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Abstract 
 
In many industries today, the speed and costs with which new products are 
delivered to customers provide the basis for competitive advantage. Electronic 
business (e-business) is a concept that shortens the “time to market” and 
enables transacting at lower costs. Currently, one of the main limitations in the 
exploitation of e-business is the lack of efficient Information System (IS) 
integration, both in intra- and cross-enterprise environments. Intra-enterprise 
integration is complex, as the business needs and the underlying information 
systems do not evolve in accordance. In the cross-enterprise context, 
transparent system integration is hardly achievable due to the incompatibility 
of the services of the involved partners. This means that the future success of 
the integration depends heavily on the possibilities offered in terms of 
interoperability among the involved enterprises. The Business Process 
Management (BPM) discipline addresses this challenge, as processes have been 
recognized as key mechanisms through which most intra- and cross-enterprise 
interactions take place. The development of methods for successful 
integration of process models is one of the essential issues for the use of the 
BPM approach in the application and evolution of e-business.  

In this thesis, we address two topics in the area of business process 
management: 1) intra-enterprise process integration which concerns alignment 
between the internal business processes and information systems enclosed in 
the form of software services and 2) cross-enterprise integration which 
concerns coordination of the internal business processes of an enterprise with 
the processes of its suppliers, intermediaries, or customers. The goal of the 
thesis is to add theoretical and applicable knowledge to the field of business 
process management by using the proposed approaches for improvement of 
process integration in intra- and cross-enterprise contexts. 
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PART I 
 
 
 
 

 

1 Introduction 
 
 

1.1 Process Integration in the Extended Enterprise 
 

Since the emergence of the Internet, enterprises have opened their core 
functions to customers, business partners and financial institutions. The 
traditional view of the enterprise with clear boundaries and a focus on internal 
operations has changed. In today's extended view, enterprise boundaries are 
blurred and partnerships and service offerings are becoming common 
concerns. Increasing specializations, outsourcing and global operations have 
mostly contributed to this trend. 

The challenge that the extended enterprise faces is both internal system 
integration and integration with partner systems. The Business Process 
Management (BPM) discipline addresses this challenge. Processes are 
recognized as key mechanisms through which most intra- and cross-enterprise 
interactions take place. Correspondingly, they are an instrument for managing 
the coordination of individual services into more complex interactions. The 
goal of Business Process Management is, therefore, to embed process-based 
system development in enterprises. 

In the extended enterprise, two levels of process integration are 
distinguished: 

 

- Intra-enterprise integration which concerns alignment between the internal 
business processes and information systems enclosed in the form of 
software services. Executable process languages, such as BPEL4WS (BEA et 
al. 2003) and YAWL (Aalst 2004), are used to implement the business 
processes using the existing systems. 

 

- Cross-enterprise integration which concerns coordination of the internal 
business processes of the enterprise with the processes of its suppliers, 
intermediaries, or customers. Business-to-Business (B2B) protocol standards, 
such as ebXML (ebXML 2006) and RosettaNet (RosettaNet 2006), have 
emerged for the integration and the management of collaborative business 
processes across enterprises.  
 

The high complexity of the extended enterprise has made the outlined levels 
of process integration vital concerns for achieving automatic, efficient and 
flexible IS management.  
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Internally, the major concern is the lack of fit between the business 
processes and the corresponding technical realizations. When concentrating 
on the business requirements, processes are modeled to closely resemble the 
business activities and events as perceived by business actors. Adding technical 
constraints to the models requires the final executable processes to be aligned 
with existing software services. 

Externally, the main efforts are set to enable seamless integrations of cross-
enterprise processes. To achieve this, it is first necessary to obtain compliance 
between the internal business processes and the B2B contract requirements. 
Secondly, the business processes of the collaborating partners need to share a 
common ontology, protocol and format of message exchange. For a majority 
of B2B partners, however, transparent process integrations are unrealistic. The 
processes are often highly diverse in activity and message structures and they 
are incompatible in business protocols. Therefore, it is typically not possible to 
start collaborations without comprehensive redesign. 

  

1.2 Research Problem, Question and Results 
 

The assumption of transparent process integration both in intra- and cross-
enterprise environments is highly unrealistic. From the intra-enterprise 
perspective, when designing executable processes, consideration is first paid to 
business requirements with the goal to “automate business”. Information 
system technologies are then utilized to implement activities of the designed 
processes. However, when a business is about to change, the problem of non-
coexistence between business requirements and technology capabilities arises. 
To solve this problem, companies typically perform ad-hoc changes in existing 
systems or even “put” them on a shelf and look for new technological 
solutions. The result of this practice on a longer perspective is that companies 
spend substantial financial and human resources while usually not achieving a 
continuous alignment between business and underlying technology.  

From the cross-enterprise perspective, the involved processes must comply 
with each other in order to collaborate. However, it is unrealistic to expect that 
two enterprise processes could interact without adaptations. In many 
scenarios, the involved parties cannot directly integrate even if they agree on a 
common contract since their completely defined executable processes are not 
compatible with the established B2B protocol. Therefore, it becomes 
necessary for companies to redesign exiting process models to accommodate 
to new partners. As a result, companies spend considerable resources for 
designing new process specifications, usually tailored on a per partner basis. In 
addition, as contract terms are changing, there is the common problem of 
tracing the alignment between the new terms and capabilities of underlying 
business processes. 

The main objective of this thesis is, therefore, to identify concepts and 
methods needed to improve abilities for process integration in the 
environment of the extended enterprise. This comprises investigation and 
establishment of requirements for alignment between underlying services and 
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business processes and, furthermore, between business processes and 
established B2B collaboration requirements.  

Thereby, the guiding research question has been:  
 

How can the extended enterprise minimize efforts to achieve continuous coexistence of its 
internal systems, processes and collaboration protocols on a way to completely integrated and 
automated business process management? 

 

This question has been addressed in seven papers included in the thesis. The 
main aspects discussed in the papers have been the following: 
 

Intra-enterprise process integration: 
 

 Distinction of business and technical perspective in the context of 
executable enterprise processes. 

 

 Identification of transformation patterns for investigation of alignment 
between the two process perspectives. 

 

 Establishment of concepts for enabling traceability between the two process 
perspectives. 

 

 Establishment of metrics for iterative assessment of the process alignment. 
 

 Relaxation of requirements for process alignment 
 

Cross-enterprise process integration: 
 

 Identification of transformation patterns for investigation of alignment 
between enterprise processes and agreed B2B contract terms. 

 

 Decrease of requirements for the matching of enterprise processes. 
 

 Increase of flexibility in external behavior of enterprise processes. 
 

The aforementioned research results have introduced new concepts and 
methods for process integration in the extended enterprise. The main rationale 
was to contribute to assessment, evolution and adaptation of existing 
enterprise processes for achieving flexible IS management and for enlarging 
collaboration scales.  
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2 Research Methodology 
 

2.1 Research Approach 
 

All research is based on the underlying philosophical assumptions of the 
researcher for obtaining knowledge. There are three, widely accepted 
underlying paradigms for qualitative research: positivism, interpretation and 
criticism (Orlikowski and Baroudi 1991). Interpretation is commonly used in 
information systems research as a method for producing an understanding of 
the context of information systems.  According to (Klein and Myers 1999), the 
research of information systems is to be classified as interpretative if it is 
assumed that our knowledge of reality is obtained through social concepts 
such as language, perception, shared meanings, documents and other artifacts.  

After examining the assumptions of the three research paradigms, it seemed 
natural to adopt the perspective of interpretation into our research. The 
business process management research field does presume the attainment of 
knowledge by how people perceive reality (meaning day-to-day processes and 
business activities), as opposed to what reality is with regard to the laws of 
nature, for instance. 

Research methods are traditionally divided into two major categories: 
quantitative and qualitative (Alvesson and Sköldberg 1994; Silverman 2000). 
Quantitative methods, such as survey methods, laboratory experiments, formal 
and numerical methods, originate from natural sciences with the aim of 
studying natural phenomena. Qualitative methods have been derived in social 
sciences to study social and cultural phenomena. Examples of qualitative 
research methods include action research, case study research, ethnography 
and grounded theory. In the research of information systems, the use of 
qualitative methods has significantly increased as the research perspective has 
shifted from technological to business and organizational.  

Grounded theory is “an inductive theory discovery method that allows the 
researcher to develop a theoretical account of the general features of a topic, 
while simultaneously grounding the account in empirical observations or data” 
(Myers 1997). The systematic collection and analysis of qualitative data 
inductively leads to the discovery of “grounded” theories. More precisely, the 
method does not begin with a theory that need to be proved; it instead starts 
with an area of study, form which a relevant theory is emerged (Strauss and 
Corbin 1998). Using the grounded theory research method, the concepts are 
first defined and classified from the collected data and then new observations 
are made to clarify and further analyze those concepts. The process is iterated 
until new concepts are not discovered, meaning that further improvement of 
the inducted theory is not possible. According to (Orlikowski 1993), the 
grounded theory method is extremely useful in developing context-based 
explanations of a phenomenon.  

This research, in all its aspects, has followed the premises of the grounded 
theory. As Business Process Management has become a relatively matured 
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discipline, systematic collections of data, empirical observations and iterative 
discovery of concepts have all been cornerstones for research within the field.     

 

2.2 Research Procedure 
 

The grounded theory method typically comprises iterative execution of several 
main activities. Since this thesis includes seven research papers that each 
proposes a new theory in the field of BPM, the method has been similarly 
applied for each study by repeating the four main steps: research design, data 
collection, data analysis and presentation (validation) of results.  

In the research design phase, the objective was to formulate a research idea 
and to identify the constructs of the emerging theory. In the context of our 
work, those constructs included aspects and situational factors of enterprise 
application integration and electronic B2B integration. 

In the data collection phase, the aim was to collect all data relevant to the 
addressed research problem. Our main data collection method was a 
systematic literature study. In addition, we collected data through participation 
in BPM projects mainly by observing aspects of process management of the 
involved companies and identifying case studies of interests. 

In the data analysis phase, the acquired information was interpreted, 
structured, and categorized. In our research, in many situations, this phase was 
repeatedly interplayed with data collection. When using the grounded theory 
method, the data analysis process is considered completed when new data 
acquiring and analysis do not give an improvement for the emerging theory. In 
our case the analysis process was completed when the literature study in the 
research domain was exhausted and when we could not discover any new 
concept that would lead to improvements of the research results. 

In the presentation of results phase, the objective was to validate a proposed 
theory. The main rationale in this phase was to address the generalization 
aspects of the new theory and to improve the consistency and coexistence 
with other existing theories. This was done, first, by testing the theory against 
new empirical data, and secondly, by comparing it with other similar or 
conflicting theories. The first approach was used mainly in the research of 
intra-enterprise process integration, as it was possible to acquire the relevant 
data from several business organizations from Swedish industry and service 
domains. Since the automated cross-enterprise process integration is still an 
immatured practice, the theory validation of this part of the research was 
mainly performed by the second approach.   
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3 Research Contribution 
 

3.1 Summary of the Papers 
 

In this chapter, an overview of the included papers is presented. A short 
description and contribution of each paper is provided. In every paper, Jelena 
Zdravkovic contributed at least equally with the other author(s).  
 
 
Intra-Enterprise Process Integration:   
 
Paper 1 
Service-Based Processes: Design for Business and Technology 
 

Henkel M., Zdravkovic J., Johannesson, P. 
The ACM Proceedings of the Second International Conference on Service Oriented 
Computing (ICSOC 2004), NewYork, USA. ACM Press (2004) ISBN: 1-58113-
871-7, 21-29 
 

This paper addresses the realization gap between business processes and their 
technical realizations. Using a structured process design framework, the 
influence of technical system constraints on the realization of business 
processes is first examined. Following that, a set of realization types is defined 
to describe the transformations needed when constructing a technical process 
from a business process. In addition, design criteria that need to be adhered to 
in order to create a lossless realization of a business process are proposed. 
 

Jelena Zdravkovic contributed in all sections of this paper. She gave the main contribution in 
identification of transformations (i.e. realization types) between business and technical proc-
ess, and their structuring within the applied process design framework. 
 
 
Paper 2  
Supporting Development and Evolution of Service-Based Processes 
 

Henkel M., Zdravkovic J. 
The IEEE Proceedings of the International Conference on e-Business (ICEBE 2005), Bei-
jing, China. IEEE Computer Society (2005) ISBN: 0-7695-2430-3, 647-655 
 

This paper introduces several concepts targeted towards aligning business 
processes and service-based systems. The notion of realization levels is 
established to classify technical realizations of business processes into four 
levels of quality – loss-full, constrained, lossless and exceeded. Based on a 
process design framework grounded on five main design aspects, we defined a 
set of rules for discerning the levels of realizations of business processes. 
Furthermore, a model of system constraints is introduced to provide a 
structured overview of capabilities of existing services. The model aids the 
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process designer in the selection of realization types and guides the design 
towards high-quality process realizations. By the combined use of these 
concepts, the iterative assessment and the evolution of process realizations is 
enabled through continuous tracking of the alignment between business and 
the supporting technology. 
 

Jelena Zdravkovic contributed in all sections of this paper. She gave the main contribution in 
categorization of process realization quality (i.e. in identification of process realization levels), 
and in proposal of the method for assessment and evolution of business process realizations. 
 
 
Paper 3  
Flexible Realizations of Business Processes Using Existing Services 
 

Zdravkovic J., Henkel M.  
Accepted for the Proceedings of 8th International Conference on Enterprise Information Sys-
tems (ICEIS 06), to be held 24-27 May 2006, Cyprus. 
 

This paper proposes an approach for relaxation of the business process 
specification to enable flexible 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. By studying the notion, three levels of visibility are defined where 
each determines a degree of process flexibility: loss-full, constrained and 
lossless. Based on the process design framework grounded on five main design 
aspects, we have defined a set of rules for discerning a minimal level of 
visibility that might be set when designing business processes. From the 
evolution perspective, the notion of visibility gives the business process 
designer the ability to assess the design of a process in order to omit the parts 
that need not be captured in the final technical process. For the technical 
process designer, the notion indicates needed refinements of existing services.    
 

Jelena Zdravkovic contributed in all sections of this paper. She gave the main contribution in 
categorization of process visibility, and in definition of rules for discerning a visibility level for 
each of the concerned aspects of process design. 
 
 
Paper 4 
Enabling Flexible Modeling of Service-Based Processes 
 

Zdravkovic J., Henkel M 
Accepted for the International Journal of IT and Management (IJITM): Special Issue on: 
“Business Process Management: from Engineering to Execution”.  
 

This paper examines how to design services and processes to enable a larger 
scope of “as-is” realizations of business processes. The proposed method 
offers a systematic way of how to achieve flexibility both from a business and 
a technical perspective.  The first perspective presumes relaxation of the 
business process specification without changing designed activities, flow 
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constructs, etc. The second perspective focuses on aspects of service design 
that minimize potential conflict with business concepts. The presented 
approach stimulates the alignment between business processes and existing 
services, facilitating a larger scale of transparent process realizations. 
 

Jelena Zdravkovic contributed in all sections of this paper. She gave the main contribution in 
distinguishing the two perspectives of flexibility and in defining requirements for flexibility 
from a technical perspective. 
 
 

Cross-Enterprise Process Integration: 
 
Paper 5  
Enabling Business Process Interoperability Using Contract Workflow 
Models 
 

Zdravkovic J., Kabilan V.  
The Proceedings of the 13th International Conference on Cooperative Information Systems 
(CooPIS’05), Agya Napa, Cyprus. Lecture Notes in Computer Science Vol. 3760, 
Springer-Verlag Berlin (2005) 77-93 
 

This paper proposes a method for bridging the gap between contract 
requirements and executable business processes. Based on a contract ontology, 
the contract requirements are first given in the form of contractual patterns 
that are deduced into a high-level process model named Contract Workflow 
Model (CWM). Then, by utilizing the five-aspects of the process design 
framework, a set of rules for examining the compliance between CWM and 
existing business processes is set up.  The use of these rules enables a 
comprehensive assessment of compliance and the evolution of requirements 
for interoperability of processes of the contracting parties. 
 

In this paper Jelena Zdravkovic contributed in deducing a Contract Workflow Model from 
the chosen set of contract patterns. She was the main contributor in identification of the rules 
for compliance between CWM and business processes and in the proposal for the method for 
compliance assessment. 
 
 
Paper 6 
Cooperation of Processes through Message Level Agreement 
 

Zdravkovic J., Johannesson, P. 
The Proceedings of the 16th International Conference on Advanced Information Systems 
Engineering (CAiSE’04), Riga, Latvia. Lecture Notes in Computer Science, Vol. 3084. 
Springer-Verlag, Berlin (2004) 564–579 
 

This paper examines requirements for interoperability between processes on the level 
of core business semantics and conversation flow. The interest was focused on the 
B2B context where it has been assumed that it was sufficient for processes to have 
compatible external behaviour, exposed through communicated documents and the 
control flow of their exchange. That assumption led to an equivalence concept that 
allows for differences in activity and document structures of processes, as long as the 
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processes comply semantically, i.e. in the communicated information and in the 
control flow of message exchanges. It is argued that such processes may collaborate 
through a mediating layer that performs necessary adjustments of the processes. By 
relaxing the requirements for matching between processes, the approach stimulates 
integration of a larger scale of enterprise processes without additional redesign. 
 

In this paper Jelena Zdravkovic was the main contributor in all sections. Paul Johanesson contrib-
uted in defining the concept of process equivalence. 
 
 
Paper 7 
Concepts of Flexibility for Efficient Integration of B2B Processes 
 

Zdravkovic J. 
The Proceedings of the International Workshop on Modeling Inter-Organizational Systems (MIOS’04), 
Larnaka, Cyprus. Lecture Notes in Computer Science Vol. 3292, Berlin Springer-Verlag (2004) 431-
443 
 

This paper introduces a comprehensive approach for flexible modeling of enterprise 
processes in order to enable broader B2B integrations. It is argued that an enterprise 
process should be defined in a flexible and generic way to cover the whole scale of 
B2B scenarios to which a company is willing to conform. Using a process design 
framework, a set of concepts that enable partial process modeling is defined. The 
complete process specification is obtained after B2B parties agree on a common 
public protocol. The proposed framework for flexible process modeling is aimed at 
improving integration of partner processes as it increases the ability for process 
matching without requiring changes in their design. 
 
