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Abstract - This research develops an institutional economy quality management system (IEMS) to efficiently and effectively manage 
complex processes of projects, control project flows, and allocate available resources for project execution dynamically across 
organizational boundaries. Process logics are embedded in predicate (IFTHEN) rules that can be activated when condition is met to 
drive quality. In this paper, an expert system inference engine is applied to institutional economic reasons and manage quality as 
well as resource allocations in a virtual web enabled environment. Hence, project results can be controlled precisely to achieve the 
project goal and to meet the required project deliverables. In this study, we go into details to  describe  the  flow  operational  
mechanisms  for  the  IEMS.  Finally,  we  use  a  dynamic system (DS) development project as a case to demonstrate 
IEMS" comprehensive functions and capabilities for collaborative project management. 
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I. INTRODUCTION 
 

In recent years, many cases show that the completion 
of a project may not achieve the objectives and meet the 
original requirement even though the project had run 
through its entire processes. Thus, project management 
becomes increasingly concerned of process integrity and 
the enablement of collaborative activities. With the rapid 
development of the Internet and a dramatic decrease in the 
product life cycles, firms have to collaborate with each 
other through the Internet and teamwork becomes 
essential for survivorship. Collaboration makes different 
disciplinary teams in a distributed environment work 
together for a project. Therefore, the processes of a 
project become complicated to drive, monitor and control. 
In order to effectively and efficiently manage processes, 
this study proposes a rule-based institutional economy 
quality management system (IEMS) for collaborative 
project management. The IEMS employs an inference 
engine of a Java expert system shell (JESS) [7] to manage 
project flows, to control process logics,and to allocate and 
manage enterprise resources. This paper applies an 
object-oriented concept to create templates of the IEMS. 
These templates can be used to produce project related 
objects, which are represented as facts, such as projects, 
tasks, documents, facilities, and manpower. In order to 
create operational mechanisms of the IEMS, this study 
develops a project-state transitional mechanism and an 
allocation mode of resources. Finally, we use a 
system-on-a-chip (DS) collaborative development project 
as a case to demonstrate dynamic features of the IEMS at 
work. 
 

II. LITERATURE REVIEW 
 

In the past, two of the most popular approaches to 
manage projects were the critical path method(CPM) and 
the project evaluation and review technique (PERT). Both 
methods apply network diagrams to describe the 

relationship between tasks and time required for each task. 
CPM and PERT had assisted project management for 
many years, but these methods focus mostly on the 
analysis and evaluation aspects of project management 
(PM), not the dynamic control of its workflows. 
Particularly, when product designs become complicated, 
some unexpected incidents and activities often occurred 
that require reworks of previous tasks, especially in a 
collaborative environment [1].  

Therefore, project execution should be controlled by a 
collaborative quality management system that can handle 
the complex and dynamic nature of process logics. Many 
researchers study the topics in the work- flow 
management area. Shih and Tseng [11] proposed an 
application of workflow technology to monitor, control, 
and coordinate business processes and projects. This 
system provides proactive tracking of the workflow and 
information flow. Fakas and Karakostas [4] described an 
architecture of the quality management system based on 
Workflow Intelligent Business Objects (WIBOs). WIBOs 
belong to predefined interrelated classes or types, which 
form a meta-level data model for project and quality 
management. WIBOs consist of the definition of 
processes, roles, actors and resources. Each class or type 
has its own attributes and actions.  

Van der Aalst [12] developed a technique based on 
Petri nets to automatically generate an assembly workflow 
process based on a bill of materials (BOM). The system 
allows workflow designers to think in terms of 
end-product structure instead of internal process alone and 
constitutes the automatic configuration of a workflow 
from a BOM tree. The reuse of processes was 
implemented by searching previous processes according 
to similarity between processes. Further, Chien [2] 
reported on a web-based quality management system for 
virtual enterprise process automation and reengineering. 
Huang et al. [12] developed a modularized network 
collaborative design system based on the international 
quality management reference model. By using 
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modularized process model, specific collaborative product 
development processes can be customized. Chiou [3] 
proposed a workflow based collaborative project 
management system. The authority control is managed by 
a three dimensional matrix including roles, documents 
and times. Project managers can define variables and 
conditions to control the exception of branch processes. 
Madhusudan et al. [8] presented a workflow model 
management framework. The framework uses a 
case-based reasoning approach to support workflow 
model reuse during workflow design. Zhuge [7] applied 
the software component concept and method to large 
workflow system development for raising its development 
efficiency and quality. The approach can reduce the 
complexity of large workflow system development and 
can reuse the existing workflow components to compose a 
new workflow.  

