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Abstract: Today, electronic cross-company collaboration is about to gain 
significant momentum, but still shows weaknesses with respect to productivity, 
flexibility and quality: A lack of standardized supporting e-Business solutions, 
unclear terminology and unstructured business processes prevent from seamless 
interoperability and the fast development of a globally networked service 
economy. A novel approach is now required which facilitate a comprehensive 
industrialization of related concepts and methodologies. In this work, we present 
the St. Gallen Media Reference Model (MRM) and extend it to fulfill the specific 
needs of electronic, cross-organizational collaboration. Based on the three 
components “Organizational” (structural as well as process-oriented organization 
of interaction between agents), “Logical” (common language between agents) and 
“Physical” (the physical infrastructure enabling interaction), we amend the 
reference model by introducing key principles which improved the performance of 
computer programming during the past decades. To show its real-world 
applicability and potential for performance enhancement, we apply this extended 
MRM to the specific case of governmental administration in Switzerland.  

1 Introduction 

Due to the relentless march of improvements in the cost-performance ratio of 
information technology, electronic cross-company collaboration is about to gain 
significant momentum and facilitates the emergence of a globally networked service 
economy [Sc07b, Po01]. However, significant challenges must still be coped with to 
successfully deploy and operate proper e-Business solutions: Substantially different 
standards prevent from a common understanding of both business processes and 
exchanged data, while high cost and complexity of existing solutions impede a fast 
adoption by potential users. Besides of technological hurdles, managerial issues have to 
be considered as well. The structural as well as process-oriented organization of cross-
organizational collaboration mostly does not build upon solid guidelines and design 
principles. New concepts are therefore required to facilitate a comprehensive 
industrialization of the provision and consumption of electronic information-intensive 
services across corporate boundaries [Sc07a].  
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In this work, we present the St. Gallen Media Reference Model (MRM) [SKL99] 
which serves to formally structure and analyze various kinds of media and comprises the 
three major components Physical Component (physical basis of the medium), Logical 
Component (logical sphere between agents) and Organizational Component (social 
interaction  organization). The St. Gallen MRM comprises a dedicated layer and phase 
model which builds upon these three components and allows for systematically 
modeling, understanding and reorganizing media. In this work, we extend this reference 
model to meet the specific requirements of electronic, cross-organizational collaboration 
and thereby leverage central principles which proved to improve productivity, quality 
and flexibility of computer programming. We apply this reference model to the specific 
case of governmental administration in Switzerland, which represents a cross-
organizational service industry with significant potential for performance enhancement.  

2 HERA: A novel Framework for Seamless Cross-Organizational 
Collaboration 

2.1 The collaborative process of creating tax declarations in Switzerland 

In this section, we elaborate on a case study that has been conducted in the course of the 
Swiss government-funded project HERA [He07] which aims at an improvement of the 
tax declaration procedure in Switzerland. It serves as example for the interaction of 
certain stakeholders who collaborate to achieve a common goal: As depicted in Figure 1, 
there are mainly four stakeholders involved in the cross-organizational process of 
creating a tax declaration. First, a company itself aims at submitting a tax declaration 
that complies with laws, is consistent with the forms issued by the various cantons 
(Swiss states) and is optimized with respect to the resulting tax load in an as efficient 
way as possible. Accountants can either be represented as company-internal departments 
or external service providers. They create comprehensive financial statements and also 
provide consulting services with respect to profit appropriation strategies. Auditors have 
to be organizationally separated from accountants (by law) to ensure their independency. 
They examine and verify compliance of financial statements and profit appropriations. 
Finally, the cantons (states) receive the completed tax declaration and initiate the 
assessment/ enactment process. Municipalities play a certain role within the tax 
declaration process in some of the Swiss cantons, but are left out in this work due to 
space constraints. Also, the visualized, cross-organizational business process represents a 
cutout (which is valid in the canton of St. Gallen) of the full process with all its canton-
specific deviations. During this procedure of creating a tax computation, the division of 
labor among the players induces the need for coordination and information exchange 
between them which follows certain process choreographies. As a consequence, 
numerous documents (as visualized in the graphic) are passed from one stakeholder to 
the other and are thereby processed in different ways until they reach the end of their 
respective “lifecycles”. Today, all stakeholders depicted in Figure 1 interact with each 
other via different communication channels. Some information is exchanged in paper 
format; other documents are transferred via e-Mail or proprietary electronic interfaces.  

