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Abstract. This paper proposes a new type of database for collaborative
work. Known types of databases for collaborative work are databases of
shared data and those of process data. A new type proposed in this pa-
per is Group Activity Database (GADB). It contains history of group
communication, which is used to analyze collaborative work. With a
GADB, evaluation, user modeling, reengineering, simulation, and team
awareness support will be helped. Evolution of groupware is supported
by these activities. We adopt agent-based groupware architecture in or-
der to realize open and distributed groupwork management. With this
architecture, communication logs among agents or between agents and
users are captured by a GADB for analysis.

1 Introduction

Research of CSCW (Computer Supported CooperativeWork) has been active for
over ten years. So-called groupware products have been developed, e.g., enhanced
e-mail systems, bulletin board systems, work
ow or business process support
systems, shared editors and hypermedia, collaborative writing systems, video
conferencing systems, etc.

From the viewpoint of databases, two kinds of them have been important
for CSCW. One is the type of databases that contain shared data on which the
collaborative work is applied. This kind of database includes shared hypermedia
systems[13, 20], repository database for software development (e.g., [14]), etc.

Databases of the other type contain process data. For example, a work
ow
management system may have a database that contains work
ow process de�-
nitions and status of work
ow cases.

In this paper, we propose a new category of databases for new age group-
ware: Group Activity Database (GADB). It is purposed to support evolution and
deployment of groupware systems.

2 Group Activity Database

An ideal GADB should be able to capture all histories of group activities. His-
tories include communication logs among groupwork participants, supporting
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software modules, and environments (outside of the working group and support-
ing system) as well as other system logs.

The purpose of GADB is mainly analyses of groupwork. Analyses bene�t
groupware designers and users in the following ways.

1. Evaluation:
The data indicates how the groupware system is used, how people behave
with the system, and how the work has changed in terms of e�ciency. De-
signers and users can evaluate the groupware system based on these data.

2. User Modeling:

Groupware design depends strongly on the user model, which abstracts user
behaviors, e.g. when the user starts processing tasks, in what order, and
when �nishes them. The log data tell us other informal user behaviors like
forwarding task requests to another person, etc. According to these data,
the designer can improve the quality of user models in order to �t them to
the reality.

3. Reengineering:
Like user modeling, processes can also be remodeled based on the log data.
For example, skipping or reversing the task processing order often occurs
in reality. Professionals can sometimes �nd process bottlenecks from the log
data. These �ndings can give a better process de�nition. This is so-called
business process reengineering (BPR).

4. Simulation:
After reengineering design, the new business process should be validated
prior to implementation. Simulation is one of the promising tools of valida-
tion. To enhance the reality of simulation, user models obtained from the
log data would be useful.

5. Team Awareness:

Team awareness[18] is a very important concept in cooperative work. It
means enabling people to be aware of how and what other team members
are doing. In order to support team awareness, visualizing the current status
of other members and communications among them is important. The log
data, especially very recent data, can be given to the visualizing process.
It shows users what task each member is doing, how many backlogs each
member has, etc.

A process database may also contain log data (e.g., EvE[5]). For example,
work
ow case status data are log data that indicate when and by whom these
cases have been processed. In this sense, a work
ow database can be regarded
as a GADB. However, we insist that an exclusive database for the purpose of
group activity record should be prepared. Reasons are as follows:

{ A work
ow database is dedicated to the work
ow tasks managed by the
system. Other informal communications are ignored.

{ Basically, most of work
ow databases cannot record histories that ignored
the formal process de�nitions. For example, skipping or reversing the pro-
cessing order may not be able to be recorded correctly.



{ Sometimes a worker is concurrently doing jobs for multiple business pro-
cesses. If work
ow databases are used, the worker's activities are recorded
separately on each database, so that user modeling would be di�cult.