Müller et al.[9] presented a quality management 
system to support automated workflow adaptations. The 
system applied a rule model to automatically detect 
logical failures and to determine the necessary workflow 
adaptations. Fakas and Karakostas [5] presented the 
architecture of a peer to peer (P2P) quality management 
system (WfMS). This system is based on the concepts of 
the web-based workflow peer directory and the P2P 
WfMS. Workflow process administration is executed by 
applying a notification mechanism based on XML. On the 
other hand, Schulz and Or-lowska [10] focused on 
facilitating cross-organizational quality management 
using a flow view approach and introduced a Petri-Net 
based state transition approach to bind states of private 
workflow tasks to their adjacent public workflow task. 
Workflow views hide details of private tasks selectively 
and provide the process-oriented interface to assist 
communication between trading partners.  

Because monitoring functions of traditional workflow 
systems lack flexibility, Huang et al. [3] and Wang et al. 
[5] proposed quality management approaches applying 
intelligent agents to perform flexible flow control and/or 
monitoring tasks. Although many studies have been done 
on project management, little information is available on 
applying the inference ability of an expert system to 
manage complex workflows of projects and dynamically 
allocate project resources through the Internet in order to 
supporting collaborative projects. Therefore, the study 
focuses on the issues to develop the methodology of 
quality management and to implement the architecture of 
the IEMS. 
 
 

III. THE FUNDAMENTAL APPROACH AND KEY 
COMPONENTS OF IEMS 

 
In order to support the operations of the IEMS, this 

study proposes methodologies to manage project flows 
and establish the workflow inference knowledge base. 
The following sub-sections depict the four key 
components that form the fundamental back bones of the 

IEMS. 
 
A. Workflow Enactment Module 
 

The essential element of the IEMS is the workflow 
enactment module. The module controls project flows and 
invokes the corresponding services, such as document 
management, facility management and manpower 
management. In this research, the workflow enactment 
service is implemented by an expert system inference 
engine, i.e., JESS, and a knowledge base. A unique 
characteristic of an inference engine is its ability to reason 
under various circumstances. On the other hand, most of 
the commercial quality management systems focus on 
routine administrative processes and can only handle 
simple rules for flow control. Therefore, these systems 
can not satisfy the requirements of complex project 
management and dynamic resource constraints.  

The inference engine of JESS deploys the rete 
algorithm [6] implemented by building a network of 
nodes and forming an entire inference chain. By 
remembering past match results, JESS only tests new 
facts. The computational complexity per iteration can be 
dropped dramatically to the order of O(RFP), where R is 
the number of rules, F is the number of facts in the 
knowledge base, and P is the average number of 
conditions per rule. Hence, workflow enactment service 
can efficiently and effectively controls the flow of a 
process, e.g., starting and ending of projects and tasks, as 
well as deciding the subsequences of tasks. It also 
accurately invokes the corresponding services of 
document management, facility management and 
manpower management. The document management 
module assigns the corresponding technical or 
non-technical documents to the tasks when they are 
needed and available. The facility management module 
allocates facilities in the system, such as computer 
equipment, software and machines for tasks. The 
manpower management module maintains and designates 
human resources (manpower) in the system for tasks 
according to their requirements and manpower constraints, 
such as competence and available personnel. 
 
B. Workflow Inference Structure 
 

The inference engine of an expert system uses the 
knowledge base, consisting of templates, facts and rules. 
Figure 1 shows the inference structure of the IEMS. Rules 
in the system are defined by a left-hand side (LHS) and a 
right-hand-side (RHS). If the LHS (i.e., the antecedent) of 
a rule is fulfilled or "fired", it will produce the RHS (i.e., 
the actions). The RHS includes inserting/modifying facts 
in the knowledge base or invoking services. The inference 
engine will continuously check whether any rule is 
matched and activated. 
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Figure 1. Quality Inference Procedure 

 
C. Inference Template Definition 
 

In the knowledge base, facts are asserted in a data 
structure called a "template". A template contains 
attributes, called “slots". For example, the template name 
is "Project" and there are two slots named "Project-ID" 
and "Project-Status". Once we assign values to these slots, 
it will form an instance, such as (Project (Project-ID 
IC-Design) (Project-Status Not-Start)). In this research, 
we define eleven templates, which are "Project", "Task", 
"Fac-Set", "Doc-Set", "Man-Set", "Task-Facility", 
"Task-Man," "Task-Document," "System-Facility," 
"System-Document" and "System-Man." Table 1 lists all 
defined slots and their descriptions. Through the 
definitions of these templates and slots, all information of 

projects, documents, manpower, and facilities are 
completely recorded. Thus, the IEMS can access required 
information to reason the flow direction and to manage 
and allocate system resources dynamically with rules 
being activated when antecedents are true. 

