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Abstract

Alternative styles for human-computer interac-
tion and human-human computer-mediated com-
munication are needed to assist users in dealing
with the ever-growing and complex information
spaces at their disposal. PARAgente is a compre-
hensive research initiative aimed at investigating
the issues, requirements and potential of inter-
faces which are based on user agents. This paper
discusses major issues that must be addressed if
agents are to become accepted by users in their
interaction with computer systems. A testbed
designed to explore these issues in the context of
an open hypermedia system is also presented.

Introduction
The concept of agency has been used widely in com-
puter science. Agent-like autonomous processes ap-
pear as modeling tools in several areas, such as coop-
erative problem solving (Gasser & Huhns 1989), dis-
tributed systems (Agha 1986), object-oriented sim-
ulation (Zeigler 1990), software engineering (Nigay
& Coutaz 1992), and teleconferencing systems (Lee,
.Mansfield, & Sheth 1993). In most of these cases, how-
ever, agents axe not directly providing a service to the
user, or the user is unaware of the tasks agents are
performing in order for the overall system to provide
its functionality. Recently, user agents (or interface
agents) have been receiving increasing attention from
researchers (ACM 1994). User agents are autonomous
or semi-autonomous processes that carry out missions
delegated by the user. Tasks assigned to user agents
vary widely. Example user agents filter incoming mail
or electronic news according to the user’s needs or pri-
orities, provide assistance in operating a new system
based on other users’ experiences, or negotiate meet-
ing schedules with other users or users’ agents.

Agents can transform passive personal workstations
(which remain idle most of the time) into process-
ing entities that actively cooperate with the user, and
more fully utilize their computational power. From
the human-computer interaction perspective, (Laurel
1990; 1991) and (Negroponte 1990) have discussed 
tensively how agents would generate a more lively

and engaging interface to information systems. It has
even been suggested that the introduction of agents in
the user interface may represent that qualitative leap
from tool manipulation to process management, the
two ways in which humans have historically extended
themselves (Kay 1990).

A significant number of research projects have been
started that involve some form of user agency. Most
of the published work lies in one or more of three
areas: information management, work support and
learning. A framework for the characterization of user
agents is provided in (S~nchez 1993) and (S~nchez:
Leggett, & Schnase 1994) (see. Table I). The avail-
ability of automated user assistants, even in the sim-
plest forms, has proven beneficial and has resulted
in a participative style of interaction, in which the
computer plays an active role by dynamically au-
tomating routine tasks or bringing interesting informa-
tion to the user’s attention [see, for instance, (Bern-
stein et al. 1991), (Cypher 1991) and (Greif 1994)].
While work in multi-agent systems in general has
made considerable strides (Demazean & MiiUer 1989;
Gasser & Huhns 1989), research in agent-based user
interfaces is still in its infancy. Many important user
interface issues remain unexplored.

This paper presents PARAgente, a research effort
aimed at providing an environment to experiment
with user agents, explore their potential, and study
the various issues associated with their introduction
as an alternative style to human-computer interac-
tion and human-human computer-mediated commu-
nication. The paper is organized as follows: Section
2 presents the goals of PARAgente, briefly discussing
some of the major issues in user agent development and
operation to be addressed by the research. Section 3
describes the context of PARAgente and the infras-
tructure developed to support the intended research.
An initial assessment of the current achievements of
the research is provided in Section 4. Section 5 briefly
refers to related work. Finally, Section 6 discusses fu-
ture work to be undertaken. Unless otherwise noted,
the terms agent and user agent are used interchange-
ably.
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Table I. Research work involving user agents [adapted from (S~nchez, Leggett, & Schnase 1994)].

Goals of PARAgente
PARAgente ("for people" -in Spanish or Portuguese,
intended to convey the idea of agents for people) is a
broad research effort aimed at investigating the issues,
requirements and potential of agent-based user inter-
faces. Specifically, the following are major issues the
research seeks to address [some of these issues have
been raised in (S~nchez 1994)]:

Metaphors. Effective communication between users
and their agents strongly depends on a meaningful and
accurate agent representation. The user should readily
visualize the availability, capabilities and limitations of
existing agents in the system.

