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B. Research Plan
Abstract
This report presents my research plan for the next few years if given the opportunity to join
your department. The research plan encompasses a main project of interest to me, and other
possible topics related to my current research scope. In the main project, I hope to develop
a system development tool for creating visual environments that supports further research in
collaborative multi-agent systems (MAS). This project extends my doctoral study on artificial
intelligence, machine leaning, and system modeling. The proposed system, when combined
with my recent research in visualization techniques and collaboration components, can develop
various simulation environments to visualize collaboration behaviors in multi-agent systems,
thus helping researchers to observe the mutual-adaptive intelligence through human-involved
training. Additionally, I have also developed systems for knowledge management, geometric
algorithm visualization and e-learning pedagogy during my postdoctoral career. I shall continue
on these projects to accomplish a map generator for observing group knowledge formation,
a 3D geometric algorithm visualization tool with intelligent camera positioning and e-learning
models towards learning by teaching. My specialty focuses on artificial intelligence, visualization
techniques and concurrent collaboration over the Internet. Relevant research based on these
technologies is broad and promising. I am keen to cooperate with your group, and hope the
cooperation leads to distinguished research subjects.

I. P REVIOUS R ESEARCH
I was highly interested in system modeling and automatic control as an undergraduate
student. In my junior year, I collaborated with two other classmates in studying fuzzy
theory under the instruction of Prof. Shyi-Ming Chen, who is a prominent teacher in this
field. He instructed us in not only the theory, but also technical practice of fuzzy logic. In
the senior student project for the B.S. degree, we constructed a C library to support fuzzy
system implementation, and applied it to the car driving and cannon shooting simulations
[50]. We also programmed a graphical user interface (GUI), which enabled users to adjust
membership functions and fuzzy rules conveniently at a time when DOS was still the
dominant operation system. According to the impressive performance and the successful
demonstration, our project, entitled “Fuzzy Systems - Tools and Applications”, won the
“NCTU Undergraduate Research and Development Award.” This Award not only got me
admitted to graduate school, but also encouraged me to think about more complex systems
that can support scientific visualization for research in cybernetics. I have since formed
an original idea that drives me to propose a project for developing visual environments to
simulate and train collaborative multi-agent systems.
A. Research Achievements during Graduate Study
I followed Prof. Chuen-Tsai Sun for further study in artificial intelligence, expert
systems, neural networks and genetic algorithms when in graduate school. Training in these
fields helped me nurture the machine learning concepts that are necessary for building a
2

collaborative multi-agent system. However, my background knowledge of cybernetics was
still weak at that time. To understand this research area well, I decided to audit kernel
courses, such as digital signal processing, linear systems, and nonlinear systems, in the
Department of Electrical and Control Engineering. After a period of hard study, I found
some issues concerned with system modeling that are worth for deep research. I transferred
my attention to the nonlinearity within hysteresis systems. I discussed this new direction
with my advisor, Prof. Sun, and then changed my research topic. We began to study how to
model the hysteresis system using traditional signal processing and neuro-fuzzy methods,
and how to apply the hysteretic memory to solve problems that cannot be solved efficiently
by conventional methods.
Hysteresis is a rate-independent memory effect, i.e., the output of a hysteresis system
is independent of the input speed. This phenomenon is frequently observed in physical
research domains, including magnetism, plasticity, electronics, thermodynamics, materials
and mechanics [24], [32]. However, the unique property of rate independence makes
hysteresis behaviors extremely hard to model. In my graduate study, I defined the hysteresis
effect in terms of discrete signal processing [36], [45], and constructed several models
of this effect [28], [44], [45], [46]. The proposed models reasonably expressed the
relation between ground-water level and land subsidence [46], and properly determined
the connection between economic indicators [47]. The research results also present a
novel means of recognizing voice signals. Our study adopted the model parameters as a
fixed-length feature for recognition on the assumption that the dynamic speed of speaking
critically complicates speech recognition. Reference words can therefore be recognized
in linear time. After testing with voice signals of numbers, from zero to nine, spoken in
Mandarin Chinese, this method was verified to be able to recognize a given set of voice
signals [37].
