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Abstract

The purpose of the NUTEK sponsored project ”A Process Broker Architecture for System Integration” has been to investigate Process Brokers, also called Process Managers or Process Automation Systems. The Process Brokers enable visualisation and rapid integration of applications and electronic business processes. 

In this report, the background and results of the project are presented. The partners in the project have been the Viewlocity/Visuera Integration AB and the Department of Computer and Systems Sciences (DSV), at Stockholm University/Royal Institute of Technology. 

The academic part of the project has resulted in six publications, several presentations, technical reports, on-going licentiate theses and terminated master theses, and an university course in application integration at DSV. The publications contain design principles for application integration, experiences of case studies, process pattern methodologies for e-commerce, state of the art surveys, and comparisons of process modelling languages. 

For Viewlocity/Visuera the results and co-operation have supported the development of their process broker product, the methodology to analyse and design processes, and the process description language used in the product. 

DSV and Visuera are planning to continue the co-operation to support further development and enhancement of the product Visuera Process Manager (PM), e.g. the development of a process repository and a methodology for translation between different e-business process standards, like ebXML and RosettaNet. 

1. Introduction 

This report presents the background and results of the research project “A Process Broker Architecture for System Integration”, hereafter refered to as the ”Process Broker project”. The project has been a joint project between Viewlocity/Visuera Integration AB
 and the Department of Computer and Systems Sciences (DSV), at the Royal Institute of Technology (KTH) and Stockholm University (SU)
. The project has been supported by NUTEK during 2½ years
. The project leader has been Benkt Wangler
, at DSV. 

The purpose of the Process Broker project has been to investigate Process Brokers, also called Process Managers or Process Automation Systems, in particulary description techniques and methods for application and process integration, as well as implementation architechtures for Process Brokers.

The paper is organised as follows. The next chapter describes the need for application integration, i.e. the problems that the Process Brokers aim at handling. Chapter 3 describes technologies for handling application integration, especially the Message and Process Brokers, and chapter 4 describes the process modelling language, BML, used in the project. In chapter 5, the results, in form of publications, technical reports, theses, presentations, are presented. The chapter also describes how Visuera and DSV already have utilised, and further can utilise, the results. Finally, chapter 6, summarises the project.

2. Background – The Need for Application Integration 

Organisations are becoming ever more process-oriented, meaning that they align their business according to its business processes, i.e. the sequences of activities that create value for the customer. A focus on business processes puts the customer in the centre, and when customers demand novel products or services, the organisation can meet the requirements by adjusting its business processes accordingly. In order to handle frequent adjustments, the organisation needs flexible and integrated applications [Davenport 1993]. However, in most organisations the applications have been built around different departments or functions, i.e. marketing has built up its own IT-system with specially designed marketing applications, while production has another IT-system, containing other kinds of applications, and so on. The result has been a “stovepipe” like relationship between the function and the applications, where every function in the company is supported by its own applications, which do not communicate well across the functions in the organisation, see Fig.1.
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Figure 1. The traditional function oriented structure, to the left, with the “stovepipe” like relation between business functions and IT systems. To the right the process oriented organisation, which requires an integration of the IT systems.

A solution to this “stovepipe problem” may be Enterprise Software Packages, for example SAP R/3 and Baan ERP, which offer an integrated IT environment to support business processes across the functional divisions in an organisation by applying a central database to connect the different applications of the package. Still, the packages may only solve a part of the problem, as there is also a need to integrate the Enterprise Software Packages with the different legacy systems in the organisation, and to take the business process integration beyond the borders of the organisation to better collaborate with customers and other business partners [Linthicum 2000].

As a response to this need, a new breed of middleware technology has appeared, Enterprise Application Integration (EAI), which aims at integrating individual applications into a seamless whole, enabling business processes and data to speak to one another across applications, see Fig. 1. EAI makes it possible to connect Enterprise Software Packages to legacy systems and to create extended supply chains involving applications of customers, partners, and suppliers, for example through the Web. EAI also makes it possible to adopt new applications in a flexible way and thereby makes it possible to quickly create new products and services or change the existing ones. Examples of EAI technologies are Distributed Objects, e.g. Corba and DCOM, XML, Message Brokers and Process Brokers [Linthicum 2000].