378



 

Figure 1: Cross-organizational tax declaration process in Switzerland 

Resulting media breaks, the lack of standardized interfaces and the strong involvement 
of humans into information processing induces high transaction costs and increases the 
risk of errors, thereby limiting service quality. Also, services are only rarely subject to 
quantifiable performance metrics. The study has shown that especially non-functional 
properties of services such as delivered quality or exact time required for completion are 
usually not provided in a clear, formal and quantifiable way. Also, the cross-
organizational process varies from canton to canton as the individual states determine the 
boundary conditions of the tax declaration procedure. The heterogeneity prevents from 
standardization with respect to terminology, processes, pieces of information and 
therefore deteriorates the productivity of seamless collaboration across the stakeholders’ 
boundaries. Frequently, decisions have been found to be made on the basis of best 
practices instead of formalized rule sets. 

2.2 The extended St. Gallen Media Reference Model 

This section is devoted to showing a reference framework which enables to analyze, 
design, implement and change electronic media for cross-organizational collaboration. 
According to Schmid [SKL99, SS04], media can basically be defined as enablers of 
interaction, i.e. they allow for exchange between agents. Such interaction enablers can be 
structured into three main components: First, a physical component (C-Component) 
allows for the actual interaction of physical agents. This component can also be referred 
to as carrier medium or channel system. Second, a logical component (L-Component) 
comprises a common “language”, i.e. symbols used for the communication between 
agents and their semantics. Without such a common understanding, the exchange of data 
is possible (with the help of the C-Component), but not the exchange of knowledge. 
Third, an organizational component (O-Component) defines a structural organization 
of agents, their roles, rules which impact the agents’ behavior as well as the process-
oriented organization of agents’ interactions. Together, these basic three components 
have been identified to constitute various kinds of media. Among others, it is appropriate 
to describe electronic media such as those deployed to support cross-organizational 
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collaboration. Based on these components which already represent a first, scientific 
approach to modeling, understanding and reorganizing media, a layer/ phase reference 
model has been introduced as well. The Media Reference Model (MRM) (Figure 2) 
comprises four different layers (which all represent views on media) and structures the 
use of media into four sequential phases. 
 

 

Figure 2: Schmid’s Media Reference Model [Skl99] 

The Community View (first layer) accounts for the set and structure of interacting 
agents, the organization of the given agents’ population, i.e. the specific roles of 
involved stakeholders, the situations in which they act as well as the objects with which 
they deal. The Process View (Implementation Aspects) deals with the modeling of the 
process-oriented organization of agents and can also be referred to as “Interaction 
Programming” [SS04]. It is also called implementation view as it connects the needs of 
the community with the means provided by the carrier medium and thus implements the 
“community-plot” on the basis of the carrier medium. The Service View (Transaction 
View) models the services provided by the carrier medium which can be used in the 
different interaction steps to reach the respective interactions’ goals. The Infrastructure 
View models the production system, which creates the services provided by the service 
view, i.e. in the case of electronic media the actual underlying information technology. 
The above discussed three major components can seamlessly be integrated into the 
MRM: The upper two views represent the organizational component (O-Component) 
which accounts for the structural as well as process-oriented organization. The lower two 
layers are mapped to the physical component (C-Component) which focuses on the 
creation and provision of services. Last, the logical component (L-Component) concerns 
all four layers as it ensures that interaction of agents is based on a common 
understanding of exchanged symbols. The four phases promoted by the MRM are not in 
the focus of this work and therefore shall not be further discussed.   
 
