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1
Introduction

Several methods and tools have been developed to describe business processes and workflows. These methods and tools differ in their constructs, notation, ease of use, and other aspects. Often different methods are employed at different stages of the development process. 

One of the goals of the SNF research project SWORDIES [Swiss Workflow Management in Distributed Environments] is the investigation and the development of a rule-based method to provide a uniform modeling environment at different refinement levels. In this environment a rule-based description of a business process should be transformed in one or several refinement steps into a rule-based workflow specification. The rules that underlie the business process are first described in natural language. In subsequent steps these rules are refined in a structured manner. This results in a set of structured rules representing the business process in different abstraction levels. 

There are two kinds of relationships between these rules: First, there is a relationship at the same abstraction level, establishing the control flow between the components that are defined at this refinement level. Second, the hierarchical relationship representing which business rules of a lower abstraction level are derived from which higher-level rules. During the whole modeling process the same constructs are used; this should lead to a more consistent refinement process than applying several methods at different abstraction levels. 

In a decentralized combine or a virtual enterprise or in coordinating processes in a supply chain several methods and tools may be used for representing processes and workflows. To support the development of coordinated process or workflow models, a layer into which the different (sub-)process models can be transformed to and another layer from which the specifications for different workflow tools may be derived, are highly desirable. We suggest to use business rule layers for these descriptions (cf. Fig. 1). 




Fig. 1:  Business rules as integration layers

In this paper we describe the constructs and fundamental concepts of a rule-based method for modeling business processes and the specification of workflows. In chapter 2 we discuss the meaning, notation and origin of business rules and their suitability for modeling of business processes. The third chapter shows how different types of control flows can be described by business rules. The fourth chapter deals with some extensions to the business rule approach, particularly with constructs for representing a data model and an organizational model. The refinement process is described in chapter 5. 

2
Business Rules

2.1
Definition

A lot of knowledge and rules exist in an organization to prescribe and/or restrict the way in which the organizational goals are achieved. Some of these rules exist in a formalized way, e.g., an organizational handbook; others exist only informally. Some rules are precisely defined, others allow for discretion of a human actor. Originally, business rules were defined in connection with integrity constraints, resulting e.g. from the cardinalities of entity-relationship models or more sophisticated constraints that can be defined in NIAM. However, business rules do not only cover data integrity but usually also impose restrictions on organizational dynamics. For the purpose of this work we define business rules as „... statements about how the business is done, i.e., about guidelines and restrictions with respect to states and processes in an organization.“ [Bell90].

2.2
The ECAA paradigm



Fig. 2:  ECAA-notation.

In active database management systems, rules often consist of the three components event, condition, and actions and are therefore called ECA rules [Daya88]. The event component indicates when a rule has to be executed, the condition what has to be checked, and the action component what has to be done. 

Business rules are regarded as the main result of the system analysis phase [KiRo94; dPPL98]. ECA rules may not only be used to specify dynamic behavior in database management systems, but also for formalizing business rules at the conceptual level. The notation has been extended to ECAA rules that allow to model a selection within one rule (Fig. 2) [HeKn96; Herb97]. With respect to decision tables and CASE-constructs of some programming languages, rules could also be seen as allowing n branches, and therefore as ECnAn constructs. Special appearances of this construct are ECAA-, ECA- and (condition-less) EA-rules. Since actions may raise one or more subsequent events, ECnAn rules are well suited for representing business processes and workflows. In chapter 3 we will restrict ourselves to ECAA-rules because ECnAn-rules can of course be transformed into a sequence of ECAA-rules.

3
Process and workflow modeling in the ECAA-notation

3.1
Necessary constructs

With respect to modeling the control flow, the following situations have to be covered ([Jabl95], [EDFJ97]):

· a sequence of actions

· parallel actions

· alternate actions, and

· iterations of actions.

3.2
Modeling sequential actions 



Fig. 3:  Modeling a sequence of actions.

To model a sequence of actions within a business process, we simply link the associated busi​ness rules. This may be achie​ved by raising an event when the preceding action termi​nates. Raising an event can be done either explicitly, e.g., with a special modeling construct "RAISE EVENT", or implicitly, e.g., by an update command in a database. The sequential link between the actions is based on the fact that the event resulting from the previous action appears as triggering event in the subsequent rule (cf. e2 and e3 in Fig. 3). 

3.3
Modeling parallel actions 

Parallel control flows can be modeled in different ways. One way is referencing the same event in different EA rules (cf. e2 in Fig. 4); another way is to raise by one action several events that trigger the subsequent actions in parallel. 



Fig. 4:  Modeling parallel actions.

After splitting the control flow into two or more parallel sub-processes they may be merged by using a conjunction event [cf. Gatz95; HeKn95] (cf. eia und eib in Fig. 4). 

3.4
Modeling alternate actions

Alternate actions can be either exclusive (XOR-split) or non-exclusive (OR-split). Exclusive alternatives can be modeled by different action parts of an ECAA rule that raise different events (cf. e2a und e2b in Fig. 5). The resulting paths may be joined by a rule in which event components are combined by a disjunction operator [cf. Gatz95, HeKn95] (cf. eia und eib in Fig. 5).