3. Solutions for Application Integration

Integration of applications can be supported by different technologies and architectures. One architecture for integrating applications is the point-to-point solution where every application is directly connected to every other application, see Fig. 2 (left). This solution could work for a small number of applications, but as the number of applications increases, the number of connections quickly becomes overwhelming. 

The Message Broker architecture reduces this complexity, see Fig. 2 (middle). The main idea is to reduce the number of interfaces by introducing a central Message Broker and thereby make it easier to support the interfaces. If one of the applications changes format, only one connection has to be changed: the one to the Message Broker, which has tools to facilitate the format conversions of the messages that are sent between applications [Linthicum 2000].
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Figure 2. The point-to-point strategy to integrate applications, to the left. In the middle the Message Broker architecture, which reduces the number of interfaces. To the right the Process Broker, which collects all process logic in the Broker.

The Process Broker, see Fig. 2 (right), is an extension of the Message Broker. In addition to handling format conversions, the Process Broker also encapsulates the process logic for connecting applications. When all process logic resides in one place, it becomes possible to study, analyse, design, simulate, execute and change the processes using a graphical interface [Linthicum 2000], [Wåhlander et al 2001]. This visualisation reduces the complexity and enables different categories of people to take part in the process design.

Managing business processes by means of process brokers provides a number of advantages:

· complex integration problems and business processes can be visualised 

· the same visualisation can be used for analysis, design, and operation (execution)

· business processes can be abstracted into distinct layers

· new network-based products and services can easily be created and changed

· new actors and systems can easily be integrated into existing processes

· business logic can rapidly be added to a process

· messages can easily be converted and routered to a target system

· processes can be monitored, measured and optimised.

Much effort is today spent in developing process broker technology – some products including this technology are Vitria Technology´s BusinessWare, IBM’s MQSeries, Microsoft’s Biztalk, and Visuera Integration´s Visuera Process Manager (PM).
A technology related to the Process Broker is Workflow Management System. The first generation of Workflow systems, during the 80’s and the early 90’s, was supporting communication between people, concentrating on document routing. Many systems involved repetitive processes with simple task coordination, such as routing a travel request or an insurance claim. The next generation of Workflow technologies put the business processes in focus. By also involving automatic actors, the automation of the processes could be facilitated further. [Makey 1996] The next step for the Workflow systems should be to implement enterprise wide workflow solutions and provide tools for managing the processes themselves [Riempp 1996]. This process management includes [Georgakopoulos 1995]:

· Process modeling: requires models and methodologies to capture processes

· Process reengineering: requires methodologies for evaluating and optimising processes

· Process implementation and automation: requires methodologies and technology for using IT systems and human performers to implement, execute, monitor, and control tasks and processes

The Process Brokers can be seen as this next step to process management, by providing modeling and simulating opportunities, but the Process Brokers also enabling quick changes of the business processes because of the flexible way of handling application integration.

The Process Broker technology gives rise to new challenges for industry as well as research. For example, the technology requires some kind of graphical model language to describe the business processes, a subject of on-going research [Schäl 1996]. It is also necessary to work out methods to describe the processes with these languages. 

4. BML – a Process Modelling Language for Application Integration

To visualise the application integration processes there is a need for a process description language. The language used in Visuera Process Manager is BML (Business Model Language), developed by [Wåhlander et al 2001]. The language has similarities to SDL (Specification and Description Language) [Belina et al 1991], but is more adapted to application integration. BML is a communication oriented process language, which means that it focuses on describing interactions between systems through the sending and receiving of messages. This makes the language suitable for application integration and Process Brokers. Another important advantage of BML is that the language can be used for business specification and design as well as in the execution of systems. This means that the same language can be used in different phases of a system’s life cycle: in feasibility analysis, in requirement specification, in the design and implementation phases, and even in the operation phase. This enables different categories of stakeholders to use the same language for different purposes. The language can also be used directly as an implementation language and to some extent replace ordinary programming languages. Further advantages of using BML are that it is possible to describe and partition the interaction and interfaces between processes that work concurrently. Concurrency is common in application integration, e.g. when several applications are to be updated in parallel. The possibility of partitioning in BML reduces the complexity of handling large systems, through creating manageable and understandable parts with limited dependencies. 