2.2.1 The Managerial View (O-Component) 
 
We will now focus on the upper two layers of the MRM and discuss how both the 
structural and the process-oriented organization of agents’ interaction can be improved 
through transferring major software programming and engineering principles, in 
particular the essential paradigms of modularization [Pa72] and service-orientation 
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[ACK04, Mc07] to the context of human organizations. As a first step in the process of 
engineering a (distributed) organization is to identify the overall tasks which have to be 
accomplished. In the public sector context, tasks are mostly defined by law; in the 
business context, they are derived from general strategy. The identified tasks shall then 
be structured and decomposed into subtasks (which we refer to as services) according to 
the criteria proposed by Parnas [Pa72] in the software programming context: First, rather 
than starting with a process or workflow and determining subtasks/ services as sequential 
parts of this process, organizational engineers are supposed to encapsulate those design 
decisions which are difficult or likely to be subject to change in the future: “We have 
tried to demonstrate by examples that it is almost always incorrect to begin the 
decomposition of a system into modules on the basis of a flowchart. We propose instead 
that one begins with a list of difficult design decisions or design decisions which are 
likely to change. Each module is then designed to hide such a decision from the others. 
Since, in most cases, design decisions transcend time of execution, modules will not 
correspond to steps in the processing.”[Pa72] Second, organizational services need to 
hide as much proprietary information as possible. By shielding information and 
complexity from the outside world, services are quickly exchangeable and their 
specialization is facilitated. In this way, service managers may change and optimize 
service-internal operations over time if required without affecting other services’ 
functionality. As a third important criterion which we transfer from software engineering 
to the organizational context, hierarchies need to be adopted where appropriate: Tasks 
are first of all broken down into subtasks/ services which reside on a first level. Similar 
to composite Web Services [ACK04], such services than can often be composed out of 
other, more basis and focused services: “The partial ordering gives us two additional 
benefits. First, parts of the system are benefited (simplified) because they use the service 
of lower levels. Second, we are able to cut off the upper levels and still have a usable and 
useful product.” [Pa72] 
 
After these decomposition rules which mainly concern the structural organization 
(“community aspects” according to our MRM), the process-oriented organization must 
be dealt with: Business processes are realized by orchestrating the above discussed 
services (on possibly different hierarchy levels) appropriately (again, similar to the 
orchestration of Web Services). In the programming context, there are two basic 
elements for organizing the procedural execution of an algorithm. First, certain logic 
underlies any algorithm which represents “what” it is supposed to be achieved. As 
opposed to the “what”, there is a control element which describes “how” the respective 
goal shall be achieved. In the course of programming evolution, two different classes of 
languages have emerged: Declarative languages “allow the programmers to concentrate 
on the logic of an algorithm (declarative languages are goal driven, control is not the 
concern of the programmer), while imperative languages require the programmer to 
focus on both the logic and control of an algorithm” [Co07]. This means that imperative 
languages “describe computable relationships in terms of sequences of operations”, 
whereas declarative languages “are made up of sets of definitions or equations 
describing relations which specify what is to be computed (not how it is to be 
computed), e.g. Prolog” [Co07]. Similarly, in an organizational context, the 
collaboration of agents (across corporate boundaries) can be organized by prescribing 
the logic and the control (adhering to an imperative style) or by only pre-determining the 
logic (i.e. “what” has to be accomplished). The choice for an imperative or rather 
declarative process-oriented organization depends on certain external requirements. In 
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case stable, standardized processes determine the interaction of agents, an imperative 
organization is appropriate. In cases where the actual interaction of stakeholders depends 
on various situational, unforeseeable factors, context-sensitive parameters or individual 
preferences and restrictions which vary over time, a process-oriented organization which 
prescribes both logic and control elements is not adequate. In such environments, more 
declarative “interaction programming” is needed which is merely based on specifications 
of “what” has to be achieved during the interaction rather than “how” (e.g. in which 
exact order).  

 

Figure 3: Service Taxonomy for Cross-Organizational Collaboration 

Figure 3 shows a simplified view on the upper two layers (Community Aspects and 
Implementation Aspects) of the extended MRM for cross-organizational collaboration: 
The blue bar symbolizes a medium which is shared by a number of various agents who 
intend to provide or consume “public” services with its help. So called “Organizational 
Services” first of all account for both the structural and the process-oriented organization 
of these services. The stakeholders as well as the operations they offer are encapsulated 
as “Public Services” which act in different roles (roles formally describe sets of 
obligations and rights [SKL99]). Complying with the requirements stated in [SKL99], 
organizational services also should comprise a registry of the different involved 
stakeholders which allows to easily retrieving interaction partners including their 
individual attributes such as functional restrictions, preferences and track records. Also, 
(either declarative or imperative) interaction programs (describing the process-oriented 
organization between the various agents and their services) are stored and maintained as 
part of this O-Component. Finally, certain elements which ensure a common 
understanding between the different stakeholders (L-Component) are installed as part of 
the organizational services as well: Common standards with respect to structure as well 
as semantics of exchanged messages which represent the objects dealt with by the agents 
[SS04] (to ensure seamless cross-organizational interoperability), uniformly defined role 
models for the connected services, common addressing schemes and process logic and 
control descriptions represent some of the most important elements of the L-Component 
within the upper two layers of our extended MRM.  