Fig. 5:  Modeling exclusive alternate actions.

A way to specify non-exclusive alternate actions is using several ECA rules triggered by the same event but formulating different conditions (cf. c2a and c2b in Fig. 6). Either e3a, e3b, both, or none of these events may occur. The ELSE-branches do not result in real actions but serve as dummies to secure that the events eia and eib can be merged by a conjunction.



Fig. 6:  Modeling non-exclusive actions.

3.5
Iteration

We can model iterations by using XOR-splits. One action within an ECAA rule triggers an already executed rule. Fig. 7 shows an iteration in which the event e2 is raised repeatedly until the condition ci-1 becomes true. 



Fig. 7:  Modeling iterations.

3.6
Additional modeling options 

Additional modeling options are offered by appropriate complex event constructs [HeKn95]:

· Event selection:
m events out of {e1, e2, ..., en}, m < n,

· Event sequences:
Events (e1, e2, ..., en) in a given sequence,

· Periodical event:
every n-th event e,

· Interval:
e within an interval (e1, e2).

The use of these complex events allows to model additional control flow structures, e.g., modeling a combination of parallel and alternative branches of a process [cf. KEPS97]. But more important for business process modeling is the specification of temporal events: 

· absolute moment:
t
· relative moment:
(t after an event e
· repeated moments:
every (t within an interval (tstart, tend).

These types of events allow the modeling of time schedules, periodically performed activities, or limitations of running, waiting, and process times. Temporal events allow to react on "non-events", i.e., no "real" event happened during a certain time interval.

4
Supplementing actors and data models

4.1
Modeling actors



Fig. 8:
Extension of the ECA construct with actor components.

An important element of workflow models is the specification of persons and/or application systems, who/which are responsible for the checking the conditions and the execution of actions. Consequently, the ECAA-notation must be extended with constructs dealing with these static components of a business process or workflow. Fig. 8 shows an ECA rule in which the condition and action blocks are extended with an actor component, modeling human and/or automated system components responsible for the execution. 



Fig. 9:
Extension of the ECA construct with 
data models.

4.2
Data modeling 

Another relevant static component are entity-relationship-types that are needed to check conditions and to execute an action. The condition and action blocks of an ECA rule must be extended with appropriate compo​nents (Fig. 9). 

5
Stepwise refinement of business rules

Most methods for developing information systems provide a mechanism for stepwise refinement. Methods for workflow specification should provide similar functionality, leading from a semi-formal description of a business process to a formal workflow specification. The refinement process should be accomplished with the same modeling concept and the same model structure. 

At the beginning of the modeling process, the components of the rule may be described in a non-formal manner: 

ON
Order entry

DO
record the order in the order processing system

Each non-elementary rule has to be refined separately, describing it by a set of more precise rules. The starting and terminating events of the refined representation are often identical to the events of the refined rule (cf. e2 and ei-1 in Fig. 10). In other cases the refinement process may also lead to a more precise description of events.



Fig. 10:  Refinement of a business rule.

The refinement process may consist of several steps. At the lowest level, the components of the rules must be so elementary and precise that a workflow specification can be derived:

ON
Order entry



IF
Exists
 (SELECT 
Customer-Nb FROM Customer

WHERE
Customer-Name = :Name)



THEN DO
Raise Event 
(customer data found)
Actor
Event engine

ELSE DO
"record customer data"
Raises (customer data recorded)
Actor
Sales employee;

"SAP R/3"
(Transaction=WA9382)


To support the consistency of modeling over all abstraction levels, the modeling process should be supported by appropriate tools. A central concept for developing the workflow specification is the availability of a rule-repository [HeMy97]; a prototype system based on the commercially available system Rochade is described in [Herb97]. A more extended architecture for process and workflow modeling is suggested in [KEPS97] (Fig. 11). A rule-repository is a special case of a knowledge repository [ZaAz97]. 



Fig. 11:  Architecture of a rule-oriented process and workflow modeling environment.

6
Conclusion and outlook

The business rule oriented approach seems to be suitable for modeling business processes and workflows. This approach can serve as an integration platform for different process modeling techniques and different target systems which implement the workflow or parts of them [KEPS97]. To achieve this, the ECAA-notation is used, enhanced with different constructs representing static components of business processes, i.e. actors and entity-relationship-types. We propose a method for stepwise refinement which supports the transition from the semi-formal process model to a formal workflow specification. 

Providing a set of ECnAn-oriented constructs to the system designer does not suffice. There is also a need for a methodology which guides the designer in the refinement process. In addition, this methodology also has to state constraints to be fulfilled by semantically correct process and workflow models. Some related work has been published in [BeRS95; vava97].

In order to allow the administration of the dependencies between process and workflow models at different degrees of accuracy, the business rules have to be represented in a rule repository. This repository is the core of a development environment which may provide the following functionality:

· Process modeling tool

· Refinement tool

· Data modeling tool

· Organization modeling tool

· Import functions for different process modeling tools

· Generators for different workflow management systems.
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