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8. Conclusion and Future Work 

8.1 Summary 

In this paper, we define the reusability of workflow management system and propose 

some designs for the components in WfMS to be with the reusability we defined.  

JOO-WfMS supports programmers who implement the system components and users 

who design or implement the business process. In JOO-WfMS, we use the 

compositional design, interface and pattern to promote the reusability of workflow 

engine, process, activity and persistence components and implement WfFH to 

promote the reusability of failure handling mechanism. We provide transition for flow 

control and provide “basic objects” (e.g. And-Entry, Or-Entry) for system developers 

to customize the transition component easily. The activity-manipulation and operator 

functions provided in WfFH can also be used to improve the reusability of transition 

component. For the design of user communication interface, we use user 

communication components (UCC) to promote the reusability. In chapter 8, we 

conduct a series of experiments to evaluate the reusability of the components of 

JOO-WfMS and the performance of system. The experimental results demonstrate 

that the transition component and failure component can still be reused after changing 

the process. The results also reveal that the computation of the recovery data 

(compensation set and ECP) and the serialization of objects will not spend too much 

time. 

 

We believe that this paper can provide some experiences and creative ideas for the 

pepole who is interested in this topic or want to develop a highly reusable workflow 

system. 
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8.2 Future Work 

Currently, we finish the the design and implementation of basice components of 

WfMS (i.e. workflow engine, process, activity and transition) and some advanced 

components related to porcess or activity (e.g. components related to failure recovery 

and user communication). By using these compoents, we can implement a simple 

WfMS that can execute the workflow processes, interact with users who participate 

the acitivity and deal with the occurrence of failure. But, some other functions may be 

essential for WfMS. For instance, the process defintion tool is necessary for the 

design and evaluation of a workflow processes, and in a distributed scenario, 

interoperability is important for WfMS. Below, we have some ideas for the advanced 

components. 

 

8.2.1 Process Definition Tools 

As we introduced at section, a process definition tool can be reused by different 

workflow systems that adopt the same model language and meta-model. Therefore, a 

standardized language and meta-model is needed. JOO-WfMS supports XPDL and 

refer to its meta-model to design system architecture. XPDL is the XML Process 

Definition Language from WfMC and is defined by a specification and an XML 

schema for instance documents. XPDL has been developed for several years and in 

October 2002, the WfMC released a“Final Draft”of XPDL [11]. The goal of XPDL is 

to provide a standardized languaage to support the interchange of workflow process 

definitions. XPDL specifies a basic set of object types that ensure the interchange of 

simple business process definitions. Additional object types can be added to extend 

the XPDL formalism. Figure 74 illustrates the top-level entities of meta-model of 

XPDL. This meta-model identifies the basic set of entities contained in process 
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definitions, their relationships and attributes. 

 

 

Figure 74: Meta-Model top level entities [11] 

 

There three benefits for us to support XPDL –  

1. Because of the extensibility of XML, we can extend XPDL easily. 

2. There are many supports for XML parsing or trnasformation in Java, e.g. Java[tm] 

API for XML Messaging (JAXM) provided by Sun [38], Xerces in Apache XML 

Project [39], these APIs and class libraries may reduce the cost to implement XML 

parser and GUI process defintion tools. 

3. There are several process definition tools that support XPDL, e.g. Enhydra 

JaWE(Java Workflow Editor) project of ObjectWeb [40]. We may use these tools 

immediately and do not need to implement another one by ourselves. 

 

Currently, we refer to this meta-model to design and implement the system 

architecuture. The relationships between components in JOO-WfMS are also similar 

to those in this meta-model. In the future, we may implement a parser or interpreter 

for workflow engine to interpret process definitions written with XPDL. On the other 

hand, we will try to extend the expression of XPDL for process designers to describe 



 164

the information for failure recovery purpose or integrate WfFH into XPDL. 

 

8.2.2 Exception Handling 

In addition to the failure we mentioned before, another type of problems or anomalous 

situations can occur during workflow execution is exceptions. Exceptions are 

semantic failures that can be caused by a system failure or by a new situation 

introduced by the external environment, for example, the exception may occur 

because of the incorrect process logic or the invoked applications return the wrong 

results. A comprehensive approach to the management of exceptions is to integrate the 

exception handler with the WfMS. The exception-handling mechanism must be able 

to capture exceptional events and react to them. The WfMS may terminate the 

workflow process or return to the execution of the workflow process after the 

exception has been handled [36, 37]. There are some differences between failure and 

exception in WfMS. First, the process will be paused after the occurrence of failure 

and roll back to a previous activity (ECP) after recovery. But, the occurrence of 

exception may not cause the suspension of workflow process. The second difference 

is the concept of compensation. As we introduced before, the activities within 

compensation set will be compensated before the paused process is resumed. By 

contrast, usually, the exception handlers do not compensate activities. To notify the 

related workflow user (e.g. system administrators) is a common action for exception 

handlers. 

 

Becauses of implementing with Java technology, we may use Java exception 

technology to implement the exception handling mechanism in JOO-WfMS. We can 

customize the Exception class in Java by extend it. The exceptions in WfMS may 

be caused by many reasons, e.g. system crash or timeout of the execution of workflow 
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process. In the future, we will classify the exceptions and provide basic classes about 

these exceptions for system developers. Another important role in exception handling 

mechanism is the exception handler. To promote the reusability and flexibility, we 

may try to adopt ECA model [20] to implement the exception handler in JOO-WfMS. 

