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A collaborative work
group that links
workers through
distributed
computers is only as
productive as the
system itself.
Software agents are
emerging as a way to
boost workers’
productivity,
performing group
tasks independently.
The authors use a
typical business
conference as an
example to show
how graphical
models and agent
prototyping
empower flexible
working
environments.

he flexible working' concept—also

known as teleworking, telecommuting,

home working, outworking, mobile

computing, and telecomputing—has
been with us for awhile. Flexible working lets
employees perform tasks with computers no mat-
ter where, when, or how they work. (See the “Tele-
working and Mobile Computing” sidebar). For
example, Hawaii's Department of Transportation
established the Telework Center in 1989, chiefly to
reduce Honolulu's traffic congestion. The center is
a good example of state-of-the-art technology,
office design and operation, and telework employ-
ee performance. Last year, in fact, a center was
established on another island. Flexible working
practices are not yet widespread, however, pri-
marily because of cost, immature technologies,
data security issues, and the need for individuals
and corporations to change the way they value
work, We believe that recent advances in multi-
media systems*® and groupware* will lower the
barriers to flexible working and spur an upswing
in new applications over the next decade.

In flexible working, multimedia enhances com-
munications—both the electronic kind (between
users and computers) and the personal kind
(between workers). Much as groupware does,
then, a distributed multimedia system® plays a key
role in flexible working support.

The focus of our research, current results of
which we describe here, is on prototyping of dis-
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tributed multimedia systems for flexible working.
Ultimately, we hope to develop a prototyping tool
for an entire flexible-working environment. The
design for such an environment integrates three
major components: workflow, agents, and user
interfaces.

In this article, we present graphical models for
specifying a flexible working environment, espe-
cially multimedia interfaces and agents. The mod-
els are based on Petri nets and finite state machines,
and the information exchanged between them.
Our models’ specifications are executable and so
can be used as a prototype of the distributed multi-
media system. We also introduce a prototyping
tool that interprets the models’ executable specifi-
cations. To illustrate our process, we use a hypo-
thetical example of a typical flexible-working
situation: arranging a business conference.

For our purposes, we define prototyping as sys-
tem modeling and simulation. Prototyping is
essential especially in system requirements analy-
sis and design, where a customer must understand
and confirm what is being developed. It also
enables us to detect potential problems early in
development, evaluate possible solutions, and
obtain feedback from prospective users.

Prototyping contributes to multimedia system
development in two ways. First, it lets us-assess
new products so that we can evaluate advantages
and disadvantages. This is vital because multi-
media hardware and software change rapidly,
which drastically affects system design. Second,
prototyping helps users make a smoother transi-
tion from an older system to a'-new one through
exposure to the new system.

In designing a system for flexible working, pro-
totyping is desirable for other reasons, too. First,
it is difficult to completely specify such a complex
system in advance, where elements execute and
interact asynchronously. Another reason is that
user interface evaluation strongly depends on
users’ subjective viewpoints, which can vary.
Finally, prototyping promotes users’ early involve-
ment in system development, which is necessary
for developers to specify requirements and to
acquire application domain knowledge.

Flexible-working concepts

As mentioned, a flexible-working environment
design includes workflow, agents, and user inter-
faces. In each component, the communication
aspects are specified and analyzed. Here we briefly
overview research areas related to workflow and
agents.
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Workflow

Workflow, a hot topic in computer-supported
cooperative work (CSCW), refers to group activity
automation by task sequencing and information
routing. The workflow concept, however, originat-
ed about 15 years ago and was investigated in the
context of office automation from the late 1970s
through early 1980s.6 Since the mid-1980s, work-
flow has been examined in a process programming
framework within software engineering.’”

The aim of CSCW is to develop groupware—
that is, software and/or hardware for collaborative

work among a group of people. Groupware appli-
cations to support workflow include, for example,
the document-centric Notes, developed by Lotus;

“http //cne gmu edu/modu!es/workﬂo o
“http://master www.cityscape.co.uk:1081 /users/ef48/ :
http://union.ncsa.uiuc.edu/HyperNews/get/wwwi/collaboration.html

the process-centric FlowMark, developed by IBM’s
Exotica project at its Almaden Research Center;
InConcert, developed by XSoft of Xerox to model,
coordinate, and automate work process compo-
nents; and ProcessIT, developed by AT&T GIS
(Global Information Systermns).