My Ph. D. dissertation, “System Modeling of Hysteresis Phenomena”, is concerned with
technologies of fuzzy systems, neural networks and genetic algorithms. For the completion
of this thesis, I also selected and passed several modules, namely stochastic process,
system identification and adaptive control systems, in the Institute of Electrical and Control
Engineering. In the doctoral study, I was equipped with the technical experience in system
modeling and machine learning. Although I did not continue to study collaborative multiagent systems, I spent some time thinking about how to select and trigger a rule from the
rulebase of collaborative agents: We may generally adopt a greedy algorithm for decision
making, except that we select the next rule in consideration of a priority prior to the original
ranking key used in the greedy algorithm. By doing this, the greedy algorithm leads to a
valid solution and the priority encoding allows the use of traditional genetic evolutions.
Experimental results indicate that the multi-object TSP problem can be successfully solved
by this method. The proposed “Priority-Based Genetic Local Search” has been published
in [41], [42] aside from the dissertation submitted for my Ph. D. degree.
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B. Research Achievements in Postdoctoral Career
I joined the WebCollab Laboratory (http://webcollab.iis.sinica.edu.tw), Institute of Information Science, Academia Sinica in October 2001, as a Postdoctoral Fellow under
the supervision of Director Der-Tsai Lee. The WebCollab laboratory aimed to construct
a web-based collaborative problem-solving environment to facilitate collaboration among
researchers and practitioners over the Internet. I joined this Lab because its research aims
are attractive to me. Here, I manage a team developing visualization techniques and online
collaboration components, which not only support scientific collaboration among human
researchers, but also fit my further research plan to create visual environments for training
collaborative software agents.
After I joined as a project manager, my team proposed an integrated project called
“ShareTone” (http://www.sharetone.org/), which comprises three major portions, i.e., (a) a
knowledge management system [43], (b) a computer supported collaborative work (CSCW)
system [39] and (c) a tele-conferencing system [3]. These subprojects are collaboratively
supported by several research groups in the Academia Sinica. I am directly involved
in the first two subprojects. We built the kernel of ShareTone project as a unique
knowledge portal that supports fundamental functions of collaboration, i.e., data sharing,
software warehousing, application sharing, and workflow control. Newly created features,
such as IRC rooms, videoconferencing toolkits and concurrent collaboration applications,
were embedded into this system as content objects to extend its service for scientific
collaboration and visualization. The content management mechanism of this system allows
users to implement discipline-dependent content types within a given ontology. We have
implemented a demonstration website, called “OpenCPS” (http://www.opencps.org) [18],
[49], which considers knowledge a map relating instances among problem, solution, and
implementation spaces.
As well as the general model of the web environment, users can develop additional
plug-in applications for use in a particular discipline. In the past two years, we have
developed various applications for the OpenCPS knowledge portal that make it a useful
practice platform in an algorithm design module in the “Geometric Computing and
Visualization” course offered by the department of Computer Science and Engineering,
National Taiwan University. These applications include: (1) GeoBuilder [30], a collaborative
visual debugging tool which supports 2D and 3D geometric algorithm visualization; (2)
concept map generator [4], a visualization tool to display the sitemap of the knowledge
portal and observe the concept map of group knowledge, and (3) algorithm benchmark
system [20], a Python service package combined with a database and a group of task
servers. This system can compare the memory usage, the CPU time and the experimental
results of various algorithms. It can also help users observe the growth of space and time
complexity of an algorithm with input size.
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C. Research Plans for the Next Few Years
I plan in the near few years to incorporate the developed techniques for visualization
and concurrent collaboration with my doctoral subjects, i.e., artificial intelligence, machine
learning, and system modeling. Collaboration technologies can be extensively applied to
an agent system with human-involved training, whereas visualization engagement have
been proven to enhance the quality of teaching, demonstration and research activities.
This integration is therefore expected to build the simulation environments of multi-agent
systems, which can visualize collaboration behaviors among the agents, and thus help
researchers to observe mutual-adaptive intelligence with human-involved training. I am also
continuing research concerning the knowledge map generator [40], the visual debugging
system for geometric computing [38], and other e-learning techniques towards learning by
teaching [48]. I shall also launch projects in cooperation with IIS, Academia Sinica, to
upgrade these systems, and write up associated papers for possible publication in familiar
journals.