2.2.1 The Infrastructural View (C-Component) 
 
Besides Community and Implementation Aspects of seamless cross-organizational 
collaboration which focus on the O-Component as well as organization-related elements 
of the L-Component, Transaction and Infrastructure Aspects play a critical role as 
well.  
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These lower two layers of our extended MRM mainly focus on the provision of services 
via “Service Access Points” [SS04, p.46] and their actual creation through 
“encapsulated” agents [SS04, p.46]. In this context, it is important to mention that 
services provided as part of the medium can be created by arbitrary stakeholders. The 
operators of the medium, external participants or other parties may be in charge of 
offering and maintaining them. The languages and logic required to describe these 
services constitute the service-part of the above discussed L-Component. It provides 
adequate means to semantically describe the services and the related information objects. 
Also, the formal means for the description of interfaces as well as the rules for their 
consumption are part of the service-related L-Component.  

Certain media services which facilitate the interaction of agents particularly in the 
context of electronic, information-intensive services which are provided and consumed 
across corporate boundaries have been identified in the course of research projects such 
as HERA [He07] and ATHENA [At07]. Services accounting for security of the 
information exchange, fault detection and removal, message format validation, tracing of 
message exchange histories represent some of these which all serve connected users and 
their need for reduced uncertainty inherent to their interactions. By fulfilling basic 
institutional services and by allowing for an improved degree of governance, media 
employed for the support of cross-organizational collaboration will be more attractive 
and experience better adoption rates than without such a value-adding offering.  

 

Figure 4: Adapting the L-Components of different Spheres (concerning both O- and C-
Components) 

So far, we have been discussing the organization (both structural and process-oriented) 
of collaboration via media as well as its realization based on services and certain 
infrastructure. The organizational and (in the field of electronic, cross-organizational 
collaboration) technological layers (Figure 4) are, as discussed above, amended by an L-
Component. It ensures a common understanding of artifacts such as message structure, 
semantics, role models, service orchestration patterns (processes) and descriptions within 
the O-Component and service descriptions, interfaces and others within the C-
Component. Since the L-Component, however, has been found to highly vary between 
different media used to support inter-organizational collaboration, another key element 
shall be introduced. To allow for the establishment of different semantic, logical spheres, 
we propose adapters as critical element into our extended Media Reference Model. In 
case two business ecosystems have already established specific organizational (O-
Component-related) as well as technical (C-Component-related) standards, they are thus 
enabled to collaborate by leveraging an adapter which mediates between them.  

383



In this way, for example, the already existing e-Business standards dilemma can be 
coped with: Over time, companies or whole industries have developed strongly varying 
formats and semantic representations of the same information, leading to a huge degree 
of confusion and uncertainty with respect to electronic information integration [Ma04, 
Mc04]. By employing adapters which automatically transform the different formats, this 
issue can be tackled adequately. Similar advantages can be realized with the mediation 
between different role models and descriptions, stakeholder registry formats and 
addressing schemes, process pattern semantics and many more. 