In academia, groupware development includes
efforts by Clarence A. Ellis and colleagues at the
University of Colorado at Boulder (goal-based
workflow modeling and dynamic change in work-
flow systems); and efforts by Amit Sheth and col-
leagues at the University of Georgia (workflow
management systems). For further information,
see the “Computer-Supported Collaborative
Work” sidebar.
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Software agents

Agents

Agents?® are entities regarded as weak or strong;
essentially, agents classified as strong simply have
more capabilities than those classified as weak.
Our research focused on weak, or software, agents
as we discuss later. A software agent can (1) oper-
ate autonomously, interacting with other
agents—including humans—through communi-
cations; (2) reactively adapt to changes in an envi-
ronment; and (3) proactively exhibit goal-directed
behavior. A strong agent can do all this; moreover,
it possesses mentalistic notions—such as belief,
desire, obligation—and it is capable of learning.

The two issues in designing an agent-based
system are

g how to implement an agent (microlevel), and
¥ how to coordinate multiple agents (macrolevel).

Macro-level issues are the province of distributed
artificial intelligence. One problem with Al agents
is the lack of a “definitive” theory.® So far, there is
no general model to describe different types of
agents that form a large, complex system. (See the
“Agents” sidebar.)

Agent types include information agents such as
softbots’ to access Internet resources, task agents
such as Telescript agents,® and interface agents such
as Maxims '° to assist users.

Agents are particularly essential to a flexible-
working environment. If computer programs for
performing tasks are fairly autonomous (that is,
each application can carry out its task indepen-
dently to some extent), then less user interaction
is required to operate the computer programs. A
collection of agents provides a flexible-working

| ~ Agents
llowing are on-line information sources for agents
’ langﬁage‘ KQML  http://www.cs.umbc.edu/kgmi

http://www.cl.camm.ac.uk/users/rwa
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Agents research at MIT http://agents.www.media.mit.edu/g
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environment in which each agent performs a par-
ticular task for a worker. Furthermore, less com-
munication is needed to perform tasks when
agent-based systems are compared with the tradi-
tional client-server approach, and reducing the
amount of communication is a primary concern
in distributed multimedia systems to conserve
bandwidth and speed response times.

Prototyping

Graphical models are at the heart of our proto-
typing process for a flexible-working environ-
ment, along with a prototyping tool we developed
called AP (Agent Prototyper). AP includes a graph-
ical editor for the models and an interpreter of
executable specifications in the models. Formally,
all the graphical models are defined in MERA
(Meta-Entity-Relation-Attribute), a specification
language whose primitive constructs are entities,
relations, and attributes. MERA is a generalization
of the well-known ER (Entity-Relationship)
model. Our examples are sufficiently self-explana-
tory that details on MERA are unnecessary here.

The prototyping of a flexible-working environ-
mient consists of the following steps, where Steps
2 and 3 can be done concurrently.

§ Step 1. Identify elements and activities in the
working environment and describe the work-
flow activities.

B Step 2. Clarify the workflow activities’ tasks and
model agents for performing the tasks, togeth-
er with interactions among the agents and sys-
tem resources.

g Step 3. Clarify interactions between the agents



and the users, create sample multimedia data
used in the interactions, and model multi-
media user interfaces.

1 Step 4. Simulate the models and evaluate the
system.

In Step 1, we use Petri nets'! to describe work-
flow in a flexible-working environment. Petri nets
are frequently used to model office procedures
and process programming because of the nature
of concurrency and synchronization in office
work and software development. In addition, Petri
nets are convenient and powerful when modeling
entity communications.

As the basis for the rest of our discussions, the
following scenario for a flexible-working environ-
ment will serve.

In a company, two executives (A and B) are
involved in an R&D project. Executive A wants
to discuss an issue with three people: Executive
B, a division chief (C) in charge of the project,
and a project leader (D). A asks a secretary (S) to
arrange the discussion. B is traveling on busi-
ness but can receive e-mail with a portable com-
puter. C and D are working at a branch location
that is far from the company’s headquarters,
which is where B’s office is located.

In describing specification workflow, it’s help-
ful to first write down a description of typical inter-
actions among people as shown in Figure 1, where
the secretary is denoted by S, the executive who
requested a conference is denoted by A, and par-
ticipants are denoted by A, B, C, and D. Then write
the workflow based on the text description.

Now, we can develop the workflow shown in
Figure 2 (next page). In this Petri-net-based graph-
ical model, rectangular icons depict activities, dia-
mond icons depict branches, and document-like
icons depict information. Solid lines denote prece-
dence relationships among the activities, and
dashed lines denote information flow among the
activities (that is, input/output information of
each activity).

- Once the workflow has been described, the sys-
tem designer starts to model agents. At Step 2, the
designer first associates agents with tasks per-
formed by the activities. Then, the agents are
modeled based on interactions among agents,
users, and system resources. Because workflow rep-
resents activities to be done, it’s natural that the
resulting agent descriptions resemble the work-
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flow. In an extreme case where all activities can be
automated by agents, the workflow could be
regarded as a model of the agents.
Next, we explain the models for describing
agents and user interfaces at Steps 2 and 3, respec-

tively. For continuity, we will refer to the confer-
ence arrangement scenario in Figure 1.