 
Related Publications: 

 

Zdravkovic J.: Adjustment of Process Transactional Properties for Flexible 
Workflow Management. In: Proceedings of the 15th Conference on Advanced 
Information Systems Engineering (CAISE’03). CAISE Forum (2003) ISBN: 
8643505498 

 

Henkel M., Zdravkovic J.: Architectures for Service-Oriented Processes. In the 
Proceedings of the Third Nordic Conference on Web Services. Editor: Welf 
Löwe, Växjo University Press (2004) 
 

Henkel M., Zdravkovic J.: Approaches to Service Interface Design. Workshop 
“Web services and Interoperability”. In: Workshops of the INTEROP-ESA 
International Conference Proceedings of the INTEROP. Hermes Science 
Publishing, (2005) ISBN 1905209495 
 

Zdravkovic J., Henkel M., Johannesson P. Moving from Business to 
Technology using Service-based Processes. The IEEE Journal of Internet 
Computing Vol. 9, Nr. 3 (2005) 73-81 
 

Zdravkovic J., Henkel M.: Flexible Integration of Business and Technology 
Using Service-Based Processes. In: the Proceedings of the 6th BPMDS 
Workshop. CAiSE’05 Workshops, Vol. 1. FEUP (2005) ISBN: 9727520774 
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Kabilan V., Zdravkovic J., Johannesson P. Using Multi-Tiered Contract 
Ontology to Deduce Contract Workflow Models for Enterprise Process 
Interoperability. In: Proceedings of the INTEROP EMOI Workshop. 
CAiSE’05 Workshops, Vol. 2. FEUP (2005) ISBN: 9727520775 
 

Bergholtz M., Grégoire B., Johannesson P., Schmit M., Wohed P., Zdravkovic 
J.: Integrated Methodology for Linking Business and Process Models with Risk 
Mitigation. In: Proceedings of the INTEROP REBNITA’05 Workshop. Av. at 
http://homepage.mac.com/karlalancox/RENBITA2005Program.htm, last 
accessed 2006-04-21  

 

Andersson B., Bergholtz M., Grégoire B., Johannesson P., Schmitt M., 
Zdravkovic J.: From Business to Process Models – a Chaining Methodology. 
Accepted for the INTEROP BUSITAL’06 Workshop, in conjunction with the 
18th International Conference on the Advanced Information Systems and 
Engineering (CAiSE’06), June 5-9, Luxembourg. 
 

3.2 Outline of the Thesis 
 

The thesis contains two major parts.  
 

 The first part presents the overall research problem, the research method, 
the research contribution, and a synthesis of the entire research in the scope 
of process integration in the context of the extended enterprise.  

 

 The second part contains the papers included in the contribution. 
 

The arrangement of the first part of the thesis is as follows:  
 

 In Chapter 4 the major theories proposed for the scope of the intra-
enterprise process integration are described. The theories concern alignment 
between enterprise processes and internal information systems. The work 
reported in this chapter is based on Papers 1, 2, 3 and 4. 

 

 Chapters 5 and 6 concern the cross-enterprise process integration: 
 

- In Chapter 5, a theory for alignment between contract requirements and 
enterprise processes is given. The work reported in this chapter is based on 
Paper 5. 

- Chapter 6 concerns the theories for improvement of interoperability of 
enterprise processes. The work reported in this chapter is based on Papers 
6 and 7. 

 

Every chapter ends with a conclusion including a short contribution summary, 
limitations and some suggestions for future research. 
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4 Intra-enterprise Process Integration: Aligning 
Business and Technical Processes 

 
In this chapter we examine the requirements for alignment between business 
and IT. To begin with, we distinguish the business and technical perspectives 
in the context of executable enterprise processes. By using a structured 
process design framework, we then define a set of transformations (realization 
types) that can be applied when realizing a business process as a technical 
process. We continue by introducing a criterion for the lossless realization of 
business processes. Based on this criterion, we define a set of rules for 
categorizing the quality of realizations of business processes. A model of 
system constraints is introduced to guide the process developer towards high-
quality process realizations. By utilizing the aforementioned concepts, we set 
up a basic model for tracking the evolution of process realizations. Finally, we 
propose a method for improving flexibility in process realizations both from 
the business and the technical perspectives.   
 

The work reported in this chapter is based on Papers 1, 2, 3 and 4. 
 
 

4.1 Introduction 
 

A common requirement in 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 a 
business and transform it into an executable system. Thus, the business 
perspective of a process needs to be aligned with the requirements from a 
technical IT perspective. Adding technical constraints to the business 
perspective means that the final executable process needs to be aligned with 
existing software services. 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 coexist in the 
environment of organizations, people and business documents. As such, the 
process reflects the information exchange within the enterprise 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 execute 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.   
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From the technical system perspective, the execution environment of a process is 
confined by legacy systems, technical communication protocols and specific 
programming languages such as BPEL4WS (BEA et al. 2003). Thus, a process 
executing in this environment cannot solely be represented by pure business 
concepts because constraints in existing services might impose changes in the 
business process design.  For example, if functionality corresponding to the 
activities “Plan production” and “Plan shipment” is entirely integrated and 
hidden in a the legacy system of a company, 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. Thus, from the technical perspective, executable 
processes must solve technical concerns related to existing services as well 
being aligned with the specified business process. 

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), (Grover et al. 1994), (Yu et al. 
1995), (Rolland and Prakash 2000), (Rolland and Prakash 2001). Our work 
differs in two aspects. First we discuss misfit between business and technical 
perspectives in process modeling with a focus on executable model 
specifications. Then we concentrate our research on bridging the gap between 
existing business dependent and technology dependent model layers, by 
introducing a set of transformation patterns. Our usage and comparison of the 
two model layers 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 we 
present here can be used within the MDA framework. 

 

4.2 Business and Technical Processes 
 

As stated in the introduction, the designer of an executable process must be 
aware of both business and technical perspectives. It means that modeling of a 
real business process must fit into a technical context represented by existing 
services. Existing services can be seen as system constraints that affect the 
final process. Based on this reasoning we define three models that a process 
designer needs to consider: business process, system constraints and technical process:  
 

− Business process (B) is an executable model of a real process, designed from 
the pure business perspective to reflect concepts such as business events, 
activities and business actors. 
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− System (S) is a model of existing services. The model of services reflects the 
limitations of current services that might hamper the alignment between a 
business process and its supporting systems. 

 

− Technical process (T) is a realization of a business process B by using existing 
services S, representing thus the final process model. A single business 
process may 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. 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 
shown in Figure 1. The example is based on a process provided by Sandvik, a 
global company for industrial materials engineering. One of the key current 
concerns of the company is the integration of existing ERP systems in the 
form of software services. Sandvik has recognized the need to use executable 
business processes to govern the coordination of its services into more 
complex interactions. 

 
 

 

 

 
 

Figure 1. Business process (a), and realized technical process (b) 
 

‘The business process in Figure 1(a) depicts the basic process used to supply 
customers with product information. The model is expressed in the Business 
Process Modeling Notation (BPMN). The BPMN (White 2004) is used to 
visually model a process management, which might further be converted to a 
process language such as BPEL4WS (BEA et al. 2003), YAWL (Aalst 2004), or 

a) b) Sandvik front-end system Sandvik 
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to a collaboration specification as WSCI (Arkin et al. 2002), ebXML BPSS 
(ebXML 2006), or RosettaNet (RosettaNet 2006).  

Upon receiving a product information request, the first activity is to gather 
information about the customer in a customer profile. The profile information 
includes order history, as well as contact information. After this, three 
activities are executed in parallel to fetch a product drawing, get the current 
stock levels and to calculate the customer’s price for the product. When the 
necessary product information is collected and merged, it is archived and sent 
to the customer. Since the product information should not be archived unless 
the customer receives it, archive and send activities are enclosed in an atomic 
transaction (AT) (Bernstein et al. 1987). 

The technical process is shown in Figure 1(b). It is based on the existing 
services provided by the internal ERP systems, depicted by the CRM, Order, 
Production and CAD system pool symbols. Due to these systems, the 
technical process, compared to the business process, must adhere to a set of 
constraints: 
 

 The customer profile is kept in two systems. Therefore, the customer profile 
needs to be gathered using two activities, one that fetches the customer 
contact information from the CRM system, and one that fetches the order 
history from the Order system.  
 The Order system requires the stock location in order to calculate a product 
price (transport cost and currency calculations are needed). The customer 
price cannot therefore be concurrently obtained with the stock information. 
 Product information may be sent to customer either as a HTTP message or 
as a 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 transaction (LRT) (Garcia-Molina 1991). 

 

The example reveals that technical realization does change the design of a 
business process. In the next section we define process design aspects to 
provide a framework for further examination of realization transformations 
from business to technical processes. 

 

4.3 Process Design Framework 
 

We introduce a conceptual framework to classify aspects that constitute 
process design. The framework is based on modeling aspects of workflows, as 
proposed in (Jablonski 1995) and further extended in (Rausch-Scott 1997). 

The basic aspect of process design is functional. The functional perspective 
describes how a process is decomposed, i.e. what activities are to be executed. 
Based on (Rausch-Scott 1997), the functionality of an activity is defined with 
three elements: activity name describes the result (i.e. goal) to be fulfilled, 
input and output messages define information exchange, and constraints 
determine pre- and post-conditions.  
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The behavioral aspect concerns process control flow, i.e. when an activity is to 
be executed in relation to others. For specification of coordination rules 
among activities, process specifications rely on three basic control flow 
constructs: sequence, parallel execution, and conditional branching. 

The informational aspect involves process data. In a process specification, data 
are information used as process attributes upon which flow rules are set and 
controlled, and information that the process exchanges with the environment. 

The transactional aspect concerns consistent execution and recovery of a set 
of activities. As the loosely coupled process activities may have short or long 
duration, process transactions comply with two different models. The atomic 
transaction model (Bernstein et al. 1987) is used to administer a set of shorter 
activities, that all agree to enforce a common outcome by two-phase commit. 
In contrast, long-running transaction model (Garcia-Molina 1991) rules more 
durable activities, where each activity enforces a globally visible outcome; 
when an activity fails, the parent transaction rolls back to a consistent process 
state by compensating activities that had successfully completed.  

The organizational aspect describes the distribution of responsibility for 
executing process activities. The responsibility is typically assigned to business 
roles, such as supplier and customer, which are later responsible for executing 
various process activities. By using roles it is possible to dedicate and control 
responsibilities of parties engaged in a process.  

When designing business and technical processes, each of the five aspects 
must be regarded. 

  

4.4 Aligning Business and Technical Processes 
 

A business process is designed to fulfill a goal. This means that a technical 
process, to be aligned with a business process, must fulfill the goal of the 
original process. A process consists of a set of states (Aalst 2002). By enclosing 
the current process status, every process state points out an extent of the final 
goal (i.e. a sub-goal) that is reached (Letier and Lamsweerde 2002). Following 
the framework described in the previous section, design of a process is 
constituted on five main aspects - functional, behavioral, informational, transactional 
and organizational.  This means that in every state the status of each of the 
process aspects might be distinguished. For example, when the activity “send 
order” completes, the process comes into the state which, from the functional 
aspect may be described as that the required order is sent, from the 
organizational aspect that the activity is performed by a particular actor, etc.  

Following the given argumentation, the criterion for the alignment between 
the technical and the business process is that the technical process 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 (see Figure 2 below). 
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Figure 2. Process design aspects 
 

Examining the business process from Figure 1(a), we may observe 
considerable differences in its realization in the form of the technical process 
shown in Figure 1(b). In the business process, the customer price is obtained 
concurrently with the product stock, while in the technical process these 
activities are processed sequentially. This means that both processes do 
provide the same activities but executed in different order. However, for those 
customers where it is accepted that the product price may be acquired only if 
the stock information is available, the technical process does realize the 
business process; for others, it does not.  Furthermore, the usage of HTTP 
and FTP protocols in the technical process for sending the product 
information might fit exactly to some customers; in those cases, the technical 
process tracks the business states. There could be customers for whom even 
one protocol would suffice; for them, the technical process provides more 
states than required. There could be also customers for whom none of the 
protocols fit, which means that the business states are not tracked by the 
technical process.  

The above discussion leads to a conclusion that 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 is capable only 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.  

Based on the capability of a technical process to trace the states of a business 
process, we define four possible levels of realization of a business process (B), 
by using existing system services (S): 

 

- Loss-full-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. 
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- 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. 

- Exceeded-realizable (ER): The process B is realized with one technical process 
where this process traces the states of the process B both for the required 
and some, not required instances; or the process B is realized with two or 
more technical processes, where each of those processes trace the states of 
the process B for at least the required instances. 

*In general, a business process supports a set of instances; we name them “required 
instances”. 
 

The four realization levels are summarized in Figure 3, below. 
 

 
 
 
 
 
 
 
 

 
 
 

Figure 3. The four realization levels. 
 

The importance of the distinction between lossless and loss-full realizations 
is evident – they distinguish “ideal” from “non-feasible” realizations of 
business processes. However, in many circumstances, existing services enable 
realization of a business process for some instances, while not for others 
(constrained realization). It is also important to detect the situations when 
existing services provide more capabilities than required. As it may be seen 
from the above definitions, exceeded realizations are a special type of lossless 
realizations. The existence of an exceeded realization indicates that the 
technical process exceeds the requirements from the business. Exceeded 
realizations are discerned when it is significant to indicate if an organization 
engage more resources in service design and provisioning than necessary.  
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realization types covers the changes that need to be applied to a business 
process during realization. Based on the realization types and on the 
classification of realization levels of business processes described in the 
previous section, we identify rules for transformations from business to 
technical processes, for each design aspect. 
 

Functional aspect. Executable business processes cater directly to business 
needs when describing the activities organizations should perform. Activities 
in a business process are modeled, therefore, according to activities performed 
in organizations and by humans. For instance, requiring the product price to 
be determined based on customer information leads to an activity “get 
customer price” (Figure 1a). In this activity, the goal is to obtain the customer-
based product price, the input message is the product price and the customer 
order history, and the output message is a customized price. A constraint put 
on the output of this activity might be that the price must be calculated in the 
customer’s local currency.  

When designing technical processes the design issues will shift towards 
expressing how systems and technology can be combined to solve business 
problems. In this case the activities are selected according to system services. 
Thus, the functionality of existing systems will be the base for selecting the 
process activities.  

Following the definition of the functional aspect given in Section 4.3, 
activities in a business process could differ from those in the corresponding 
technical process, with respect to goal, message exchange, and/or imposed 
pre- and post-conditions. When a business process (B) is realized, the technical 
process (T) may require changes in functionality, due to constraints of existing 
services (S). Changes made during realization of the functional aspect can be 
classified into three realization types: 

 

− Aggregation. An activity from the process B is supported with one or more 
services S, where these services jointly exchange the same messages and 
have same pre/post conditions as the activity thus achieving the same goal; 
or, several activities from the process B is supported by a single service S, 
where this service achieves the same goal, exchange the same messages and 
have same pre/post conditions as those activities, jointly. 

− Specialization. An activity from the process B is supported with a set of 
services S, where those services share the same pre/post conditions and the 
message exchange as the activity, but have different goals due to 
specialization to a technical system or a protocol. 

− Constraint mapping. An activity from the process B is supported with a service 
S, where the activity and the service exchange the same messages and have 
similar goals but differ in pre/post conditions. 

 

The realization types described above are used to transform the functional 
aspect of a business process into the functional aspect of a technical process. 
To realize a business process (B) existing services (S) must implement the 
process activities such that the business process states can be monitored. 
However, existing system constraints can affect the use of the functional 
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realization types such that the business process is loss-full-, constrained-, 
lossless- or exceeded-realizable. In Table 1 we describe under which 
conditions the use of the functional realization types leads to a particular 
realization level. 
 

Table 1. Realization rules of the functional aspect 
 Aggregation Specialization Constraint mapping 

LF
R

 

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

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

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

C
R

 

For some instances, high 
granularity services S that 
correspond to the mes-
sage 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).  

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

LL
R

 

The message exchange of 
a service S contributes to 
the message exchange of 
most one activity in the 
process B. This ensures 
that the states of the proc-
ess B can be traced on 
activity basis. 

One or more 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. 

ER
 

The services S provide
alternative message ag-
gregations, where all sup-
port a lossless realization
of the process B activity. 

The services S specialize a 
process B activity to sev-
eral technical protocols, 
where some of them are 
not needed. 

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

 
 

The behavioral aspect. In a business process the use of the control flow 
constructs is governed by business rules - for instance, it might be required 
that the activity “deliver goods” cannot be started before the activity “receive 
payment” is completed.  When realizing a business process (B) as a technical 
process, existing services (S) can limit the use of the flow constructs. For 
example, there might be dependencies between services such that they cannot 
be executed in parallel. The following realization types can be applied:  
 

− Reordering. A group of ordered (sequenced or parallel) activities in the 
process B is supported by an equivalent, a weaker or a stronger ordering of 
services S, due to existing execution dependencies 
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− Condition mapping. A conditional branch in the process B is supported by 
stricter, equivalent or wider branching conditions in the services S, 
depending on design and availability of services. 

 

Table 2. Realization rules of the behavioral aspect 
 Reordering Condition Mapping 

LF
R

 The ordering dependency of a group of 
services S is weaker than of the corresponding 
activities in the process B.  

The services S do not provide 
support for a required branching
from the process B. 

C
R

 

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

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

LL
R

 

The ordering dependency of a group of 
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 S provides services such that 
every branch in the process B 
corresponds to one branch in the 
technical process. This ensures 
that a branching condition as 
specified in the process B is
followed in the technical process. 

ER
 A group of services S support alternative 

orders to implement an order of activities in the 
process B. 

A group of services S support 
wider branching than required in 
the process B. 