II. S YSTEM D EVELOPMENT T OOL TO C REATE V ISUAL E NVIRONMENTS FOR
S IMULATING AND T RAINING C OLLABORATIVE M ULTI - AGENT S YSTEMS
Multi-Agent Systems research is considered as a subfield of AI that aims to develop
software agents with the ability to interact and communicate as a team to achieve more
than they could individually [13]. Multi-agent systems have recently been widely studied
and implemented in business models [10], [22] and robotic sciences [1], [14], [21], since
developing a system with multiple agents can be highly beneficial owning to the high-speed
parallel computation and low-cost scalability. Although this research topic has become
increasingly significant in the highly automated world, few workable tools are available to
help researchers to analyze and supervise the multi-agent teamwork. Therefore, I proposed
a system development tool to create simulation environments for visualizing multi-agent
systems with human-involved training. In developing this tool, I focus on visible agents
in simulating robotic systems, but the fundamentl idea of rulebase manipulation can be
extended to other business agent systems.
A. Relative Prior Work
Figure 1(a) shows a general model of the software agent. The conceptual elements of
action and percept form the interface between the agent and its environment. Databases of
beliefs and goals for the agent are designed along with a rulebase of plans. These modules
support decision-making when events are recognized. An agent must generate an action
in response to an event. The agent is typically situated in a rapidly changing environment
5

Fig. 1. Modules inside and outside Software Agents: (a) A general model of the software agent includes databases of beliefs and goals
and a rulebase of plans. The conceptual elements of action and percept form the interface between the agent and its environment; (b) The
RoboCup simulation package provides a Mediate Server (the environment), a Monitor, and a set of server-communication APIs for users to
develop intelligent agents.

where it has a limited view of overall situations. Therefore, directly reacting to events is
also permitted before a thorough planning can be made.
The practical issues of agents are diverse and may support different aspects of work;
nevertheless, the multi-agent systems can be categorized into four classes based on their
inter-communication conditions:
1) BDI (Belief, Desire, Intention) Model [2]:
BDI is one of the most popular agent architectures. It has its roots in philosophy, and
implements agents logically by clearly declaring their beliefs, desires, and intentions.
The BDI model builds a collection of individual expert systems, rather than a team
for collaboration. Although the BDI model has no coordination mechanism among
the agents, it can realize swarm-type cooperation in case the agents are responsible
for different parts of a series of work or simply share the load of work.
2) ALLIANCE Model [34]:
Like the BDI model, the ALLIANCE model does not implement underlying communication among the agents. Furthermore, it has neither centralized store of world
knowledge nor central executive authority. The collaboration among the agents
depends on a behavior-based framework. Each agent can detect all the activities of
others, and place them into the database as beliefs. Since the teamwork is achieved
on the basis of “implicit collaboration”, the basic assumption is that the agent does
not cheat the others by performing any action against its desires.
3) STEAM (Shell for TEAMwork) Model [11]:
The STEAM model uses explicit communication to ensure the quality of coherence.
Agents in this model explicitly represent their commitments and plans for joint
goals based on the joint intentions theory [5]. The development of an agent team
becomes feasible, but the heavy communication leads to unavoidable overhead making
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the system expensive and inflexible. Therefore, the STEAM model further supports
communication selectivity and team reorganization capabilities.
4) PTS (Periodic Team Synchronization) Model [27]:
The PTS model integrates the basic concepts of the above two models. Like agents
in the ALLIANCE model, PTS agents collaborate with each other by following
pre-determined protocols, called “locker-room agreements”, which are remembered
identically by all agents and make their implicit collaboration efficient. Periodically,
the team synchronizes with no restrictions on communication, i.e., the agents can
inform each other of their entire internal states and decision-making mechanisms.
Failures in belief and goal databases can thus be detected and recovered. The lockerroom agreements can also be exchanged during periods of full communication if
necessary. Therefore, the agent version can be upgraded quickly.
