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The aim of this research is to develop a flexible reasoning support environment
(cyberspace) that can perceive, reason, and act to achieve multiple goals under dy-
namic, uncertain, and complex conditions found in information systems. Current
information system architectures are too rigid to cope with heterogenity, inaccu-
racy and inflexibility of the real world requirements. In order to overcome such
limitations we propose a distributed multiagent software architecture for flexible
intelligent information systems with the following goals: a) Framework for devel-
opment of agent-oriented systems in distributed environment called ADIPS, as an
infrastructure and two classes of systems built on it, b) Flexible networks, and c)
Reasoning support environment called cyber-office.
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1 Introduction

The aim of this research is to develop
a flexible reasoning support environment
(cyberspace) that can perceive, reason, and
act to achieve multiple goals under dy-
namic, uncertain, and complex conditions
found in information systems. Current
_ information system architectures are too
rigid to cope with heterogenity, inaccuracy
and inflexibility of the real world require-
ments.

In order to overcome such limitations we
propose a distributed multiagent software
architecture for flexible intelligent informa-
tion systems with the following goals:

a) Framework for development of agent-
oriented systems in distributed environ-
ment called ADIPS, as an infrastructure
and two classes of systems built on it:

b) Flexible networks, and

¢) Reasoning support
called cyber-affice.

2 The ADIPS Framework
for Agent — oriented Sys-

tem Development
2.1 Overview of the ADIPS Frame-
work ‘

The four important concepts
of the ADIPS framework that characterize
methodology for developing agent-oriented
systems effectively are summarized as fol-
lows:

(1) Agentification and cooperative
mechanism; ADIPS as a multiagent system
is realized by adding a cooperative mecha-
nism to computational processes and sub-
systems, which comprise Distributed In-
formation Processing System (DIPS). This
operation is called agentification and an
agentified computational process is called
a base process.

(2) Extended contract-net protocol and
organization/reorganization of agents; In
the ADIPS, a DIPS is controlled by an or-
ganization of ADIPS agents called Agent-
based Management Mechanism (AMM).
Services to the users of the ADIPS are
provided by a group of base processes.
The AMM is constructed from coopera-
tive behavior of ADIPS agents based on an

environment

extended-net protocol. In order to adapt
to the changes in the environment AMM
is reorganized and the result is fed back
to DIPS to initialize appropriate modifica-
tions of DIPS functions.

(3) Domain knowledge and design pro-
cess: Each of ADIPS agents contains agen-
tified base processes and certain domain
knowledge on the design specification, op-
eration and maintenance of base subsys-
tems. The agent functions and its per-
formance are determined by the domain
knowledge. This knowledge is acquired
through designer interaction during DIPS
development and operation. Design pro-
cess of the organization of the ADIPS
agents is executed based on the domain
knowledge.

(4) Repository and class agents: The
ADIPS agents which comprise the AMM of
the ADIPS are stored in a shared database
as parts of the DIPS. This database is
called repository and stores prototypes of
the ADIPS agents. These prototypes are
called class agents. If the request for con-
struction of new services or the request
for modifications are submitted, ADIPS
agents which operate as components of the
AMM are implemented from appropriate
class agents. These agents are called in-
stance agents. The access to class agents
and the implementation of instance agents
are performed as a cooperation of the
ADIPS agents using an extended contract-
net protocol.

The ADIPS framework described above
is shown in Fig. 1. The ADIPS framework
has two subsystems: 1) ADIPS operation
environment and 2) ADIPS repository.
These subsystems are implemented as a
distributed system on networked worksta-
tions.

2.2 ADIPS Agents and ADIPS Archi-
tecture

The ADIPS consists ofprimitive agents
(pa) and organizational agents (oa). The
architecture of the primitive agent is de-
fined based on the following three compo-

nents which agentify the base process cp
(Fig. 2). That is:

pa = (CM,TPM, DK, cp)
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Figure 1: ADIPS framework

where, CM  (cooperation  mech-
anism),which primitive agents use for or-
ganization and reorganization of their as-
sociations dynamically. For that purpose
CM uses the extended contract-net pro-
tocol. TPM (task processing mechanism)
observes, controls, and executes base pro-
cesses. DM (domain knowledge) is stored
in a knowledge base with the management
system. It stores and manages particular
information on functions and properties of
pa, e.g. knowledge on design specification
of ¢p services provided and the relationship
with the other processes, and knowledge
on their operation. CM and TPM refer
to DK in order to recognize the character-
istics of lower subsystems and their role in
the organization of agents whenever they
organize agents for some task.
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M
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Figure 2: Agent Architecture