BML can be used to describe the structure as well as the behaviour of a system by using two kinds of graphical diagrams. The structure of the system is visualised by a static diagram, see Fig. 3, which describes the processes in a static mode. The static diagram describes the messages sent between the processes and between the processes and the environment, i. e. the external applications and people. The dynamic behaviour of a system is described by using process diagrams, which visualise the control flow of the processes, i.e. in which order the messages shall be sent and received, see Fig. 4.
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Fig. 3. The static diagram in BML visualises the structure of the processes in a system.
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Figure 4. The process diagram in BML visualises the order in which the messages shall be

sent and received in a process. Note that the figure only shows the beginning of process b.
For each process diagram there is a number of process instances. A process diagram can be seen as a template for the process instances, which are created during runtime, see Fig. 5. The process instances are executed independently of each other, but can communicate by sending and receiving messages asynchronously. Each instance has an input queue, see Fig. 5 (bottom, left), where received messages are stored. A process instance can either be waiting in a stable state (represented by a circle in BML) or perform a transition from one state to another. A transition is initiated when a message in the input queue is chosen and consumed.

Following the example in Fig. 5 (bottom), the process instance b:1 starts in a Start State (circle without a name). Only the message m1 can initiate a transition. The message m1 is first in the queue and is therefore consumed, and the process instance performs a transition to the state Wait for Event 1. During the transition a message m3 is sent to Application B. Thereafter the message m9 is first in the queue. Since only message m5 can initiate a further transition from Wait for Event 1, the message m9 is discarded or put back at the end of the queue (depending on the implementation). The next message in the queue is then m5, which can initiate a transition from Wait for Event 1 to some other Wait for Event state (not specified in the example). During the transition, data can be manipulated, decisions can be made, new process instances can be created and messages can be sent to other process instances or to the process instance itself.
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Figure 5. The process diagram and its associated data model at the top. At the bottom the process instances with the input queues and the associated data instances.
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Fig. 6. Symbols used in BML.

The main BML symbols are the following, see also Fig. 6:

Wait for Event, Start State. The process instance is waiting in the Wait for Event state until a message is received or a timer has expired. A Wait for Event symbol without a name is the Start State.

End. Describes the end of the flow of the process instance. 

Receive Message. Describes the consumption of a message from the input queue.

Send Message. Describes the sending of a message.

Automated Business Activity. Describes operations that will be performed on the data instance.

Automated Business Decision. The control flow is dynamically changed depending on different business rules.

Start Timer, Expire Timer. In application integration, the notion of time is important and timers occur frequently to obtain delays. When a timer is started it will be provided with a timeout value. The start is represented by an hourglass “full of time”, and the timeout by an hourglass “out of time”.

Application, Human actor. Both are symbols of external actors. 

An important component of BML is the data model. There is one data model associated to each process diagram, see Fig. 5 (top, right). The data model describes the structure, type and meaning for the data in the Receive and Send Messages. It can be seen as the template or meta data for the data instances, which are instantiated with actual values during execution. There is one data instance connected to every process instance, see Fig. 5 (bottom, right). 

Following the example in Fig. 5 (bottom, right) the message m1 contains the values: 007-007007, Sherlock Holmes and Baker Street. When message m1 is received the data fields for message m2 are immediately updated with the values 007-007007 and Sherlock Holmes. Note that before values can be put in a Send Message it has to be received from a Receive Message in the process. The data fields in message m5 are updated when m5 is received. 

It is also possible to make calculations based on data from a Receive Message and thereby create so called “derived data”, which is then used as data in a Send Message.