As stated above, the field of agents is large and diverse. Agent systems continuously
emerge in new communication frameworks, infrastructure (e.g. brokers, yellow pages),
mobility and planning approaches. Development of multi-agent systems is currently a
flourishing research topic, but few integrated environments are yet available for developing,
simulating and analyzing multi-agent teamwork. “Virtual Environment” is an associated
research area [15]. Certain applications, mainly in visual simulation (driving simulators
[29] and flight simulators [31]) and scientific visualization [9], [26], are in daily use,
and are judged to be sufficiently effective to warrant further attention. These applications
support human interaction well, but cannot further fit the requirement in MAS research
without extending them to support the following functions: (a) generating frame codes
for feasible development of individual agents; (b) uploading individual agents into the
environment, and (c) recording and analyzing the multi-agent teamwork. These three design
issues are listed with reference to the functionality provided by the simulation league of
the “RoboCup” (Robot World Cup) project [33], [16]. In the simulation league, RoboCup
suggests a simulation package that is well-known for simulating multi-agent teamwork
in playing soccer games. As demonstrated in Fig 1(b), the RoboCup package provides
a Mediate Server (the environment), a Monitor, and a set of server-communication APIs
for users to develop intelligent agents (software players). Users can designate the IP/Port
of a Mediate Server for uploading the agents, and then the agents communicate with the
environment through pre-determined percept and action APIs. The teamwork situation can
be visualized and recorded with a stand-alone Monitor program (Fig. 2) for further analysis.
B. System Architecture
RoboCup provides a visual environment for simulating multi-agent teamwork in soccer
games. As shown in Fig 1(b), the RoboCup package uses a stand-alone Monitor program
to read and display inner states of the environment, i.e., the passing of time, the current
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Fig. 2. The RoboCup simulation league is well-known for simulating multi-agent teamwork in playing soccer games. The teamwork
situation in the virtual soccer field can be visualized and recorded with a stand-alone Monitor program.

scores and the positions of the ball and the players. By delegating visualization functions to
the Monitor, the Mediate Server can concentrate on responding the query-and-set requests
for the agents, and updating the inner states of the virtual soccer field. The agent players
use specific subroutines to transmit their requests. For instance, myposdir() returns the
player’s current position and its facing direction; sendTurn(), sendDash() and sendKick()
send actions to the server for making a turn, a move and a kick respectively. The RoboCup
simulation package thus does not limit the models of the multi-agent teamwork. The agent
system can be implemented in any of the above collaboration architectures.
The RoboCup package architecture has a smart design that successfully simulates multiagent teamwork in soccer games. However, the visualization effect can be improved if
interactive environments are available for researchers to perform human-involved training.
Human interaction not only enables supervised learning for the agents, but also supports
researchers to repeat specific situations to thoroughly examine the agent behavior. Therefore, I propose a system developing tool in this project to develop “interactive visual
environments”, including an enhanced RoboCup package, for Simulating and Training
Collaborative Multi-agent Systems.
The proposed system development tool is a unique IDE (Integrated Development
Environment). Besides the standard operations to generate, edit and compile user projects,
the IDE offers advanced functions performed with the embedded Graphic Editor, Code
Generator, and Library for Concurrent Collaboration, as illustrated in Fig 3. The “Graphic
Editor” creates and edits the symbols for use in the simulation environments. The symbols
can be categorized into four classes according to their properties and methods: (1) visible
static symbols, such as the lines in a soccer field; (2) visible dynamic symbols, such as
the ball or the players; (3) invisible static symbols, such as the traps in a maze, and (4)
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Fig. 3. Architecture of the proposed system development tool. It is a unique IDE (Integrated Development Environment) utility. Besides
the standard operations to generate, edit and compile user projects, the IDE offers advanced functions performed with the embedded Graphic
Editor, Code Generator, and Library for Concurrent Collaboration.

invisible dynamic symbols, such as the timer in sports games or the wind shear in virtual
flights. The “Frame Code Generator” converts the graphic symbols into programmable
object codes, then packages these codes as prototypes for users to develop the Monitor
and the Mediate Server. The Frame Code Generator also suggests APIs for follow-up users
to develop individual agents and coaches. The “Coach” shown in Fig. 3 is a special agent
type that may exist in the STEAM or PTS models as an invisible agent. Some multiagent systems, relating to predetermined conditions, can use coaches to manage central
knowledge and lead teamwork by careful strategy. The frame code of a coach is generated
particularly, because this type of agent is invisible and has communicates fully with all the
other agents.
The library for concurrent collaboration is provided for human-based operation, not for
inter-agent communication. In the ShareTone CSCW project, a service package called
“Collabench” was developed for collaborative event broadcasting and concurrent action.
