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ABSTRACT

Workflow has evolved from coordinating transaction-based tasks around the database system for automation of business processes, to orchestrating concurrent tasks and asynchronous events for distributed application services in the network.  While protocols and regulations may differ from one organization to another, they may also change from time to time.  It remains a challenging design problem to deliver an information system solution with the flexibility to support the needed customization for protocol changes in workflow automation.  This paper presents an object-oriented system for workflow automation to provide a new level of flexibility for system customization including protocol changes.  It describes an architectural design built upon the central idea of the workflow object, which brings together relevant information items along with protocol knowledge in one encapsulated unit.  The workflow object serves to coordinate communication between collaborating agents in the network, for the enactment of the workflow.  The agents involved serve to perform the tasks in the business process.  The locality of reference in the workflow object demonstrates an ease of administering with the flexibility for system customization.  A workflow definition tool integrated into the system can create workflow templates to support workflow design and verification.
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1. INTRODUCTION

Taken from the Workflow Handbook 2001, published by the Workflow Management Coalition, workflow is defined as the automation of a business process, in whole or in part, during which documents, information, or tasks are passed from one participant to another for action, according to a set of procedural rules [Allen 01].  Workflow automation therefore refers to the execution of a business process in the context of an information system. Workflow started with the coordination of transaction-based tasks in the database system for business automation. With the proliferation of networks, workflow now deals with the delivery of distributed application in the coordination of asynchronous events and concurrent tasks [Aalst 02].

Consider the case when a nurse orders medication for a hospital patient. The prescription may require the approval of a doctor before the pharmacy can accept it. The pharmacy may or may not have the specific medicine in stock. The nurse must be notified if the prescription cannot be filled. If the medicine is available, the medicine dispense record must update inventory while at the same time, the patient record is updated with the active medication. Workflow is the execution a business process, but it may involve multiple parties spatially distributed, and coordinated by asynchronous events over time. We must design the protocol to observe the business rules.  However, the business rules may differ from one organization to another. Even in the same company, the protocol for business processes may change from time to time.  While flexibility in software is often conceivable, it remains a difficult and challenging problem to deliver an information system solution with the flexibility to support customization for protocol changes in workflow automation.

In this paper, we present an object-oriented system for workflow automation. The next section will first briefly review the history of workflow research. We will then describe the system architecture, built around the central idea of the workflow object. The design is a distributed information system for workflow automation in the network environment, integrated with a workflow definition tool to support workflow design and validation. In separating coordination from performing the tasks in workflow automation, the workflow object demonstrates an ease of administering with locality of reference.  The integrated system provides a new level of flexibility to support customization for protocol changes in workflow automation.

2. Brief Review of WorKFLOW AUTOMATION

In the 1980’s, with database technologies maturing, workflow automation was built upon the database management system. The business processes to be automated involves transaction-based tasks coordinated in concurrent collaboration while preserving information integrity in the database systems. Workflow automation primarily deals with the coordination of transaction-based tasks knowledge workers must perform around the database system, following the appropriate business rules. The approach is known as the transactional model of workflow automation [Marinescu 02]. In the early 1990’s, with network-based systems becoming commonplace, workflow dealt with the management of collaborative work for business processes in the computer network.  Research effort began to extend the transactional model: there might be long-lasting transactions in a workflow [Dayal 90]. Relatively few addressed the issue of customization for protocol changes [Gangopadhyay 93]. Instead of coordinating tasks around the database system, workflow is then concerned more about the distributed application in the network [Casati 95] [Proper 95
].  In the late 1990’s, the concern began to focus on the robustness and flexibility of workflow in a distributed system [Alonzo 97] [Borgida 99], as well as issues and situations when workflow moves beyond the organizational boundaries [Aalst 99].  It is now known as the network-based model of workflow automation [Marinescu 02].
3. AN INtergrated workflow Management SYSTEM

A workflow is the automation of a business process. A workflow automation system is an information system for the automation of business processes. That however leaves support for workflow design out of focus: that is, the creation, modification, and validation of workflows. An integrated system includes also the facilities to support workflow design. We called that a workflow management system, which comprises the workflow automation system and the workflow definition sub-system integrated together.  In this section, we will outline our approach to workflow automation, based on the workflow object. We then describe the workflow object in further details, and the workflow definition tool integrated into the system. We then present the draft architecture of the integrated workflow management system.