 
TABLE I. THE TEMPLATES OF THE IEMS 

Template Slot Slot description 
Project Project-ID Project ID 

Project-Name Project name 

Project-Manager Project manager 

Start-Time The start time of a project

Period The expected length of a project

Description Project description 

Cost Estimated cost 
of a project

Project-Status Project status 

Project-Style Project style 

Task Project-ID Project ID of the task 

Task-ID Task ID 

Task-Name Task name 

Task-Status Task status 

Task-Variable Task result 

 
In this study, we use a hierarchical structure to clarify 

the relationship between project-related templates as 
shown in Figure 2. The highest level of the structure is 
Project [p]. Task [w] is a child of projects. Each Task [w] 
has its own Doc-Set, Man-Set and Fac-Set. Further, 
Doc-Set, Man-Set and Fac-Set have their children, i.e., 
Doc [d], Man [m] and Fac [f] respectively. Table II 
explains the relationship of these project-related 
templates. 

 

TABLE II. RELATIONS OF PROJECT TEMPLATES IN FOUR LEVELS 

Level Project-related templates Slot Description 

0 Project[p] ProjectStatus The status of project p

1 Project[p].Task [w] TaskStatus The status of task w for project p 

2 Project[p].Task [w].DocSet DocSetStatus The status of all documents for project p"s task w 

2 Project[p].Task [w].ManSet ManSetStatus The status of all manpower for project p"s task w 

2 Project[p].Task [w].FacSet FacSetStatus The status of all facilities for project p"s task w 

3 Project[p].Task [w].DocSet.Doc[d] DocStatus The status of document d for task w of project p 

3 Project[p].Task[w].ManSet.Man[m] ManStatus The status of manpower m for task w of project p 

3 Project[p].Task [w].FacSet.Fac[f] FacStatus The status of facility r for task w of project p 

 
From the start of a project to the completion of the 

project, the values of transitions at the slots of 
project-related templates can form a “project-state 
transitional diagram" as shown in Figure 3. For example, 
when the status of a project becomes "processing", the 
status of the first task will be invoked and transformed 
into "starting" status. When the status of a task is 

"starting" and all the required documents are readily 
assigned to the task, the status of "Doc-Set" will become 
"assigned". If all documents, manpower, and facilities of 
the task are assigned, the system will transform the status 
of the task into "processing". After completing the task, 
the system will release documents, manpower and 
facilities being allocated to execute the given task. Further, 
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once the status of Doc-Set, Man-Set and Fac-Set become 
released, the task is completed with its status becoming 
"finished". Finally, as soon as all tasks of a given project 

are completed, the IEMS terminates the project by 
transforming the project status to "finished". 

 

 
Figure 2. A project-state transitional diagram 

 
When a facility is assigned to a task, the present 

utilization quantity of the facility will increase by one unit. 
If the utilization quantity of the facility has reached the 
maximal top capacity level, the status of facility becomes 
"assigned" and can no longer be assigned to any other 
task. On the contrary, if the capacity of the facility does 
not reach the limit, the status of facility is set as 
"available" and can be assigned to a task. As soon as a 
task releases the facility, the status of System Facility 
becomes "released" and the utilization quantity of the 
facility will decrease by one unit. 

The architectural frame includes the user interface 
layer, the application logic layer, and the data layer. All 
messages in the project can be transmitted rapidly and 
efficiently through the Internet. The details of each layer 
are depicted as follows: The user interface layer. It 
provides users with a channel to plan projects, to execute 
tasks and to monitor the statuses of projects during 

execution. There are two main functions: Use Microsoft 
Visio to define the project process including attributes of 
projects and tasks, task relations, and process rules. 
Provide a web-based PM application. A project manager 
can create and monitor the statuses of a project through 
the Internet. Participants of the project can understand 
when and which tasks need to be performed. After 
finishing the task, they must input design parameters and 
transmit the final result of the task. 
 