 
The informational aspect. 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 by existing 
services in the form of well-designed information structures; those structures 
may include, in addition, technical concerns such as transaction and system 
identifiers. Thus, when realizing a business process (B) by using services (S), 
the following realization type is identified:  
 

− Information mapping. Business concepts as specified in the process B are 
mapped to information structures from the services S. 

 

Table 3. Realization rules of the informational aspect 

LF
R

 

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

C
R

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

LL
R

 

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

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

 
The transactional aspect. Realization of the transactional aspect of a 
business process is limited by transactional properties of existing services. For 
example, it may be that order processing activities in a business process are 
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designed as long-running to enable control of intermediate messages, while the 
corresponding services are governed by an atomic transaction in the final 
technical process, as they are short-durable, and compensating services are 
not, therefore, designed. Thus, when realizing transactional aspect of a 
business process (B) by using services (S), the following realization type is 
identified: 
 

− Model mapping. A transaction model (atomic or long-running) in the process 
B is supported by the same or a different model in the service S.  

 

Table 4. Realization rules of the transactional aspect 

LF
R

 

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

C
R

 The 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).  

LL
R

 The 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. 

ER
 The services S enclosed in a transaction support both atomic and long-running 

properties. 

 
The organizational aspect. When designing a process the responsibility is 
assigned to business roles, to dedicate and control responsibilities of parties 
engaged in the process. On the system level, roles for invocation of services 
are assigned to systems and further to organization units that own the systems. 
For instance, a business partner that is responsible for handling a delivery, 
might in the technical process be represented by services provided by the 
partner’s organization, or by a third party. When realizing a business process 
(B) by using services (S), the following realization type is identified:  
 

− Role Mapping. The roles responsible for business process activities are in the 
technical process mapped to parties that realize those activities by the 
corresponding services; the services, however, might not be owned (or 
supervised) by the designated parties.    

 

Table 5. Realization rules of the organizational aspect 

LF
R

 The services S that implement a business activity from the process B are not owned 
by the party in the process B that is responsible for this business activity (in the 
form of business role). 

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. 

LL
R

 The services S that implement a business activity from the process B are owned by 
the party in the process B that is responsible for this business activity (in the form 
of business roles). 

ER
 Several business parties may take responsibility for an activity in the process B. All 

parties provide supporting services. 
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The defined realization rules give the possibility to assess the realization of a 

business process. A technical process can be examined on a per-aspect basis to 
discern if it is a loss-full, constrained, lossless or exceeded realization of the 
corresponding business process.  
 
Assessing the process alignment in the Sandvik case 

The example case depicted in Figure 1 provides us with the basic information 
about each design aspect. Assessment of the process realization requires 
examination of all five design aspects in both the business and technical 
processes. For those realizations that are not lossless, case data is further 
required to examine if the realization is constrained.  
 

 By examining the functional aspect we can see that each activity in the 
business process is represented by one or several activities in the technical 
process - the aggregation rule therefore holds. The specialization rule is also 
satisfied, as the HTTP and FTP protocols fulfill the customers’ 
requirements. In contrast, the constraint rule is not satisfied because the 
product price in the technical process may be obtained in Euros only, while 
by the business process the currency Dollar is also required. However, as the 
company Sandvik has many “Euro customers”, the mapping of the 
constraint is satisfied for these cases, which means that the functional aspect 
is realized as constrained.  
 For the behavioral aspect, the technical process utilizes a sequential flow of 
the Get Stock and Get Customer Price activities instead of the parallel flow 
in the business process. Furthermore, a conditional branching is introduced 
to have separate activities for each of the FTP and HTTP protocols. Neither 
of these modifications breaks the stated rules of ordering and conditional 
branching.  
 The realization of the informational aspect cannot be determined with the 
BPMN models from Figure 1, as this requires comparison of the message 
documents in both processes. By doing that, i.e. by investigating the inclusion 
of required information concepts in the technical process, we conclude that 
the rule holds. 
 The organizational aspect requires information about the owner of each 
activity. This is not described in the example. However, in this case the 
company Sandvik is responsible for executing all activities except these 
within the customer system, which means that a correct role mapping exists 
between the business roles and the systems that execute the process.  
 Examining the transactional aspect, we may see that the activities in the 
transaction in the technical process do not have the atomic transactional 
properties as required by the business process. The model mapping rule is, 
therefore, not satisfied. 

 

Based on the above information we conclude that the realization is loss-full. 
If the existing services would be redesigned to support the atomic 
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transactional model for the required transaction, the realization would be 
improved to the constrained level. If, further, the service used to calculate the 
product price would be updated to provide the result in both required 
currencies, the realization of the business process from Figure 1 would finally 
become lossless.  

Performing this kind of realization assessment can help a process designer in 
several stages of the process design life-cycle.  At the design stage the 
assessment can be continuously performed to ensure a lossless realization. 
Later on, when doing maintenance on the process due to changing business 
requirements, the realization rules can be applied 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.  

 

4.6 Modeling System Constraints 
 

Limitations in system capabilities affect realizations of business processes. In 
this section we will examine how systems can be described in order to provide 
a structured overview of service capabilities. 

The starting point for structuring service capabilities is the five aspects of 
process design. The realization types, as described in previous section, give a 
base for how to structure the model of system constraints given in Figure 4, in 
a way to enable a transparent investigation of possibilities for process 
realizations.  

 

Modeling functional aspect 
− The aggregation realization type is used to identify services that are close to 

the granularity of business process activities. Thereby, a classification of 
services into granularity levels is needed to enable searching 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, we include two concepts in the system constraint model: granularity level 
and aggregation (see Figure 4).  

 

− 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, we 
introduce the concept of specialization group 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. 

 

− The constraint mapping realization type enables selection of services that 
provide a satisfying mapping of the pre- and post-conditions. By 
introducing the concept of conditions, and associating it with input and output 
messages, by message contracts, the system constraint model provides support 
for use of the constraint mapping realization type. 
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Modeling behavioral aspect:   
− The reordering realization type is used to identify if services might support a 

certain order. Services that where designed to be executed in a sequence 
(common for services in a single interface), cannot be executed in parallel, 
or in the reverse order. We therefore introduce the concept of a sequence 
dependency in the system constraint model.   

− 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. 

 

Modeling informational aspect: 
− The information inclusion realization type is used 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 services. Therefore, the system constraint model in 
Figure 4 contains the message concept. The structure of each input and 
output parameter may be represented by a nested structure of messages.  

 

Modeling transactional aspect: 
− The model mapping realization type is used to identify if services might 

support a particular transaction model. To enable identification of 
transactional properties of services, the system constraints model includes 
the concept of transactional model. The concept has the extent {no transaction 
support, atomic, long-running}.  

 

Modeling 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. This means that a service 
must execute within a system owned by an organizational unit that 
corresponds to a business role. To enable identification of the ownership of 
services, the system constraint model contains the concepts of system and 
organization. The organizational concept is used to depict legal entities, such 
as the organizational departments in a company that own systems.  

 

 
Figure 4. Model of system constraints 
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The outlined system constraint model is derived from the information 

required when applying realization types to transform a business process to a 
technical process. In the next section, we discuss how a combination of the 
concepts of system constraints, realization types and realization levels enable a 
continuous process evolution.  

 

4.7 Process Development and Evolution 
 

The concepts presented in the previous sections can be used to support both 
the development of new technical processes, as well as to enable the evolution 
of those processes. Developing new processes consists of selecting the 
transformations (realization types) and utilizing the 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 process evolution tracking is to represent the use of 
realization types and the system constraints that affect the selection of 
particular realization types in a unified model. A high-level version of such a 
model is shown in Figure 5. 

 
 

 

 
 

Figure 5. High-level traceability model 
 

 The system constraints of each 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 services the aim is to 
select and use those services that provide the highest realization level. The first 
step in developing a technical process is to use the system constraint model 
(Figure 4) to select appropriate services in a stepwise manner: 

 

- 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 1 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.   

- 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). 

 

- The concepts of transaction model and the concept of specialization groups 
can be used last, to ensure proper transactional behavior and, if possible, 
provide alternative implementations of a business transaction. 

 

By applying the above outlined steps, it is possible to find the 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). 

 

Once the business process is realized, the model from Figure 5 may be 
continuously used to verify the consistency between the business processes 
and system constraints. When changing existing services according to 
technology updates, organizational restructuring, etc., the model is used to 
control the validity of the existing business process realization. We distinguish 
the following ways along which system constraints may be changed: 

 

 Extension – when a new service is added to the system. For instance, in the 
example in Figure 1, adding a “send order” service to the existing system 
with the specialization to the SMTP protocol, would lead to the upgrade of 
the realization case from the lossless to exceeded (as none of the customers’ 
instances require SMTP protocol). The realization upgrade is detected by 
relating the service with an adequate specialization group (Figure 4). 

 

 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 the lossless to 
a constrained. 

 

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

4.8 Relaxing Requirements for Process Alignment 
 

An increasingly important characteristic of executable processes is 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. This means that changes in the business requirements that affect 
the technical process can be difficult to implement. One solution to the 
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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 
technology to govern the business development. 

Without abilities for flexible design of processes from both the technical and 
business perspectives, changes to business requirements could result in major 
redesigns of the supporting services. For example, if the execution order of 
activities is firmly encoded within the software systems, it might be difficult to 
accommodate changed business requirements. On the other side, unnecessarily 
strict business requirements might hinder the reuse of legacy system services, 
or even the use of new innovative services.   

Existing proposals on how to introduce flexibility in process specifications 
can be segmented into two categories. First, some authors suggest making the 
process specification more abstract. By raising the abstraction level the process 
loses details, but at the same time captures a wider range of behavior. 
Examples of constructs that augment the abstraction level are the use of ad-
hoc sub-processes (Heinl 1999), activity inheritance (Aalst 1999), (Ribó and 
Franch 2001) and patterns of flexibility (Sadiq et al. 2001). An extreme 
example of raising the abstraction level is the use of business models as the 
foundation to creating process specifications (Anderssson et al. 2005). The 
second approach to process flexibility is to introduce constructs that are 
tailored to handle behavior on a set of activities. Examples of such “cross-
cutting” constructs are the use of Event-Condition-Action (ECA) rules (Joeris 
and Herzog 1999), process parameterization (Aalst 1999) and the use of 
profiles to describe complex error handling (Chopra and Singh 2004).  

Our approach differs, as we specifically target the case where a process 
needs to fit on top of existing technical foundations. Our aim is to keep the 
alignment of two processes, business and technical, flexible. As we argued in 
Section 4.5, not all realizations are lossless - applying the realization rules can 
lead to a loss-full realization where a technical process cannot trace all business 
states. If flexible alignment between business and IT is to be achieved, both 
relaxation of business requirements and a technical realization that can 
accommodate changing business requirements must be achieved. Thereby, we 
investigate how to enlarge abilities for lossless realizations of business 
processes by considering two perspectives: 

 

 Technical, which focuses on the aspects of service design that need to be 
adhered in order to minimize the impact of diverse business requirement 
changes.  
 Business, which presumes relaxation of business process specification, 
without changing designed activities, flow constructs, etc., to minimize the 
business requirements.  

 

In Figure 6 below, we provide an example of a loss-full realization of a 
business process. 

The business process given in Figure 6(a) below, illustrates a process for 
supplying customers with furniture, using a virtual sale portal named Itea (Itea 
2005). The model is based on a case developed to investigate capabilities of 
SEB bank, a North European financial group, to integrate its ERP systems in 
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the form of Web services and coordinate them using a process-based 
management system.  

The first step in Itea’s business process is to receive a customer’s order 
request. Upon this, the customer contact and the order history are retrieved 
and the order amount and details are verified. After the order is processed by a 
supplier, if 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6. Business process (a) and realized technical process (b) 
 

A technical realization of the given business process is shown in Figure 6(b). 
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.   

 

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). 
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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 Tables 1-5, it might 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. 

Following the described problem, in the following we propose how to 
enlarge abilities for lossless realizations of business processes. We first 
consider the technical perspective, to examine how to minimize impact of 
service constraints; we then study the business perspective, to perceive how to 
relax the requirements for realizations of business processes.    
 

Achieving flexibility in the technical layer 
 

Defined realization rules (Section 4.5) and the model of service capabilities 
(Section 4.6) give a base to the criteria that system designers should adhere to 
when designing services, to minimize technical constraints when realizing 
business processes. The guidelines for design of services are given in Table 6.  
 

Table 6. Guidelines for service design 
Service Design 

Aggregation. Services are to be designed to enable finer granularity of activities, 
or to support several levels of granularity (see Figure 4). In the example in Figure 
6(b), 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. 
Specialization. Specialization to different systems should be offered, i.e. at least to 
the systems/protocols required by the customer. In the given Itea example, it 
means the system needs to provide a specialization group (see Figure 4) of two 
services to support sending of the order confirmation by e-mail and by fax. 
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Constraint mapping. To ensure realizations of constraints of business activities, 
service message contracts (Figure 4) should support minimal input constraints and 
maximal output constraints. For instance, if the activity “Calculate order amount” 
in the business process in Figure 6 would be defined to handle the currency Euro 
as a valid output, the corresponding activity in the technical process must support 
the same currency, and may additionally support other currencies. 
Reordering. Services should be designed in the way to avoid ordering dependen-
cies (denoted as sequence dependency in Figure 4). In the example in Figure 6, 
there is no mismatch between the ordering of the technical activities compared to 
the business process activities. However, if for some reasons the system services 
did require a different invocation order it would clearly lead to an alignment prob-
lem. 
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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. 
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Service Design 

In
f. 

Information inclusion. A service should be designed to be able to expose all busi-
ness concepts that the service handles. In the example in Figure 6 it means that, for 
instance, the Itea’s order system should be designed to support broad customer 
information, even not all will 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 commit 
and compensations. In our example in Figure 6, service support for compensations 
of activities “process order” and “debit customer account” would enable the loss-
less realization of the transactional aspect of the given business process. 
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Role mapping. Services should be designed with well-described and reusable in-
terface 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(b), it is not clear which supplier 
processes the 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 might realize the responsibility. 

 

By following the outlined rules, the flexibility in design of executable 
processes is improved by enabling a wider scope of business processes to be 
lossless realized without the need to redesign business or technology.  
 
Achieving flexibility in the business layer 
 

A way to enlarge abilities for lossless realizations of business processes is to 
relax the condition for the process alignment as defined in Section 4.4, by not 
requiring traceability of all business states in a corresponding technical 
process. This may be achieved by distinguishing the states in the business 
process that must be visible in the technical process, from those states that 
might be hidden in services (see Figure 7 below).  

The distinction is determined according to the following criterion:  
 

A business process state must be visible in the technical process if its content is used by the 
business process environment, that is, by internal and/or external actors* that interact with 
the process; otherwise the state needs not to be visible. 
*External actors are commonly depicted in the business process model, for example 
“Customer”, “Supplier” and “Bank” in Figure 6(a). Internal actors are those within 
organizations that are interested in monitoring the process states. 
 

 
 
 
 
 
 
 
 
 
 

 

Figure 7. Business states hidden in service implementations 
 

Technical process    Services Business process 
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Not requiring visible tracking of the “non-required” business states allows 
the use of existing services that hide those states. For instance, in the example 
from Figure 6, if the business does not need information on the customer 
contact before the history of his orders are retrieved, then the final realization 
in the form of the single activity “Get customer information” would be 
satisfying. In this way a business process that was incompatible with existing 
services, becomes realizable in a limited way. It might be also required to 
support visibility of the process states for a group of instances, while not for 
the others. Following this, flexibility in design of a business process may be 
discerned in three levels of visibility: 

 

 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 the “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.  

To apply an adequate level of visibility, all five design aspects need to be 
considered. This is because the alignment between the business and the 
technical process, as discussed in Section 4.4, must be considered for each 
design aspect. Therefore, in the following, we define criteria for discerning 
requirements for visibility of business process states on the per-aspect basis.  
 

Functional aspect. Existing services might be designed to encompass more 
functionality than a single 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. For instance, in 
Figure 6, the customer information is retrieved with two activities in the 
business process - “Get customer contact” and “Get order history”. Since the 
two messages defined in the business process are exchanged internally, the 
visibility of the two activities might be set to the loss-full. In this case the 
technical process, exchanging the customer information with a single service, 
will become aligned with the business process. If, however, the messages have 
to be available for external actors such as customers (lossless visibility), 
alignment between the two processes is not reachable without redesigning 
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existing services. The requirement for visibility of the functional aspect of a 
business process can be determined by applying the following question: 
 

 Visibility 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, that is, 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 func-
tional elements of the activity (lossless visibility, LLV). 
- Yes, for some process instances (constrained visibility, CRV). 

 

Behavioral Aspect. When realizing a business process, existing services are 
the base to implement the required flow constructs. These services might be 
constructed such that they encompass some execution order, as well as 
branching conditions. Examining visibility of branching conditions in the 
example case (Figure 6), it may be seen that in the business process the order 
confirmation is sent using one of the two protocols: e-mail or fax. The 
visibility of the conditional selection of these branches could be set to loss-full, 
since Itea does not need to inform any of the external or internal actors which 
of the protocols was applied. This means that the technical process, not 
supporting the representation of the conditional selection, becomes aligned 
with the business process.   
 

 Visibility of the behavioral 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 cannot be determined directly from the given BPMN model, as this 
requires comparison of the message documents in both processes. By doing 
that, as an example, we find that the business process requires the address 
structure in the “Get customer contact” message to contain two addresses – 
one that is the customer’s registered address, and the other used for the 
product delivery; the document of the corresponding service supports only the 
registration address. However, the delivery address is not needed for domestic 
customers, because for those customers delivery expenses are fixed (same). 
This means that the visibility of the address might be set to constrained, that 
is, alignment between the business and technical process can be upheld. The 
requirement for visibility of the informational aspect can be generally 
determined by using the following guiding question: 
 

 Visibility 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. 
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Transactional Aspect. When designing transactions in a business process, 
the selection of the model is determined upon necessity on visibility of internal 
transactional states. Concerning the example from Figure 6(a), 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 currently does not offer the ability for a partial 
delivery (that is, when the supplier informs on a partial availability of an 
order), 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 be then aligned with the 
originally designed process. The requirement for visibility of the transactional 
aspect of a business process might be examined by using the question: 
 

 Visibility of the transactional 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, 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 
might be set to loss-full, which enables the alignment between the two 
processes. The requirement for visibility of the organizational aspect of a 
business process can be guided by using the following question: 
 

 Visibility of the organizational aspect 
Q Is it mandatory to capture the information on what business party executed a busi-

ness process activity?  
A No – LFV; Yes – LLV; For some instances – CRV. 