User control. Even though agents are intended to
execute tasks in a relatively autonomous fashion, these
tasks should be expressly delegated by the user. The
user should be able to customize agent functionality
as well as assign, suspend, resume and cancel agent
missions at any time. Flexible means for user-agent
communication are crucial for effective control by the
user.

lnspectability. Agents should be able to respond to
the user’s summons and furnish information about task
status and mission results. Agents should also be able
to provide information concerning the precision with
which a task has been performed or a suggestion is
given, allowing the user to make final decisions. Com-
municative agents would contribute in building user

trust and encourage the user to delegate more tasks to
the system, thus increasing the agents’ usefulness.

Existing actiue features. System architectures that
include agency (such as those for digital libraries) are
built on top of facilities that typically include a num-
ber of active features. Triggers, rules and stored proce-
dures are becoming standard features in database man-
agement systems (DBMSs). Autonomous event dae-
mons are the basis upon which many software compo-
nents operate. Agents should take advantage of these
features and fully utilize them on behalf of the user.

Extensibility. Both developers and users would
greatly benefit from the availability of tools to facil-
itate the design of new agents and their incorporation
into the existing environment. Much work is needed
to identify an orthogonal set of primitives that would
make agent development easier. A further step in sys-
tem extensibility would be to make these agent con-
struction tools available to end users.

Inter-agent communication. Agents may benefit
from being aware of the existence and capabilities of
other active agents. In collaborative environments
[such as research activities conducted in a digital li-
brary (Schnase et aL 1994b)], some agents need to
interact with other users and users’ agents in order
to better accomplish their assigned missions. In these
cases, an agent should be able to effectively commu-
nicate with other agents, so as to maximize opportu-
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nities for cooperation and minimize the potential for
interference. The availability of a simple communica-
tion protocol to which agents adhere should facilitate
inter-agent communication.

Security. The autonomous nature of agent operation
raises concerns regarding data integrity, user privacy,
and agent dependability and liability. Access control
and authentication mechanisms should be provided to
guarantee free agent operation while preserving data
integrity and user privacy and accountability. Where
applicable, means should be provided to undo or coun-
teract the agents’ actions.

Resiliency. Upon occurrence of system failures, mis-
sions assigned to agents might be abnormally inter-
rupted, possibly leaving the user’s environment in an
inconsistent state. Provisions shonld be made to al-
low- pending missions to resume as soon as the system
returns to normal operation.

Adaptivity. If agents are to be useful, they should be
able to adapt to the often dynamic needs and prefer-
ences of the user. Means should be provided for agents
to represent and maintain knowledge about the user,
and techniques are needed to support adaptive behav-
ior.

Agents and hypermedia. Even though hyperme-
dia provides a highly flexible interaction style for au-
thoring and navigation of information spaces, there
are a number of issues that still need to be ad-
dressed if users are to more fully utilize their informa-
tion resources (Halasz 1988; Leggett & Schnase 1994;
Lucarella & Zanzi 1995). User agents may effectively
supplement hypermedia by assisting the user in find-
ing data relationships, searching and filtering data in
complex hypermedia networks and suggesting traver-
sal paths based on the user’s needs and other users’
experiences.

A Testbed for User Agents

We have been investigating hypermedia systems for
several years. One of the products of this research
is an evolving distributed hypermedia system proto-
type which instantiates a process-based model and
architecture for open hypermedia systems (Leggett
& Schnase 1994; Schnase et al. 1994a). The cur-
rent prototype is referred to as SP3. We have also
been investigating hypermedia as an enabling technol-
ogy for digital libraries (Furuta 1994; Lokken 1993;
Schnase et al. 1994b) and currently have access to
various library collections that constitute a very large
and complex information space. It is in this context
that agent-based user interfaces are being investigated
by the PARAgente initiative. Agents in PARAgente
are intended to carry out missions delegated by a com-
munity of users conducting work in a digital library.

In order to facilitate the development and opera-
tion of user agents in the existing SP3 information sys-
tem, two major projects have been undertaken. The
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first project, HyperActive, extends the hypermedia ar-
chitecture and the SP3 system prototype to support
agency. HyperActive also provides a set of primitives
to support the construction of agents by progranmmrs.
The second project, AcTool, further extends SP3 to
explore the possibilities of making agent construction
available to end users.