The organizational agent (0a) is defined
by:
oa = (CM,TPM,DK,MA)
where CM, TPM, and DK are defined
same as in the case of pa. MA (mem-

ber agents) is a set of ADIPS agents orga-
nized under contract to process a subtask

of oa. Each of the agents of M A is a primi-
tive agent or an organizational agent. The
agents are organized in appropriate layers
of subsystems of DIPS. According to the
above definitions, pa and oa have the same
components except for ¢p and M A. How-
ever, the functions embedded in the TPM
of oa are different from the ones embed-
ded in the TPM of pa. The TPM of oa
has the function which observes and con-
trols their member agents. By using this
function, oa can behave autonomously to
various changes in the environment of the
ADIPS.

We call the multi-agent system which
is constructed from a group of primitive
agents pa and the organizational agents oa
ADIPS. As shown in Fig. 3, the ADIPS
has the layered structure of multiagent
organization corresponding to the layered
structure of subsystems of distributed ap-
plications.
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Figure 3: ADIPS architecture

3 Flexible Networks
and Agent — oriented Ar-

chitecture

The present computers and information
networks are basically inflexible systems
such that they cannot work in the presence
of the unexpected changes in their envi-
ronment. Such unexpected events cannot
be treated successfully since there are no
preprogrammed counter measures. What
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is the worse these events may trigger in-
appropriate actions and degrade the per-
formance significantly. We call these net-
works #nflexible networks. The inflexible
networks cannot meet the needs of users
especially when the size of network be-
comes larger and the user requirements for
the quality and performance of network be-
comes higher. Tackling this matter is the
key for the design of the next generation
networks.

The flezible network has ability to mod-
ify its functions/properties corresponding
to the changes of their environment flex-
ibly. Here, the changes in their environ-
ment mean the changes of the internal
state of the network which may happen
due to faults and overload, and changes in
the network user requirements.

As an approach to implementing the
flexible network we proposed an agent-
oriented architecture. By using autonomy
and cooperation among agents we can re-
alize the network service which recognizes
its environment and changes its functions
/ properties in order to fit to the changes
in the environment itself. By using the
ADIPS framework described in Section 2,
we can realize adaptability of the network
service in which the organization of the
agents modifies automatically and in ac-
cordance to the changes of the CPU load
and/or user requirements.

A Aflexible network system based on
the agent-oriented architecture consists of
agents which play various roles corre-
sponding to the network services. Concep-
tual schema of flexible network consists of
two layers shown in Fig. 4. The lower
layer is the communication service layer,
which corresponds to the whole four layers
under the transport layers of the OSI refer-
ence model. The upper layer is the flezible
network service layer, which has the ser-
vices of the presentation layer and the ses-
sion layer of the OSI reference model and
the flexible network service for distributed
applications based on the cooperation of
communication agents.

In the Fig. 5 the multiagent architec-
ture of flexible networks is shown. The
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Figure 4: Conceptual Schema of Flexible
Network

components of the upper layer of the flex-
ible network are agentified and the proto-
col of the lower layer is the TCP/IP. We
implemented the ADIPS agent platform,
called AAP, on the top of the operating
systems of TCP/IP networked worksta-
tions and personal computers. A commu-
nicating agent class defined in the ADIPS
agent repository, called AAR, is referenced
by the user agent of the AAP to imple-
ment a communication service as an in-
stance agent on the AAP.

ADIPS Framework
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Work Agent Designer
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- Application T ADIPS Agents
Application Service Design Support
Layer ‘Agents AADS

Network  Network Reality A
Reality Service Agents gent
Layer Request

Flexible

Communication
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[ Communication Services
& Operating Systems
Figure 5: Agent-based Architecture of

Flexible Network

In the Fig. 6 the cooperation among
agents is shown. The service agent pro-
vides communication services, the user
agent receives the services, the organiza-
tional agent manages the services agents,
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and the watcher agent observes the inter-
nal states of the system. The change in
the user requirements is sent to the orga-
nizational agent as the change of the re-
quest to the service agent of the user agent.
Similarly, the change in internal states re-
lated to the service agent is sent to the
organizational agent. The organizational
agent realizes adjustment / modification
of functions / performances of the service
agent by using prepared knowledge of de-
sign/ operation. A flexible network service
is realized based on the cooperation of the
agents.