Figure 1. Description of
typical interactions
among people in setting
up a conference.
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Figure 2. An example of
workflow to arrange a
conference.
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Modeling

Our agent model specifies agent behavior and its
interactions with other agents and system
resources. The top half of Table 1 summarizes the
entity types that represent actions to be done by
an agent. The precedence relationships among
them (that is, control flow) are denoted by solid
arrows in the workflow figure. The bottom half
summarizes the entity types that represent objects
with which an agent interacts. The interaction

relationships are denoted by dashed arrows in the
workflow figure. An agent can have two types of
interactions: direct or indirect (via another agent).
The system designer chooses between the two
based on criteria regarding communication, reli-
ability, and security, for example.

Our conference arrangement agent is modeled
as shown in Figure 3 (p. 46). This model represents
the viewpoint of the secretary’s agent, which per-
forms tasks on the secretary’s behalf. There are



three User icons: Secretary, Executive, and
Participants. The designer specified indirect inter-
actions between the agent and Executive and
between the agent and Participants, which is rea-
sonable because synchronous communications
among our flexible-working participants is
impractical.

The model in Figure 3 represents the following
task of an agent for the Secretary.

1.The Secretary’s agent first creates another
agent, Agent001, to get a meeting plan from
Executive A.

2.The created agent (Agent001) is sent to and
executed on Executive A’s computer.

3. The meeting plan is then sent from Agent001
to the Secretary’s agent.

4.Because the plan may not be detailed or defi-
nite enough, the task of making a detailed
plan is left to the Secretary.

5.The Secretary’s agent creates another agent,
Agent002, to communicate with, and obtain
availability from, each Participant.

6.The created agent (Agent002) is sent to and
executed on the Participant’s computer.

7.The availability information is then sent from
Agent002 to the Secretary’s agent.

8. When the Secretary’s agent obtains all the
Participants’ availability, it uses system
resources such as application programs to
select the best choice of meeting time and
location. If the best choice exists, it’s sent to
the Secretary for approval and then distributed
to all the Participants for confirmation.
Otherwise, the agent notifies the Secretary that
the task failed and asks for help.

Although the agent model in Figure 3 closely
resembles the workflow in Figure 2, there are some
differences. If the workflow includes an activity
that cannot be automated (such as the Secretary’s
task to make a detail plan), the activity is replaced
by a query in the model, which asks the Secretary
to give the agent the required information. If the
agent independently makes an important decision
(for instance, the agent’s task to compare avail-
ability and pick the best time), a new query is

_ agentmodel)

3 Fesource ~  System resource

added in the model to have the Secretary double-
check and approve the decision.

Next, we explain our user interface model for
specifying user interfaces. A system'’s user interface
is actually an interrelated collection of separate
agent user interfaces. We specify an agent user
interface with an outline, screen layout, and
action graph, as follows.

1 Outline. A state transition diagram outlines user
interactions, in effect. Our agent prototyper
tool (AP) provides a diagram editor.

B Screen layout. For each state in the state transi-
tion diagram, the designer creates a screen lay-
out with AP’s graphical editor and generates
sample multimedia data for exchange between
the user and the agent. The screen layout con-
sists of rectangular fields on the screen in their
relative positions. Sample field data can be
specified by either putting the data in the field
or listing the data’s file name.

I Action graphs. For each state in the state transi-
tion diagram, the designer uses AP’s diagram
editor to graph the actions applied to the
screen fields and, through Petri nets, orders the
actions for execution.

To illustrate this part of the process, let’s con-
sider Agent002 interacting with Participants as was

& nformation ‘ Information tdbe«exchiaﬁégd,'"l -

shown in Figure 3. A sequence of four states—Start,
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Figure 3. An agent
model for conference

arrangement.
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Get attention, Get info, and End—represents
Agent002’s state transition diagram. Start initial-
izes the user interface. Get attention gets the user’s
attention. Get info gets information about the user’s
availability. End terminates the user interaction.
Figure 4 shows an action graph only for the

Get info state, and Table 2 lists the action types
used. Because the action graph is a Petri net, par-
allel execution and action synchronization can be
represented with entities of types Par-begin and
Par-end. This is very useful when a multimodal
user interface is modeled.
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Figure 4. User interface
model for Agent002,
showing an action
graph for the Get info
state of a four-step state
diagram: Start, Get
attention, Get info, and
End.
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Figure 5. Configuration
of AP.
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Simulation on AP

When the models are complete, the designer
then simulates the system with AP, which can be
assumed to reside and run on each machine in a
network where simulation is performed. The pro-
totyping tool interprets the system'’s executable
specifications that the designer wrote in the
graphical models.