 

IV. A CASE STUDY 
 

This research uses a collaborative design process of a 
system-on-a-chip (DS) development as a case study to 
demonstrate the rule-based quality management system 
(i.e., IEMS) at works. In the DS design process, the top 
priority is to confirm the specifications of a customer’s 



TAO YANG: A QUALITY MANAGEMENT SYSTEM FOR PROJECT PROCESSES IN INSTITUTIONAL … 

DOI 10.5013/IJSSST.a.17.37.35                                  35.5                  ISSN: 1473-804x online, 1473-8031 print 

requirements. Then design engineers choose the core of a 
chip in charge of operations, and define an architecture of 
design. Because the different components are integrated 
into a chip, design engineers must decide the right 
specification of the signal bus. After design engineers 
decide the right specification of the signal bus and build 
up the architecture, they can choose the suitable silicon 
intellectual property (SIP) to integrate with target DS 
design. The next step executes the collaborative design of 
the hardware and the software.  

 
<?xml version="1.0" encoding="utf-8" ?> 
<VisioDocument> 
<DocumentProperties> 
<Title>DS design workflow</Title> 
<Name>Process diagram</Name> 
<NameUniv>Flowchart</NameUniv> 
<Visible>1</Visible> 
</Layer> 
Name="Process" NameU="Process" Master="0"> 
<Text>0. Start</Text> 
<Prop ID="1" Name="Cost" NameU="Cost"> 
<Value /> 
<Label>Cost</Label> 
</Prop> 
<Prop ID="2" Name="Duration" NameU="Duration"> 
<Value /> 
<Label>Period</Label> 
</Prop> 
<Prop ID="3" Name="Facilities" NameU="Facilities"> 
<Value /> 
<Label>RD Facility</Label> 
</Prop> 
... 
… 
</VisioDocument> 

This method can reduce the time of DS design and can 
accelerate product developments. Once the design of the 
hardware and the software are completed, the design 
engineers execute the co-simulation in order to validate 
the design specifications. Finally, engineers undertake the 
circuit layout. According to a DS collaborative design 
process, a project manager can use Microsoft Visio to 
create the workflow of a project, to establish a set of 
flow-direction rules, and to define the attributes of tasks 
as well as their relationships between tasks as shown in 
Figure 6. Some of the flow-direction rules are formulated 
and listed in Table 4. In this study, we can use output’s 
variables of tasks to constitute variable conditions or 
formula conditions. In respect of the conditional 
representation of a rule, this research use the symbol ‘|’ to 
separate a task form the variable of its output. For 
example, RTL Design Analogy Voltage, Analogy Voltage 
is a variable of RTL Design task. When a DS design 
process of a project has been established, Microsoft Visio 
can transform into a XML text file shown partially as 
shown on the left. 

If project managers want to start a new DS design 
project, they can upload the XML files into the quality 
management system through the web browser. Once a 
project is activated, the quality management system inputs 
new facts, process rules and templates into the inference 
engine. The inference engine transfers the status of the 
first task from‘start’ to ‘Processing’ as shown in Figure 3. 
When a project has been started, project managers can 
monitor the progress of a project through web-based 
IEMS. 

 

 

Figure 3. The example of DS design project process. 
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V. CONCLUSION 
 

Owing to the time-to-market pressure of IC products 
and complicated DS development processes, quality 
management becomes a challenging issue for DS design 
project management. Therefore, project managers of IC 
design industry must strive to manage and control design 
processes dynamically. This research develops an 
intelligent, rule-based quality management system to 
efficiently and effectively deal with the collaborative 
project management issues. In this study, we also propose 
the work-flow methodologies to create operational 
mechanisms of a rule-based quality management system. 

In summary, this research has achieved the following 
tasks. The workflow of a complicated design project can 
be precisely controlled to achieve the project goal and to 
meet customers’ requirements. The status changes of tasks 
can be detected in real time using an inference engine that 
can quickly respond to variances and status changes. 
Project managers can modify the facts and process rules 
that make workflow flexible. The system can dynamically 
allocate and manage enterprise resources to satisfy the 
requirements of each task. The IEMS, developed on JESS, 
can support collaborative projects across different 
platforms and distributed organizations through the 
Internet. The process definition of a project is made under 
Microsoft Visio and the process data are stored in a file. If 
there are any other project similar to the existing ones, the 
new process can be created quickly through duplication 
and modification of existing project definition. Thus, the 
concept of project design and re-use is fully realized in 
the IEMS. 
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