Change of
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zational

Service Change of
Environment

Re- .
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Agent

Figure 6: Cooperation among Agents

4 Network Reality and Hu-
man — Agent Symbiotic
Space

The user of computers and information
networks experiences reality of a virtual
society (network soctety) on the networks
through interactions with other users and
information resources. In the virtual so-
ciety, the user can easily receive various
services if the services are provided by us-
ing metaphors of the real world. The vir-
tual society is called cyberspace. The cy-
berspace consists of various virtual facil-
ities, e.g. an electronic library, a cyber
shopping mall, a cyber office, and a virtual
class. The cyberspace provides its user ar-
tificial reality through both user’s senses
and reasoning ability. On the one hand,
the artificial reality of user sensitivity has
been studied in the field of virtual real-
ity. On the other hand, the artificial re-
ality of user reasoning is derived from the
fact that user activities in the network so-
ciety logically map onto the ones of the

real world. For example, if somebody goes
to an electronic library, a librarian advises
him how to use the library. If somebody
attends virtual meeting, a specialist con-
nected on the network, a database in the
form of software robot, an expert system,
and the person himself cooperate to solve
the problems (Fig. 7). Such an artificial
reality of the activities in the network so-
ciety is called network reality.

Human Database

Human Network Reality Service

Expert (Viral Meeting Room)

Symbiotic Space of Human and Agents

Figure 7: Network Reality and Symbiotic
Space of Human and Agents

In order to realize the network reality,
we propose agentification {personification)
of network services and information re-
sources connected on the network. - As
shown in the Fig.4, network reality service
agents are incorporated in the application
layer as a network reality layer and pro-
vide functions for realizing network reality
of various applications in cyberspace.

The network society based on the lay-
ered structure (Fig. 4) constructs artifi-
cial space (cyberspace) in which humans
and agents cooperate with each other for
the common purpose. We call the artificial
space the human-agent symbiotic space.

5 ‘Agentworiented Approach
to Cyber Office

In order to evaluate an agent-based re-
alization method for the network reality
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we produce a cyber office ( a virtual office
implemented on the networked computers)
as an example of human-agent symbiotic
space. The cyber office consists of a secre-
tary agent and facilities, e.g. a desk, which
support users activities. For example, in
the Fig. 8., a user has to search data of
marketing trends and afterwards, hold a
planing meeting for a new product. There-
fore, the user asks the secretary agent to
search data and schedule the meeting as
soon as possible. The secretary agent does
not have any knowledge of data searching
method. So it asks the agent to hand over
this task to task management agents. A
task management agent which is an expert
for searching data accepts the task (this is
achieved by extended net protocol), makes
a plan for the task, and executes the task
according to the plan. The task plan con-
sists of the sequence of actions as follows:
access database agent, retrieve data, send
a data to a task processing agent execute
the statistics of processing, and display the
results. In order to complete this plan, the
task management agent executes the se:
quence of actions while moving to appro-
priate environments.

To enable the cooperation among
agents, the language and ontology neces-
sary for sharing knowledge and exchang-
ing information is defined. By using both
local and shared domain knowledge agents
can process information flexibly. Because
of the support receiving from the agents,
the human user of the cyber office can con-
centrate on the essential mental work. In
other words, the cyber office provides a
reasoning support richer than it is avail-
able in the real world.

6 Conclusion

At the present, we have set the goals for
developing:

(1) Framework for development of agent-
oriented systems in distributed environ-
ment called ADIPS, as an infrastructure
and two classes of systems built on it:

(2) Flexible networks, and

(3) Reasoning support
called cyber-office.
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Figure 8: Cyber Office in Symbiotic Space
of Agents

(1) is an multiagent distributed software
architecture; (2) is an network architecture
constructed as an organization of agents
based on the ADIPS framework; and (3)
will be developed as an application and ex-
ample of a flexible reasoning support envi-
ronment.
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