The last step in the process of organizing and deploying cross-organizing collaboration is 
referred to as “Design” by Schmid’s MRM [SKL99, SS04]. Design thereby represents 
the task of actually realizing the “ideas” of the community-and process-related layers in 
a tangible form. Briefly, the design process comprises the adequate transformation of O-
Component elements to C-Component elements. The choice of a proper carrier medium 
(in our case the underlying information technologies) represents a significant challenge 
as it strides along with considerable implications (e.g. on user adoption). Due to space 
constraints, we will only very briefly discuss media design options which drive the 
industrialization of cross-organizational collaboration. For implementing the structural 
organization of the agents’ interaction, registries containing relevant information about 
all stakeholders (their electronic services respectively) are required. Novel registry 
concepts and technologies [Sc07a, Sc07b] go beyond traditional UDDI-based 
approaches and offer rich means for searching, retrieving and binding electronic services 
in a very intuitive and efficient fashion. The above discussed ancillary/assistant services 
which facilitate the interaction of agents can be modeled and deployed as state-machines 
that are usually used in the product manufacturing context. Formalized service 
descriptions such as WSDL (belonging to the service-related part of the L-component) 
must be available to allow for their measurability, predictability and thus manageability. 
In the course of the HERA project, Web Services-based software adapters have been 
designed and implemented. For the process-oriented organization, imperative processes 
may be controlled by orchestration engines (e.g. based on BPEL), while a more 
declarative process-oriented organization can be deployed on the basis of fine-granular 
interaction-patterns [He07]. With regard to the physical message exchange 
infrastructure, different design alternatives exist as well. Besides of merely relying on 
the well-known SOAP-protocol, Event-Driven Architectures [Ch07] represent an 
alternative for shielding technical protocol details from connected stakeholders: By 
connecting to this bus via Web Service-based adapters, users may send (to any of the 
other users connected to the bus) and receive messages (also referred to as events) of 
certain, predefined formats. An address register (implemented as a separate module) 
encapsulates addressing schemes and acts as basis for the routing of messages from one 
service to the other over the bus.  

2.3 The extended MRM in the context of Swiss Public Administration 

This section is devoted to showing that the extended MRM is applicable to the 
collaborative tax computation use-case presented above and allows for performance 
improvement: 
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Based on an analysis of the interaction of agents as depicted in Figure 1, the structural 
organization (Community-Aspects) has been defined according to the above discussed 
task decomposition principles. Accounting-related services (e.g., “create accounting 
documents”, “execute postings”), audit-related services (e.g., “check for compliance”, 
“check for completeness”) as well as processing-related services (e.g., “execute 
enactment”) have been identified and formally described. All agents connecting to the 
“HERA medium” have a registry available which provides information about other users 
(preferences, offered services, transaction conditions). Besides mere registry 
functionality, a role model (based on the Swiss federal authority registry1) is employed: 
Based on the roles which specific agents assume (e.g., “company”, “auditor”), they are 
allowed to provide or consume only a subset of all the public services presented above 
(An agent with the role auditor must not provide accounting-related services). The 
process-oriented organization (Implementation Aspects) follows a declarative (rather 
than an imperative) approach:  

 

Figure 5: HERA Service-Oriented Reference Architecture 

As argued above, the choreography representing the logic of the agents’ interaction 
highly varies from canton to canton, also depends on the respective involved parties and 
their individual preferences and involves, for example, various unforeseeable additional 
claims for documents in case they are incomplete or error-prone. However, as opposed 
to collaboration scenarios without any process control, certain pre-and post-conditions 
must be accounted for when executing a specific service. Certain auditing-related 
services, for example, may only be called after accounting services have been completed 
successfully. To allow for such a rather declarative process-organization in the HERA 
context, we leverage so-called interaction patterns representing “atomic process pieces” 
which can then be assembled by the users in an ad-hoc fashion, though based on a 
process status control (which monitors the documents exchanged between the services 
and enforces compliance with a certain process).  
                                                           
1 http://www.bk.admin.ch/ 
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Agents may then call services at arbitrary points of time (as long as this is within 
previously agreed time limits), but thereby have to adhere to a certain interaction 
program logic (as opposed to a exactly prescribed process control). As a further 
important part of the O-Component, information objects (the objects agents deal with) 
are well defined in a business document catalogue and are also subject to a standard 
(issued by the Swiss eCH2 institution) to also ensure a common understanding (L-
Component) between the different agents.  

Figure 5 visualizes the basic structural organization of collaboration in the HERA project 
which is based on the service taxonomy depicted in Figure 3: Public services related to 
accounting, processing and auditing communicate via the shared medium (“HERA Bus 
Medium”) and are registered as part of a set of organizational services (white database 
symbol). These organizational services comprise the above described role model, the 
stakeholder registry, the related elements of the L-Component (e.g., common semantics 
regarding exchanged documents) and the atomic interaction patterns which can be used 
by agents to manage their “interaction program”. Adapters ensure seamless 
interoperability between L-Component-related elements of the different stakeholders. As 
argued above, these frequently vary significantly and require mediation: Descriptions of 
role models, information object semantics, addressing schemes, process patterns and 
service semantics need to be subject to a common understanding which is realized by L-
Component adapters (symbolized as small striped rectangles).  