3.1 Workflow automation service
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Workflow automation is the execution of a business process involving multiple parties in the networked environment. Instead of distributing to different parties instructions incorporated with protocol specification, our approach is to isolate coordination of communication with these parties from performing the tasks of the workflow. We gather together all the relevant information items, along with the protocol knowledge for the business process, into one encapsulated unit. We call it the workflow object.  The workflow object then takes up the responsibility to coordinate all the activities for the enactment of the workflow. When a workflow object is created, a workflow is initiated. During its lifetime, it works within the environment of a workflow server. Figure 1 illustrates the interaction between the workflow object and agents in the network.  It sends a request for service or waits for the completion of service requested.  These agents are software components on behalf of the parties involved in the workflow to perform various tasks.  They should be registered with directory services accessible to the workflow servers. The workflow object serves only as the traffic officer to coordinate tasks performed by the agents, and it lives on till the completion of the workflow.  Workflow automation is a service offered by the workflow servers.

3.2 The workflow object

The workflow object encapsulates all relevant information items and the knowledge of the protocol for the workflow.  So it consists two parts: the data part, and the behavior part.  The data part comprises the relevant information items.  These are mostly represented as attributes and corresponding values, but may also include passive methods and active constraints imposed on the attribute values.  The value of an attribute may also be a reference to another object, which may be another workflow object.  It is noteworthy that this hierarchical composition of workflow objects in the model implies that the enactment of a workflow may include the enactment of other workflows.  The behavior part is a model of the workflow for the protocol knowledge.  This can be done in several ways: rule-based system, Petri-Net, and state chart model are some common ones. For simplicity in implementation, we have chosen to use the state chart model [Harel 87].  Here we will briefly explain the model to illustrate the concept in our design.
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The workflow object is created to initiate a workflow.  The state chart model actually represents the state changes of the workflow objects throughout its lifetime.  Upon creation, it is in the start state.  It may then transition from one state to another until it comes to a termination state. The workflow is then completed. State transition may take place only when there is an arc connecting one state to the next.  A label on the arc indicates the events, the conditions, and the actions pertaining to the state transition.  State transition must be triggered by the events indicated, but the conditions that must be tested true for the transition to take place.  When state transition takes place, the actions specify the messages the workflow object must send to the various agents at the same time. Figure 2 illustrates the arc label construct in the state chart model.

Taking the workflow example of a nurse ordering medication for a hospital patient, figure 3 shows the workflow object in a specific instance with medication ordered by nurse Smith, requiring approval by doctor Stone.  The embedded prescription object contains the patient identity and medicine information.

3.3 A workflow definition tool

Without data for instantiation, the workflow object is a template – the “class” facility to create a workflow object upon every workflow initiation request. Workflow design for our system therefore deals with the creation, modification, and validation of workflow templates. A workflow definition tool can then be integrated seamlessly into the system. The workflow definition tool maintains a repository of workflow templates to support creation, editing, and testing for validation. Workflow servers only share access to the repository to serve the workflow initiation request. Furthermore, protocol changes can be made using the definition tool without taking the system down.  Workflows initiated subsequently to use the new template will observe the revised protocol while existing workflows started before the change follow the old protocol till its termination.  There is no need for re-programming as long as the agents support the individual tasks to be performed for the workflow.
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.  Statechart model of workflow object behavior
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3.4 The workflow system architecture

Figure 4 depicts the architecture of the integrated workflow management system. Multiple instances of the workflow server can be distributed over the network, depending on the workload and the performance requirements on demand.  Each workflow server must have its own recoverable store to maintain the workflow status to be failsafe.  Each workflow object is managed by a workflow server, generally the one which served the request for workflow initiation.  Throughout the lifetime of each workflow object, supported by the workflow server, it communicates with agents on the network.  The agents served on behalf of the various parties involved in the workflows, and they must be registered to a directory service accessible to the workflow servers.  The workflow definition tool is integrated to the system, sharing the repository for workflow templates with the workflow servers.

4. CONCLUSION

We presented the draft architecture of an object-oriented system for workflow automation. The system is designed around the central idea of the workflow object. Instead of distributing protocol knowledge to the various parties involved in a workflow, the workflow object encapsulates in one unit, all relevant information items along with protocol knowledge. The workflow object can then coordinate the tasks to be performed by communicating with the parties involved.  Our approach has clearly separated coordination from service of the tasks in the enactment of the workflow.  Furthermore, it allows us to integrate a workflow definition tool to the system seamlessly, to support workflow design, that is, the creation, modification, and validation of workflows.  Indeed, the system facilitates a new level of flexibility in customization for protocol changes.
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