The next discussion is how to implement a GADB. The most di�cult prob-
lem is capturing log data of all group activities that may be separately man-
aged. We do not think that a GADB is applicable to all current groupware
products. We assume agent-based groupware. It is not only to realize GADB,
but because agent-based groupware has many promising features as the next
generation groupware. The next section describes the agent-based groupware.

3 Agent-based Groupware

3.1 Features

In this paper we use the word \agent" in the following sense. An agent is a
software module that is a surrogate for a user, or implements functions for an
aspect of group activities (cost optimization, mediation of people, etc.). Agent
can communicate with another agent by exchanging messages.

Agent-based Groupware is an architecture of groupware consisting of multiple
agents. Multi-agent systems are very suitable to implement groupware due to the
following features.

1. Openness:
This basic feature means that it is widely applicable to large companies that
have many divisions, joint ventures, loosely organized groups like those of
alumnus/alumna or volunteers, and virtual enterprises. Concretely it means
that the groupware satis�es the following conditions:
{ Each user can belong to multiple workgroups concurrently. To realize
this, supporting functions are needed to enable users to concurrently
take part in multiple business processes[8], and also personal tasks[9].

{ It positively utilize wide area networks like the Internet, intranets, and
extranets.

{ Inter-organizational security issues are consciously maintained.
{ Distributed management is possible. It is important to allow each man-
ager of divisions or sub-organizations to manage her or his group in her
or his own way.

{ The system accepts the cultural di�erences among di�erent sub-groups.
For example, each sub-group has its own glossaries[18], constraints in
schedule, job priorities, and management styles.

2. Scalability:
It should be possible to append new elements to the system, or remove
elements from it. It should also be possible for the system to run e�ciently
regardless of its size.

3. Evolution:
It should be dynamically adaptable to exceptional events as well as to accept
evolutionary process re�nement or reengineering.



3.2 Existing Examples

The number of already existing agent-based groupware is not so many, but some
of them are already in use.

Pan, et al. gave a very early example[17]. They give a framework of agent-
based enterprise modeling. A enterprise is modeled with many discrete elements,
each of which is an IA (Intelligent Agent) or a PA (Personal Assistant). The sys-
tem was applied to a semiconductor fabrication process, in which case examples
of IAs are machine control and monitoring processes. A PA can also be regarded
as an agent that interfaces a user and IAs.

ADEPT project applied a multi-agent technology to the BT company's cus-
tomer quote business processes[11, 12]. In its architecture, each division involved
in the business process is represented as a group of agent (agency). They claim
that agent architecture has the following bene�ts.

{ Process management and resource management are conducted at the same
time with one architecture.

{ Exception handling is easy.
{ It has robustness and scalability thanks to distributed architecture.

MACIV project in Portugal adopted a multi-agent technology for the resource
management of civil construction companies[4]. Construction companies have
many sites all over the countries. The project settled LAN at each site and
regards a site as an agent.

INA/LI is designed with a multi-agent architecture supporting both group
and personal work[9]. With this architecture, the WorkWeb system was pro-
posed [22]. It realizes dynamic adaptation of work
ow to exceptional and un-
predicted situations, like sudden absence of a worker. The adaptation process is
designed with negotiations among work
ow management agents and human in-
terface agents. This paper also proposes the concept of Business Process Tactics
in contrast to business process reengineering. Business Process Tactics means dy-
namic, case-based change of a process, while reengineering changes the process
de�nition.

3.3 Our Position

In this research, our assumption on the agent-based groupware is like those found
in [17] and [9]. An interface agent for each user is mandatory because we should
maintain user models. Communications between a user and its interface agent
should be recorded as well as communications among agents.

Fig. 1 shows the concept of GADB, capturing all communication logs among
agents and those between agents and users.

3.4 Data Capturing

It is rather easy to record communications among agents because of very formal
protocol de�nitions. Captured data items are, generally, like Message ID, source



Fig. 1. Group Activity Database

and destination of messages, type of communication (task order, inquiry, can-
cellation, request for deadline extension, etc.), task name, time, priority value,
deadline, etc. These data indicate history of processes.