5. The Results of the Process Broker Project

The purpose of the Process Broker project was to investigate Process Brokers, in particulary description techniques and methods for application and process integration, as well as implementation architechtures for Process Brokers. Since the project was shortened half a year, the last issue, implementation architechture, was not investigated. However, some parts of the issue, i.e. exception handling, were discussed in some of the publications, which are presented in Section 5.2. The approach of the project has been a combination of theoretical investigations and empirical case studies.
First in this chapter the case studies are presented. After that, published and submitted papers, presentations, and master theses are presented. Finally, the chapter describe how Visuera and DSV already have utilised, and further can utilise the results.

5.1 The case studies

Two case studies have been performed as part of the project. 

The telecom case. In the first case study, a leading European telecommunication company wanted to handle the complex interaction between adminstrative and technical applications by means of a process broker, in order to create and change telephone services faster and easier. Between 15 and 20 applications were planned to be integrated. During the case study over 30 BML dynamic processes were modelled, i.e. the integration was very complex. Figure 7 visualise the static view of the telecom system. Four technical reports were produced as a result of the case study:

”Telecom case - BML Models”, technical report (confidential), documentation of the processes using BML (2000)

”Telecom case - Message types”, technical report (confidential), documentation of the message types (2000)

”Telecom case - Business Interface Specification”, technical report (confidential), documentation of the application interfaces (2000)

”Telecom case - Application Structure Specification”, technical report (confidential), documentation of the applications (2000)

The transport case. In the second case study, a Swedish transport company wanted to intergrate its CRM application with transport planning systems and other applications, by using a process broker. The goal was to improve the services for the customers, e.g. to facilitate for the customers to monitor the transports. Three technical  reports were written as a result of the case study:

”Transport case - BML Models”, technical report (confidential), documentation of processes using BML (2000)

”Transport case - Business Interface Specification”, technical report (confidential), documentation of the application interfaces (2000)

”Transport case – Conclusions using PM”, technical report (confidential), an evaluation of using a Process Broker in the integration project (2000)
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Figure 7. The static view of the telecom system. Outside the outer fish-like figure, the applications are visualised. Inside the figure over 30 BML dynamic processes were modelled These were planned to be executed i the process broker, which handling the sending and reciving of messages between the applications. The process broker also offers the possibilty to add further business logic to the integration.  

The experiences of the real world modelling studies demonstrated several problems when modelling application integration. The problems can be summarised as follows: 

Unstructured and complex process models. Application integration often results in highly unstructured and complex models. One reason for this is that exception handling, which describes what to do when applications and human users do not respond in an expected way, makes up a large part of an application integration specification and thereby easily obscures the main business logic. Furthermore, there is often extensive communication between the Process Broker and different applications, which also tends to conceal the essential business logic.

Complex data models. Not only the process models, but also the data models can easily become complex. In particular, the mix of different types of data makes it confusing for the designers. For example, some of the data sent between the Process Broker and the external actors are central for the business processes, while other are of a more technical character, required for the proper behaviour of the external applications. 

Redundancy. The Process Broker does not maintain control over external applications, which means that these applications can be updated without the Broker being notified. As a consequence, it is often desirable to maintain redundant information in an internal or a master storage that duplicates parts of the information in the external applications. This redundant information enables the Process Broker to maintain a complete, correct, and easily available record of its interactions with customers. However, this duplication of information requires mechanisms for handling possible inconsistencies.

Incomplete models. Since models for application integration tend to become large and complex, there is a risk that designers overlook parts of the models that are needed to maintain completeness and consistency.

These problem are addressed in the some of the published papers presented in the next section, especially the papers ”Design principles for application integration” and ”Design principles for process modelling languages in enterprise application integration”, by Johannesson and Perjons.

5.2 Publications
This section describes the published papers. 

Johannesson P., Perjons E.: ”Design principles for application integration”, In: 12th Conference on Advanced Information Systems Engineering (CAiSE2000), Springer LNCS (2000)

Abstract: The paper presents design principles for application integration. The principles are divided into two groups. The first group consists of guidelines that obtain different views of the models and thereby facilitate for different stakeholders, e. g. business managers, designers and operators, to use common models and process languages. The second group of principles consists of guidelines to check the completeness of the process models.

