performed together with user representatives of the 

involved actors. The modelling group was in this case larger than in the 

first step, also including representatives from another hospital, primary 
care, opticians and private eye specialists (in total 6-8 persons). Before 

commencing the first modelling session, the scope of the goal model was 

limited to the interactions of the key actors that are depicted in Figure  7:2, 
as this was the planned scope for the first release of services. The starting 

point for the goal modelling session were the top-level goals generated as 

described in Section  7.4. The goal models were refined in several iterations 

during a 6-month period. Each iteration added more details, and thus more 

services at the “bottom” level of the goal model. 

3. Validating service prototypes. When the first version of a prototype for 

referral management was built, the goal model was used to track the goal 
fulfilment. For example, from the capability to “Search for referrals” 

(Figure  7:3), it is possible to track the top-level goal, as well as its 

enhancement of the resource transfers in the value model. 

 

In this special setting the main focus for iterations/refinement were the goal 

models, combined with prototypes at the later iterations. Upcoming releases, 

covering a larger domain scope, demand a re-visit of the value models for 

further design of software services.  

Besides the already mentioned benefits of systematic analysis from business 

values to services, several practical benefits of using value and goal models 

were evident in the REMS project. Firstly, the value models gave a very good 

high-level overview of the exchanges between actors. In comparison process 
models that were created earlier were simply to complex to be used as an 

overview. Secondly, the possibility to capture “soft” aspects such as the desire 

for safety and knowledge in the form of intended effects fit perfectly with the 

health care domain where such effects are essential. Thirdly, the created top-

level goals were a quick way to start the goal modelling together with the user 

representatives.  
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8 Discussion 

As stated in Chapter  1, the work presented here is based on a design research 

method; its validity and reliability can thus be discussed both in terms of the 

relevance of the created artefacts/instruments and in terms of the rigour of the 
taken research approach. In (Hevner et al., 2004), a framework with guiding 

principles for evaluating design research work is outlined. The framework 

builds on that created artefacts should be grounded in both a relevant need to 
solve a particular problem and existing knowledge bases in the form of related 

research. Hevner et al formulate seven guidelines along which design research 

should be evaluated: (1) a viable artefact should be created, (2) a relevant 
problem should be solved, (3) the utility of the artefact should be 

demonstrated/evaluated, (4) the artefact should be novel, (5) the artefact should 

be rigorously grounded in related research, (6) the process of artefact creation 
should be an iterative search and (7) the research should be effectively 

communicated. In the remainder of this chapter, the presented work is 

discussed according to these seven guidelines, the quotes below are from 

(Hevner et al., 2004). 

 

1 – Design as an artefact: “Design-science research must produce a viable 

artefact in the form of a construct, a model, a method, or an instantiation.”  

The presented work introduces several novel artefacts that aid in building 

service-based processes. The presented realization types, realization levels and 

means to analyse software services on a strategic level could all be classified as 
models. Furthermore, although it is not the main contribution of this work, 

methods for applying the instruments have been outlined. The instruments have 

also been instantiated in case studies.  
  

2 – Problem relevance: “The objective of design-science research is to 

develop technology-based solutions to important and relevant business 

problems.”  

As pointed out in (Benbasat and Zmud, 1999), relevance in information system 
research refers to the ability of research to address real-world business 

problems. The problems solved by the presented instruments are all based on 

real-world problems. For example, the need for process-based business–
technology integration stems from the Serviam project. The first Serviam case 
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presented in Section  3.1 was a business case from the global engineering 

company Sandvik AB. Another example is the instruments for basing the 

design of software services on business goals presented in Chapter  7. These 
instruments were devised in the REMS project to address real-world problems 

in the health care area.  

 

3 – Design evaluation: “The utility, quality, and efficacy of a design 

artefact must be rigorously demonstrated via well-executed evaluation 

methods.”  

The utility and quality of the artefacts/instruments rely on them being able to 
solve the stated problems. That is, the internal validity of the research should 

be demonstrated by evaluating the devised instruments. Furthermore, the 

external validity (Wohlin et al., 2003) of the research concerns the ability to 
apply the research results in new contexts. In the presented work, internal 

validity was upheld by applying and evaluating the instruments in case studies. 