Besides these data, there are more data items that depend on each appli-
cation. At the time of agent design, a support system that can automatically
de�ne the database schema for application data should be given.

On the other hand, it is di�cult to con�rm correspondence of logged data of
interaction between users and agents with group tasks, because interaction-level
data are too �ne-grained and including noisy information like meaningless mouse
movement. The architecture of an user interface agent should be like Fig. 2.

Fig. 2. Internal Agent Architecture to Take Interaction Logs



In this architecture, the concept of UIMS (User Interface Management Sys-
tems) is adopted. UIMS transforms device-level, machine-dependent UI opera-
tions into abstract level UI operations. It enables to get abstracted level inter-
action between user and the agent at (b).

Task Manager takes the role of user's surrogate. It may automatically answer
requests from other agents. Hence communication logs between agents can be
obtained at (c).

Logged data at (b) include:

1. Subset of logged data at (c).
2. User's manual input, like inputting a task description to his or her schedule

management agent in case that the task is ordered o�-line.
3. Information request from the user to the agent, and its answer.
4. Active message from the agent to the user, e.g. an urging message.

Note that logged data which appear at (c) but do not appear at (b) are those
related to user requests resolved at the agent internally.

3.5 Requirements to GADB

A GADB is used both at the time of simulation and runtime operation. In both
cases the same visualization feature can be utilized. However, at the time of
simulation, it might be easier to acquire data because the simulation engine can
simulate all agents and users on one machine.

GADB should be able to answer at least the following types of queries.

{ For BPR and User Modeling
� Give all log data related to a process.
� Give all log data related to a worker, and sort them chronological order.
� Give past tasks that could not keep deadlines.
� Give a list of BPT activities that happened within a time period, or
related to a given process.

� Give all log data related to a given BPT activity.
� Give all task requests that a given worker has at a given time.

{ For Simulation
� Give all task requests that a given worker has.

{ For Visualization (at simulation and runtime)
� Give all task requests that a group of workers have at the present time.
� Give a list of workers involved with a given process.
� The above queries with respect to a given past time.

4 Simulation

In this section, we will describe simulation functions in detail, which is one of
the major applications of GADB.



4.1 Background

Business process simulation is an important key to solve problems in groupware
design and deployment.

In the �rst author's experiences in developing and deploying o�ce groupware
systems based on asynchronous communication, like work
ow systems and group
calendar systems, he encountered di�culties as follows.

1. Di�culties in estimating its impact

It is di�cult for a groupware designer to make a quantitative estimation of
the cost-e�ectiveness prior to the introduction of groupware to the business
�eld. However, managers of groupware users require persuasive explanation
of its impact before making up his or her mind to buy the groupware. Hence
groupware designers are expected to explain the impact, although it is not
easy. It is because the e�ect of (especially asynchronous type of) groupware
is mainly in reducing communication loss or ine�ciency, not in the main job
(like document production) itself.

2. Di�culties in practical evaluation and test

Another approach to solving the problem of giving a quantitative measure-
ment of groupware impact is to test the groupware in the real business �eld.
However, because groupware involves many people, it is also di�cult to con-
duct the experimental use. Moreover, in case of large-scale open groupware,
small experiments do not totally give the estimation of large-scale usage. In
case of special groupware systems like those used in the situation of disaster,
testing at the real �eld is intrinsically impossible.

3. Di�culties in predicting human behavior

As Grudin pointed out[6], it is di�cult for groupware designers to imagine
how user behaviors change between before and after the groupware introduc-
tion. Hence they cannot design groupware with taking account of its usage
and impact.