The main idea behind the guidelines in the first group, the view guidelines, is to obtain a series of views of processes starting with a customer oriented view on the business level. The succeeding views add more and more details moving from a business perspective to a more technical perspective. Each view is an extension of the previous one, either through adding subprocesses or through introducing new components into the existing diagrams. The views can be used for presentation purposes to show or hide parts of process diagrams. For example, business oriented users can choose to see only the top view or views, while technical designers and implementers can proceed to the lower, more technical, views. The views can also help the designer to construct the diagrams, by first constructing a process diagram according to the top view and then gradually refining it until the lowest view are obtained. Therefore, the views can be seen as steps in a method for designing process diagrams. 

The purpose of the guidelines in the second group, the completeness guidelines, is to support the designer in creating processes that include complete discourse structures and not only fragments. In particular, the completeness guidelines can be used to ensure that requests are always handled in an appropriate way, and that outstanding bookings and reservations are taken care of in cases of exception.

The paper presents the process modelling language BML, which are used in the examples.

Johannesson P., Perjons E.: ”Design principles for process modelling languages in enterprise application integration”, Information System 26, p 165-184 (2001)

Abstract: The paper is an extension of the former. The completeness guidelines are further elaborated and several process pattern are identified that can be used for checking the completeness of the diagrams. The basis for the proposed guidelines is a classification of messages based on speech act theory. Furthermore, the need for an internal or master storage, which duplicates parts of the data in the external applications, is discussed. However, using a internal storage requires processes for handling possible inconsistencies between the internal storage and the external application.

Jayaweera P., Johannesson P., and Wohed P.: ”From Business Model to Process Patterns in e-commerce”, In: 6th Int. Workshop on the Language-Action Perspective on Communication Modeling, Montreal, Canada (2001)

Abstract: The basic notions in e-commerce are communicative, institutional, and deontic notions such as obligation, responsibility, and trust. The Language Action approach, therefore, seems to be a most promising framework for designing e-commerce systems. However, the penetration of the Language Action approach in industrial practice is still limited. The paper discuss some reasons for this state of affairs by identifying a number of problems that hinder an effective application of the Language Action approach. In the paper, modeling techniques and methodological guidelines that can contribute to the solution of these problems are proposed. These techniques and guidelines are based on three building blocks: a business model describing the values exchanged in an e-commerce process, a formal and executable language based on communicating state machines, i.e. BML, and an automated designer’s assistant that guides a user from a business model to an executable process modeling language.
Jayaweera P., Johannesson P., and Wohed P.: ”Process Patterns to Generate e-Commerce Systems”, In: 2nd International Workshop on Conceptual Modeling Approaches for e-Business - eCOMO'2001 (2001)

Abstract: The paper is an extension to the former. In electronic commerce, two fundamental types of models are business models and process models. While a business model is concerned with value exchanges between actors, a process model describes the procedural realisation of business requirements. There is a need for methodological guidelines and tool support to move from a business model to a process model, which enables design decisions to be based on requirements captured in the business model. The paper addresses a systematic transformation of business models to process models. A designer assistant is proposed that systematically aids a designer in generating a process model in an executable process modeling language.

Johannesson P., Wangler B., Jayaweera P.: ”Application and Process Integration – Concepts, Issues, and Research Directions”, In: Brinkkemper S., Lindencrona E. Sølvberg A. (eds): Information Systems Engineering, State of the Art and Research Themes, Springer (2000)
Abstract: The paper introduces the basic concepts of application integration, discusses a number of the most important issues in the area and outline promising research directions: process libraries, methodologies for process integration, adaptive and flexible process enactment, and moving business logic from systems to processes.

Paheerathan S.J., Wangler B.: ”Horisontal and Vertical Integration of Organisational IT Systems” In: Brinkkemper S., Lindencrona E. Sølvberg A.(eds): Information Systems Engineering, State of the Art and Research Themes, Springer (2000)
Abstract: Legacy information systems are usually tailored to support particular business functions, such as payroll or purchasing, and are as a consequence usually difficult to integrate. However, companies of today strive to streamline their business processes (intra- as well as inter-organizational). This gives rise to a strong need for much better integration of systems (existing as well as new in-house developed systems or packaged ERP solutions) across functional boundaries and in line with the business processes. This paper surveys and discusses methods and technique to achieve such horizontal integration as well as vertical integration between different operational and management levels in an organisation.