HyperActive

Figure 1 (a) illustrates the architecture for the SP3
open hypermedia system prototype, while Figure 1
(b) shows how HyperActive extends SP3 to support
agency. In SP3, links can be forged among objects
handled by various participating applications sharing
a common "Link Services Manager" (LSM). All objects
and the associated linking structures are stored in one
or more hypermedia-oriented databases known as "hy-
perbases" (or HBMSs). The HBMS used currently 
SP3 is known as HB3. HB3 consists of three major sub-
systems: the Object Manager (OM), the Association
Set Manager (ASM) and the Storage Manager (SM).
The OM implements a large, shared repository of sim-
ple and composite objects. The ASM provides per-
sistency for connectivity data. Finally, the SM maps
OM abstractions into physical storage. Low-level stor-
age in the current version of HB3 is supported by the
POSTGRES extended relational DBMS (Stonebraker
& Kemnitz 1991). Each instance of HB3 can serve
multiple sessions (applications/LSM combination) and
each session cazl use the services of multiple hyper-
bases. Communication among the different (possibly
distributed) system components relies on a simple pro-
tocol implemented via a toolkit described in (Nuern-
berg 1994). This is indicated by the shaded boxes
within each major component in Figure 1. [Further de-
tails on the hypermedia model, architecture, and SP
series of prototypes are beyond the scope of this paper
but can be found in (Leggett & Schnase 1994), and
(Sfinchez, Leggett, & Schnase 1994)].

HyperActive Abstractions HyperActive intro-
duces two abstractions to the existing hypermedia ar-
chitecture: agent classes and agent instances. An agent
class is an object for which the following attributes
have been defined: an agent class name, a program or
method that implements an agent’s behavior, a list of
formal parameters the agent needs in order to carry out
a task, a program or method which can be invoked to
comnnmicate with agent instances and provide expla-
nations regarding task results, a program or method
which can undo the agent’s actions, and a machine ar-
chitecture where the agent can carry out its mission.
An agent instance is an object for which the following
attributes have been defined: a user-supplied instance
nanm, an identifier of the user requesting the agent’s
services, the name of an existing agent class to which
the agent instance belongs, a list of actual parameters
the agent has been given to carry out a task, a host
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machine identifier, a process identifier, and run-time
control attributes.

In defining the two main abstractions introduced
by HyperActive, provisions have been made to main-
rain the open, distributed, and extensible philosophy of
its parent architecture. Interface agents can be made
available to the user by registering new agent classes
with the system. As discussed below, any program can
become (part of) an agent class. The user requests the
services of an agent by generating an instance from
the available agent classes in the system. Both agent
classes and instances are allowed to reside anywhere in
the underlying computer network. Perhaps of greater
importance from the end user’s perspective, Hyper-
Active’s abstractions strongly promote user control of
agent operations and inspectability of mission progress
and results. Major components of an agent class in-
clude methods for summoning an agent instance and
for undoing unwanted actions carried out by an agent.
Furthermore, an agent instance will change its status
during its life in the system due to normal mission
progress or user intervention. These changes are re-
flected in the run-time control attributes referred to
above. By keeping track of mission progress, Hyper-
Active is often able to recover from system crashes and
return to a consistent state.

HyperActive System Components Functional-
ity implemented by SP3 continues to exist in Hyper-
Active. In fact, existing participating applications
not wishing to take advantage of HyperActive’s fea-
tures can operate without any modifications in the

new framework. HyperActive introduces four major
components into the existing hypermedia system: User
Agents, an Agent Instance Manager, an Agent Descrip-
tion Manager, and the HyperActive Agency Toolkit
(HIT).

In HyperActive, ant" application can become a user
agent. As shown in Figure 1 (b), agents are participat-
ing applications which are capable of interacting with
the Agent Instance Manager. According to their func-
tion, user agents may also interact with agent-aware
applications, the OM, the ASM, or directly with the
Agent Description Manager. These interactions are
indicated by dashed lines in the figure. There are
no specific requirements on the internal structure of
a user agent. Techniques from areas such as Informa-
tion Retrieval, Machine Learning or Distributed Arti-
ficial Intelligence can be used in defining the behav-
ior of agents. Implementation of a simple communi-
cation protocol is the only requirement for an appli-
cation to become a user agent. Regardless of whether
agents are user-invoked, application-invoked or event-
triggered (S~chez, Leggett, & Schnase 1994), they
must be able to notify the Agent Instance Manager
about the initiation or termination of a mission, sta-
tus changes, and availability of mission results. Agents
should also be able to handle messages coming from the
Agent Instance Manager and act accordingly. Agents
can be added or removed from the HyperActive en-
vironment using the facilities provided by the Agent
Description Manager described below.