When an exception occurs, the exception handler should capture an event about the 

occurred exception and execute appropriate actions according to some conditions. 
 

8.2.3 Distributed Workflow 

In a distributed environment, different workflow systems may work together to finish 

a business task, business objects (activities or components needed when executing 

process) may be executed by different workflow systems running on different 

platforms. How to integrate or mediate these business objects seamlessly is a 

challenge. A classical approach for integration is to develop a unified access interface 

to the heterogeneous data itself through schema reconciliation and explicit data 

transformations. However, it can be taken for granted that this kind of relatively tight 

integration requires intensive human efforts, and quite a few (overly) ambitious 

projects towards enterprise-wide data models are known as expensive failures [15]. A 

much cheaper and more viable approach for integrating business objects is to wrap 

objects with explicit business-logic interfaces and "simply" orchestrate the control and 

data flow between objects at the level of an object-flow or work-flow mediator. 

Object-oriented middleware like CORBA, DCOM, or RMI (e.g. [16]) has aimed at 

this kind of integration [15]. But, as we described at Section, we hope the distributed 

workflow components can be executed despite the difference of platforms and 

implementation technologies. DCOM is heavily used to Windows platfrom and RMI 

is more suitable for Java platform. CORBA seems to be a solution for our request. 

Recently, some researches focuse on XML technologies (e.g. SOAP) to solve the 
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integration problems (e.g. [15]), and we also think about another XML related 

technology – Web Service. 

 

Web Service has been developed for several years; there has been a W3C workshop 

on web services. Several industry players such as IBM, Microsoft and Sun have been 

announcing their web services strategies. A Web service is a software system designed 

to support interoperable machine-to-machine interaction over a network. It has an 

interface described in a machine-processable format (specifically WSDL). Other 

systems interact with the Web service in a manner prescribed by its description using 

SOAP messages, typically conveyed using HTTP with an XML serialization in 

conjunction with other Web-related standards [41]. The architecture stack of Web 

Service is shown in Figure 75.  

 

 

Figure 75: Web Service architecture stack 
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Figure 76: Operational model of Web Service 

 

Figure 76 illustrates the simple operational model of Web Service. There are several 

activities in this operational model: 

1. A Web service needs to be created, and its interfaces and invocation methods 

must be defined.  

2. A Web service needs to be published to one or more intranet or Internet 

repositories for potential users to locate.  

3. A Web service needs to be located to be invoked by potential users.  

4. A Web service needs to be invoked to be of any benefit.  

5. A Web service may need to be unpublished when it is no longer available or 

needed. 

 

Web Services architecture then requires three fundamental operations: publish, find, 

and bind. Service providers publish (or register) services to a service broker. Service 

requesters find required services using a service broker and bind to them. 

 

By using XML technology and HTTP protocol, Web Service provides a solution to 



 168

integrate or mediate applications located on different platform or implemented with 

different technologies. Now, Microsoft .NET framework and SUN Java 2 Enterprise 

Edition (J2EE) platform provide APIs and tools to create and depoly Web Service. 

Web service definitions can be mapped to any implementation language, platform, 

object model, or messaging system. As long as both the sender and receiver agree on 

the service description, (e.g. WSDL file), the implementations behind the Web 

services can be anything (e.g. Java Classes, CORBA prgrams or COM). 

 

By using Web Service, a workflow engine may interact with other ones 

(heterogeneous or homogeneous), as shown in Figure 77, or execute activities or 

compoents located on other machines, as shown in Figure 78. 
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Figure 77: Interaction between different workflow engines by using Web Service. 
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Figure 78: Execute activities on another machine by using Web Service. 

 

In the future, to integrate Web Service with workflow systems will be a direction of 

our work, and the following issues may be consided: 

 The Security and privacy issues in Web Service (e.g. Using HTTPS protocol to 

translate information or some EDI technologies). 

 The Quality-of-service and reliability of Web Service. 

 How to implement asynchronous behavior (e.g. the user response handling 

mechanism) when using Web Service. 

 How to implement Failure Recovery Model in JOO-WfFH when using Web 

Service. 

 The flow control issue in distributed environment. 

 

In addition to using Web Service, a standardized interface that represents behaviors of 

components for the remote workflow systems is also essential. 
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8.2.4 System Administration & Monitoring 

System administration and monitoring represents another feature common to many 

workflow management systems. These tools provide interface for system 

administrator, process manager and the authorized users to observe or manage the 

workflow system. Most system administration and monitoring tools present 

information about systems or processes by means of graphical end user interface (GUI) 

because they are usually operated by non- technical users. In JOO-WfMS, we adopt 

client-server architecture to design these components.  
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Figure 79: the system adminitration & monitoring components architecture 

 

Figure 79 illustrates the architecture of administration and monitoring components. 

The authorized user can use these components to observe or control JOO-WfMS. The 

system adminitrators can observe and control workflow system, and manage users and 

resources of system. The process managers may use the components to monitor the 

progress of process and intervene the execution of process if necessary. The common 
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users (e.g. activity participants) may only be permitted to observe the progress of 

processes. Currently, the system administration and monitoring components of 

JOO-WfMS is still in the design phase.
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