The AP configuration, decomposed into two
parts, is shown in Figure 5. One part supports sys-
tem modeling, and it provides editors for the pro-
totyping models. Another part simulates the
modeled system. This part has three handlers that
handle low-level events in interactions with users,
system resources, and other agents, respectively.

The Multimedia User Interface (UI) Simulator and
the Agent Interaction Simulator command the Ul
Event Handler and Communication Event
Handler, respectively. The AP Interpreter inter-
prets specifications of the system and commands
the other components to control simulation at a
high level.

User interface example

Let’s look now at how the agent prototyper
would simulate the user interface model for
Agent002 in Figure 4. First, AP clears the screen.
Second, AP displays Meeting Info data in the Small
Display field, then plays animation to visualize an
agent speaking while reading the Meeting Info text



data aloud. Third, AP displays Question data in the
Banner field and plays the animation of the speak-
ing agent while reading the Question data aloud.
Fourth, AP displays the SEND string in the Button
field and invokes two application programs named
Map and Scheduler with parameters “Hawaii” and
“6/12/96,” respectively. Then, AP waits for a user
to click SEND on the screen. See Figure 6 for a snap-
shot of the simulation at this moment. Finally,
after the user clicks SEND, AP displays Thank-you
data in the Banner field and plays the animation
for the “speaking” agent while reading aloud the
text data. The simulation then ends.

AP system requirements

The agent prototyper tool is currently imple-
mented in C and runs on the Macintosh platform,
including Mac I, Power Macintosh, and PowerBook
computers. The following requirements for proto-
typing distributed multimedia systems apply.

Multimedia data. AP handles seven types of
multimedia data: image, animation, map, menu,
audio, menu, written NL (Natural Language), and
spoken NL. It uses QuickTime and MacinTalk to
accommodate image, animation, and audio.

Communications. AP supports distributed net-
work applications. Apple event-based protocol
handles communications between applications. A
lower level communication protocol in the net-
work can also be used for communications with a
larger variety of applications.

Distributed agents. Two or more APs on remote
machines communicate with each other when
they encounter Query, Tell, and Ask in their inter-
preted models. This lets us prototype distributed
multiagents that communicate with each other.

Conclusions

Our prototyping results to date, with respect to
distributed systems for flexible working, do have
some limitations. At the same time, it is clear
where we should direct future research.

Domain knowledge acquisition for agents. The
focus of our AP tool is multimedia user interface
and multiagent interaction prototyping. These are
the system components for which prototyping is
most effective in system design. In developing an
agent system, however, acquiring domain knowl-
edge is one of the most time-consuming tasks.
Without describing detailed domain knowledge,
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modeling of both agent behavior and user inter-
face is somewhat limited. Thus, AP should support
domain knowledge acquisition.

Agent specifications reuse. AP doesn’t currently
support methods for reuse. For example, it should
support the stereotype concept and object-
oriented methodology.

Platform. AP runs on the Mac family, as we
mentioned earlier. Its subset also runs on Newton.
Although we implemented AP variations that run
on different platforms such as Unix/X Window
and Smalltalk, they are not compatible. AP should
be extended or the variations should be integrated
to run on multiple platforms. In addition, we
should consider various network configurations.
For example, wireless communications such as
pagers and portable computers like pen-based
Personal Digital Assistants are particularly impor-
tant for flexible working.

Various multimedia data for user interfaces.
Currently, AP can handle only text, image, or ani-
mation in QuickTime, and audio in MacinTalk.
AP should be able to handle a wider variety of I/O
data in various formats.

Addressing the issues. To address the first two
issues, the Agent Languages and AgentWare for
Agent Invention (ALAWAI) project has recently
started at the Software Engineering Research
Laboratory in the University of Hawaii at Manoa.

Figure 6. Simulation of
a user interface for
Agent002.

9661 JouWIwINg

49




8
©
3]
=
X
S
=
w
w
E

The project seeks to free the designer from tedious
tasks such as describing agent details. While the AP
tool supports agents’ external specification devel-
opment (behavior), ALAWAI supports internal
specification development (knowledge). The pro-
ject goes beyond prototyping—it will compile the
specifications into stand-alone applications. It has
agentware that includes stereotype agents, reusable
domain knowledge, and user models, for example.

To develop an agent in ALAWAI, a developer
first selects a stereotype agent for a problem
domain and adds missing knowledge to it. Inter-
agent communications can be specified in a stan-
dard agent-language. Then, the specifications can
be tested by simulation and finally compiled into
executable applications. AP and ALAWAI together
will drastically improve the efficiency of three
essential tasks of flexible working environment
design: workflow modeling, multimedia user inter-
face design, and coding of domain-specific knowl-
edge for agents.

For more information about our research pro-
jects and related work, visit our Web site at
http://samurai.ics.hawaii.edu/. MM
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