 
In following, we describe how the notion of visibility is applied when 

realizing a business process.  
During design of a business process, the described approach for relaxation 

of the requirement for the lossless realization is applied by denoting a desired 
level of visibility (i.e. lossless, constrained or loss-full) for the contained 
process elements (activities, control flow, transactions, information concepts, 
roles, etc.). The chosen visibility level reflects the need of the process 
environment to either monitor or not the process execution at runtime. As 
stated earlier, the process environment consists of external and internal actors 
that interact with the process. Guided by the questions defined previously in 
this section, the process designer applies the loss-full visibility (LFV) or 
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constrained visibility (CRV) labels to the elements that do not need full 
visibility during execution. Elements from all five process aspects are labeled 
as following:  

 

 Functional – Activities and sub-processes constructs  
 Behavioral – Ordering and branching constructs 
 Informational – Information concepts  
 Transactional – Transactions boundaries  
 Organizational – Roles/organizations that are participating in the process  

 

Figure 8(a) depicts a labeled excerpt from the beginning of the example case 
from Figure 6(a). 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 
labeled 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.  

 
 
 
 
 
 
 
 
 
 

 
Figure 8. Labeling business process activities with levels of visibility (a); 

implementing the business process activities in the technical process according to 
existing services (b), (c). 

 

When the business process is labeled, 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 labeled the elements with their desired 
run-time visibility, the technical process designer has obtained flexibility for 
designing the technical process. Unmarked (loss-less visibility) elements must 
still be implemented as-is, but the elements labeled with LFV or CRV can be 
implemented by applying “black-boxing” and selective black-boxing:  

 

 Black-boxing can be applied when an element is labeled with the loss-full 
visibility (LFV). For example, information concepts and behavioral 
branching can be hidden inside legacy services.  
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 Selective black-boxing can be applied where lossless visibility is needed for some 
instances; this is applicable for elements marked as CRV (constrained 
visible).  

Figure 8(b) 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 8(a) would be labeled as LFV, this would be a valid construct. Figure 
8(c) 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 achieve alignment between 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.  

 

4.9 Summary 
 

In this chapter, we have examined the alignment between business and IT in 
the form of executable processes. Our methodology, with its concepts, 
subsumes the following contributions: 
 

- The notion of business and technical processes. We distinguished between business 
and technical perspectives in the context of executable enterprise processes. 

 

- Use of a structured process design framework. When comparing a business process 
with its technical counterpart, the five main aspects of process design 
(functional, behavioral, transactional, organizational and informational) must 
be considered. 

 

- Realization types. By recognizing the differences between a business and a 
technical system environment and by regarding the five design aspects, we 
presented a set of transformations - realization types which can be applied to 
realize a business process as a technical process. 

 

- The alignment criterion. We defined the criteria for the lossless process 
realization as the requirement for the technical process to trace all states of a 
business process. 

 

- Realization levels. We introduced the notion of realization levels to classify 
technical realizations of business processes into four levels of quality – loss-
full, constrained, lossless and exceeded. 
 

- Realization rules. Based on the five-aspect design framework, we defined a set 
of rules for discerning the levels of realizations of business processes. 

 

- Model of system constraints. To support the process designer in the selection of 
realization types, we proposed a model of system constraints. In addition, 
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the model is structured to guide the designer towards high-quality process 
realizations. 

 

- Evolution. We set up a basic model that utilizes the aforementioned concepts 
to track changes in business and technical processes. The model enables 
iterative evolution of process realizations by continuous tracking of the 
alignment between business and the supporting technology. 

 

- Flexibility. We proposed a method on how to improve flexibility in the 
process alignment both from the business and the technical perspective.  
The first perspective presumes a categorized relaxation of the business 
process specification by not requiring all business states to be visible in the 
final technical process. The second perspective focuses on aspects of service 
design that minimize potential conflict with business concepts. 
 

The concepts of business and technical processes and their interrelation in 
the form of realization types and realization rules are a foundation for 
understanding the concerns of business-to-IT alignment. When the guidelines 
for flexible service design and flexible business process design are added to a 
designer’s toolkit, they offer a significant and viable approach to the 
development and evolution of processes that need to take advantage of 
existing assets in the form of software services. 

A subject for further work is the automation of the procedure for assessing 
the alignment between business and technical processes. This primarily 
requires conceptualization of all the elements included in the process design 
framework as well as identification of the necessary logics for enabling a 
machine-readable comparison of process and system concepts. 



37 

5 Cross-enterprise Process Integration: Aligning 
Contract Requirements with Business Processes 

 
This chapter starts by emphasizing the gap between contract requirements and 
executable business processes. Contract requirements based on a contract 
ontology and represented as a set of contractual patterns are then deduced into 
a high-level process model named the Contract Workflow Model (CWM). 
Finally, by utilizing the five-aspect framework (see Section 4.3), a set of rules 
for compliance between CWM and internal business processes is defined.  
 

The work reported in this chapter is based on Paper 5. 
 
 

5.1 Introduction 
 

The purpose of establishing a business contract is to agree upon the rules and 
regulations governing interactions between the contract agreement partners. 
The contract confirms the legal binding nature of the agreement as well as the 
remedial options and rights granted to the partners in case of any dispute.  

Both the contract management domain and the business process 
management domain have existed for some time. However, most available 
solutions such as Enterprise Resource Planning (ERP) and Customer 
Relationship Management (CRM) have not managed to seamlessly integrate 
these two domains. A business contract is like a master plan for the expected 
business behavior of the parties involved. Thus, non-compliance with the 
contract terms could lead to legal, economic and business repercussions. This 
means that the actual business processes of the involved parties must follow 
the rules established by a contract.  

A successful contract is negotiated such that the terms are beneficial to all 
parties involved. The contract instructs obligations which are legally bindings 
and must be fulfilled as agreed.  Once negotiated and signed, the contract is to 
be realized by existing enterprise (business) processes. To ensure 
interoperability of the business processes of the partners, it is necessary to be 
able to examine the compliance between the processes and the respective 
contract requirements. Existing methodologies fail to bridge the chasm 
between the two domains. 

Here we propose a method for bridging the gap between contract 
requirements and existing business processes. Based on a contract ontology 
(Kabilan et al. 2003), we first deduce contract requirements given as a set of 
contractual patterns into a high-level process model named the Contract 
Workflow Model (CWM). Then, by utilizing the five-aspect process design 
framework, we define a set of rules for examining the compliance between 
CWM and existing business processes where the two models are defined using 
the concepts of Business Process Modeling Notation (White 2004). The use of 
these rules enables the continuous traceability of alignment between the 
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contract obligations represented by a Contract Workflow Model and a 
business process. 

Many efforts have been made toward the realization of electronic contracts 
using processes (Karlapalem et al. 2001), (Alonso et al. 1999), (Grefen et al. 
2000), (Angelov and Grefen 2002). Our method differs in two ways. First, in 
contract modeling, we focus on grasping the necessary semantic content 
regardless of the B2B protocol standard used.  Second, in contract realization, 
we aim to integrate contract models with existing business processes rather 
than creating new process models. In that context, our work is similar to the 
van der Aalst’s concept of workflow inheritance (Aalst 2002), which is used to 
compare public and private processes. In contrast to that work, the contract 
process model (CWM) comprises both public and private behavior. In 
addition, we compare the CWM with existing (private) processes using a less 
formal but more comprehensive method than the van der Aalst’s concept. 

 

5.2 Deducing Contract Workflow Model Using Contract 
Patterns 

 

In this section we first describe INCOTERMS delivery patterns (Ramberg 
2000), which are used in our Sale of Goods case study for identifying the 
obligations of the buyer and the seller. Based on the classification of obligation 
states as proposed in Multi Tiered Contract Ontology (Kabilan et al. 2003), we 
deduce a high-level process model (named Contract Workflow Model) for the 
chosen case study. 

The MTCO models life-cycles of the contractual obligations, as they pass 
through a set of states in response to identified performance events. For instance, 
an obligation, such as the seller’s primary obligation to deliver, is inactive when 
the contract is signed. It becomes active when the buyer sends a purchase order 
and the seller accepts the order. Thereafter, the obligation becomes fulfillment 
triggered when the seller packs and starts the delivery process. Once the buyer 
accepts and sends notification of acceptance to the seller, the seller’s 
obligation to deliver may become fulfilled. The classification of obligation states 
is the key concept for creating a temporal, process-based contract composition 
in the form of the Contract Workflow Model. 

We have chosen Sale of Goods contract domain as our case study, with the 
focus to delivery of goods. We use ICC’s INCOTERMS recommended as the 
standardized patterns for delivery terms agreed between the two parties 
involved in a sale of goods business transaction. Delivery terms are agreed 
terms and conditions, which govern the actual process of provisioning of 
goods between the seller and the buyer. When applied in a contract agreement, 
the INCOTERMS delivery terms induce a set of obligations, as well as their 
temporal ordering.  

In order to specify the obligations, that is, the roles and responsibilities for 
different delivery protocols, the INCOTERMS have been grouped in four 
different categories. In our study, we use the Ex Works pattern. In Table 7 
below, we present an extract of the Ex Works patterns. 
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Table 7. Extract of distribution of obligations in Ex Works delivery terms. 

Obligation Seller Buyer 
Provision of goods and 
Commercial Invoice 

Yes No 

Delivery Place the goods at the named place 
of delivery on the date or within 
the period stipulated. 

Take delivery as soon 
as they have been 
placed at his disposal. 

Payment of price None Pay the price as pro-
vided in the contract.  

Notice to the buyer Give notice as to when and where 
the goods shall be placed at the 
buyer’s disposal. 

Not applicable 

Packaging, marking Provide at his own cost packaging 
as it is required by the circum-
stances relating to the mode of 
transport, destination etc. Packag-
ing is to be appropriately marked. 

Providing the transport 
modalities and inform-
ing the seller of the re-
quired packaging. 

Inspection of goods None Pay the shipment in-
spection and inspection 
mandated by the coun-
try of export. 

 

As we have explained earlier, the Multi Tier Contract Ontology defines the 
states the contract obligations may pass, and based on them, a set of 
performance events that initiate transitions of those states. By applying the Ex 
Works obligation patterns from Table 7 to a sample Sale of Goods contract 
example (provided in Appendix A), we sort out the list of the contract 
obligations and associated performance events (Table 8): 
 

Table 8. Examples of the identified performance events for the contract sample. 
Obligation Possible list of Performance Events 

Deliver goods  
(implied from Ex Works) 
Take order (implied from the contract) 
Arrange carrier (implied from the contract) 
Deliver at the agreed place for point of destination  
(implied from Ex Works) 
Notify buyer on delivery (implied from the contract) 

Obligation to deliver 

Compensate rejected delivery (implied from the contract) 
Pack goods  (implied from Ex Works) Obligation to pack 

 Mark goods (implied from Ex Works) 
Inspect Goods (implied from Ex Works) 
Notify seller of any discrepancy and demand remedy  
(implied from the contract) 

Obligation to pay 

Pay for goods (implied from Ex Works) 
 

The identified obligations and performance events are further grouped 
according to the actor performing them. Following the contract example (see 
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Appendix A) and the flow dependencies, the performance events are ordered 
in a time-based sequence according to the life-cycles of the identified 
obligations (see Figure 9).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 9: Temporal ordering of obligations and performance events  
 

For instance, the state of seller’s obligation to deliver is changed from the 
inactive, when the contract is signed, to the active, when the seller takes 
(receives) the order from the buyer. The obligation state changes to the 
fulfillment-triggered when the goods are to be packed and when a carrier is 
arranged. As another example, buyer’s obligation to pay becomes active after 
an order is sent; the obligation is fulfillment triggered when the payment is 
initiated and finally fulfilled, after the seller receives money.  

The obtained coordination of the performance events forms a basis for a 
Contract Workflow Model (Kabilan et al. 2005). In order to obtain a “valid” 
process model, the composition is transformed to a Business Process 
Modeling Notion model. As explained in Chapter 4, the BPMN is a graphical-
based, semantically reach process modeling notation. In (Kabilan 2005), we 
have proposed the core mapping patterns between the concepts of the CWM 
and the BPMN: 
 

- The performance event to the BPMN sub-process. 
 

- The obligation states to the BPMN events. 
 

- The coordination of performance events to the BPMN sequence flow.  
 

- The simultaneous processing of two or more performance events to the 
BPMN AND gateway. 

 

- The exclusive processing of performance events to the BPMN XOR 
gateway, etc.  
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Following the patterns, we have deduced the CWM for our Sale of Goods 
example to the BPMN form (Figure 10): 

 

Figure 10. The Contract Workflow Model of the buyer and the seller represented as 
a BPMN high-level process. 

 

5.3 Compliance between Contract Workflow Model and 
Business Process 

 

In a B2B context, the Contract Workflow Model specifies the agreed contract 
patterns in the form of a process. The CWM captures both the interaction and 
coordination flow. Thus, a CWM differs from a business process in the way 
that it defines the flow of high-level activities. Following this, the CWM of the 
seller presented as a BPMN model in Figure 10, may be considered as a partial, 
that is, a high-level specification of seller’s business process. 

As stated in the previous section, the BPMN allows for a visualized process 
modeling. A business process, designed as a BPMN model may be further 
converted to a BPEL4WS specification, using a set of mapping formalisms. In 
contrast to the language format of a BPEL4WS process specification, a 
BPMN model enables designer to intuitively and easily capture various aspects 
of process design.   

In the following, we utilize the process design framework defined in Section 
4.3 to classify the main concepts that constitute design of a BPMN process, in 
order to enable a systematic examination of compliance between a CWM and 
a business process (see Figure 11). By following the framework, we identify 
the compliance rules for mapping CWM to business processes. The total set of 
rules covers the transformations that may be applied during the assessment of 
compliance between a CWM and a business process. 
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Figure 11. The five-aspect framework used for examination of compliance between 

CWM and business processes 
 

Functional Aspect. Functionality of a process activity is determined by three 
elements: the activity name which describes the result (i.e. goal) to be fulfilled, 
exchanged messages, and input and output constraints, i.e. pre-conditions and 
post-conditions. In the BPMN, activities can be non-atomic, such as sub-
processes, or atomic, such as tasks; constraints are described using the property 
activity attribute; message exchanges are depicted with message flows. 

The CWM models functionality at the level of sub-processes, while the 
business process does it on the task level. When comparing a CWM with a 
business process from the functional perspective, we investigate whether the 
tasks in a business process are compliant with a CWM sub-processes, with 
respect to their results, the message exchanges, and/or the imposed pre- and 
post-conditions. Following this, the functional aspect of a business process 
will be compliant with a CWM, if the design of the business process satisfies 
the following rules:  

 

 Result/Messages. One or more tasks in a business process correspond to one 
sub-process in a CWM, where the tasks jointly provide the same result as the 
CWM sub-process and provide at least the messages flows that the sub-
process exchanges. This ensures that the business process can trace the 
results and messages of the sub-processes in the CWM. 

 

 Constraints. The pre-conditions of the tasks in a business process must be 
same or weaker than in a CWM, while the post-conditions must be same or 
stronger. This ensures that the constraints of the sub-processes, as defined in 
the CWM, are supported in the business process.   

To illustrate the functional aspect, we consider the CWM of the seller in the 
example from Figure 10, and an excerpt of seller’s business process (due to 
space limitations we do not depict the whole business process). The contract 
implies (Figure 12a) that goods are packed by executing the sub-process 
“Package goods” with the post-condition that packaging must be done 
according to a given specification. In the business process, packaging of goods 
is designed as shown in Figure 12(b). In this case, the result/messages rule is 
satisfied, because the joint result of the three tasks in the business process 
corresponds to the result of the CWM sub-process, whereas a requirement for 
message flows does not exist. The constraints rule is also satisfied, because the 
post-condition of the last task in the business process is equivalent to the post-
condition of the CWM sub-process. 

Functional 

Behavioural 

Informational 

Organizational 

Transactional 

CWM Business Process 
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Post-condition: goods
 are packed according 

to the specification

(a) (b)

Get packaging 
specification

Get packaging 
material Packaging

ER
P

Post-condition: goods are packed 
according to the specification

com
pliance

Figure 12. Packaging of goods – in the CWM (a) and in the business process (b). 
The models are compliant by the result/message and the constraints rules. 

Behavioral Aspect concerns the control flow of a process. For specification 
of dependencies and coordination rules among activities, process models rely 
on a set of basic control flow constructs: sequence, parallel execution (AND), 
and conditional branching (OR/XOR). In addition, activities may be triggered 
by events, which are signaled by internal or external occurrences. In the 
BPMN semantics, the normal flow is used to model the basic sequence, while 
gateways are used to model AND, and OR/XOR controls. The BPMN includes 
events that affect the sequence or timing of the activities of a process. Events 
are categorized as Start, End, or Intermediate (may be time-, message-, cancel-, 
rule- or error-based).  
 When investigating the behavioral aspect, the control flow in a business 
process must be compliant with the flow of sub-processes in a CWM. It 
means that the business process must be able to trace all the control flow 
states from the CWM. This implies the following rules:    
 

 Ordering. In a business process, ordering of the tasks might be the same or 
stronger than of the sub-processes in a CWM, because a CWM models the 
minimal ordering requirements. This means, for instance, that the parallel 
flow in a CWM is compliant with both parallel and sequence flow in a 
corresponding business process. 

 

 Branching. In a business process, branching must be designed such that every 
branching condition in a CWM has a corresponding branching condition in 
the business process. This means the business process may also specify 
additional conditional branches. 