Collabench uses an event-driven framework to maintain a consistent state among replicated
applications. A user intending to develop an environment that supports collaboratively
human-based operation can include the Collabench library as a program segment of
the Monitor. Significantly, the other parts of the created MAS project, i.e., the Mediate
Server, the agents and the coach, are not influenced in this modulized system architecture.
Replicated Monitors can be launched in connection to the Mediate Server, and multiple
users are allowed to manipulate multiple agents concurrently. Unlike in on-line games, the
concurrent manipulation is not restricted to the one-to-one mode: even if only two users
are opening the Monitors, they can collaboratively operate ten agent players in a game.
C. System Development
Figure 4 shows the screenshot of our previously developed “GeoBuilder” system. This
system was created as an Integrated Development Environment (IDE) with full support
for LEDA and CGAL libraries for geometric algorithm development and visualization.
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Fig. 4. Screenshot of the GeoBuilder System: (a) Running a 2D Voronoi diagram program; (b) Running a 3D convexthull program. This
system can be used to edit, debug and visualize geometric algorithms written in C/C++. It provides a widget to generate frame codes with
geometric object classes such as points, line segments and polygons, and the list of these objects.

This system can be used to edit, debug and visualize geometric algorithms written in
C/C++. GeoBuilder provides a widget to generate frame codes with geometric object classes
such as points, line segments and polygons, and the list of these objects. The backend of
the GeoBuilder system connects to an “Algorithm Server” using TCP/IP sockets. Source
programs are submitted to this server during the algorithm development. They are then
compiled and tracked by with the GNU gcc compiler and gdb debugging tool, respectively.
The Java Wrapper of the Algorithm Server parses and returns the debugging message for
the Java drawing bean to display the current states of geometric objects. Object-oriented
visualization classes allow users to manipulate geometric objects directly by a point-andclick mechanism. Users can input, save and restore these geometric objects, and can also
run one program repeatedly with different input instances.
The architecture of the GeoBuilder system can be modified to fit the purpose of this
project. Herein, we emphasize the design of Monitors. The GeoBuilder system provides a
visual debugging environment, while we need a stand-alone program running as a viewer.
We plan to allow a user to add a Monitor program in a created MAS project, edit the
Monitor graphically, and finally compile it to an executable program. Each agent owns a
unique identifier and a graphic symbol in developing the Monitor program. The agent’s
properties, e.g., color and size can be modified after the user sends requests to the Mediate
Server by calling the APIs in the frame codes. Meanwhile, the agent’s methods concerning
the percepts and actions are fixed. In other words, the agent’s identifier is bounded with its
percept and action APIs. A user requiring some modified APIs has to create a new agent
type.
The Monitor program does not restrict the number of agents that can be uploaded. This
limitation is instead declared in the MAS project, and considered when developing the
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Fig. 5. The Collabench sevice infrastructure. Collabench is an event-driven framework generating and broadcasting collaborative events
for concurrent co-operation. This mechanism extracts CollabEventObjects from LocalEventObjects, and sends them to the Collabench server
(the dashed lines). After receiving the turning-around event objects (solid lines), the EventProcessor then restores the state change from the
collaborative events to the target local objects.

Mediate Server. Since the agents, coaches and Mediate Servers are invisible units, the
system simply provides a package tool to convert the created graphic objects into frame
codes, and then add the codes into the MAS project. The Mediate Server can also be
programmed and compiled in this IDE tool. Meanwhile, the frame codes of agents and
coaches must be downloaded, and released for further development by other users. Finally,
the Monitor does not show the agents until some of them are uploaded to the Mediate
Server.
As mentioned above, a user can also include the Collabench package to further equip
the Monitor program with the ability of collaborative human-based manipulation. This
Java-based service package is briefly introduced herein. Collabench, which is short
for “collaborative workbench”, provides a service for collaborative event broadcasting
and concurrent action. An application’s states change when the user creates objects,
moves objects or modifies object properties within it. Collabench then broadcasts the
corresponding events to other collaborative applications in the same session, so that all
the collaborators can see the same changes.