One of the most successful examples in solving these problems can be found
in the development of POLITeam[19]. One of the goals of POLITeam is devel-
opment of telecooperation systems that support the cooperation among the dis-
tributed governmental functions between Bonn and Berlin. In the development
of POLITeam, an evolutionary development cycle was taken[25]. Thanks to this
participatory development cycle including many interviews and workshops with
users, users accepted the designed groupware very smoothly. However, this kind
of development cycle is very di�cult to take in usual cases. In case of POLITeam,
there was a very strong background, the movement of capital city, which caused
a feeling of crisis and focused all people's intention, so that it was possible to get
all people's cooperation for interviews and workshops. POLITeam's case seems
to be very exceptional.

Simulation gives another approach to overcoming di�culties in groupware de-
velopment and deployment given above. Its most important advantage is that it
does not need users' cooperation. By simulating new business processes, design-



ers and users can evaluate the impact of the groupware introduction or changing
business processes.

On the contrary, a problem of simulation is its reliability. As the third di�-
culty given above shows, human behaviors are very di�cult to predict. Behaviors
also vary person to person. For example, even in case of very simple work
ow
processing, it is very di�cult to estimate when a particular person at a step
of work
ow �nishes a task. This is because we cannot predict when the person
really starts the task and how the person uses his or her time for the task (inten-
sively or not). Personal behavior is a very important factor of business process
simulation and they make simulation di�cult and unreliable.

In spite of this problem, business process simulation has been one of the
hottest topics in the research �eld of simulation systems. In the next subsection,
business process simulation system models will be reviewed.

4.2 Business Process Simulation

The aim of business process simulation is to give data of newly introduced busi-
ness processes in order to estimate the performance of new processes and to
predict the behavior of the processes. Given data will help the business process
reengineering (BPR) process.

The aims of BPR are, for example, to increase service level, to reduce total
process cycle time, to increase throughput, to reduce waiting time, to reduce
activity cost, or to reduce inventory cost. To achieve these goals, some techniques
like combining duplicate activities, eliminating multiple reviews and approvals,
processing in parallel, outsourcing ine�cient activities, eliminating movement
of work, etc. are applied. New business processes are validated by simulating
random factors of the environment like customer arrivals[23].

A basic model of business process simulation consists of four elements[24]:

Entities Also called as 
ow objects, tokens, or transactions. These are the ob-
jects processed by resources. Customers, products, and documents are ex-
amples.

Resources These are objects that are used for adding value to Entities. Service
representatives, automated process equipment, and transportation equip-
ment are examples. They are allocated to activities.

Activities They are linked by connectors in order to represent the 
ow of en-
tities through the simulation model.

Connectors They are used for linking processes and activities.

4.3 Our Approach

In our approach, simulation is performed on the agent-based groupware model.
The general simulation model and categories can be interpreted on this model
as follows.

{ A resource is a pair of human and agent (user-interfacing agent, or personal
assistant).



{ Connectors are messages exchanged among agents.
{ Because agent-based groupware is open, multiple processes should be simu-
lated simultaneously. By simulation, interrelationship among processes should
be able to be evaluated.

The objective of simulating agent-based groupware is to estimate the result
of business process reengineering a priori. It is not di�erent from the case of the
general business process simulation. More detailed objectives are as follows.

{ To estimate the impact of introducing agents. For example, to compare two
cases: a case where resources are only human and a case where some or all
resources are pairs of human and agents.

{ To estimate the impact of changes of rules on some agents.
{ To estimate the impact of process changes (e.g. activity order, resource as-
signment, etc.)

{ To estimate the robustness of process against changes of randomly occurring
events like interrupting jobs or absence of a person.

{ To estimate the inter-dependency of two or more processes. For example,
when the number of cases of a process increases, what e�ect will occur on
other processes?

Introduction of rule-based agents and consideration of multiple processes
make the simulation model more complex than usual business process simulation.
Among them the most important factor is the behavior of resources (i.e. people)
when multiple tasks are ordered from multiple processes. To model this factor,
the order of beginning tasks and time distribution to tasks by a person. Below
are some extreme models.