 

 Events. Events, as specified in a CWM, must exist in a corresponding 
business process. An exception of this rule are the message-based events 
defined in a CWM, which denote the interaction points between the 
partners; those events may be modeled in a corresponding business process 
either as events, or as “receive” tasks, because both elements model an 
equivalent behavior from the BPMN view. 

 

An example of the event and branching rules is given in Figure 13. In 
seller’s CWM, the event that captures the buyer’s cancellation notification 
(Figure 13a), and the task “Receive cancellation request” in the business 
process (Figure 13b), model the equivalent actions. As for the branching rule, 
the CWM includes two branches to model possible flows upon receiving a 
request for a cancellation, while the business process includes an additional 
branch that examines the number of days passed from the receipt of order.  
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The compliance between the CWM and the business process holds, because in 
the business process, the value for the number of days may be set high enough 
so that the task “Send request for penalty” is never triggered. 
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Figure 13. Processing order cancellation - in the CWM (a) and in the business 
process (b). The models are compliant by the event and the branching rules. 

 

Informational aspect concerns the information concepts needed for 
representing process instance data. In a process specification, instance data are 
represented with the internal process attributes upon which flow rules are set 
and controlled, and with the information that the process exchanges with the 
external environment in the form of messages (and documents). In the 
BPMN, the internal data are stored as the properties of a process, message flows 
indicate the information to be exchanged between two entities, whereas data 
objects are used to depict the documents attached to messages without any 
information on their content and structure. 

Regarding the internal process data, a CWM includes the information upon 
which contract flow rules are controlled (such as buyer’s address, the 
timeframes for order cancellation, etc.). Regarding the data to be exchanged 
with the external environment, as explained in the previous section, a CWM 
indicates only the messages that are to be exchanged (and not contained 
documents). Following this, the informational aspect of a business process will 
be compliant with a CWM, if the business process satisfies the following rule:  
 

 Information concept. A business process must include at least the information 
concepts contained in a CWM. This means the business process must 
provide the required messages, and support the required internal data. The 
business process may support additional informal concepts not required by 
the CWM, in the form of the messages or internal process attributes.  

 

As an illustration, in the example in Figure 10, the CWM specifies a timed-
dependent condition expression (10 days) for the notification of a reject of 
goods, where the number of days is hold as the internal data. The business 
process in Figure 14 supports the required time attribute, which means that 
the rule for the inclusion of the information concept is satisfied. 
 

Transactional Aspect concerns to consistent execution of a set of activities. 
The atomic transaction model governs shorter activities that all agree to 
enforce a single visible result by a two-phase commit. The long-running 
transaction model administers more durable activities, where each activity 
imposes a globally visible outcome independently of the others; when an 
activity fails, the parent transaction rolls back to a consistent process state by 
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compensating activities that had successfully completed. In the BPMN, a 
transaction is one mean to ensure the consistent process states by forcing all 
activities involved to complete, or to be cancelled by following one of the two 
transactional models. Another mean is to define a custom error-handling that 
will lead a process to the specified consistent states.  

By following the contract terms, a CWM specifies what are to be considered 
the consistent process states. For instance, a customer may agree with a travel 
agency that it is obliged to confirm the bookings of both a flight and a hotel, 
or if this is not possible, to notify the customer on inability to perform the 
bookings. The consistent states of the CWM are therefore those when both 
bookings are done, or none of them. This implies that a business process, in 
order to be compliant in the transactional aspect with a CWM, must satisfy the 
following rule: 

 

 Consistent states. A business process must support either an adequate 
transactional model (i.e. atomic or long-running) or a “custom” error-
handling flow which lead to the same consistent process states as defined in 
the CWM. 

 

For instance (see Figure 10), when the seller receives the “Goods rejected 
notification” the CWM specifies a compensation sub-process to be started (if 
the notification is sent less than 10 days after delivery). In the business process 
(Figure 14), the compensation procedure is implemented as a long-running 
transaction. However, as the consistent states are equivalent (i.e. both 
processes are revised to the state before packaging of goods), it means the 
business process is complaint with the CWM. 
 

 
 

Figure 14. Reject of goods in the business process; the procedure is compliant with 
the reject of goods in the CWM in Figure 10, by information concept and the 

consistent states rules. 
 

Organizational aspect concerns the distribution of responsibilities for 
executing activities of a process. The responsibilities are assigned to business 
roles such as seller or buyer. By using roles, it is possible to dedicate and 
control responsibilities of the participants engaged in a process. The BPMN 
uses pools to represent the participants in a process (i.e. business roles). 

In a CWM, the organizational aspect is represented at the level of the 
contracting parties, while in a business process tasks are associated with the 
parties that actually perform those tasks. The organizational aspect as defined 
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in a business process will therefore be compliant with a CWM, if the following 
rule is fulfilled: 

 

 Role. Tasks in the business process must be under supervision of the party 
responsible for executing the corresponding sub-processes in the CWM. 

 

In the example in Figure 10, it is the seller who is responsible (on a buyer’s 
request, as specified in the contract sample in Appendix A), to deliver the 
goods to a point specified in the contract (Figure 15(a), see below). In the 
business process, as we see it in Figure 15(b), the seller contacts a transport 
company (the carrier) to arrange the delivery.  However, as the activities of the 
carrier are under the supervision of seller’s process, from buyer’s perspective, 
the contract terms are fulfilled. In contrast, if seller’s process might not 
support management of the delivery, such as when the seller cannot himself 
provide the delivery, or when it cannot supervise the delivery (that is, when 
there is no communication between the seller and the carrier), the contract 
terms cannot be fulfilled.  
 

The defined compliance rules give the possibility to assess the compliance 
between a CWM and a business process. The assessment requires examination 
of all five design aspects in order to discern whether a business process 
conforms to a CWM. In the following, we describe the coordination of steps 
for assessing the compliance between a CWM a business process: 
 

- The procedure starts with the examination of the functional aspect. The 
sub-processes in the CWM are mapped to the tasks in the business process, 
by following the result/messages rule. This means that a sub-process from the 
CWM will be mapped to one or more tasks in the business process.  At the 
end of the procedure, non-mapped CWM sub-processes, if such exist, are 
denoted. The pre- and post-conditions of every mapped sub-process in the 
CWM are further controlled against the conditions of the tasks in the 
business process, by following the constraints rule. Those sub-processes 
which do not comply with the rule are denoted. 

 

- The transactional aspect is examined by locating the transactions and/or 
error-handling sub-processes in the CWM. By following the consistent states 
rule, the located elements in the CWM are compared for the compliance 
with the business process. If they do not lead to the same consistent process 
states, the CWM elements are denoted.  

 

- For the behavioral aspect, first the business process tasks that are mapped 
by the CWM sub-processes in two previous phases are enclosed in those 
sub-processes.  The rest of the tasks in the business process are, if possible, 
“hidden” by being labeled as silent, meaning not considered in the process 
flow (Aalst and Basten 2002): 
a. All the tasks that model internal business behavior (such as “verify 

order”, “make goods”, etc.) could be denoted as silent, as they are 
neither regarded by the contract nor by the public interactions.  

b. The tasks that model public interactions (such as “send order 
acknowledge to the buyer”) are hidden from the process behavior if they 
conform to the protocol inheritance notion (Aalst 1999). 
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As an illustration of the hiding principle we consider the example in Figure 
15. The business process task “Send notification on shipment” models an 
interaction not specified by the contract. However, by following the notion 
of the protocol inheritance, the execution of a task in the sequence flow 
may be hidden by disregarding it.  
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Figure 15. Deliver goods in the CWM (a); hiding redundant activities in the business 
process (b). 

 

The compliance of events and gateways between the CWM and the business 
process is examined by applying the event and branching rules. Those 
elements that are coupled are labeled equally.  
If after the described steps all tasks are hidden, and all the events and 
gateways are labeled, the CWM and the business process are compared for 
the flow equivalence using the branching bissimulation1 algorithm; if, not the 
conflicting tasks, events and/or gateways are denoted.  

 
 

- The realization of informational aspect is examined by applying the 
information concept rule. The compliance of the messages is examined 
when the result/messages rule of the functional aspect is investigated. The 
internal CWM information concepts are compared for matching with those 
in the business process, by comparing the BPMN property elements. If 
some information concept from the CWM is not included in the business 
process, it is denoted. 

 
 

- For the organizational aspect, it is examined if the roles (represented with 
pools) that execute the sub-processes in the CWM and the corresponding 
tasks in the business process are same, by following the role rule. The CWM 
roles that might not be matched are denoted. 

 

The described procedure has the purpose to guide the process designer 
through the assessment of compliance between a CWM and a business 
process. If all design aspects all compliant, it means the CWM may be realized 
with the existing business process. If not, the non-matched CWM elements are 
used as a guideline on how the business process should be changed. This 

                                                 
1 The relation of branching bissimilarity may be used to compare observable behavior of two 

state-based process models, as it allows abstracting from the non-observable behavior, i.e. 
silent transitions. For more details, the reader is referred to (Groote and Vaandrager 1990) 
and (Aalst and Basten 2002).  
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means that the proposed methodology may be used in the way that the found 
non-compliances form a knowledge base needed for the process evolution 
(such as what activities must be added or removed; in what way the control 
flow should be changed; what information concepts are missing, etc.). This is 
especially important for tracing the “exceptional” CWM paths, as in the most 
of cases they are not supported by existing business processes. 
 

5.4 Summary  
 

We have proposed a method for bridging the gap between contract 
requirements and existing business processes. The method comprises 
transformation of contract requirements to concepts of processes which are 
further compared for compliance with existing executable business processes. 
In our approach, we aimed for comprehensiveness by including all the relevant 
design concepts and aspects both in the contract and process context. Our 
method subsumes the following issues:  
 

 Mapping of contract requirements to process concepts. Using the core concepts of the 
Multi-Tier Ontology and in the obligation state classification, we deduced 
the contract requirements given in the form of contractual patterns into a 
high-level BPMN process model named Contract Workflow Model (CWM). 

 

 Rules for compliance between Contract Workflow Model and business process. By 
applying the five-aspect framework to the design context of BPMN 
processes, we defined a set of rules for examination of compliance between 
CWM and business processes. Those rules are used to examine compliance 
of an existing business process with the CWM on a per-design aspect basis.  

 

 Traceability of contract requirements. By using the compliance rules and an 
iterative assessment procedure, traceability is enabled between contract 
terms and conditions, on the one hand, and existing business processes on 
the other. In case a process is not compliant with a respective CWM, the 
results from the assessment might be used as a guideline for the required 
changes of the process for each of five design aspects. 

 

 Process interoperability. By assessing compliance of the processes of the 
contracting parties with the corresponding Contract Workflow Models, it 
can be determined whether those processes may realize the required contract 
requirements, that is, whether they are interoperable on the level of the 
terms implied from a given contract.  

 

One limitation of the current work is the inability to completely automate the 
proposed CWM-to-business process compliance procedure. This would 
require a documented and shared knowledge base of processes, activities, and 
messages (i.e. documents).  Aligned with that, a subject for our further work is 
the forming of such a knowledge base in the form of a process ontology that 
would comprise the required design aspects.   
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6 Cross-enterprise Process Integration: Aligning 
Business Processes 

 
In this chapter we examine requirements for integration of enterprise 
processes2 in the Business-to-Business (B2B) context. We propose two 
complementary approaches for the integration improvement. The first 
approach presumes relaxation of requirements for compliance of collaborating 
enterprise processes. The second approach proposes a concept for flexible 
process design to enable larger scales of compliances.  
 

The work reported in this chapter is based on Papers 6 and 7. 
 
 

6.1 Introduction 
 

B2B e-commerce is emerging as trading enterprises are attempting to integrate 
electronically, to automate exchange of their services. To be able to 
collaborate, business partners must expose compatible business behavior. To 
facilitate collaboration in a loosely coupled fashion, it is required that no 
business party is enabled to enforce control over a partner's system. Except 
for the simplest forms of integrations, B2B scenarios require complex business 
interactions in the form of processes. Thus, to be involved in a B2B 
collaboration, enterprise processes need first to distinguish “private” and 
“public” behavior. The specification of a private process is solely determined 
by the enterprise and it is not subject to agreement with its business partners. 
A public process defines a formal message exchange with other business 
partners, with a predefined sequence and predefined message formats.  

It is a common need for enterprises to collaborate with many parties. 
However, in many scenarios, involved parties cannot directly integrate even 
they agree on a common business protocol and on information to be 
exchanged, as their private processes are completely predefined and cannot 
therefore adjust to a new behavior. As an example, it means that a company 
modeling a strictly predefined order of a group of process activities cannot 
directly integrate with enterprises having different orders, even the company is 
willing to conform to those orders. It also means that an enterprise sending 
and receiving information disposed in a set of messages and activities, cannot 
match with another enterprise that exchanges same information in a dissimilar 
aggregate of messages or/and activities. These examples illustrate that too 
prescriptive process specifications and matching requirements force 
enterprises to redefine their processes almost every time a new B2B agreement 
is made. As the result, companies must engage considerable resources for 
designing and verifying new process specifications, as well as for maintaining 

                                                 
2 The terms ”enterprise process”, ”business  process” and ”private process” are used 
interchangeably in the rest of the text.  
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them. Moreover, there is no possibility to have a unique process view over a 
particular business context. We argue therefore that, to facilitate a transparent 
integration of a larger number of enterprise processes, two aspects are to be 
considered: 

 

 Decreasing requirements for matching of enterprise processes. This problem 
is addressed in Section 6.2. 
 Increasing flexibility in process specification. This problem is addressed in 
Section 6.3. 

 

There are several significant studies on relaxation for matching requirements 
between enterprise processes. Some works suggest flexible matching by 
following the concept of workflow inheritance. In (Aalst and Weske 2001), a 
private process is compatible with the public process if it inherits the exchange 
sequence from the public process and extends it with enterprise internal 
behavior, by following a set of rules. Conversely, in (Bussler 2002), 
customization of a public process in the context of message formats and 
business signals is seen as a way to match it with the private process. Recently, 
a number of proposals for service-based B2B integration have been proposed. 
Following them, a private process should be adapted to expose its public 
behavior as a set of services. Thus, business partners may collaborate if their 
services are compatible (Mecella et al. 2001) and orchestrated in a compatible 
way (Mecella and Pernici 2001), (Piccinelli et al. 2002). A common assumption 
in these works is that in the concept of matching two processes, a service in 
one process must be compatible with a corresponding service in the other 
process. As an example, this means that if an enterprise sends a purchase order 
and receives the confirmation as one single service, it cannot match with 
another enterprise that receives the order and sends the confirmation as two 
separate services. It also means that an enterprise sending document payment 
confirmation together with the delivery information as one message, cannot 
match with an enterprise that receives those documents as separate messages.  

The need for flexibility in process specification is well recognized in the 
research community (Ellis and Rozenberg 1995), (Heinl et al. 1999), (Aalst et 
al. 2000), (Klingemann 2000), (Sadiq et al. 2001). Our approach differs as we 
do not concentrate only on flexibility of the process control flow, but we 
evenly consider other aspects of process design (as described in Section 4.3).  

 

6.2 Relaxing Requirements for Process Matching 
 

In this section, we introduce a process equivalence concept that allows for 
differences in activity and document structures, as long as processes match 
semantically, i.e. in the communicated information and in the control flow of 
message exchanges. We argue that such processes may collaborate through a 
mediating layer that performs necessary adjustments of the processes.  
 
Modeling Processes with Petri Nets 
Standard process models define activities in a process and the control flow 
between these. We describe process models with Petri nets (Aalst 1998). Each 
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activity of a process is translated into a transition in the resulting Petri net. In 
this paper, reverse coloring is used to indicate those transitions that 
correspond to activities. Process flow structures such as sequence, iteration, 
splits (AND and OR) and joins (AND and OR) are modeled as additional 
transitions, places and arcs (Aalst et al. 1994), (Kipuszewski et al. 2002). Some 
examples of these translations are shown in Figure 16: 
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Figure 16. Mappings of basic flow structures: a. sequence, b. AND split, c. OR split. 
 

Thus, in a Petri net some transitions correspond to activities, while other 
transitions are used to manage the control flow. Labels are used to identify 
transitions. Activity transitions are labeled uniquely, as shown in Figure 16 
(transitions A, B and C). Every activity transition has an input place ( ip ) and 
an output place ( op ). Places contain tokens. The distribution of tokens over 
places at some point of time demarks a state of a process. In a workflow 
process, we require that two specific places exist – a source, with no incoming 
arcs, and a sink, with no outgoing arcs. Every place or a transition is on a path 
from the source place to the sink place. More formally, we define a workflow 
process as follows: 
 

Definition 1. A workflow process is a labeled Petri net, >=< LFTPW ,,,  where:  
 

P is a set of places, with two special places, the source psource and the sink psink,  
T is a set of transitions, 
F is a set of flow relations )()( PTTPF ×∪×⊆ , 
L is a set of transition labels as defined in Definition 3. 
 

For a more detailed discussion on modeling workflow processes with Petri 
nets, the reader is referred to (Aalst 1998). 

In a B2B context, an activity consists of the sending and/or receiving of 
documents. From one actor’s perspective, an activity can be identified as 
sending a document, receiving a document, or having both these messages in a 
specified order.  
 

Definition 2. In a workflow process, four activity types are distinguished:  



52 

SR: Send a document and receive a document 
S: Send a document 
RS: Receive a document and send a document 
R:   Receive a document 
 

This means that in the translation to Petri nets, each activity is labeled. A label 
contains information on the activity type and the document(s) being 
exchanged. As an example, a transition labeled with type SR, specifies an 
activity containing the message that sends a document and the next one that 
receives a document. In most workflow languages, activities contain a field 
that designates the target party of the service, i.e. to whom a message is to be 
sent, or to be received from. We assume therefore, that those process activities 
that do not have the target role relevant to a B2B context, indicate internal 
behavior. Such activities are modeled as silent transitions, labeled as τ  (Aalst 
2002).  