A special agent, the Agent Instance Manager (AIM),
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Figure 2. (a) Icons for the AIM and prototypic agents (b) The AIM Menu and a view of the user agents" status
(c) Panels for assigning a new mission to an agent in HyperActive.

assists the user in managing and interacting with the
agents available in the system. The Agent Instance
Manager acts as a mediator between agents and the
user. The user’s requests are received by the AIM
and mapped into the appropriate actions involving the
Agent Description Manager (see below) and existing
agents. Functionality offered by the AIM includes op-
erations to assign new missions to agent instances; dis-
miss, temporarily suspend, or resume assigned mis-
sions; and to request the execution of programs to
summon existing agents, undo agent operations, and
obtain the status of agents in the system. Requests
from an Agent Instance Manager may- be directed to
a number of Agent Description Managers in different
hyperbases.

User agents, like all entities in HyperActive, are
stored as hyperbase objects. The Agent Descrip-
tion Manager (ADM) handles the representation 
the abstractions introduced by HyperActive, maintain-
ing catalogs of available agents and providing support
for storing and managing agent classes and agent in-
stances. The ADM subsystem thus transforms HB3
into an agent-aware hyperbase. The ADM receives r~

quests from the Agent Instance Manager or directly
from active agents and retrieves or updates hyperbase
objects accordingly, interacting with the Object Man-
ager. While the AIM supports run-time agent man-
agement, the ADM handles the persistent representa-
tion of agent classes and agent instances. Functions
provided by the ADM include adding, retrieving, and
deleting individual agent classes and instances, chang-
ing the status of existing agent instances, and furnish-
ing all the agent classes and instances available to a
particular user.

In order to facilitate the development of new agents
to be incorporated into the active hypermedia archi-
tecture, an agent-oriented toolkit is provided as part
of the HyperActive environment. This toolkit, the Hy-
peractive Agency Toolkit (I-I/kT), offers a basic set 
general building blocks that can be used in building
specialized user agents. Active DBMS features utilized
by H,~T primitives include the rule system, view def-
inition, and notification capabilities. The H/~,T allows
the programmer to exploit the active features included
in the architecture’s Storage Manager while continuing
to work with HyperActive abstractions. In this sense,
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the toolkit can be thought of as an extension to the
Object Manager that obviates the need to learn query
language specifics or deal with the low-levelobject rep-
resentations. Functions provided by the HAT support
communication with the AIM and the ADM, user pro-
file management, rule definition, object monitoring and
view construction.

HyperActive Prototype A prototype implement-
ing HyperActive has been built based on the existing
SP3 facilities. The Agent Description Manager and
Agent Instance Manager components just described
have been introduced and HAT primitives have been
developed to allow for testing with some experimen-
tal agents. To the end-user of HyperActive, the AIM
appears as a command panel (under the simpler title
of Agent Manager) that can be opened or iconized at
will and from which agent operations can be started
and controlled. Figure 2 (a) illustrates a HyperAc-
tive session in which the user is presented with the
Agent Instance Manager icon (a conductor). Other
icons represent various active agents in the system. A
movie projector, for example, identifies an agent that
notifies the user when selected movies are included
in a movie schedule implemented for demonstration
purposes. Stylized "eye" icons represent instances of
agents activated for monitoring access to hyperbase
objects (two have been launched by the user in this
session), while a spider web stands for an agent in-
yoked to build links among related objects. In Figure
2 (b) the user has clicked on the Status button, which
causes the AIM to pop up a panel with a summary
of the activities and the status of the corresponding
agents. From the AIM menu, the user can also sum-
mon or dismiss existing agents, or control (suspend,
resume, undo) their activities. Finally, the AIM menu
also allows the user to assign new missions to agents
of any existing classes. Figure 2 (c) shows the panels
presented by the AIM upon selection of the New Agent
button. These panels are dynamically built using the
agent class information kept by the ADM.

AcTool

Using notions from Artificial Life (Langton 1989), End-
User Programming Languages (Myers 1992), and Pro-
gramming by Demonstration (Cypher 1993), the Ac-
Tool project has been started to further extend the
HyperActive environment. AcTool proposes an envi-
ronment in which various functionally simple processes
can be combined, directly by the end user, to yield
more complex, full-fledged agents. In this way, we hope
to improve what Ivan Illich termed the conviviality of
the medium (Illich 1973), by giving users more freedom
and a greater degree of control over their environment.

