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6. Related Work 
In this chapter, we will introduce several object-oriented workflow systems and try to 

compare them with JOO-WfMS. 
 

6.1 WooRKS 

WooRKS is an object-oriented workflow system designed to assist organizations in 

defining, executing, coordinating, and monitoring workflow procedures based on a 

shared environment. WooRKS architecture relies on an object oriented database 

management system upon which all the objects are represented and supported by a 

UNIXTM server, and clients distributed through TCP/IP protocol running Microsoft 

WindowsTM or OSF/MotifTM [43]. WooRKS incorporates several interrelated models 

that can be used together or separately: an organization model for specifying the 

actors, an information module for defining information to be handled, a time model 

for controlling when actions must be executed, an operator model for implementing 

atomic operations on information, and a procedure model for combining together 

these various components [43].  

 

The WooRKS prototype is an example of a tool that aims to assist a group of office 

agents in their activities, by scheduling and monitoring the execution of all the actions 

that each member of the group has to accomplish for meeting a collective goal. 

WooRKS acts as both an integrator, able to invoke classical office tools when needed 

for the execution of an office action, and as a group work scheduler, able to assign 

actions to agents and monitor their execution. The architecture of WooRKS is shown 

in Figure 67. 
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Figure 67: the architecture of WooRKS 

 

WooRKS is implemented on top of an object oriented development system called 

HooDS (Highly object oriented Development System), whose main components are 

the programming language CooL (Combined object oriented Language) and the 

database management system NooDLE (New object oriented Database system for 

advanced programming Language Environments).  

 

WooRKS is mainly designed for workflow user (e.g. the process designer or 

programmer who implements the programs executed by activities), not for workflow 

system developer. Therefore, WooRKS doesn’t focus on the reusability of workflow 

system components. 
 

6.2 InConcert 

Xsoft’s InConcert is an open workflow product realized using object-oriented 

technology and a client / server architecture with distributed multi-platform, 

multi-network support. The product is a traditional workflow product in the sense of 

offering routing of work based on roles, providing users “to-do” lists, and providing 
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management information regarding process tracking and reporting. In addition, 

InConcert allows for dynamic workflow modification (“process mutation”) and ad 

hoc routing. An Application Programming Interface (API) with C and C++ language 

bindings facilitates application integration, and provides a full range of application 

development options for creating custom solutions. 

A process in InConcert is a collaborative activity that consists of [44]: 

 Tasks, which are the individual units of work that comprise the process; 

 Role, which designate the participants (users or programs) that perform the tasks; 

 References to documents or other data objects that are manipulated by tasks in 

the process. 

The metamodel of InConcert is illustrated in Figure 68. 

 

 
Figure 68: The metamodel of InConcert 

 

A process definition provides a reusable template of tasks, roles, and references for a 

category of business process, and a process instance, created from a process definition, 

represents an actual process in execution. At the time of starting the process instance, 

or during the course of its execution, the roles and references in the process are bound 

to specific users and document objects for that particular process instance. 
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A key aspect of InConcert is its treatment of a process as a data object, not a program 

or script. A process and its related constituent objects are mutable, subject to users’ 

access rights. This is the key to allowing a process instance, which is based on an 

often idealized process definition, to adapt to the particular circumstances that arise 

during its execution. The InConcert object model is extensible, in that applications 

can, via the InConcert API, define new subclasses of the predefined object classes and 

define new attributes of new or existing class. 

 

In addition to the object model and API, InConcert provides applications for process 

design, process management, task management and administration of system objects 

and meta-data. The Process Designer with graphical user interface can support user to 

create or edit process definition. The Process Manager supports initiation of a new 

process instance as well as management of process instance. The Process Manager 

can also be used to monitor the execution status of process instance. The Task 

Organizer allows a user to view and work on the tasks assigned to them. And the Task 

User Interface Designer can be used to tailor the interface that is presented to the user 

performing a given task. 

