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Petri Net-based Coordination Component for Collaborative Design
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Abstract: Considering the lack of efficient coordination of task interdependencies in a collaborative design system, the temporal and resource
coordination mechanisms for the problems in our investigation are established based on Petri Nets. The whole system could be expanded as a
Petri Net for simulation and analysis. The architecture of reusable and pluggable components is also introduced to implement such
mechanisms. The proposed approach offers strong support for the performance evaluation of the collaborative design.
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1. Introduction

With the rapid development of computer technology
and the Internet, we have witnessed the rapid establish-
ment of virtual society and realized the feasibility of
remote interactions transcending the constraints of
geographic location and time. Virtual software has
proven to be an integral part of the design of complex
systems in the field of mechanical engineering. When
designing complex systems, it is necessary for the
multidisciplinary design teams to use multiple sophisti-
cated commercial and noncommercial engineering tools
such as computer-aided design (CAD) tools, modeling,
simulation and optimization software, engineering
databases, and knowledge-based systems. The use of
such modern computer technologies has been considered
by scientists and engineers as the key to reducing cycle
times and improving product quality and reliability [1,2].

Researchers from around the world have designed
and developed many models and environments to meet
the requirements mentioned above. Wang and Zhang [3]
introduced a CAD and computer-aided manufacturing
(CAM) integrated system to reduce the product devel-
oping cycle in order to respond to the changing market
requirements. Some models were established based on
technologies such as virtual environment (VE) and
Java to access, explore and collaborate through the
Internet [1]. Although these models or environ-
ments have met those requirements and improved the
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efficiency of design and development to a certain extent,
none of them effectively coordinate interdependent tasks
for design of larger systems.

Shirmohammadi and Georganas [4] presented a
model that supported tightly coupled collaborative
tasks to be performed efficiently in the design system;
however, the rigidity of the collaborative protocols
restricted possibility of collaboration in the complex
system.

In this article, we establish two kinds of coordination
mechanisms for temporal and resource interdependen-
cies, respectively, and encapsulate the mechanisms into
the coordination components to coordinate the task
components, which represent the actual tasks in the
collaborative design and development system.

2. Related Concepts
2.1 Design

Design is a process that involves members of many
professions. Collaborative design involves teams of
designers, engineers, and manufacturers from multiple
areas and diverse geographical locations working
together over networks [5,6].

Figure 1 shows the mechanism of the so called ‘loosely
coupled collaborative design.” The design activities are
coordinated by social protocols and participants’
abilities even without any explicit coordination
mechanisms.

Figure 2 shows the activity called ‘tightly (or closely)
coupled collaborative design’. In this form of collabora-
tive design, one task depends on another to start, to
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Figure 1. Loosely coupled collaborative design.
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Figure 2. Tightly coupled collaborative design.

execute, or to end. Sophisticated coordination mechan-
isms are necessary for this kind of activity. During the
process of tightly coupled collaborative design, each
participant relies on the success of every other task and
partner; however, such an ‘assembly line’ is not always
possible. As a result, there must be coordination
between these interdependent tasks to ensure that the
whole system is executed successfully [7].

2.2 Computer Supported Collaborative Work

In collaborative design systems, individuals or indivi-
dual groups of multidisciplinary design teams usually
alternate between working in parallel and working
separately with various engineering tools located in
different sites. At any moment, individual members may
be working on different versions of a design or viewing
the design from different perspectives, at different levels
of details. Computer supported collaborative work
(CSCW) is used for the development of such
environments.

CSCW systems offer a tool that could potentially
enhance the productivity and effectiveness of teams
through more effective communication. The primary
goals of applying the CSCW technology include cost
reduction, space optimization, improving performance,

effectiveness, and satisfaction. There are also more
specific goals, such as improving group cohesiveness
and eliminating the influence of dominant figures [5,8].

2.3 Component

A component is a reusable software package or
application. A standard application has two main
parts: the implementation and the data. The interaction
between two applications is through a database and is
limited to data sharing. A component-based application
provides operation services containing the data
operation and the method operations in its implementa-
tion [9].

Cockburn and Jones [10] examined and recorded the
major causes of component failure, and provided four
principles of component design to address these causes
and guide the designers. The four principles are
personnel acceptance maximization, requirement mini-
mization, constraint minimization, and external integra-
tion. These are the basic principles for establishing all
kinds of components.

3. Coordination Mechanisms

The design and development of a product involves
many tasks, and these tasks could be further divided into
many subtasks. We can classify these tasks into two
main categories: independent and interdependent. An
independent task has no or little relation with others and
therefore can be implemented separately, while an
interdependent task involves interaction with other
tasks in one or more aspects. Experience tells us that
most tasks are interdependent. Interdependent tasks are
divided into two types: temporal and resource depen-
dencies [11,12].

3.1 Temporal Dependencies

Temporal dependencies establish the execution order
for a series of tasks. Figure 3 shows the temporal
dependencies between two tasks [7].

1. Task A equals Task B: Task A and Task B start
together and have the same time interval.

2. Task A starts Task B: Task A and Task B start
together, but have different time intervals.

3. Task A finishes Task B: Task A and Task B finish
together, and have different time intervals.

4. Task A during Task B: Task A is totally contained in
Task B.

5. Task A overlaps Task B: Task A starts before Task
B, which starts before the end of Task A.

6. Task A before Task B: Task A finishes before Task B
starts, and they do not overlap.
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Figure 3. Temporal interdependencies.

7. Task A meets Task B: Task A finishes before Task B,
which starts immediately after the end of Task A.

These conditions describe the possible relationships
between two tasks. What we could do is to establish
corresponding mechanisms to coordinate these
dependencies.