{ Processing all tasks by �rst come �rst service basis.
{ Processing tasks by the order of deadline.
{ Distributing processing time evenly to all tasks.

Again, they are very extreme patterns and real people do not behave like
these. By constructing user models with data from GADB, models of each person
will be re�ned. Establishing user models is very important and inevitable task
for the simulation.

The most important factor of simulation is to estimate when an activity will
be �nished. There are two approaches to the estimation.

{ The �nishing time is estimated relative to the deadline. For example, on
the day of deadline, on the day before the deadline, on the next day of the
deadline, etc.

{ The �nishing time is estimated as the time after some standard processing
period from the beginning of the task.

The �rst approach is suitable to project-based[24] processes, like document
writing and speci�cation development. In this approach, dealing with multiple



processes is not an important factor as long as the workload is not heavy. Re-
quired data only appear at the (c) part of Fig. 2. Important data items are type
of communication, task or business process name, time, and deadline.

The second approach is suitable to production-based[24] processes like order
ful�llment, claims processing, etc. Resources are supposed to be always fully
assigned to tasks. At the time after a constant period from a task delivery, the
task is supposed to be �nished. In this approach, the order of beginning tasks
is an important factor for simulation. User models described above are utilized.
However, we should say these models are too simple to get reliable simulation
results. We must acquire a lot of data before simulation. For example, a successful
case of business process simulation took a long time and much cost to acquire
reliable values for simulation[15].

5 Evolution

In this section we describe how groupware can evolve with simulation, tactics and
reengineering techniques, utilizing group activity data. The order of evolutionary
cycle steps is: (1) tactics, (2) reengineering, and then (3) simulation.

5.1 Business Process Tactics

As described earlier, Business Process Tactics (BPT) refers to activities that
change process operation to dynamically adapt the process to exceptional cases.
To show how BPT is possible is out of the focus of this paper. From the viewpoint
of GADB, BPT is a very important source of data. BPT log will be used for
later reengineering.

5.2 Business Process Reengineering

There are some research results in the BPR (Business Process Reengineering)
�eld. Some of them are on the reengineering model[3, 1, 7], some applied knowl-
edge technologies [10]. In ActionWork
ow[16] and Regatta[21], reengineering is
represented as incremental re-de�nitions of a process de�nition. Borgho� dis-
cussed how two kinds of business processes can co-exist, those processes before
and after the reengineering[2].

In our research approach, there are some approaches to BPR.

{ From the log data of BPT, dynamic changes that often occur are found.
These give hints for BPR.

{ Visualized data in GADB show some hints for BPR. For example, bottle-
necks of process 
ow.



5.3 Business Process Simulation

After reengineering design, simulation should be exercised. Simulation may have
several stages.

1. Initial simulation: Total process is simulated with user model data that have
been obtained from old processes. The new process should be validated with
various settings of simulation parameters.

2. Small introduction: Before totally introducing the new process, it should be
partially tested, if possible. This �eld test can involve small number of key
persons and agents used at the previous simulation stage. At this stage, user
models of key persons are veri�ed. If their user models are di�erent from
those at the previous stage, the models are modi�ed and the simulation
should be retried.

3. Beta testing: If the small introduction stage was successful, the new process
is totally introduced to the real �eld. New data with the new process are
captured by a GADB. These new data should be compared to the data taken
at the simulation stage. If user and process behaviors are much di�erent from
those supposed at the simulation stage, simulation should be retried with new
data. According to the new simulation results, another reengineering will be
sometimes necessary.

6 Conclusion

This paper proposes the concept of Group Activity Database (GADB), which
is aimed at supporting groupware evolution, i.e. reengineering and simulation of
business processes. It can also support team awareness functions if the data are
visualized to group members.

We are now implementing the simulation engine and framework of GADB.
Current design is based on usual RDB, but temporal database would also be
suitable. Detailed speci�cation of required queries and analyses and visualization
of captured data are next important research issues.
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