 

InConcert’s object oriented design with tools, associated API and language bindings 

provide flexibility for system developers deploying workflow solutions regarding 

integration with other systems, extendibility and some degree of reusability. Because 

of the emphasis on workflow process, the extendibility and reusability are mainly for 

process modeling and process implementation, not for the whole architecture of 

workflow management system. 
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6.3 TriGSflow 

TriGSflow is a flexible workflow framework supporting frequently changing 

requirements. The TriGSflow architecture is based on an object-oriented database 

(Gem-Stone/S). TriGSflow employs object-oriented database technonlogy to 

implement its workflow model. Figure 69 shows the architecture of TriGSflow. 

 

 

Figure 69: The TriGSflow architecture 

 

TriGSflow takes full advantage of the capabilities of the underlying database system 

such as reliability, recovery, transaction management, and authorization.  

 

The workflow model of TriGSflow is based on the object-oriented paradigm. The class 

hierarchy and the class composition hierarchy of the workflow model are illustrated in 

Figure 70. 
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Figure 70: Class hierarchy and class composition hierarchy of TriGSflow [20] 

 

TriGSflow employs a generic activity-based workflow model. A workflow type 

represents a certain kind of business process. It is defined by a number of various 

activities (Activity) representing subtasks of the business process. An Agent (Agent) 

is able to perform different activities, and a specific activity can be performed by 

different agents called relevant agents. One or more appropriate agents called actual 

agents, which actually perform the activity, have to be selected at runtime. Agents are 

classified into automatic agents (AutoAgent), e.g., a machine, and human agents 

(HumanAgent). The TriGSflow workflow model includes organizational, 

informational and communication aspects. The organizational aspect specifies the 

structure of the business organization and provides the predefined classes such as 

Agent. The informational aspect provides agent selection and coordination policies. 
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And the communication aspect enables the asynchronous exchange of data between 

agents with the WorkList classes. 

 

An important feature of TriGSflow is the seamless integration of ECA rules into an 

object-oriented model, the flexibility of workflow specification due to rule modeling, 

and the integration of external applications as part of workflow processing. ECA rules 

of the form 

ON Event IF Condition DO Action 

implement activity ordering, agent selection and worklist management in TriGSflow. 

Events represent real-world situations (e.g. a machine breakdown) that form the basis 

for subsequent rule execution. The condition part of a rule defines when to evaluate 

the condition, and a Boolean expression (e.g., is the machine available?), possibly 

based on the result of a database query (e.g., select all orders that are scheduled on the 

damaged machine). The action part (e.g., schedule the next operation) defines when to 

execute the action, and a sequence of arbitrary messages. An ECA rule example is 

shown below: 

 

This rule is responsible for fetching the next operation from a machine’s buffer and 

scheduling it each time this machine becomes available. The rule is triggered after 

execution (cf. keyword POST) of the method changeState of class Machine. 

Both, condition evaluation and action execution are done immediately after triggering 

the rule since they are triggered after executing the same method on the same object 
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(cf. keyword rule_trgO which stands for rule triggering object). 

In summary, TriGSflow strives to provide most workflow functionality through 

techniques specific to reactive database systems and focuses on the transactional 

aspect. The TriGSflow system provides an object-oriented workflow model that 

allows its users to build workflows by specializing and instantiating predefined 

classes. However, TriGSflow focuses on ECA rules, instead of the reuse of 

components. 
 

6.4 Micro-Workflow 

Dragos-Anton Manolescu’s PhD thesis proposes Micro-Workflow [8], a flexible 

worflow framework supporting programmers to develop workflow systems. 

Troditional workflow systems target non-programmers and therefore package a wide 

range of features. This focus produced heavyweight and monolithic architectures, 

which are hard to customize and extend [19]. Micro-workflow provides a lightwight, 

object-oriented architecture to solve the problem caused by heavyweight architectures, 

and allows developers to (1) pick and choose the workflow features required by each 

application; (2) customize existing features and add new ones; (3) integrates with 

custom components, subsystems, and frameworks; and (4) Supports incremental 

integration within existing domain objects and applications [19]. 