3.2 Resource Management

The resources needed for tasks are managed by one or
more resource managers. Resource managers control the
allocation of resources to various tasks. Resource
management interdependencies are complementary to
temporal dependencies and may be used in parallel to
them. This kind of interdependency deals with
the distribution of resources among tasks. Three
basic resource management dependencies are defined
here [7,13].

3.2.1 SHARING

A limited number of resources may be shared among
several tasks; for example, several designers editing a
product drawing.

3.2.2 SIMULTANEITY

A resource is available only if a certain number of
tasks request it simultaneously; for instance, a machine
that may only be used with more than one operator.

3.2.3 VOLATILITY

A resource that is available again after being used; for
example, a sheet of paper is a volatile resource while a
printer is a nonvolatile resource.

3.3 Coordination Mechanisms
In this context, coordination is defined as the act of

managing interdependent tasks to achieve a goal.
Coordination is a highly dynamic process because of

Begin_task

Request_
resource

Assign_
resource

Execute_
task

Finish_
task

Release_
resource

Terminate_task

Figure 4. Structure of task [13].

the re-negotiation during a collaborative effort. Without
coordination mechanisms, the conflict between partici-
pants and repetition of components may result [14].

One coordination mechanism can only solve one kind
of corresponding problem. Thus, in large systems for
designing a complex product, multiple coordination
mechanisms need to be established to solve a wide range
of potential problems.

The coordination mechanisms built for temporal and
resource management are based on the classical Petri
Nets. Figure 4 shows the structure of a task which is
based on the Petri Nets and Figure 5 shows the structure
of resource manager [13]. As shown in Figure 4, each
task is dependent on another task with five transitions
(P1, P2, P3, P4, and P5) and four places (S1, S2, S3, and
S4). The places titled request_resource, assign_resource,
and release_resource connect the tasks with the resource
manager. The places titled execute_task and finish_task
connect the task with the temporal coordination
mechanisms. Consequently, both the temporal and
resource interdependencies are coordinated.

The proposed coordination environment includes
three distinct hierarchical levels: workflow, coordina-
tion, and execution [14]. The whole design system is
delineated at the workflow level. All tasks are assigned
to different participants, with simultancous establish-
ment of temporal and resource interdependencies
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between the tasks and the participants. Under the
workflow is the coordination level where the interde-
pendent tasks are coordinated by the coordination
components. All the tasks of a system are actually
executed at the execution level.

4. The Coordination Component

Figure 6 shows the components involved in the
coordination of interdependencies between two tasks in

Request_
resource

Resource

Assign_
resource

Release_
resource

the three level scheme. At the coordination level, there are
three components, a coordination component and two
task components. The two task components represent
Task A and Task B, respectively and maintain the task’s
schedule. The coordination component implements the
modeled coordination mechanisms, both for temporal
and resource management dependencies.

In order to coordinate temporal relations (shown in
Figure 3), several coordination mechanisms must be
established. Figure 7 presents the model of the
coordination mechanism for the temporal relation,
Task A equals Task B. Between the two task compo-
nents, Task A and Task B, is the temporal coordination
component which ensures that the beginning and the
completion of Task A and Task B occur at the same
time. Transition T1 ensures simultaneous initiation of
the two tasks and Transition T2 ensures simultaneous
completion of the two tasks. Task A and Task B in the
coordination component are noninstantaneous transi-
tions, which mean that they are the actual execution of
the two tasks in the execution level. Different coordina-
tion mechanisms are established to coordinate respective
interdependencies, as shown in Figure 3.

In Figure 8, between the two tasks is the resource
coordination component which manages the resources
between Task A and Task B. This figure shows the
sharing function, which is one of the basic resource
management dependencies defined above. The place

Workflow
level

Coordination
level

Execution
level

Figure 6. Three levels of collaborative design system.
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Figure 7. Coordination mechanisms for Task A equals Task B.
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Figure 8.. Resource manager for two tasks sharing resources.
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resource contains three tokens which represent the
available resources. According to the conditions of the
input places, namely, request_resource and resource,
Transition R1 will determine whether to assign the
corresponding resources to the task which has made the
request. Transition R2 reclaims the resources which
have been released.

In the design and development system, the coordina-
tion component is established to coordinate the inter-
dependent tasks. Temporal and resource coordination
mechanisms, as two main mechanisms of the coordina-
tion component, are encapsulated into the component to
implement their functions. As a result, in the coordina-
tion component, besides the interaction between the
coordination and tasks, there are interactions between
these two mechanisms to ensure the component’s
efficiency. Because we have established all kinds of
coordination mechanisms for the resource and temporal
interdependencies, the coordination component could
coordinate the CSCW system automatically and
efficiently.

5. Conclusions

In this article, we have presented an approach for task
coordination in the CSCW system. Task interdependen-
cies include temporal and resource interdependencies,
and there are several kinds of relations between tasks in
these two kinds of interdependencies. Different coordi-
nation mechanisms have been respectively established
according to these conditions. As all of these mechan-
isms are based on the Petri Nets, the whole system could
be expanded as a Petri Net for simulation and analysis,
and therefore some potential problems in the system
could be considered in advance. The approach that
encapsulates the two mechanisms into the component,
which is called the coordination component makes the
coordination in a modular way and the whole system
more flexible.

In the future, we will combine the CSCW system with
virtual environment. The system will be more complex,
and the coordination mechanisms will be developed to
meet the new requirements of the system. We will
modify the mechanisms to improve the ability of
coordination, and at the same time, improve the
computing ability of the design system to reduce the
chance of deadlocks.
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