5.3 Submitted and on-going papers

Söderström E., Andersson B., Johannesson P., Perjons E., Wangler B.: 

“Towards a Framework for Comparing Process Modelling Languages”, submitted to 14th Conference on Advanced Information Systems Engineering (CAiSE2002)
Abstract: The paper presents a framework for comparing different process modelling languages. The framework contains several instruments: a classification of event types, a general meta-model against which different process languages can be mapped, a classification of concepts according to the interrogative pronouns: what, how, why, who, when, and where, and finally a comparison matrix. The framework can be used for several purposes, such as translating between languages or verifying that relevant organisational aspects have been captured. To validate the framework, three different process modelling languages have been compared: Business Modelling Language (BML), Event-driven Process Chains (EPC) and UML State Diagrams.

Jayaweera P., Johannesson P., and Wohed P.: ”Collaborative Process Pattern for e-business”, submitted to CSCW SGGROUP bulletin (ACM).

Abstract: The paper is an extenstion to previous presented papers by Jayaweera, Johannesson and Wohed, but adapted to the CSCW community.

Wohed P., ter Hofstede A.H.M., Perjons E.: “EAI process patterns”, not finished.

Abstract: The paper intends to investigate the expressive power of the message oriented process languages, like SDL and Visuera´s BML, as a language category for the purposes of modelling the business process logic. The framework used in this investigation is a set of workflow patterns, i.e. abstracted forms of recurring situations related to the ordering of the activities in a workflow. 

5.4 Master theses

Andersson B.: ”Investigation of Methods for Comparing Process Models”, master thesis, Department of Computer and System Sciences, Stockholm University/KTH (2001)

Abstract: The thesis presents a method for comparing process models constructed in different process modelling languages. The basic idea in the method is to construct a reference model, founded on some general concepts, which are uses as a norm when doing the comparison. The notational constructs are then mapped onto the concepts in the reference model, and a comparison can be made based on the conceptual content in the models. The method is validated by using it in a modelling excercise. 

Hansson J., Seddighzadeh R.: ”A Methodology for Business Analysis in Integration Projects”, master thesis, Department of Computer and System Sciences, Stockholm University/KTH (2001)

Abstract: The thesis presents a methodology for business analysis that can be used for evaluating the need for application integration. The thesis work consists of in-depth literature studies, interviews and the creation and revisions of various models, which lead to a final version of the methodology. 
Pettersson P., Wäyrinen J.: ”Verksamhetsmodellering med EBML”, master thesis, Department of Computer and System Sciences, Stockholm University/KTH (2001)

Abstract: The thesis presents an extended version of Visuera´s process modelling language BML, called EBML (Extended BML), developed by the authors. EBML contains, among other things, new symbols for describing manual activities. However, EBML is not executeble in process broker, in contrast to BML. A method for how EBML is to be used with business modelling and change analysis is also presented. Furthermore, EBML is used in a real case where the business of a workshop is modelled. 

5.5 Presentations
DSV and Viewlocity/Visuera have together carried out several presentations, e.g. at Swedish universities, at Georgia Tech and Georgia State University in Atlanta, USA, and at the CAiSE 2000 conference in Stockholm. 

A tutorial in application integration, created by Paul Johannesson and Benkt Wangler, was presented at the ER2000 Conference in Salt Lake City. The tutorial can be downloaded from http://www.dsv.su.se/~pajo/arrange/index.html

Several papers can be downloaded from the Process Broker project web site. The URL is http://www.dsv.su.se/~pajo/arrange/index.html. 

5.6 Benefits for Visuera

Visuera Integration AB´s business concept is to survey, introduce and maintain electronic information flows within manual or automatised business processes. To facilitate the vision Visuera have developed a methodology and a product named Visuera Process Manager (PM). The goal with the business concept is to shorten the time and thereby the costs to reengineer and deploy electronic business processes by using the methodology and the tool provided.