Thus, the instruments were put to use by solving real-world problems, as 
reported in the included papers – in (Hevner et al., 2004) this is referred to as a 

“observation evaluation”. External validity was upheld by basing the 

instruments on concepts not tied to the particular domain of each case study. 
For example, the concepts of process models and the used five-aspect 

framework are not tied to the engineering domain of the Sandvik case or the 

financial domain in the “Itea” case. Thus, the instruments are devised such that 
they can be applied to other domains. 

 

4 – Research contributions: “Effective design-science research must 

provide clear and verifiable contributions in the areas of the design 

artefact, design foundations, and/or design methodologies.”  

The contribution of this work is the created instruments, contributing to the 

area of process-based business and technology integration and software service 
engineering on a strategic level. The contribution, in the form of instruments, 

has been put in relation to related research in previous chapters; however, some 

key points can be mentioned here. Firstly, the taken approach with the notion 
of business and technical processes and their aligning contributes with 

instruments that specifically address situations where there are limitations in 

the existing systems. Secondly, the presented aligning approach introduces a 
means to achieve flexibility in both the business and technical layers. Thirdly, 

the presented instruments for designing software services are novel in that they 

represent a strategic, value and goal-based approach to defining software 
services. 
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5 – Research rigour: “Design-science research relies upon the application 

of rigorous methods in both the construction and evaluation of the design 

artefact.”  

According to (Hevner et al., 2004), rigour is achieved by grounding the design 

research in existing knowledge bases. As referred to in previous chapters, this 

work is grounded in several well-established frameworks and models. For 
example, a five-aspect framework (Jablonski, 1995) is used to ensure that the 

different perspectives of process design are covered. Moreover, the instruments 

based on the strategic design of software services are based on a well-

established value model (Gordijn and Akkermans, 2001) and a structured 

approach to goal modelling (BMM, 2007).  

 

6 – Design as a search process: “The search for an effective artefact 

requires utilizing available means to reach desired ends while satisfying 

laws in the problem environment.”  

In the context of the presented work, means represent possible solutions (or 
part of a solution), ends are the instruments that solve the posed problems, 

while the laws of the problem environment represent the constraints under 

which the instruments must work. As stated earlier, the presented instruments 
build on top of existing approaches/means, such as process models and value 

models. The use, and novel extension, of these models are especially crafted to 

solve the stated research questions posted in Chapter  1. Moreover, the 
instruments are made to fit into the environments/laws where they are to be 

used. For example, the notion of technical processes and system constraints as 

presented in Chapter  3 are especially used as means to describe and handle the 
constraint of existing systems, thus following the “laws” of the targeted 

problem domain. This is also evident in the instruments for strategic service 

design, where existing approaches to value modelling were extended with the 

ability to capture “soft” values, as required by the target health-care 

environment. 

 

7 – Communication of research: “Design-science research must be 

presented effectively both to technology-oriented as well as management-

oriented audiences.”  

The presented work caters for both these audiences by virtue of 1) using well-
established and intuitive forms of graphical modelling (BPMN, value 

modelling and BMM goal modelling) and 2) by the use of illustrative case 

examples and methods. A manifestation of the presented work’s ability to reach 
wider audiences is that, by invitation, the instruments have been presented at 

two practitioner conferences, and have been part of a course for IT architects 

held by the Swedish Computer Society.  
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9 Conclusion 

The driving research question for this work was: What process- and service-

based instruments can aid in combining business and technical perspectives in 

order to support business organizations on an operational process level as well 

as on a strategic level? The question was addressed by a set of case studies, 

each leading to several instruments to support the design and construction of 

service-based processes. The instruments, in the form of novel concepts, 
models and methods, target both the business- and technical-level problems 

referred to in Section  1.1. 

The business-level problem of aligning operational business processes to 

realized software services and processes is addressed by the concept of 

technical and business processes, and instruments for describing their 
alignment. By recognizing the differences between a business environment and 

a technical system environment and by applying a five-aspect framework, a set 

of transformations, “realization types”, was devised. These realization types 
describe possible transformations from a business process into a technical 

process. However, not all realizations are lossless, that is, some realizations do 

not support all aspects of the initial business process design. Applying the 
realization types can thus lead to a “loss-full” realization where a technical 

process cannot trace all the business states. To ensure a lossless realization, a 

set of realization rules was devised to guide the realization of all five design 
aspects of a business process. The ability to monitor and describe the alignment 

between a business and a technical process was aided by the introduction of 

four realization levels, each level describing a specific degree of alignment. 