 

Figure 71 illustrates the architecture of Micro-Workflow. Micro-workflow 

encapsulates workflow features in separate components. At the core of the 

architecture, several components provide basic workflow functionality. Additional 

components implement advanced workflow features. Through composition software 

developers extend the core only with the features they need. This design localizes the 

changes required to tailor a workflow feature to the component that implements it. 
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Additionally, developers can add new features by building new components. We 

introduce these components briefly below. 

 

Figure 71: The microworkflow architecture. The gray box contains the microworkflow 

components. Other application components reside outside this box. 

 

The micro-workflow architecture adopts a minimalistic approach. At the core of the 

architecture, three separate components allow developers to define and execute 

workflows (i.e., provide basic workflow functionality):  

 The excution component provides the mechanism that executes workflows based 

on their definition. This mechanism parallels an object model and is 

implemented around the Type Object pattern [45]. 

 The process component is based on an activity-based process model. It provides 

the abstractions required to build workflows. Developers define processes by 

creating, configuring, and connecting objects. The implementation relies on the 

properties of the Composite pattern [28] to allow hierarchical decomposition. 

 The synchronization component uses Event-Condition-Action (ECA) rules [46] 

to allow developers to define dependencies within the workflow domain.  

The components we introduced above comprise the core of Micro-Workflow. Then, 
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we continue to introduce the advanced components of Micro-Workflow. 

 History component: Workflow management systems log the execution history of 

the workflows they execute. The workflow users may use the logged history to 

evaluate the process models. And the workflow system may also use it for 

recovery purposes. Software developers using the micro-workflow framework 

plug in this component only when their applications need history. The 

compositional approach lets them customize what workflow data is logged into 

the workflow history while reducing the impact over the execution component. 

 Persistence: history encompasses choosing the type of information the system 

records about workflow events, and the persistence component specifies where 

the system stores this information. In Micro-Workflow, the history and 

persistence components are designed around the Strategy pattern [28], the 

separation. Separating persistence from history provides database independence. 

The persistence component can also be used by other components that need to 

manipulate database. Developers can replace the underlying database without 

affecting other framework components. Software developers using the 

micro-workflow framework plug in this component only when their applications 

need persistence. 

 Manual Intervention: manual intervention component allows authorized users to 

change the sequencing of activities while the workflow is running. The manual 

intervention component provides the mechanism for stopping, rewinding, and 

resuming running workflows. In Micro-Workflow, developers plug in this 

component only when their applications require support for manual intervention. 

In fact, currently only few commercial systems provide this feature. 

 Worklist Component: in Micro-Workflow, the worklist component 

accommodates human workers as well as application objects. Worklist 
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components provide the human-computer interface and the asynchronous 

invocation mechanism required to support human workers. Micro-workflow lets 

software developers plug in the worklist component only if their applications 

require its functionality. 

 Federated Workflow Component: the federated workflow component allows for 

transparent workflow distribution across the enterprise. This lets software 

developers depart from the centralized model of workflow execution, and 

implement workflows that execute parts of the process at multiple locations. This 

component follows the Facade pattern [28] to represent an abstraction for remote 

workflow systems. Developers add the federated workflow component only 

when their applications require breaking up workflow execution and distributing 

it among different workflow systems. 

 

Micro-Workflow proposed an object-oriented architecture for workflow system and 

the compositional approach promotes the reusability of core. Micro-Workflow is an 

important reference for JOO-WfMS, we got many ideas from it. But, there are some 

differences: (1) Micro-Workflow doesn’t follow the reference model introduced by 

WfMC, whereas JOO-WfMS supports it. (2) Micro-Workflow targets the developers 

of workflow system; we consider not only the system developers but the process 

designers in JOO-WfMS. (3) JOO-WfMS supports a flexible failure recovery model, 

while the Micro-Workflow doesn’t provide failure recovery mechanism. 
 