Due to space constraints, the infrastructural layer shall be discussed only very briefly.  
In general, the physical HERA medium will fully build on the principles of Event-
Driven Architectures (EDAs) [Ch07]. Agents connect to this medium via Web Services-
based software adapters and may interact on the basis of atomic interaction patterns 
(following the restrictions imposed by declaratively formalized business rules). It is 
important to mention that the core part of the HERA-medium, the so-called “HERA-
Bus” thereby follows the technical specification of the currently emerging Event-Bus 
Switzerland (EBS) [Mü06]: As already adumbrated in Figure 5, a number of “sub-
buses” on all relevant political levels is expected to serve as loosely coupled media for 
supporting cross-organizational collaboration in Switzerland. Each sub-bus serves a 
certain amount of agents and their respective services (connected to their buses via 
adapters). Agents are enabled to interact with other agents connected to the same bus as 
well across an arbitrary number of other buses (which then act as mediators). In fact, 
each of the buses can be built and maintained by different stakeholders and can support 
various kinds of messages to be exchanged between connected services. A global routing 
table, together with some basic standards with respect to data envelopes and security 
mechanisms represent the only centralized element of this infrastructure. This modular 
setup of different buses of which each exactly reflects the needs of the connected 
services allows for a high degree of decentralization and individualization. Bus 
connectors (adapters) account for connecting the different buses (which are operated on 
a peer level) and ensure connectivity as well as interoperability (in case buses implement 
different message formats, these can be mapped forth and back by the adapters). 

                                                           
2 http://www.ech.ch/ 
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3 Revisiting Related Approaches 

Different frameworks for the organization or reorganization of value creation already 
exist. Many of them rely on the rationalization of existing, traditional value chains and 
business processes. The Business Process Reengineering (BPR) methodology [Ha90, 
DS90], for example, challenges traditional processes within enterprises and focuses on 
improved exploitation of information technology for the integration of economically 
interrelated, company-internal business processes. However, as discussed above, prior to 
any process specification, services should be defined and organized properly. Also, 
business interrelationships which span across corporate boundaries need to be accounted 
for [Le95]. Krcmar and Wolf [KW07] provide a holistic framework which defines the 
different existing phases and spheres of interactions between companies and 
governmental bodies. By leveraging all spheres and by ensuring flexibility when 
introducing e-Government solutions, cross-entity collaboration can be improved 
considerably. In [LBS03], a generally applicable approach for organizing business and 
IT architecture levels is presented. It emphasizes the need to specify so-called service 
domains and map these to the cross-organizational business processes. Applications and 
infrastructure are defined as separate layers to shield complexity from upper layers and 
to simplify possible changes. This framework shows similarities to our approach; 
however, it corresponds to the engineering of merely IT rather than on organizations as 
in our case. The extended MRM leverages some of its principles and extends it towards a 
framework that explicitly addresses the needs of cross-company collaboration, prioritizes 
the organization of services rather than processes and finally comprises all relevant 
levels from tasks over the actual organization to the systems.  

4 Conclusion 

In this work, we elaborated on a novel reference framework which aims at supporting 
the organization of seamless cross-company collaboration. The extended St. Gallen 
Media Reference Model (MRM) follows a Service-Oriented paradigm which leverages 
major concepts that played a major role in the industrialization of computer 
programming. By structuring collaboration into tasks, breaking these down into services 
which can then be orchestrated according to certain processes, assigning these to 
resources and finally mapping them to physical media, the performance of cross-
organizational collaboration can be improved considerably. We applied this framework 
to the case of governmental administration in Switzerland, which represents a cross-
organizational service industry with significant potential for performance enhancement. 
The analysis showed that organizations in the public sector may improve productivity, 
quality and flexibility of their collaboration by adhering to the St. Gallen MRM which 
transfers programming principles to the context of human organizations. 

