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ABSTRACT

GuardNet is a programming environment that sup-
ports distributed and concurrent development of multi-
agent systems. Since agents in multi-agent systems
are distributed and work concurrently, they are often
developed distributively and concurrently. Because
GuardNet itself is a multi-agent system, GuardNet
provides the following three services to support pro-
grammers developing such multi-agent systems; (1)ex-
changing agent specifications instead of agent program-
mers, (2)generation of agent templates from exchanged
specifications, and (3)proxing agents for incomplete or
under-programming agents. In this paper, we describe
GuardNet’s architecture, mechanism of these services,
and practice of agent programming with GuardNet.

1. INTRODUCTION

In recent years, researchers are interested in prob-
lem solving and knowledge information processing by
multi-agent systems. In multi-agent systems, a num-
ber of computer programs (so called agents) are con-
nected to each other, so that larger and more complex
problems can be solved. For example, we have pro-
posed Knowledgeable Community as a framework of
knowledge sharing and reuse, which is based on multi-
agent systems [Ni94][Ta95]. Through out experience,
we have realized that programming of multi-agent sys-
tems is not easy task.

It is because agents in multi-agent systems are dis-
tributed and work concurrently. In this paper, we
show a new programming environment called Guard-
Net that supports distributed and concurrent develop-
ment of multi-agent systems.

GuardNet generates a special support agent called
Guardant for each agent to be programmed, and each
Guardant supports the programmer for programming
the original agent by communicating her/him and other
Guardants. Guardants provide the following three ser-
vices to support programmers of multi-agent systems;

(1) Exchanging agents specifications instead of agent
programmers, (2) Generation of agent templates from
exchanged specifications, and (3) Proxing agents for
incomplete or under-programming agents.

The following sections are organized as follows. In
Section 2, we show our basic approach to model agents,
i.e., agent as virtual knowledge base. In Section 3, we
show the architecture of GuardNet and Guardant. In
next three sections, we show Guardant’s three func-
tions. In Section 7, we show GuardNet implementation
and examples of GuardNet programming. In Section
8, we show how GuardNet supports programmers by
using a test programming to build a simulation system
of a multiple robot system. Section 9 summarizes the

paper.

2. AGENT AS VIRTUAL KNOWLEDGE BASE

In this paper, we employ KQML(Knowledge Query
and Manipulation Language)[Fi92] as communication
protocol among agents. In KQML, agents are inter-
preted as virtual knowledge base (VKB), that is, each
agent is expected to behave as knowledge base, even if
they are not knowledge bases actually. It means that
they accept messages of knowledge operation (query,
deleting, addition etc.).

A KQML message includes message intention, sender’s
and receiver’s names, name of knowledge represen-
tation language and so on. Intention is represented
as performative, that is defined as the operations of
knowledge base (i.e. query, reply, insert and delete
information etc.).

Figure 1 shows the examples of KQML messages.
ask-if means that the message is a query, :content
means that the next is knowledge content, :language
means that the next is name of knowledge representa-
tion language.
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(ask-if :content (and (temple 7t todaiji)
(tel-number ?t 7tel))
:language kif)

(a) Question Message

:content (and (temple t1 todaiji)
(tel-number t1 ¢¢12-3456°7))
:language kif)

(reply

(b) Answer Message

Figure 1: Examples of question and answer message
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Figure 2: Connections among developers by GuardNet

3. SUPPORTS OF MULTI-AGENT SYSTEM
DEVELOPMENT BY GUARDNET

We adopt a multi-agent system as the architecture
of GuardNet. Since multi-agent system is used to build
flexible and extensive systems, programming environ-
ments of multi-agent systems should be also flexible
and extensive. Then it is natural to build the pro-
gramming environment by a multi-agent system.

GuardNet provides a special support agent called
Guardant and an editor-embedded agent for each pro-
gramming agent (see Figure 2). We call the program-
ming agent the target agent for the Guardant. We also
call the other programming agents outer agents for the
Guardant.

A Guardant support programmers for programming
the target agent by communicating programmers via
editor-embedded agents and programmers of outer
agents via other Guardants.

The network of GuardNet is independent from the
network of the developing agent system, and specifica-
tions of programming agents are exchanged agents on
this network.

Figure 3 shows the architecture of Guardant. Guard-
ant is not only the agent of GuardNet but also the
agent of the developing agent system.

Specification manager supports cooperation among
programmers during the decision processes of message
specifications. The message specifications which are
decided or under consideration are recorded to the tar-
get agent specification database. Agent proxing is re-
alized by this database and outer agent specification

GuardNet

Agent programmer agent network

>
To outer
agents
Target agent
spec?fi cgg on
database
OSL,-Jtrﬁu 2‘2‘5 To outer
agents
Target agent ) <g=——>p
simulator
Tea‘%et
Target agent agent network

Figure 3: The architecture of Guardant

(ask-if :content (and (temple 7t $name)
(tel-number 7t 7tel))

:language kif)
(a) Message Class

"12-3456")
"23-4567")

7tel
7tel

($name = todaiji) => (7t = t1,
($name = saidaiji) => (7t = t2,

(b) Message Instance

Figure 4: Examples of Message specifications

database.