The core idea of Collabench is an event translating mechanism that maps “local events”
(LocalEvents) to “collaborative events” (CollabEvents) and vice versa. In the above
mentioned situations, relevant local events are fired reflecting the state changes made
by user operations on a local object. Using the Collabench service package, application
developers wrap local objects (LocalObjects) in collaborative objects (CollabObjects), then
register corresponding LocalEvents to be translated into CollabEvents. Users can apply the
function
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CollabenchToolkit.CollabObject createCollabObject(
Object localObjectInstance,
Class[] localEventClasses,...)
to create a CollabObject; meanwhile, a “CommonEventListener” class for LocalEvents
assigned within the CollabObject is automatically created, and added into the listener
interfaces within the wrapped LocalObject. This proxy class implements all the listener
interfaces for the given localEventClasses. The CommonEventListener is instantiated along
with a java invocation handler “LocalEventListenerInvocationHandler”, which receives
LocalEventObjects and extracts CollabEventObjects with the help of EventProcessors.
The client-side “EventProcessor” is programmed by the application developer, and bound
to a target localEventClass. As shown in Fig. 5, the EventProcessor generates CollabEventObjects to create a snapshot of the property change or method invocation information
originating from the source local objects. These CollabEventObjects are transmitted to the
Collabench server, and then dispatched to replicated collaborative applications following
the first-come-first-served rule. Additionally, the respective EventProcessor must restore
the state change from CollabEventObjects to target LocalObjects, thus instantiating and
maintaining collaboration behaviour.
D. Prospective Benefit
I believe that the visual environment with human-involved training can contribute
significantly to research in multi-agent collaboration. The following situations list examples
of how the proposed project can benefit the study of multi-agent collaboration:
1) Supervised learning is a well-known effective training method. This approach repeats
adjustment on the learner’s behavior. The learner iteratively adapts the inner parameter
set, and finally finds the best fit values. Human-based operation is the natural means
to perform supervised learning. For instance, the research can manually move the
agent player, and adjust its possible fault actions.
2) Reinforcement learning is the most popular training method in the real world.
This approach searches the rule by trial and error. The learner aims to establish
a knowledge base to face all the possible situations. However, the situation samples
are usually insufficient for the learner to experience. Human-based operation can help
the researcher set up desired conditions for the agent. For instance, the teammates
and the opponents can be properly positioned to form a situation for the agent to
face.
3) The effect of the leadership is also an important issue for multi-agent teamwork. In
practice, an agent can be generated with an empty rule-base, and manually operated
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to simulate a perfect leader (or the worst leader) for the other agent players to follow.
The collaboration behavior allows evaluation of the group intelligence in teamwork.
4) The IDE tool enables a user to embed a recorder when developing a Monitor
program. All the states during the simulation, including human-based operations, can
be recorded for further analysis. A design of this type extends this research area to
embrace data mining and knowledge discovery models. The integrated research issue
must be very interesting.
Besides the prospective benefits listed above, the software simulation is important owing
to its low cost in comparison with the hardware price. The National Taiwan University
of Science and Technology holds a very exciting annual activity, the robotic systems
competition. It has successfully run for several years, but unfortunately most of the hardware
units have to be decomposed and recycled after the competition due to the high cost of
equipment. If the competition can also be held by software simulation, then the defeated
agents need not be eliminated. Instead, the agents can be refined after a thorough review
and come back to the battle in the next time. Moreover, the proposed IDE tool can be
used to generate new simulation subjects. Users can also contribute their ideas for possible
consideration as future subjects for the competition. This feedback is the most appreciated
due to its value in research activities.
III. OTHER R ESEARCH T OPICS
In addition to the main project, my current work concerning a knowledge map generator,
a visual debugging system for geometric computing and other e-learning techniques towards
learning by teaching is still ongoing. I shall also launch projects together with IIS, Academia
Sinica, to upgrade these systems. This section lists these research directions.
A. Visualization Tool for Group Knowledge Formation
Design of the next-generation Internet-based services has been an active research topic,
which is aimed to actuate a social activity that generates and distributes Web contents
itself. Development of a knowledge portal is an implementation towards this perspective for
scientific collaboration. In comparison with conventional websites, knowledge portals have
three features: (1) The contents are contributed by all the portal members, not just by the
web design community. Accordingly, the contents of a knowledge portal can be regarded as
group knowledge, which aggregates all the intelligent assets from the userbase; (2) Except
an axiom ontology given by the portal designer, no detailed sitemaps or blueprints are
prepared to outline the contents in advance, i.e., the contents of the website grow in an
unplanned and unpredictable manner; (3) The developed knowledge objects are associated
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Fig. 6. Showcases of the RKR map: (a) Right-click k-NN function, (b) the learner-mode extending the map by adding k nearest neighbors,
and (c) the expert-mode increasing new knowledge objects and relations

Fig. 7. Complete map of current problem objects. We do not apply any filtering and layout process so that this picture may simulate the
image of human cognition without concept map supports.