The activities relevant to a B2B interaction are modeled as transitions and 
labeled as follows:  
 

Definition 3. A non-silent transition label is a tuple >=< 21 ,, ddTypet  where: 
∈Type {S, R, SR, RS},   

1d  and 2d   are documents.  
 

A document may have an internal structure, i.e. a document may consist of 
smaller components. An example could be an order, which consists of an 
order header and a number of order lines. Another example is a document 
containing a rejection of a previous offer together with a counter offer. 
Formally, a document can be seen as a regular expression over base elements, 
where the base elements are the smallest components into which a document 
can be broken down. The form and content of the base elements depend on 
the ontology chosen for expressing business communication, and we will not 
make any specific assumptions about this but only assume that a set of base 
elements is given. 
 

Definition 4. A document is a regular expression over a set of base elements. A 
document is atomic if it consists of exactly one base element.  
 
Equivalence of Processes in a B2B Context 
 

In this sub-section we define our concept of equivalence of enterprise 
processes involved in a B2B context. We first define equivalence notions for 
documents and transitions following their structures.  
 

Definition 5. Two atomic documents 1d  and 2d are equivalent, denoted 
21   deqd , if their base elements are the same. Equivalence of two documents is 

then defined recursively over the structure of documents. 
 

Definition 6. Let 't  and ''t  be two transitions. 't  and ''t  are equivalent, 
denoted ''  ' teqt , if they have the same type, and if their documents are 
equivalent.   
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The internal structure of activities and documents gives rise to additional 
difficulties when comparing processes. The main difficulty is that a single 
activity, with a complex structure, in one process, may correspond to several 
activities, with simpler structures, in another process. An example of such a 
situation is shown in Figure 17 below. In the example, as well as in the rest of 
the section, we use an abbreviated form for transition labels, e.g.  “Send 
Order” instead of <S, Order,->. 
 

Process B

Process A

Send Order
Receiv e Order Acc.

psource psink

Send Deliv ery  Not.
Receiv e Deliv ery Ack.

Send Order Receiv e Deliv ery Ack.

psource
psink

Receiv e Order Acc. Send Deliv ery  Not.

 

Figure 17. Two processes with different structure of activities. 
 

Both processes in the figure represent similar order processes, but they differ 
in the granularity of the activities. In process A, the activities are more 
complex and involve simultaneously sending and receiving of documents, 
while the activities in process B are smaller with just one single sending or 
receiving in each activity. Intuitively, the first activity in A corresponds to the 
two first activity in B, while the second one in A corresponds to the two last 
ones in B.  

Another example is shown in Figure 18. In this case, there is a difference in 
the structure of the documents being sent. In process A, there is one activity 
for sending the rejection of a previous offer and another activity for sending a 
counter offer. In process B, on the other hand, these two activities are 
collapsed into one with a more complex document stating the rejection as well 
as the counter offer. 
 

Process B

Process A

Receiv e Offer

psource psink

Send Rejection/Counter Offer

Receiv e Offer

psource
psink

Send Rejection Send Counter Offer

 
 

Figure 18. Two processes with different document structures. 
 

In both examples above, the compared processes are syntactically quite 
dissimilar with a different number of activities. Semantically, however, they are 
close to each other as they represent the same communicative intents between 
two agents. It would, therefore, be useful to have a process equivalence 
concept that allows for differences in activity and document structures as long 
as these do not affect the control flow of message exchanges and the 
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communicated information. In the following definitions, we introduce such an 
equivalence concept. A basic idea in the definitions is to initially transform the 
processes to be compared into a “normal form”, where differences in activity 
and document structure have been leveled out. The processes are then 
compared using the well-known concept of bisimilarity (Glabbeek and Weijland 
1989). 
 

Definition 7. Let W  be a workflow process. 'W  is the activity flattened version of 
W , if 'W  is obtained from W  by repeatedly applying the following 
transformations until every transition of W is of type S or R: 
 

a. If W contains a transition >=< 21 ,, ddSRt  with input place ip  and output 
place op , then t is replaced with two transitions in sequence, >−=< ,,' 1dSt  
with input place ip  and output place newp , and >−=< 2,,'' dRt  with input 
place newp  and output place op . 

b. If W  contains a transition >=< 21 ,, ddRSt  with input place ip  and output 
place op , then the transition t is replaced with two transitions in sequence, 

>−=< 2,,' dRt  with input place ip  and output place newp , and  
>−=< ,,'' 1dSt  with input place and newp  output place op . 

 

Definition 8. Let 'W  be the activity flattened version of a process W . ''W  is 
the document flattened version of 'W  if ''W  is obtained from 'W  by repeatedly 
applying the following transformations until every document in W  is atomic: 
 

a. If W contains a transition >−=< ,, abSt  with input place ip  and output 
place op , then t is replaced with two transitions in sequence >−=< ,,' aSt  
with input place ip  and output place newp , and >−=< ,,'' bSt  with input 
place newp and output place op . 

b. If W  contains a transition >−=< abRt ,,  with input place ip  and output 
place op , then t is replaced with two transitions in sequence >−=< aRt ,,'  
with input place ip  and output place newp , and >−=< bRt ,,''  with input 
place newp  and output place op . 

c. If W  contains a transition >−=< *,, aSt  with input place ip  and output 
place op , then t is replaced with two transitions >−=< ,,' aSt  with input 
place ip  and output place newp , and >−∈=< ,,'' St  with input place newp  
and output place op . 

d. If W  contains a transition >−=< *,, aRt  with input place ip  and output 
place op , then t is replaced with two transitions >−=< aRt ,,  with input 
place ip  and output place newp , and ∈>−=< ,,'' Rt  with input place newp  
and output place op . 

 

The process ''W  is the document and activity flattened version of the process 
W , or shorter, ''W  is the flattened version of the W . 
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The flattened processes are to be compared for equivalence. Bisimilarity is a 
common equivalence concept used to compare the behavior of two labeled 
transition systems. Practically, dissimilar systems are those that may 
interchange in any environment without observing the difference in external 
behavior. By this concept, two Petri-Nets in similar states are equivalent if they 
are able to simulate any of each other actions (transitions). As we explained 
before, processes modeled with Petri-Nets have both internal (silent) and 
external (observable) behavior. Following this, the relation of branching 
bisimilarity is used to compare observable behavior of two Petri-Nets, as it 
allows abstracting from the internal behavior, i.e. silent transitions. A 
definition of branching dissimilar Petri-Nets may be found in (Aalst and 
Basten 2002). Formally, we define the requirement for equivalence between 
two processes as: 
 

Definition 9. Let W  and X  be two processes and 'W , 'X  are their flattened 
versions. The processes W  and X  are flat bisimilar if 'W  and 'X  are branching 
bisimilar. 

As a summary, flat bisimilar processes when normalized around activity and 
document structures, become bisimilar.  

 
Process Mediator  
 

Our approach for process equivalence is realized through an integration model 
we name process mediator. It is used to compare processes for flat bisimilarity 
and if they match (integration phase), to bind them at run-time (collaboration 
phase). Figure 19 shows the architecture of the process mediator in the form 
of a UML class diagram. The model consists of three packages: process, 
integration and collaboration.  

ProcessDocument
baseElements

FlatDocument
baseElements

Integration Collaboration

FlatTransition
type
documents
index

11

FlatProcess
flowStructure
transitions

1..n1..n

Transition
type
documents
index

1..21..2

Integration

flatProcess()
matchTransitions()
indexTransitions()
checkBisimilarity()
reportUnmatching()

22

Process
flowStructure
transitions

1..n1..n

22

Colalboration

normalize()
denormalize()

2222

 

Figure 19. Process Mediator architecture. 

The process package includes models of the original processes and their 
flattened counterparts. The integration package governs process flattening and 
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equivalence comparison. Imported process definitions are first processed to 
create process transitions and document classes. The processes are then 
flattened (Definitions 7 and 8). The transitions are marked (indexed) to relate 
flat versions to their originals. The flattened processes are then compared for 
activity equivalence as described in Definition 6. If all non-silent transitions 
can be pair-wise related, the processes are further checked for branching 
bisimilarity (a well known algorithm is provided in (Groote and Vaandrager 
1990)); otherwise, a report on non-matching transitions is submitted.  If the 
compared processes appear as branching bisimilar, it means they may 
collaborate without redesign. 

The collaboration package is used at run-time, to integrate the matched 
processes – for example, to map an enterprise process to a required public 
process. This means that a message originating from an activity of the 
enterprise process is first normalized to the format specified in the flat 
process. It is then, based on the information on the activity coupling, 
transformed (de-normalized) to the required activity in the public process.  As 
an illustration, a message originating from an S activity from a private process, 
containing a non-atomic document is normalized to a number of messages 
belonging to S activity containing atomic documents. Those messages are then 
de-normalized in the activity(s) as required in the public process, and as such 
sent outside.   

If processes fail matching during the integration phase, it means that they do 
not have all transitions equivalent and/or they cannot simulate each other 
transitions by the same protocol. Both non-equivalent transitions and non-
similar process protocols provide information for involved business parties on 
the changes required in their processes. This will be illustrated in more detail 
in the example sub-section. 

The functions of the process mediator may be further extended to reflect 
the requirements for equivalence, according to specific characteristics of a B2B 
interaction model, such as “Public-to-Private” (Aalst and Basten 2002).  
 
Equivalence of Processes in the Public-to-Private B2B Model 
 

Here we describe our approach for cooperation of processes on the public-to-
private B2B interaction model. We discuss some specific aspects of the model, 
and accordingly, we extend the core concept of process integration, to relax 
further requirements for equivalence. We provide then an example of B2B 
interaction between two companies, using ebXML as the public framework. 

B2B frameworks provide common process protocols that individual 
enterprise processes should conform to. Basically, a public process predefines the 
documents that have to be exchanged, their structures, and the flow protocol 
of the exchange. A public process is role based, i.e. separate process protocols 
for each of the business parties may be extracted. To comply with this model, 
an existing private process must expose external behavior exactly as defined in 
the public process. 

In the previous sub-sections we have defined an equivalence concept for 
processes, in general. We stated that equivalent processes, in their flattened 
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versions, must be bismilar. In the public-to-private model, it is only required 
that the public process be simulated by a private process, and not conversely. 
This circumstance raises two relaxation aspects: 
 

a. a private process containing activities not related to any activity in a given 
public process may still comply with that public process, if the additional 
activities can be disregarded. 

b. a private process having a different flow structure than a given public 
process, may still comply with that public process, if the public process 
flow structure can be simulated. 

 

As explained earlier, we investigate the minimal conditions for the 
compliance of processes without requiring redesign of existing private 
processes. Following this, we consider that the first relaxation aspect allows 
for having additional (non-matched) activities in a private process, whose 
executions can be disregarded in the collaboration context, as they are not 
required by the public process. This means that during the integration phase, 
such additional activities are modeled as silent transitions, and during the 
collaboration phase, their execution is disregarded, since the process mediator 
inhibits their messages or because they are never invoked. Not every additional 
activity, however, may be disregarded. In the following we discuss under what 
circumstances additional activities can be disregarded, depending on flow 
structures and activity types. 

In a sequential flow structure (or iterative, parallel), an additional activity of 
type S (Figure 20) in the private process, may be disregarded from a 
collaboration, since the process mediator can simply inhibit such a sent 
message without any consequences for the collaboration.  
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Figure 20. Disregarding different activity types in a sequential flow structure 
 

Conversely, any activity of types R, RS or SR cannot be disregarded, since the  
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Figure 21. Disregarding different activity types in alternative (implicit OR) flows. 
The process on the left side will wait for the other side to invoke a matched activity. 

The process on the right side, however, may invoke itself a non-matched activity. 



58 

private process would then wait infinitely for a “receive” message from the 
process mediator. In an “implicit OR” flow structure (Figure 21), activities of 
type R or RS may be disregarded, as long as there is at least one matched 
activity among the alternatives. This is because the opposite side private 
process initiates such activities, and consequently, it will never invoke such an 
additional activity. In such flow structure it would be impossible to disregard 
an activity of type S or SR, since the decision on initiating an activity is ruled 
by the private process.  

Formally, we define the described behavior as an extension of the core 
concept of process equivalence defined in the previous sub-sections: 
 

Definition 10. Let W be a private process. Let t  be a transition from W that 
has no the equivalent transition in the public process. The transition t  may be 
labeled silent if: 
 

a. transition t  belongs to a sequence, parallel or iterative flow structure, and it 
has activity type S. 

b. transition t  belongs to an alternative flow structure with at least one 
matched transition, and it has activity type R or RS. 

 

The proposed extension is realized in the process mediator (Figure 19), by 
adding the operation for finding additional transitions in the private process 
that may be marked as silent, in the integration class (findAdditional()), and 
adding an operation for inhibiting (inhibitSilent()), in the collaboration class.  

As stated by the second relaxation aspect, it is required for a private process 
to expose the same external behavior as that defined by a public process, but 
not the opposite. This leads to a conclusion that it is enough for a private 
process to be branching similar to the public process. Similarity (Glabbeek and 
Weijjland 1989) is a weaker equivalence notion than bisimilarity, as it requires 
only one process to be able to simulate every action from another process. 
Therefore, for the public-to-private B2B model, the requirement for process 
equivalence (Definition 9) may be redefined as follows: 
 

Definition 11. Let W  be a private process and X  be the public processes, and 
'W , 'X  are their flattened versions. The process W  is flat similar to the process 

X , if the process 'W  is branching similar to the process 'X , after zero or more 
transitions from the process 'W  are labeled as silent. 
 

This relaxation is important as it allows a private process having a different 
flow structure than a given public process, as long as it may simulate the 
required protocol. This means that a private process with partially ordered 
activities may simulate a public process with totally ordered activities. As an 
example, Figure 22 shows how a private process having a parallel flow 
structure may comply with a public process with a sequential flow structure: 
Both private processes in Figure 22 are equivalent to the given public 
processes, as they may simulate any transition in the public processes. In 
situation 22(a), the private process is a “passive” actor, waiting for the other 
collaboration party to initiate an activity, as defined by the public process. In 
situation 22(b), in the private process, activity T1 may be initiated before T2. In 
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such a situation, the process mediator holds the message from T1 until the 
message from activity T2 arrives. 
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Figure 22. Parallel flow structures are similar to sequential 
 

The described equivalence relaxation is realized in the process mediator 
(Figure 19), by adding the operation for checking on branching similarity 
(checkSimilarity()) in the integration class, and adding the operation for 
holding activities (hold()), in the collaboration class.  

The proposed equivalence extensions are related to the concepts and 
techniques for hiding (traversing) and blocking (removing) transitions in 
workflow inheritance, proposed by van der Aalst in (Aalst and Basten 2002). 
Our approach differs as we distinguish characteristics of activity functionality, 
originating from the different activity types. Additionally, we consider only 
transformations that would allow for relaxations of the requirements for 
process equivalence, without requiring changes in the process description 
(such as removing an activity).  
 

Example Case 
 

For the example, we consider a “Request for Order” case. DailyNews 
(company A) needs a provider of clip-art images to put them in its 
newspapers. By matching the correct business context in an ebXML registry, 
DailyNews finds ImageWorks (company B) as a potential partner. The 
companies then agree on the protocol of the interaction by defining (or 
reusing) an ebXML Business Process Specification Schema (BPSS, (ebXML 
2006). The protocol says that the customer (company A) should first send a 
clip-art order to the provider (company B). Based on the order, the company 
B sends the invoice. Company A then sends the payment and receives the 
confirmation for the reception. Finally, company B sends information on a 
web address from where company A may download the requested images. The 
role-based public protocols are illustrated in Figure 23, together with the 
private processes as existing today in DailyNews and ImageWorks, 
respectively. 

On a first view, the processes representing the customer behavior (the role-
A and DailyNews processes) in the clip-art ordering are different. In the role-
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A process, the order sending and invoice receiving are viewed as a single 
activity, as opposite to the private process where these messages are in 
separated activities. Then, the role-A process requires payment to be sent 
before image downloading, while the DailyNews process is designed in a way 
to allow more flexible, i.e. parallel flow of these activities. Finally, upon 
receiving the information for the download, the DailyNews process sends the 
confirmation for the reception, but the public process does not require that.  
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Figure 23. The role-A (public) process vs. the DailyNews private process and the 
role-B vs. the ImageWorks private process. 

 

After the two processes are flattened as explained earlier, the following 
structures are obtained (Figure 24): 
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Figure 24. The flattened versions of the processes role-A and DailyNews. 

 

By the rules explained in the previous sub-section, the transition “Send 
Delivery Confirmation” may be disregarded and accordingly, labeled as silent. 
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The rest of activity transitions are equivalent. The flattened DailyNews process 
satisfies Definition 11, i.e. the process is branching similar with the process 
role-A, as it may “simulate” every step in that process.  

If for example, the DailyNews process would not have the “Send Payment” 
activity, then in the public process this activity could not be matched and the 
information on the missing activity in the private process would be reported. 
As another example, if the DailyNews process would have the “Send 
Payment” activity, but sequentially ordered after “Receive Download 
Information”, the processes would have all activities matched, but a fail on 
branching similarity would be reported as the private process is not able to 
simulate transitions in the order required by the public process.   

Comparing the role-B and the ImageWorks processes (Figure 23), we may 
observe that in the private process, receiving the payment and sending the 
payment acknowledge are not the parts of a single activity, as in the public 
process. 
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Figure 25. The flattened versions of the processes role-B and ImageWorks. 

In addition, by the ImageWorks protocol, the payments acknowledge is sent 
all together with the download information, as a single document. When the 
two processes are flattened, the structures as shown in Figure 25 are obtained. 
As it may be observed from the figure, after flattening activities and 
documents, the processes become equivalent as required by Definition 9, i.e. 
the processes are even bisimilar. 