387



References 

[ACK04] G. Alonso, F. Casati, H. Kuno, V. Machiraju: Web Services Concepts, Architectures and 
Applications. Springer, 2004. 

[At07] ATHENA project, available online at: http://www.athena-ip.org/. 
[Ba38] C. I. Barnard: The Functions of the Executive, Harvard University Press, MA, 1938. 
[Ch07] K. M. Chandy: Event-Driven Applications: Costs, Benefits and Design Approaches, 

California Institute of Technology, available online at: 
http://www.infospheres.caltech.edu/papers/Gartner_20060620.pdf. 

[Co07] F. Coenen: 2cS24- Topics in Information Processing: Declarative Languages, available 
online at: http://www.csc.liv.ac.uk/~frans/OldLectures/2CS24/declarative.html. 

[DS90] T.J. Davenport, J.E. Short: The New Industrial Engineering: Information Technology 
and Business Process Redesign, Sloan Management Review, Summer 1990, pp.1-27 

[Mü06] W. Müller: Event Bus Schweiz, Konzept und Architektur, Informatikstrategieorgan 
Bund, Version 1.5, 2006 

[Ha90] M. Hammer: Reegineering Work: Don’t Automate, Obliterate, Harvard Business 
Review, July-Aug. pp.104-112, 1990. 

[He07] HERA project, available online at: http://www.ipmsg.ch/~ktigs2/. 
[LBS03] J. Laartz, E. Benni, A. Scherdin: E-Collaboration and Cross-Enterprise Applications: A 

Business Perspective, McKinsey on IT, Articles Vol. Three, 2003. 
[Le95] R. Lee et al.: Modeling Inter-Organizational Trade Procedures Using Documentary Petri-

Nets, in: Proceedings of the HICSS Conf., Hawaii, 1995. 
[Ma04] T. W. Malone: The Future of Work: How the New Order of Business Will Shape Your 

Organization, Your Management Style, and Your Life. Boston, MA, USA: Harvard 
Business School Press, 2004. 

[Mc04] A. McAfee: Will Web Services Really Transform Collaboration. Sloan Management 
Review, 46 (2), 78-64, 2004 

[Mc07] M. MacKenzie et al: OASIS - Reference Model for Service Oriented Architecture 1.0, 
http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=soa-rm. 

[KW07] H. Krcmar, P. Wolf: Collaborative eGovernment, Neue Ansätze für durchgängige B2G-
Prozesse. eGovernment heute, Munich, Germany, 2007. 

[Pa72] D.L. Parnas: On the criteria to be used in decomposing systems into modules, 
Communications of the ACM, Vol. 15 ,  No. 12, pp. 1053 – 1058, 1972. 

[Po01] M. Porter, Strategy and the Internet. Harvard Business Review, Vol. 79(3), pp. 63-78, 
2001. 

[RD39] F. J. Roethlisberger, W. J. Dickson: Management and the Worker, Harvard University 
Press, Cambridge, Mass., 1939. 

[Sc07a] C. Schroth: The Internet of Services: Global Industrialization of Information Intensive 
Services, in Proceedings of the 2nd IEEE International Conference on Digital 
Information Management, Web X.0 and Web Mining Workshop, IEEE Computer 
Society, Lyon, France, 2007 

[Sc07b] C. Schroth: Web 2.0 and SOA: Converging Concepts Enabling Seamless Cross 
Organizational Collaboration, in Proceedings of the IEEE Joint Conference CEC'07 and 
EEE '07, Tokyo, Japan, 2007. 

[Si47] H. A. Simon: Administrative Behavior, Macmillan, New York, 1947 
[SKL99] B. F. Schmid, M. Klose, U. Lechner, C. P. Hoffmann, Y. Xu, H.-D. Zimmermann: 

Analyse und Modellierung von Geschaeftsmedien, in: Desel, J. (Hrsg.); Pohl, K. (Hrsg.); 
Schuerr, A. (Hrsg.): Modellierung '99. Stuttgart, Leipzig : B. G. Teubner, 1999. 

[SS04] B. F. Schmid, S. Schmid-Isler: Konzepte von Beat F. Schmid 1997-2003. Ein Überblick, 
2004, available online at: http://www.alexandria.unisg.ch/Publikationen/9118. 

388



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