The basic ideas underlying AcTool are illustrated in
Figure 3. In AcTool, simple processes used in build-
ing agents are called critters. Critters perform atomic,
easily understood tasks. The upper part of AcTool’s

|.b
|.¢

Figure 3. The AcTool main interface window.

main window displays an iconic representation of all
available critters in the system. The lower portion of
the window can be used to graphically indicate the way
critters are combined to generate new agents. Critters
can be modified by the user mainly via AcTool func-
tions referred to as cloning and customization, which
allow for generating exact duplicates of existing crit-
ters and specializing critters by fixing parameters used
in their execution. Newly created agents are registered
as agent classes with HyperActive’s ADM and can be
invoked and controlled using the AIM interface. Fig-
ure 3 shows the construction of an agent designed to
alert its user about changes in a shared information
space. Three critters, communicating via a format
agreed upon by a user community, participate in the
implementation of the new agent: an object reader, an
object filter, and a mailer.

Current Accomplishments
PARAgente has primarily been focussed on extend-
ing an existing hypermedia environment with funda-
mental infrastructure to facilitate agent operation and
development. HyperActive provides a flexible frame-
work that allows the software developer to incorporate
a wide range of agent implementations into hyperme-
dia systems. This makes it possible to investigate the
potential of user agents in (and the interactions with)
this emerging interface style. As mentioned previously,
the issues of user control and inspectability have been
an important consideration when defining the abstrac-
tious introduced by HyperActive and the functionality
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of the Agent Instance Manager. Similarly, the Agent
Description Manager has been designed to address the
need for resilient user agents, while the design of HAT
has considered the issues of extensibility, adaptivity
and using active features already existing in the sys-
tem. Each of the agent categories included in Table 1
is amenable to implementation and can operate within
HyperActive.

The design of AcTool "addresses the issue of ex-
tensibility at the (perhaps more important) end-user
level. Although in its current state AcTool lacks the
expressivity of a traditional high-level language, its
ease of use is expected to significantly enhance the
users’ power to effect their environment. The chal-
lenge of defining an adequate metaphor for user agents
has been discussed by many researchers in the human-
computer interaction field (Laurel 1990; Norman 1994;
Oren 1991; Shneiderman 1993). AcTool has been de-
signed to allow users to impart their preferred meaning
and attributes to their agents. This makes it possible
for users to select the most appropriate metaphor with
which to interact. Iterative design of basic critters by
programmers and new agents by end users is expected
to lead to increasingly more useful agents and more
meaningful representations. Finally, by allowing users
to build their own agents, AcTool is expected to pro-
mote an increased degree of agent, control by the end
users.

Related work
In addition to a significant number of projects involv-
ing specific implementations of user agents (referred
to in Section 1), there have been some efforts to de-
velop infrastructure for agent operation, most notably
the DLS project (Kahn & Cerf 1988) and the Envoy
Framework (Palaniappan et al. 1992). Neither of these
projects, however, has focussed on investigating inter-
face issues nor have they considered hypermedia as
a fundamental technolo&v for dealing with large and
complex information spaces. Research projects involv-
ing direct end user participation in defining or tailor-
ing system behavior include Oval (Malone, Lai, & Fry
1992) and CCK (Smith & Susser 1992), among many
others. Work including the utilization of alternative
metaphors include that described in (Erickson & Sa-
lomon 1991) and (Sheth & Maes 1993). In addition 
its characteristic context, AcTool is unique in its em-
phasis on considering the definition and manipulation
of active components to build agents, and on giving the
end users the possibility to define their own metaphors.

Future Work
Much work is needed to realize the potential of agent-
based user interfaces. The infrastructure developed
thus far for supporting agency will be used to more
thoroughly explore the ,~rious issues enumerated in
Section 2, as well as new issues that are expected to
arise from continued work in the area. The simple user
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agents developed for HyperActive and AcTool have
been intended to demonstrate the viability of the pro-
totypes. More sophisticated and more useful agents
are planned, particularly in the context of digital li-
braries. Currently, the HB3 hyperbase’s Object Man-
ager is being ported to operate on top of the Illustra
object-relational database system (IUG 1994). PARA-
genre will take advantage of the more stable underly-
ing facilities and extended functionality (for example,
Illustra includes support for large text and image ab-
stract data types) to provide a more complete agent
construction toolkit and agents that fully utilize these
added capabilities.
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