As by the concept of flat equivalence both private processes match with the 
required public protocols, they may collaborate in the given B2B context. The 
private processes will be integrated through the process mediator tool. After 
the collaboration starts, the process mediator on the DailyNews side will, 
according to the previously given explanation, transform (de-normalize) 
messages “Send Order” and “Receive Invoice” from the activities in the 
private process, to a single activity, as required by the public protocol. 
Afterwards, the mediator will split (normalize) the private process activity 
“Receive Download Information, Send Delivery Confirmation”, according to 
the specification in the public protocol, and in addition, will inhibit the later 
message (“Send Delivery Confirmation”) since it is marked as silent. During 
the collaboration, the mediator on the ImageWorks side will, upon receiving 
the message about the payment, from the activity “Receive Payment, Send 
Payment Acknowledge”, normalize it to belong to a separate activity “Receive 
Payment”, as required by the private process. The next activity message from 
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the private process, “Send Payment Acknowledge/Download Info”, will be 
de-normalized around document structure and split into two activities. 

 

6.3 Relaxing Specifications of Public Processes 
 

In this section, we introduce a proposal for flexible modeling of enterprise 
processes, to enable broader B2B integrations without requirements for 
process redesign.   
 
Flexible Modeling of Processes in the Public-to-Private B2B Model 
 

Process flexibility may be achieved in different ways. Current process-based 
languages and notations, such as BPEL4WS (BEA et al 2003), YAWL (Aalst 
2004), and BPMN (White 2004) support a certain degree of flexibility with the 
common control-flow constructs such as sequence, iteration, AND/OR splits 
and joins.  For an enterprise having many B2B partners, modeling flexibility in 
this way would result in process models having many alternative paths at all 
relevant points. This may drastically increase the complexity of a process 
specification, and accordingly, decrease the readability. Another way to achieve 
flexibility is to specify a separate process template for a particular contract. 
However, for an enterprise having a high number of template processes, it 
would become impossible to choose a right template for a new contract, as 
well as to reflect occurring business changes in all of template specifications. 

We define process flexibility in the public-to-private B2B context as the 
ability for flexible modeling of a private process, to allow alternatives in 
constitution of public protocols. In our approach, a private process is partially 
specified, whereas a full specification is defined at the contracting time. Thus, 
a single, generic private process model is designed, encompassing a whole 
range of B2B scenarios in a particular business domain.  

A flexible private process model includes two parts: 
 

 The predefined part, consisting of the common process elements - control-flow 
constructs, activities, messages (documents) and transactions. 

 

 The flexible part, constituted of flexible elements consisting of one or more 
process elements. 

 

A complete process specification is defined at the time when a public process 
is created.  

In a process model, a flexible element is depicted in the form as shown in 
Figure 26. A flexible element construct consists of three parts:  
 

 

Figure 26. Flexible element construct 
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- Type, which labels the form of applied flexibility.  
 

- Elements, denoting one or more contained process elements.  
 

- Constraints, defining a logical expression that describes what process element 
to include or exclude from a flexible element. An expression consists of a 
number of expression elements connected with AND, OR, or NOT. An 
expression element may contain a process element (such as activity, 
document, etc.) or a set of process elements (sequenced activities, for 
example). 

 

As an illustration of our approach for flexible process modeling, we will 
consider business of a company supplying products to many partners. The 
company wants to integrate its business process with each of the partner 
processes by following an agreed business protocol and logic. As it will be 
seen, the requirements for protocol and logics of the message exchange may 
vary significantly, depending on a collaborating partner. We will show how 
abilities for the matching considerably increase when processes are flexible 
modeled using the approach we suggest.  

To classify different aspects which constitute process specifications, we 
utilize the process design framework, explained in Section 4.3. Since in this 
study we regard the public parts of private processes, a process is considered 
as a set of interactions, where an interaction is a single message exchange 
between the activities of the partners’ processes. 
 

Behavioral Aspect considers if and when an interaction is to be executed in 
relation to others. This is determined by the selection of process activities to 
be executed, as well as by ordering of those activities. To enable modeling of 
possible variations of the behavioral aspect, we identify two flexible elements: 
 

- Selection. This flexible element depicts the activities from a process segment 
that may be considered in B2B integration, or omitted. The elements part 
consists of one or more activities which are optional. The constraint part is 
used to depict exceptions, if such exists. For instance, if activities a1, a2 and 
a3 are optional in the way that any one is optional, while two others must be 
in the specification, then the constraint is defined as (a1, a2) OR (a1, a3) OR 
(a2, a3). If, however, the activities are optional in the way that at least one 
should be executed, then the constraint would be NOT(). In the described 
product supply example, before sending an invoice, the company may send a 
price list (activity a), information on delivery terms (b), as well as a product 
offer (c).  

 
Figure 27. Selective execution of a group of activities that exchange pre-sales 

documents a. BPMN model b. Model with the flexible element. 
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For the company, all three activities are optional, without restrictions. For 
the partners, however, it could be different: some partners, for example, 
might require all three documents; most of international partners ask for 
delivery terms; for some, a product offer would suffice, while old partners 
typically do not require any of the documents. Figure 27 above depicts the 
differences in modeling the described flexibility with the BPMN (White 
2004) and with the proposed flexible element. 
 

- Ordering. This flexible element allows for execution of activities in an 
arbitrary order, sequential and/or parallel. The element is used to model 
alternative orders for a segment of the public part of an enterprise process. 
The elements part includes two or more activities. The constraint part depicts 
exceptions from the rule, if such exist. As an example, if activities a1, a2 and 
a3 may be arbitrary ordered, except the activity a3 may not go in parallel with 
a2, and the activity a2 cannot be executed before the activity a1, then the 
constraint would be defined as NOT(a3||a2) AND NOT(a2-..a1). For 
modeling ordering constraints, we use the symbol “” to denote a parallel 
order, the symbol “-“ for a sequence order; the symbol “-..” is used to 
denote a preceding ordering, whereas the symbol “..-” describes a following 
ordering. In the described B2B scenario, depending on a partner, the 
company may allow for activities “receive payment” (activity a) and “send 
delivery information” (activity b) to execute in diverse orders. For instance, 
for an old partner, the company allows delivery before payment; for some 
partners, those activities may execute concurrently, while for the others 
payment must be done before products are delivered. In Figure 28, we 
depict the differences in modeling the ordering flexibility with BPMN and 
with the flexible element. 

 

b.

ordering
FE

a b

a b

a.

b a

a

b

 
Figure 28. Free ordering of payment and delivery information activities a. BPMN 

model b. Model with the flexible element. 

- Sequencing. This element is the special case of the flexible element ordering. It 
is used to model allowed alternatives in a sequential order of a set of 
activities. As an example, if activities a1, a2, a3 and a4 may be sequenced in an 
arbitrary way, with the exception of the sequence a4, a3, a2, a1, then the 
constraint is defined as NOT(a4-a3-a2-a1); as another examples, if the 
activities may be arbitrary sequenced except that the activity a4 cannot be 
executed before the activities a1 and a2, then, the constraint is specified as 
NOT(a4-..a1, a2).  
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In the study example, we can consider a situation when the company must 
send information on results on three kinds of product testing (activities a, b 
and c) to its partners. As for different partners importance of performed tests 
may vary, the company may allow for flexibility in tests ordering, except the 
test c cannot be performed before the test a. In Figure 29, we illustrate the 
differences in modeling this flexibility, with BPMN and with the free 
sequencing element. 
 

 
Figure 29. Flexible sequencing of product testing activities a. BPMN model; b. 

Model with the flexible element. 
 
 

Functional Aspect concerns intention of an interaction, i.e. its goal. The 
functionality of an interaction is elicited by two main elements: activity goal 
(depicted by the activity name) and activity type (send/receive SR, 
receive/send RS, solicit send S, and solicit receive R). As an example, this 
means that if an enterprise sends a purchase order and receives the 
confirmation as one single activity, it cannot match with another enterprise 
that receives the order and sends the confirmation as two separate activities. In 
Section 6.2 we proposed a process compatibility concept that allows for 
differences in activity structures (i.e. types), as long as processes match 
semantically, i.e. in the communicated information and in the control flow of 
message exchanges. Based on that concept, we propose the following flexible 
element:  
 

- (De)Flattening. The flexible element is used to model flexibility in interaction 
patterns. The elements part includes either one activity (of type SR or RS) or 
two subsequent activities (of types S and R). The constraint part is not used. 
As an example, if an activity a is of type SR, it may be presented as two 
subsequent activities a1(S) and a2(R); as another example, two subsequent 
activities a1(R) and a2(S) may be presented as a single activity a of type RS. It 
does not mean, however, that these transformations may be applied for any 
activity in a process specification. Due to limitations of information systems 
it could be, for example, impossible to represent a SR activity as two 
separate activities (of S and R type), because a system is not capable of doing 
other operations before completing this activity. In the study example, the 
company sends a delivery notification and receive an acknowledge as two 
separate activities, that is, a and b; however, the company allows integrating 
with partners that exchange these information in a single activity. Figure 30 
below depicts the corresponding flexible element. This flexibility cannot be 
presented by a BPMN model, because it is related to the implementations of 
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the activities a and b. The realization requires the use of the process mediator 
model, described in Section 6.2.  

 

 
Figure 30. Flexible element depicting composition of subsequent activities  

a (type S) and b (type R) into a single activity (type SR). 
 

Informational Aspect regards the process external data, that is, the 
documents included in the messages exchanged during B2B interactions. A 
problem in B2B integrations is that business partners usually expose different 
requirements regarding exchanged documents and their structures. Thus, for 
efficient integrations, it would be beneficial for an enterprise to be able to 
specify allowed alternatives in the exchanged information content and 
structure. Following this, we define two flexible elements:  
 

- Omitting. This flexible element allows exclusion of the input or the output 
message (i.e. document) from a RS or SR activity. The elements part contains 
the document that is optional; the constraints part is not used. In the studied 
example, the company sends offer and receive acknowledge of the reception 
as a single activity a. However, the company is even willing to participate in 
collaborations with partners that do not send the confirmation of order 
reception. Figure 31 illustrates the corresponding flexible element:  

 
 

Figure 31. Optional receive of the 
“confirmation of order” document. 

 

Figure 32. Composition of documents 
“order rejection” and “counter offer” 

into a single document. 
 

- (De)Composition. The flexible element allows for a restructuring of 
information provided by messages (documents) within activities. If a 
document is to be decomposed to a number of smaller documents, the 
elements part contains that document; the constraints part depicts allowed 
decompositions. As an example, if a document d may be decomposed to 
documents d1 and d2, then the constraint is (d1, d2). At a contrast, if the 
documents from several subsequent activities are to be sent (or received) 
integrally, then the elements part depicts those activities; the constraints part is 
not used. In the example case, if the company, after sending a product 
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offer, receives the rejection and a counter offer as two messages (i.e. as two 
receive activities a and b), it may comply with partners that send those 
documents within a single activity. Figure 32 depicts the corresponding 
flexible element.  

Described flexibilities cannot be presented by a BPMN model, because they 
are related to the differences in the implementations of selected activities. The 
realization requires the use of the process mediator, described in Figure 19.  
 

Transactional Aspect concerns consistent execution and recovery of a set of 
interactions. This means that the collaborating partners have to expose the 
similar scopes for corresponding transactions, as well as a compatible recovery 
behavior. Companies aiming to enlarge number of B2B partners are often 
willing to conform to different transactional requirements, but underlying 
process models are too prescriptive to support that. Thereby, to enhance 
flexibility in transactional integration, we propose two flexible elements:  
 

- Scope. This flexible element allows for participation of different activities 
within a transaction. The element is intended to model alternative 
transaction scopes. The elements part is a single transaction; constraint part 
depicts activities that may be excluded from the transaction. For instance, if 
a transaction T encompasses activities a1, a2,..,an whereas activities a1 and a2 
may be excepted from the transaction, then the constraint is defined as (a1, 
a2). In the studied case, the company encompasses activities “receive order” 
(a), “send invoice” (b), “receive payment” (c) and “send delivery 
information” (d) within a transaction, to facilitate a correct payment 
cancellation. However, the company may exclude the “receive order” from 
the transaction if a collaboration requires so (i.e. when the partner does not 
send an order cancellation). In Figure 33, we illustrate the differences in 
modeling the “scope” flexibility with BPMN and with the flexible element:  

 
Figure 33. A flexible scope of product ordering transaction 

a. BPMN model b. Model with the flexible element. 
 

- Compensation. The flexible element allows for optional compensations of an 
activity engaged in a B2B interaction. The elements part contains one or more 
activities (as an activity may be compensated by a set of activities); the 
constraint part is not used. In the described example, if after payment (activity 
c) the transaction is aborted (by a partner initiative, for example), then the 
company returns the payment, but does not require to receive an invoice 
cancellation document. Figure 34 illustrates the differences in modeling the 
flexibility with BPMN and with the flexible element: 
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Figure 34. Flexible compensation of the “send invoice” activity a. BPMN model b. 

Model with the flexible element. 
 

Following the five-aspect process design framework, in a B2B context the 
organizational aspect addresses the business roles involved in interactions. 
Since in our study we consider the business integrations having a priori known 
partners, this aspect is not seen as a subject of flexibility. 

The above discussion reveals that, in our approach, the flexible element is a 
fundamental object for modeling alternatives in public process behavior. By 
regarding the main aspects of process design, we identified a class of flexible 
forms. We modeled the forms with the proposed generic structure of the 
flexible element. The structure is fairly simple and compact; even more 
important, the proposed structure is open for extensions. First, new types of 
flexibilities may be introduced. Secondly, the constraints part logic could be 
further extended to describe new dimensions of rules; for instance, the 
elements depicting optional compensation and possible exclusion of 
documents could involve time restrictions. Finally, it is important to pinpoint 
that different forms of flexibilities may be nested within each other.  
 

Implementation Considerations  
 

The graphical notion of the flexible element can be easily presented in the 
form of a scripted tag with a set of attributes. Figure 35 shows a BPEL4WS 
segment enwrapped with the flexible element “sequencing”. 
 

<FE type=”sequencing” constraints=””>     <sequence> 
<receive partner=”customer”       <receive partner=”customer” 

         portType=”paymentPT”         portType=”paymentPT” 
         operation=”recPayment”         operation=”recPayment” 
         container=”payment”          container=”payment”  

</receive>         </receive> 
<invoke partner=”customer”                     <invoke partner=”customer” 

         portType=”deliveryPT”         portType=”deliveryPT” 
        operation=”sendDelivery”        operation=”sendDelivery” 
        inputContainer=”delivery”        inputContainer=”delivery” 

</invoke>     </invoke> 
</FE>        </sequence> 

 

 

Figure 35. A partial BPEL4WS code 
segment enwrapped with the flexible element.

Figure 36.  A full specification of the 
code segment from Figure 35. 

As we stated earlier, a complete private process specification is made at 
contracting time, that is, according to a public process. The public parts of two 
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private processes partially modeled in the form as depicted in Figure 35, are 
matched for equivalence using, for instance, the bissimulation algorithm 
(Groote and Vaandrager 1990). Every time a flexible element is encountered in 
a process, a full specification is built according to the requirements of the 
process of the other B2B side. The flexible element tag is then removed from 
the BPEL4WS specification and the included activities are fully structured by 
adding the adequate language semantics (Figure 36).  
 

6.4 Summary 
 

In this chapter, we have examined the problem of interoperability of business 
processes in the B2B context. We argued that too prescriptive process 
specifications and matching requirements discourage efficient B2B 
integrations. The concepts we proposed subsume the following contributions:  
 

 Relaxation of the requirements for matching between processes. We introduced a 
process equivalence concept that allows for differences in activity and 
document structures, as long as processes match in the communicated 
information and in the control flow of message exchanges. Equivalent 
processes, when flattened out around activity and document structures, are 
branching bisimilar. By utilizing the public-to-private B2B model, we argued 
that such processes may collaborate through a mediating layer that performs 
necessary adjustments of the processes. By relaxing the requirements for 
matching between processes, the proposed concept enables integration of a 
larger scale of executable enterprise processes without need for additional 
redesign. 

 

 Increase of flexibility in process public behavior. We proposed an approach for 
flexible modeling of enterprise processes, to enable broader B2B 
integrations. Considering the five-aspect description framework, a set of 
concepts that enable partial process modeling is defined. In the way we 
defined it, the flexible process part represents a separate layer in the 
specification of the public process. It frees the process specification of 
design of alternative paths and, in addition, provides for expressing of reach 
forms of flexibilities. The proposed approach for flexible process modeling 
is aimed to improve B2B integrations by increasing ability for matching of 
the involved enterprise processes without requiring changes in their design 
every time a different public protocol is agreed.  

 

A limitation of our approach is that the proposed concepts for improvement 
of process integrations in the B2B context might not be valuable for the 
companies having a few B2B partners. In those cases, the lack of flexibility in 
process matching might be relatively easily overcome by redesigning the 
enterprise processes, i.e. by having a template process per partner basis. 
Another limitation lies in our approach for modeling processes with flexible 
elements - even we argued for readability of process models, it is clear that it 
decreases as the number of flexible elements grows. This is directly related to 
the fact that, in general, process models have to depict various logics, such as 
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composition, choices, transactions, events, errors, compensations, etc. One 
solution to this problem is to use layers of process view, as suggested in 
(Johannesson and Perjons 2001).  
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7 Discussion 
 

In this chapter, the reliability and validity of the presented research results are 
discussed. Reliability concerns the accuracy of the applied research method 
and the procedure. In Section 2.1, we argued in favor of using the grounded 
theory method in all research work. Regarding the reliability of the procedure 
in the research design phase, we set up a process description framework 
(Section 4.3) that we utilized throughout our entire research. The framework 
presumes the consideration of five main aspects when designing processes: 
functional, behavioral, informational, transactional and organizational. Many 
research studies addressing problems of process integration neglect the use of 
such a comprehensive design framework. They typically focus on integration 
concerns of the behavioral aspect and, in some contexts, of the informational 
aspect. In this way, they avoid potential complexity in the approach but lose 
comprehensiveness. In the data collection phase, we aimed for reliability by 
systematically investigating existing studies in the domain of process 
integration and by observing data from different types of sites (Sandvik, 
Volvo, SEB, “Itea”, etc.). The acquired data was further analyzed through 
interpretation and categorization, typically by several observers. This was 
aligned with recommendations given in (Silverman 1993), suggesting that the 
reliability of a research increases by “assigning instances to the same category 
by different observers, or by the same observer on different occasions”. 
Finally, in the intra-enterprise integration research, we even applied a 
“respondent validation” meaning that we took the findings back to the 
subjects being studied in order to let them verify those findings. 