The technical level problem of having to fit software services and processes 

into a context of existing systems is addressed by instruments that allow 
flexibility both in the business process layer as well as in the service design. 

For organizations that have large investments in legacy system services, 

lossless realizations of business processes might be more of an exception than a 
rule. To turn loss-full realizations into lossless ones, either business 

requirements or existing services must be changed. Several instruments that aid 

in creating and sustaining lossless realizations were introduced in this thesis. 
The notion of visibility levels lets a business process designer indicate the 

realization requirements, while the use of the presented service design 

guidelines allows a software service designer to create services that are 
flexible. Furthermore, the evolution and maintenance of software services and 
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processes can be aided by the use of the introduced model of system 

constraints.  

The business-level problem of creating software services that are in line with 

business strategies is addressed by introducing a method that allows software 

services to be identified from a model of business values and goals. Software 
services and processes can not only be designed from an operational 

perspective: decisions such as which software services should be constructed 

must also be based on the service’s ability to fulfil business goals and the 
desired value exchanges of the business. In this work, models and methods 

were presented that allow services to be designed based on high-level business 

goals. Starting from a value model, the presented method allows the designer to 
identify, in a step-wise manner, software services that are to become part of the 

operational business process. 

The concepts of business processes, technical processes and software 

services and their interrelation are a foundation for understanding the concerns 

of business process and software system alignment. Once understood, adding 
the presented guidelines for flexible service design, flexible business process 

design and strategic service design to a designer’s toolkit becomes a significant 

and viable approach to creating new sustainable service-based processes. 
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10 Glossary 

Aligning business and technical processes  

The design of one business process and one technical process such that the 

desired alignment of the business and technical processes is achieved.  

 

Alignment of business and technical processes 

The degree to which the states of a technical process can represent the states of 

a business process. The alignment between a business and a technical process 

can be assessed using realization levels. 

 

Business perspective 

A perspective that focuses on business issues of process design, disregarding 

software solutions. This means that technical details, such as system 

constraints, are not considered from a business perspective. 

 

Business process realization 

The design of a software system, or part of a system, that supports a business 

process. Business process realizations can be performed by the design of a 

technical process, which entails aligning business and technical processes. 
 

Business process 

A process model, designed from a business perspective to reflect concepts such 

as business activities and business actors. 

 

Economic resource 

A resource that can be transferred between actors. Two examples are money 

and goods. 

 

Internal resource 

A resource that cannot directly be transferred between actors. Two examples 

are health state and knowledge. 
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Process design  

The process of creating a process model. 

  

Realization level 

Defines the alignment of technical and business processes. Four realization 
levels can be defined, based on the technical process ability to represent the 

states of a business process. 

 

Realization type 

A type of transformation of a business process performed in order to design a 
technical process. Depending on how realization types are utilized, different 

realization levels can be achieved. 

 

Resource 

Something that is viewed as being valuable by an actor. 

 

Resource enhancer 

Expresses either a desirable feature of an economic resource itself, or a 
desirable feature of the way in which the economic resource is transferred to 

the recipient actor.  

 

Resource transfer 

A transfer that hands over rights on economic resources from one actor to 

another. Transfers occur when actors want to acquire control of economic 

resources. 

 

Service-based process 

A process that is designed to make use of a set of software services. 

 

Software service 

A software module that is deployed and hosted by a service provider and used 

as a resource by service consumers.  

 

System constraint 

A limitation of a software service that may hamper business process 

realization.  

 

System service 

A software service that offers a part of the functionality of a legacy system. A 

system service can pose system constraints. 
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Technical perspective 

A perspective that focuses on technical software issues of process design. 

Business issues still exist in a technical perspective, however depending on the 

amount of system constraints they might not be the main part of a technical 
process design. 

 

Technical process 

A process model, designed from a technical perspective to realize a business 

process in a technical context. The technical context can pose system 

constraints, in the form of existing software services.  

 

Value model 

Describes a high level view of a network of actors and the transfer of resources 

between these actors. 

 

Visibility level 

The desired degree to which the states of a business process are visible. 
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