with conceptual elements defined within the ontology of the knowledge portal. This fact
implies that we can construct the sitemap of the portal site by adopting the notion of a
concept map. In consideration of the above three aspects, we developed a visualization tool
in our previous work [20] for constructing a Site-And-Concept (SAC) map to improve the
quality of a knowledge portal. This map allows the members to examine the current status
of group knowledge structure by visualization.
Our current research upgrading this map generator aims to construct the knowledge
relation map on basis of common referenced papers. We have been creating a Referencebased Knowledge Relation (RKR) map generator to visualize the formation of group
knowledge without hard-coded relation attributes. Moreover, the RKR map generator
supports both the learner- and expert-modes to allow them to interact with the knowledge
portal efficiently. Users not only can learn from but also can contribute to the group
knowledge through the RKR map (Fig. 6). In our practice platform, the OpenCPS portal
members have contributed more than 200 problem objects to the website for the present.
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Figure 7 is the complete map of these knowledge concepts, where we do not apply any
filtering or layout processes. This picture simulates the image of human cognition without
concept map supports. This shows a rather messy situation. We can hardly make out
any of the concept relations, much less to examine or learn from this knowledge portal.
In comparison with the above showcases, we believe that the RKR map generator can
properly enhance the performance of a knowledge portal.
The RKR map generator is now tested on the OpenCPS knowledge portal, but it can
be of practical value in general. Since its frontend is developed using Java language,
we only need to adjust the backend search engine for binding to the knowledge objects
designed in particular application environments. In the near future, we will make out a
configurable product for other portal to embed the RKR map generator for constructing
the concept map that reflects the formation of the group knowledge. The future work
also includes the incorporation with data mining techniques. We consider developing a
recommender system that calculates the confidence of “association relationship” [8], [12]
from a knowledge mining viewpoint. Additionally, to cluster knowledge objects on the
map is also an attractive research direction.
B. Three Dimenstional Geometric Algorithm Visualization System with Intelligent Camera
Positioning
Geometric algorithm visualization techniques are very important to algorithmic research in geometric computing. The relevant applications include geometric algorithm
development, testing, demonstration and teaching. Within these topics, there still remain
performance issues, e.g., to improve system portability, to enable collaborative work, and
to strengthen animation effect. In our previous work [30], [40], we have presented a
geometric algorithm visualization system, GeoBuiler, as shown in Fig. 4. The GeoBuilder
system possesses three important features making it more promising than other existing
visualization systems. First, GeoBuilder is a platform-independent software system based
on Java’s promise of portability, and can be invoked by Sun’s Java Web Start technology
in any browser-enabled environment. Second, GeoBuiler has collaboration capability for
multiple users to concurrently develop programs, manipulate geometric objects and control
the camera. Finally, the 3D geometric drawing bean of this system provides an optional
function that can automatically position the camera to track 3D objects during algorithm
visualization. As stated above, we have embedded GeoBuilder into the OpenCPS knowledge
portal as a practice platform for lecturing on “geometric computing and algorithm
visualization”.
It is difficult to have an algorithm visualization system that meets the demand of the user
in every aspect. Although GeoBuilder is equipped with a powerful drawing engine for use
in 3D environment, there are rooms for improvement and a lot more work to enhance its
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Fig. 8. Architecture to integrate KM platform and e-learning processes. We developed SCORM-compliant content types and embedded
them into our OpenCPS knowledge portal. Integration like this properly supports learning activities with the ability to organize information
and knowledge resources on the portal.

capabilities, including but not limited to the following:
1) Consider heuristic methods developed in artificial intelligence and computer vision
to obtain more robust decision rules for automatic camera positioning;
2) Combine other multimedia techniques and auxiliary I/O devices to improve the
effectiveness of algorithm visualization and facilitate the application in heterogeneous
platforms;
3) Follow the open standards XML-enabled 3D file format, the X3D (previously called
VRML200x), to enable real-time communication of 3D data across all applications
and network applications;
4) Create multiple views of visualization and extend the application of 3D input/output
mechanisms to the research of Virtual Reality;
5) Provide more complex 3D geometric object type for use in CAD (Computer-Aided
Design ) and CAM (Computer-Aided Manufacturing);
6) Develop high-level collaboration scenarios and environments for use in collaborative
learning.