Validity is concerned with the “correctness” of the research result. External 
validity refers to the generalization of results. Generalization means the degree 
to which research findings can be transformed and still remain valid in a 
research setting outside of the original (Lee and Baskerville 2003). In Section 
2.2, we stated that one of our main aims in the presentation of the results was 
to address the generalization aspect of the proposed theories. When applying 
quantitative methods of research, results are typically statistically generalized. 
With our grounded theory approach, we aimed for deductive generalizations – 
by specializing our conclusions, the concrete instances of process integrations 
concerns can be validated. This is aligned with argumentations given in (Yin 
1994) and (Baskerville 1999) which state that results of qualitative research 
methods are to be generalized analytically or deductively. Internal validity 
concerns the rigorousness with which the research was conducted. Following 
this, we aimed primarily for completeness in researching the aspects of process 
design, to be able to elicit the consequences of those aspects on the integration 
issues.  
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8 Conclusion 
 
In this thesis, we have addressed the problem of the integration of process-
based information systems within the extended enterprise. 

The extended enterprise comprises two main levels of process integration: 
intra-enterprise integration, which concerns alignment between internal business 
processes and information systems, and cross-enterprise integration, which governs 
coordination of the internal business processes of an enterprise with partner 
processes. 

We argued that the major problem in intra-enterprise process integration is 
the lack of fit between business processes and existing systems, enclosed in the 
form of software services. We addressed this problem by distinguishing the 
perspectives of the business environment and the technical system 
environment in the form of executable business- and technical processes. By 
using a structured process design framework, we defined a set of 
transformations (realization types) that can be applied when realizing a 
business process as a technical process. Further, we introduced a criterion for 
the lossless realization of business processes and, based on that, we defined a 
set of rules for categorizing quality of realizations of business processes. A 
model of system constraints is introduced to guide the process developer to 
high-quality process realizations. By utilizing the defined concepts, we set up a 
basic model for tracking the evolution of process realizations. Finally, we 
proposed a method for improving flexibility in process realizations both from 
a business and a technical perspective.  The first perspective presumed a 
relaxation of the business process specification without changing designed 
activities, flow constructs, etc. The second perspective focused on aspects of 
service design that minimize potential conflict with business concepts.  

Regarding cross-enterprise process integration, we argued that the major 
problem is to enable seamless integrations of enterprise processes. We first 
addressed this problem by proposing a method for bridging the gap between 
business processes and contract requirements. In this method, we utilized a 
contract ontology and contractual patterns to deduce a high-level process 
model for comparing compliance with internal business processes. We then 
proposed two approaches for the integration improvement by examining 
requirements for equivalence between enterprise processes of collaborating 
partners. The first approach presumed relaxation of requirements for 
compliance of collaborating enterprise processes by allowing for differences in 
activity and document structures, as long as processes match in the 
communicated information and in the control flow. The second approach 
proposed a concept for flexible process design by loosening the public process 
specification to enable larger scales of compliances.         



73 

9 References 
 
Aalst van der W., Hofstede, A., Aldred, L (2004). Yet Another Workflow Language 

(YAWL). In: http://www.citi.qut.edu.au/yawl/index.jsp,  15.03.2006 
 

Aalst van der W., Basten T., (2002). Inheritance in Workflows. An Approach to 
Tackling Problems Related to Change. In: Theoretical Computer Science, Vol. 
270(1-2), pp.125-203 

 

Aalst van der W., Hee van K., (2002). Workflow Management: Models, Methods, and 
Systems (Cooperative Information Systems), The MIT Press; 1st edition, Jan. 1, 
2002. 

 

Aalst van der V., (2002). Inheritance of Interorganizational Workflows to Enable 
Business-to-Business E-commerce. Electronic Commerce Research Vol. 2 Nr 3. 
Springer-Verlag pp. 231-245 

 

Aalst van der W., and Weske M., (2001). The P2P Approach to Interorganizational 
Workflows. In: Proceedings of the 13th International Conference on Advanced 
Information Systems Engineering (CAiSE’01), L.Notes in Computer Science, 
Vol. 2068. Springer-Verlag, pp. 140-156 

 

Aalst van der W., Barros A.P., Hofstede A.H.M., and Kiepuszewski, B. (2000). 
Advanced Workflow Patterns. In: Proceedings of the Seventh IFCIS International 
Conference on Cooperative Information Systems (CoopIS 2000), Eilat, Israel. 
Lecture Notes in Computer Science, Vol. 1901. Springer-Verlag, Berlin pp. 18-29  

 

Aalst van der V., (1999). Flexible Workflow Management Systems: An Approach 
Based on Generic Process Models. In DEXA’99. LNCS 1677, pp. 186-195. 

 

Aalst van der W. (1998). The Application of Petri Nets to Workflow Management. 
In: The Journal of Circuits, Systems and Computers, Vol. 8(1), pp. 21-66 

 

Aalst van der W., Hee van K., Houben, G., (1994).: Modeling and Analysing 
Workflow Using a Petri Net Approach. In: Proceedings 2nd Workshop on 
Computer-Supported Cooperative Work, pp. 31-55 

 

Andersson B., Bergholtz M., Edirisuriya A., Ilayperuma T., and Johannesson P., 
(2005). A Declarative Foundation of Process Models. In CAiSE’05. LNCS 3520, 
pp. 233-247. 

 

Alvesson M., and Sköldberg K. (1994). Tolkning och reflektion: Vetenskapsfilosofi 
och kvalitativ metod. Lund: Studentlitteratur. 

 

Alonso, G., et al. (1999). WISE: Business-to-Busibness E-Commerce. In: 
proceedings of 9th International Workshop on Research Issues and Data 
Engineering, Sidney, Australia. IEEE Computer Society 

 

Angelov, S., Grefen, P.: Support for B2B E-Contracting – The Process Perspective. 
5th Int. Conf. on Information Technology for Balanced Automation Systems in 
Manufacturing and Services (BASYS'02), Mexico. IFIP Conference Proceedings 
229. Kluwer (2002) 

 

Arkin A. et al. (2002). Web Service Choreography Interface Version 1.0. W3C Note, 
Aug. 2002. 

 

Baskerville R., (1999). Investigating information systems with action research. 
Communications of the AIS, Vol. 2, Article 19. 

 



74 

BEA, IBM, Microsoft, SAP and Siebel (2003). Business Process Execution Language 
for Web Services. In: http://www.ibm.com/developerworks/library/ws-bpel, 
15.03.2006 

 

Bernstein P., Hadzilacos V., and Goodman N., (1987). Concurrency Control and 
Recovery in Database Systems. Addison-Wesley, 1987 

 
 

Bubenko, J.A., Jr., Wangler, B (1994). Objective driven capture of business rules and 
of information systems requirements. In Proceedings of the IEEE Systems Man 
and Cybernetics '93 Conference (Le Touquet, France), pp. 670-677 

 

Bussler C., (2002). Public Process Inheritance for Business-to-Business Integration. 
In: Proceedings of Workshop on Technologies for E-Services (TES 2002), 
Lecture Notes in Computer Science, Vol. 2444. Springer-Verlag, Berlin pp. 19-28 

 

Chopra A., and Singh M., (2004). Commitments for Flexible Business Processes. 
AAMAS'04. IEEE Computer Society 2004.  

 

ebXML, Business Process Specification Schema. In:  www.ebxml.org, 15.03.2006 
 

Ellis, C., and Rozenberg, G., (1995). Dynamic Change Within Workflow Systems. In: 
Conference on Organizational Computing Systems, Milpitas  

 

Garcia-Molina H., (1991). Modelling Long-Running Activities as Sagas. IEEE Data 
Engineering Bulletin, Vol. 14/1, 1991, 14–18 

 

Glabbeek R.J., Weijland W.P.: (1989). Branching Time and Abstraction in 
Bisimulation Semantics (extended abstract). In: Information Processing 89: 
Proceedings of the IFIP 11th. World Computer Congress. G.X. Ritter. Elsevier 
Science Publishers B.V., North-Holland, pp. 613-618. 

 

Grefen, P., et al. (2000). CrossFlow: Cross-organizational Workflow Management in 
Dynamic Virtual Enterprises. International Journal of Computer Systems, Vol. 
15., No. 5 

 

Groote J. F., Vaandrager F. (1990). An Efficient Algorithm for Branching 
Bisimulation and Stuttering Equivalence. In: Proceedings 17th ICALP. Lecture 
Notes in Computer Science Vol. 443. Springer-Verlag, pp. 626-638 

 

Grover, V., Fiedler, K., and Teng, J.T.C (1994). IEEE Transactions on Engineering 
Management, 41, 3 (Aug. 1994), pp. 276 – 284 

 

Heinl P., Horn S., Jablonski S., Neeb J., and Stein K., Teschke M., (1999). A 
Comprehensive Approach to Flexibility in Workflow Management Systems. In 
WACC ’99. ACM WACC proceedings, pp. 79-88. 

 

Itea portal, (2005). In http://itea.dsv.su.se, 15.03.2006 
 

Joeris, G., and Herzog O., (1999). Towards Flexible and High-Level Modeling and 
Enacting of Processes, In CAiSE'99. LNCS 1626, pp. 88-102. 

 

Jablonski S (1995). Workflow-Management-Systeme: Modellierung und Architektur, 
Thomsons Aktuelle Tutorien (TAT), 9, Thomson Publishing, 1995 

 

Johannesson P., and Perjons, E. (2001). Design Principles for Process Modelling in 
Enterprise Application Integration. Information Systems Vol. 26, pp. 165-184. 

 

Kabilan V, Zdravkovic J, Johannesson P., (2005). Use of Multi-Tier Contract 
Ontology to deduce Contract Workflow Models for Enterprise Interoperability. 
In: Proceedings of 2nd INTEROP-EMOI workshop on Enterprise Models and 
Interoperability collocated with CAiSE 2005, Porto 

 



75 

Kabilan V., (2005). Contract Workflow Model Patterns Using BPMN. Proceedings 
of the 10th International Workshop on Exploring Modeling Methods in Systems 
Analysis and Design (EMMSAD 05), collocated with CAiSE 2005, Porto. 

 

Kabilan, V.  Johannesson, P., Rugaimukammu, D., (2003)  Business Contract 
Obligation Monitoring through use of Multi-Tier Contract Ontology. 
Proceedings of Workshop on Regulatory Ontologies, November 2003, Italy. 
Springer-Verlag 2003 LNCS 2889, pp 690-702 

 

Karlapalem, K., Dani, A., and Krishna, R., (2001). A Framework for Modeling 
Electronic Contracts. International Conference on E-R Modeling (ER 2001). 
LNCS 2224 pp 193 – 207 

 

Kiepuszewski B., Hofstede1, A.H.M, Aalst van der W., (2002). Fundamentals of 
Control Flow in Workflows. In: QUT Technical report, FIT-TR-2002-03, 
Queensland University of Technology, Brisbane 

 

Klein K., and Myers M. D. (1999). A set of principles for conducting and evaluating 
interpretive field studies in information systems. MIS Quarterly, Vol.23, No. 1, 
pp. 67-94. 

 

Kleppe A., Warmer J., and Bast W. (2003) MDA Explained, Addison-Wesley, Apr 
2003. 

 

Lee A.S., and Baskerville R. (2003). Generalizing generalizability in information sys-
tems research. Information Systems Research, Vol. 14, No.3, pp. 221-243. 

 

Letier E., Lamsweerde van A., (2002). Deriving Operational Software Specifications 
from System Goals. In: Proceedings of the Tenth ACM SIGSOFT Symposium 
on Foundations of Software Engineering USA, Charleston, Nov. 2002, ACM 
Press, pp. 119-128. 

 

Klingemmann, J. (2000). Controlled Flexibility in Workflow Management. In: 
Proceedings of the 12th International Conference on Advanced Information 
Systems Engineering (CAiSE’00), Stockholm, Sweden. L. Notes in Computer 
Science, Vol. 1789. Springer-Verlag, pp. 126 – 141  

 

Mecella M., Pernici B., and Craca P., (2001). Compatibility of e-Services in a 
Cooperative Multi-platform Environment. In: Proc. of Workshop on 
Technologies for E-Services (TES 2001), Lecture Notes in Computer Science, 
Vol. 2193. Springer-Verlag, Berlin, pp. 44-57 

 

Mecella M., Pernici B., (2001). Designing Wrapper Components for e-Services in 
Integrating Heterogeneous Systems. In: VLDB Journal, Vol.10. Springer-Verlag, 
Berlin, pp. 2-15 

 

Myers M.D. (1997). Qualitative Research in Information Systems. In: MIS Quarterly 
1997, pp. 241-242 http://www.misq.org/misqd961/isworld/, 15.03.2006 

 

Piccinelli G., Emmerich W., Zirpins C., and Schütt K.(2002). Web Service Interfaces 
for Inter-organisational Business Processes - An Infrastructure for Automated 
Reconciliation. In: 6th International Enterprise Distributed Object Computing 
Conference (EDOC 2002). IEEE Computer Society, pp. 285-292 

 

RosettaNet. In: www.rosettanet.org, 15.03.2006 
 

Orlikowski W., and Baroudi J., (1991). Studying information technology in 
organizations: Research approaches and assumptions. Information Systems 
Research. Vol. 2, No. 1, pp. 1-28. 

 



76 

Orlikowski W., (1993). Investigating Incremental ands Radical Changes in 
Information Systems Development. MIS Quarterly 1993, pp. 309-340 

 

Ramberg. J., (2000). ICC Guide to INCOTERMS 2000. Understanding and Practical 
Use. International Chamber of Commerce 

 

Rausch-Scott S., (1997). TriGSflow – Workflow Management Based on Active 
Object-Oriented Database Systems and Extended Transaction Mechanisms. PhD 
Thesis, University at Linz, 1997. 

 

Ribó J.M., and Franch X. (2001). Building Expressive and Flex. Process Models Us-
ing UML-Based Approach. In EWSPT’01. LNCS 2077, pp. 152–172.  

 

Rolland C., and Prakash N. (2000). Bridging the Gap Between Organisational Needs 
and ERP Functionality. Journal of Requirements Enigneeering, 5, 3, 2000, pp. 
180-193. 

 

Rolland C., and Prakash, N (2001). Matching ERP System Functionality to Customer 
Requirements. 5th IEEE International Symposium on Requirements Engineering 
(RE 2001) (Toronto, Canada, Aug. 2001). IEEE Computer Society, pp. 66-75. 

 

Sadiq, Sh., Sadiq, W., Orlowska, M., (2001). Pockets of Flexibility in Workflow 
Specifications. In ER2001. LNCS 2224, 513-526.  

 

Silverman, D., (2000). Doing qualitative research – a practical handbook. Sage, 
London. 

 

Silverman D., (1993). Interpreting qualitative data: Methods for analysing talk, text 
and interaction. London: Sage. 

 

Strauss A ., and Corbin J. (1998). Basics of qualitative research – techniques and 
procedures for developing grounded theory (2nd  Ed), Thousand Oaks: Sage. 

 

Weis T., Ulbrich A., and Geihs K. (2003). Model Metamorphosis. IEEE Software 
(sept./oct. 2003), pp. 46-51. 

 

White S (2004). Business Process Modelling Notation Version 1.0, The Business 
Management Initiative, May 2004. In: http://www.bpmn.org, 15.03.2006 

 

Yin R.K., (1994). Case study research. Thousand Oaks: Sage Publications. 
 

Yu E. S. K., Du Bois P., Dubois E., and Mylopoulos, J (1995). From Organization 
Models to System Requirements: A 'Cooperating Agents' Approach. In 
Proceedings of the Third International Conference on Cooperative Information 
Systems (CoopIS’95) (Vienna, Austria), 194-204. 



77 

10 Appendix A 

Sample sale contract model 

CONTRACT FOR SALE OF GOODS 
Agreement made and entered into this [12th Jan 2005], by and between [ABC 
Computers Incorporated Ltd], of [Österogatan 17, Kista, Sweden], herein referred to as 
"Seller", and [Financial Movers AB], of [Strandvägen 2,Stockholm, Sweden], herein referred 
to as "Buyer". 
 

1. Seller hereby agrees to transfer and deliver to buyer, within 30 days from the date 
of order receipt, the following goods: DELL PC Dimension 4550, Intel Pentium 
4 processor, 333 MHz DDR SDRAM desktops conforming to the technical speci-
fications. Product details specified separately. 

2. Buyer agrees to accept the goods and pay for them in accordance with the terms 
of the contract. 

3. Buyer and Seller agree that identification shall not be deemed to have been made 
until both parties have agreed that the goods in question are to be appropriated 
and fulfill the requirements of performance of said contract with the buyer. 

4. Delivery shall be in accordance to standard INCOTERMS “EX-Works”. How-
ever, upon buyer’s request, the seller is obliged to make the necessary arrange-
ments for transportation and all costs pertaining to that shall be borne by the 
buyer. 

5. Buyer agrees to pay for the goods at the time they are delivered and at the place 
where he receives said goods. 

6. Goods shall be deemed received by buyer when delivered to address of buyer as 
herein described. 

7. Until such time as said buyer has received goods, all risk of loss from any casualty 
to said goods shall be on seller. 

8. Seller warrants that the goods are free from any security interest or encumbrance, 
that they shall be free from it at the time of delivery, and that he neither knows 
nor has reason to know of any outstanding title or claim of title hostile to his 
rights in the goods. 

9. Buyer has the right to examine the goods on arrival and has 10 days to notify 
seller of any claim for damages on account of the condition or quality of the 
goods. His failure to either notice seller or to set forth specifically the basis of his 
claim will constitute irrevocable acceptance of the goods. 

10. This agreement has been executed in duplicate, whereby both Buyer and Seller 
have retained one copy each, on    [12th Jan 2005]. 

 
 
______________________________ [Signatures] 