6.5 Summary 

The goal of JOO-WfMS is to propose a workflow system model with high reusability. 

Now, we try to compare the reusability of all components of some workflow systems 

and list the results in Table 5 and Table 6. In Table 5, the symbol “√” represents that 
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the component is reusable for the system developers, and the symbol “\” represents 

that this component is not provided in the workflow system. 

WfMSs 

Components 
JOO-WfMS 

WooRK

S 
InConcert TriGSflow 

Micro- 

Workflow 

Engine √    √ 

Process √ √ √ √ √ 

Activity √ √ √ √ √ 

Transition 
(flow control) √   √ √ 

User Interface 
(worklist) √ √ √ √ √ 

Failure Recovery √     

exception handling √ √    

Process Definition 

Tool 
√     

Distributed Workflow √    √ 

System Administrator √     

Monitoring √    √ 

Persistence √  
√  
(Client 

side) 

 √ 

Workflow participants √ √ √ √  

 

Table 5: Comparison between JOO-WfMS and other WfMSs (1). 

 

JOO-WfMS 

 Supports programmers who implement the system 
components and users who design or implement the business 
process. 

 Use the compositional design, interface and pattern to 
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promote the reusability of workflow engine, process, activity 
and persistence components. 

 Implement WfFH, data-flow analysis methods and a flexible 
failure recovery model to promote the reusability of failure 
handling mechanism. 

 The reusability of exception handling can be supported by 
the exception handling mechanism of Java. 

 Provides abstraction for flow control and provides “basic 
objects” (e.g. And-Entry, Or-Entry) for the promotion of 
reusability of transition. 

 Provides user communication components and operational 
model to improve the reusability of user interface. 

 Supports XPDL to reuse the XPDL related products. 
 Provide standardized interface and use Web Service 

technology to promote the reusability of distributed 
workflow components. 

WooRKS 

 The models provided by WooRKS are more suitable for 
users who design or implement the business process. 

 The organization model provides basic objects such as 
grouping, actor, and role. 

 The information model provides objects such as folders, 
forms, documents, messages, spreadsheets and so on. 

 The time model provides objects such as point in time, 
duration, interval, time event, a calendar and so on. 

 The external event model handles external communications 
(e.g. wait for user response) 

 The operator model provides mechanism to invoke external 
applications. 

 The procedure model is provided for combining together 
these various components. 

 Programmers reuse these basic objects by extending them or 
using them immediately. 

 The reusability of user communication and exception 
handling mechanism are supported by UTUCS (User To 
User Communication Support) system. 

InConcert 
 InConcert mainly supports users who design or implement 

the business process. 
 Users may reuse the basic objects (e.g. roles, tasks) or define 
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subclass and new attributes of existing classes via the API 
provided by InConcert. 

 Users may use tools provided by InConcert (e.g. Process 
Designer, Process Management, Task Organizer) to create or 
manage the process and task. 

 The design of user communication mechanism is supported 
by Task User Interface Designer. 

TriGSflow 

 The environment provided in TriGSflow is more suitable for 
users who design or implement the business process, but the 
ECA model is useful for system development and is able to 
promote the flexibility of system. 

 TriGSflow provides some basic object classes, such as Agent, 
Activity, BusinessProcess and worklist, users may reuse 
these classes by extending them. 

 Flow control is implemented with ECA model in TriGSflow. 
 In addition to flow control, the ECA model also supports the 

implementation of agent Selection & synchronization and 
worklist management. 

Micro-Workflow

 Micro-Workflow target workflow system developers. 
 The compositional approach promotes the reusability of the 

core of Micro-Workflow. 
 Provide abstraction and use ECA model for flow control. 
 Use patterns to promote the reusability of monitoring, 

history, federated workflow components. 
 Proposes the database-independent design to promote the 

reusability of persistence component. 
 

Table 6: Comparison between JOO-WfMS and other WfMSs (2). 
 