C. E-learning models towards learning by teaching
Integration of KM and e-learning gains increasing attention for it implies the possibility to complete knowledge creation and delivery cycle. New models for integration
were continuously proposed in these years [6], [7], [23], [35]; however, the “cognitive
disconnection problem” [19] between KM platform and e-learning processes remains a
research issue. Ley et al. addressed that a typical workplace must link a work space, a
learning space, and a knowledge space. In this case the first problem that developers may
encounter is the “cognitive disconnection”, namely, “each of the spaces has an inherent
structure which mirrors to some extent mental model of the people who are using it” and it
might be hard to connect available KM model to learning activities. In the previous work
[48], we have developed SCORM-compliant content types and embedded them into our
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OpenCPS knowledge portal. The system architecture is shown in Fig. 8. Integration like this
properly supports learning activities with the ability to organize information and knowledge
resources on the portal. Moreover, students using this knowledge portal can compose their
learning content objects and submit the packages to the teaching assistants(TAs) and all
peer learners. This integration is therefore also an implementation towards learning by
teaching.
In the future, we plan to develop an embedded SCORM run time environment (RTE).
Based on this RTE, a “classroom” content type with ability to record and analyze learner’s
work and outcomes can be created; therefore, further processes of learning by teaching
can be realized. On the other hand, this RTE can also support the development of visual
editor that plans the “Sequencing and Navigation” of a SCORM course with visualization
and can reduce the hard coding of plain text. Finally, the proposed mechanism of this
work is currently suitable to the computational problem solving, but the concept can be
extended to other research fields. We will make out a configurable product for other portal
to automatically create these e-learning content types.
IV. C ONCLUSION
The purpose of computer sciences is to find efficient solutions to those problems that
are not considered before we possess sufficient computing power. Aside from traditional
research issues, like database management, signal processing and decision making, etc.,
simulation and visualization are emerging technologies in the modern life. From another
side, computers have become powerful communication tools since the advent of the
Internet. Collaboration over the Internet is consequently a principal research topic bringing
geographically distributed efforts together for teamwork. I am fortunate having the opportunity to lead the ShareTone project in the WebCollab, IIS, Academia Sinica to develop
CSCW (Computer Supported Collaborative Work) systems concerning both visualization
and collaboration techniques. Experience in this project gives me solid technical practice
in these important issues.
Naps et al. [17], [25] presented six levels of the effectiveness of a visualization tool, i.e.,
no viewing, viewing, responding, changing, constructing and presenting. Integration of visualization and collaboration techniques leads to a collaborative visualization environment,
which allows users to share their ideas during cooperation, and is promising to reach the
uppermost level of scientific visualization. For example, the GeoBuilder system developed
in the ShareTone project is a collaborative visual debugging tool for geometric algorithm
development and visualization, and has successfully acted as the practice platform for
lecturing on “geometric computing and algorithm visualization” in the Dept. of Computer
Science and Information Engineering, National Taiwan University.
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In this research plan, I propose a main project to extend the current research achievements
for integration with the originally concentrated subjects in my Ph. D. program, i.e.,
artificial intelligence, machine learning, and system modeling. This integration results
in a simulation environment of multi-agent systems, which allows users to visualize
collaboration behaviors among the software agents, and thus helps researchers to observe
the mutual-adaptive intelligence with human-based operation. The proposed system can
also record collaboration behaviors for the further research that may present the schema of
multi-agent teamwork. Meanwhile, my current work on the upgrade projects of a knowledge
map generator, a visual debugging system for 3D geometric computing and other e-learning
techniques towards learning by teaching is still ongoing. I shall spend extra time continuing
to explore these research areas in the next few years.
As for the teaching activities, my advisory courses would include Multi-agent Systems,
Machine Learning, Genetic Algorithms and 3D Geometric Modeling, if I were given the
opportunity to join your department. I would also be happy to teach other courses, such as
Formal language, Database Systems, Knowledge Management and Internet-based Service
Programming, if necessary.
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