Visuera Process Manager (PM) have been developed over the last 4 years by the team forming the Visuera company. The product was launched on the world market during November 2000. The product was the successor of the more mature message broker technology that had been developed and sold for a decade and installed worldwide in more than 3200 licenses. 

For Visuera the results of the Process Broker project has given direct support in the development of their software product Visuera Process Manager, the process description language, BML, used in the product, and the methodology to analyse and design processes. The project has also given Visuera ideas how to implement different views of the process models, how to design process models in a more structured way, and how to use process patterns for the design and validation of the process models.

5.7 Benefits for DSV

The Department of Computer and Systems Sciences (DSV) carries out research and education in the areas of information systems, security, software engineering, and interactive systems. The research group SYSLAB within DSV is since long well established in research in enterprise modelling and database technology as well as in software engineering. SYSLAB has been and is participating in many national as well as international projects on enterprise modelling, process integration, software engineering, and knowledge management. 

Usually new technology is grown out of spin offs from System Labratories and Universities and still are. In this project the technology is invented and further developed by the industry, i.e. Viewlocity/Visuera, which has given DSV reasons and opportunities to further research this technology. The proposed project has strengthened SYSLAB’s position in process management, application integration, and e-commerce, which is an area that is becoming increasingly important for the laboratory. 

At DSV a university course in application integration has started in 2001. During 2002, the students are going to design process models using Visuera´s software product in this course. Visuera and DSV have come to an agreement, which enable the student at DSV to use Visuera Process Manager during course assignments. 

Several on-going licentiate thesis at DSV are also a result of this project. 
5.7 Future research co-operation 

DSV and Visuera are planning to continue the co-operation to support further development and enhancement of Visuera Process Manager. The co-operation will give further theoretical knowledge in the areas of knowledge management for business processes, process interoperability, and implementation architecture. This will be the foundation for creating additional components, which will enable faster implementation of business processe, e.g. a process repository, a prototype to automatically generate user interfaces, a methodology for translation between different business process standards, like ebXML and RosettaNet, and a technology for monitoring, analyse and continuously improve executed processes.

6. Summary

This report has presented the background and results of the research project ”A Process Broker Architecture for System Integration”, which was a joint project between the Department of Computer and Systems Sciences, at Stockholm University/Royal Institute of Technology and the Viewlocity/Visuera Integration AB. The purpose of the project has been to investigate Process Brokers, in particulary description techniques and methods for application and process integration, as well as implementation architechtures for process brokers.

The academical results of the project have been six published papers in academic journals and conference preceedings. The papers contain design principles for application integration, experiences of case studies, process pattern methodologies for e-commerce, state of the art surveys, and comparisions of modelling languages. A tutorial in application integration has also been presented at the ER2000 Conference in Salt Lake City, and DSV and Viewlocity/Visuera have together carried out several presentations, e.g. at Swedish universities, at Georgia Tech and Georgia State University in Atlanta, USA, and at the CAiSE 2000 conference in Stockholm. Furthermore, several on-going licentiate theseis and terminated master theses has also been related to the project, and a university course in application integration at DSV has started. During 2002, the students are going to design process models using Visuera´s software product in this course.

For Viewlocity/Visuera the results and co-operation have given support in the development of their software product Visuera Process Manager, the methodology to analyse and design processes, and the process description language; BML, used in the product.

DSV and Visuera are planning to continue the co-operation to support further development and enhancement of Visuera Process Manager, e.g. in areas of knowledge management for business processes and process interoperability. This will be the foundation for creating additional components that will enable faster implementation of business processes. 
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� The Process Broker project was first a joint project between Viewlocity and DSV, but the team that have developed the process broker product left Viewlocity during 2001 for Visuera Intgration AB. Today, Visuera owns the rights of the process broker product, which is named Visuera Process Manager (PM).


� The Department of Computer and Systems Sciences is a joint department between Stockholm University and Royal Institute of Technology


� The Process Broker project was carried out during 990101-010830


� Today, Benkt Wangler is a professor in information systems engineering at the Department of Computer Science at University of Skövde and a professor of Computer and Systems Sciences at Stockholm University and KTH.
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