4. DECISION OF MESSAGE SPECIFICA-
TIONS BY GUARDANT

Since one of the important features of agents is to
manage messages, that is exchanging various messages
with other agents, GuardNet supports the decision of
message specification as specification of agents.

A programmer of an agent must discuss with other
agent programmers, because the agent exchanges var-
ious messages with other agents. GuardNet supports
this process of decision by exchanging requests of mes-
sage specifications among Guardants instead of these
programmers. This exchanging of requests are con-
trolled by state transition diagram of conversation for
action.

The benefits of this approach are as follows;
Message specifications are clearly defined:

Decision by human communication is often vague
and uncertain. In this approach, each specifi-
cation is explicitly represented, and certainty is
verified by state transition diagram for action.
Message specifications are re-usable:
Message specifications are recorded in the database,
so that we can use them in generating agent tem-
plates and proxing agents.

4.1 Message specification
Message Specifications are either message classes
or message instances which are defined as follows;
Message Instance: message itself represented by mes-
sage class name and substitution for variables
Message Class: abstract representation of message
instance using variables
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Message instance can be made from message class sub-
stituting constants for the variables. Guardant ex-
changes message classes for the decision of message
specifications. Figure 4 shows examples of the mes-
sage specifications which use KQML as message pro-
tocol and KIF [Ge90] and knowledge representation
language.

4.2 Databases of message specifications in Guard-

ant

Guardant have two databases. One is target agent
specification database where the message specifications
of the target agent are stored. The other is outer
agent specification database where the message spec-
ifications that the programmer requests to other pro-
grammers are stored.

4.3 The process of manage specifications of de-
cision
We show processes of the decision of message spec-
ifications as follows;
Here we assume that programmer U of agent A
uses Guardant G, and U’ of A’ does G’ too.
(1) U registers a request with the outline texts to G.
(2) The process of decision of message class.
(2-a) U inputs a draft of the message class to G.
(2-b) G sends the draft to G’.
(2-c) G’ shows the draft to U’.
(2-d) U’ inputs the reply (acceptance or counter-
offer) for it to G’.
(2-e) G’ sends the reply to G.
(2-f) G shows the reply to U.
(3) G and G’ record draft and accepted (or promised)

message class to their database. .
In the process from (2-a) to (2-f), specification man-

ager in Guardant runs according to state transition di-
agram of conversation for action [Wi88] until U and U’
agree the specification. During this process, the con-

versations are recorded to their database by Guardants.

Since Guardant prepares state transition diagram of
conversation for action for each message specification,
programmer can handle a number of processes of de-
cision of some message classes at once.

4.4 Addition of message instances

Programmers can add message instances to decided
message specifications of target agent. They are stored
in target agent specification database with the message
class in the Guardant.

Programmers can also do to the message specifi-
cations of outer agents, and they are stored in outer
agent specification database.

Guardant can import the message instances related
to the target agent from other Guardants.

5. SUPPORT OF THE AGENT CODING BY
GUARDNET

GuardNet supports agent coding by using database
of the message specifications.

(defagentkc foo
:mbus-port 2392
:message-handler ’foo-handler)

(setq foo-handler
»((((:performative .

(:kif-content .

(?or ask-if))

(and (temple 7t $name)
(tel-number 7t 7tel)))
(:language . kif)

) . do-foo-telnumber)
(((:performative . (?or ask-if))
(:kif-content . (and (temple 7t $name)
(open-time 7t 7o-time)))
(:language . kif)
) . do-foo-open-time)))

(defun do-foo-telnumber (env)

"Title: An phone number of a temple

Comment: phone number is local number)"

(let ((binding *kif-binding#))
)

(defun do-foo-open-time (env)

"Title: Admission time for visiting

Comment: $name is a temple name."

(1et ((binding *kif-binding*))
)

Figure 5:
Guardant

The interface part of an agent generated by

We developed an agent programming language called
KC-Basic which runs on Common-Lisp. In KC-Basic,
the message receiving parts of agent programs consist
of the following elements;

(1) agent registration

(2) registration of message classes and functions to
execute for them

(3) the bodies of the functions

When an agent receives a message of which pattern

matches with one of the message classes in (2), the

associated function for it is called and executed along

with its body written in (3).

Guardant makes the template of this message re-
ceiving parts of agents the agent automatically from
the massage specifications. Figure 5 shows the tem-
plate from the message specifications in Figure 4. When
the programmer modifies the function body of do-foo-
telnumber and do-foo-open-time, this agent will be ex-
ecutable.

6. AGENT PROXING

Agent proxing by GuardNet is that Guardants works
as proxies of programming agents in case that there
does not exist necessary agents yet or exist only in-
complete agents which are not good for use yet. Agent
proxing can make the simulation of such incomplete
agent systems. We realized the agent proxing by us-
ing specifications from message exchanging explained
in Section 4.

6.1 Types of agent proxing
We provide two types of agent proxing.
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Figure 6: Outer Agent Imitating by Guardant

Agent proxing for outer agents: For verifying ex-
ecution of the target agent, Guardant becomes
proxy agents for outer agents to which the tar-
get agent wants to communicate. If some of
the outer agents which the target agent want to
communicate are not at work, we cannot verify
the execution of target agent. By proxing such
agents, it becomes possible to check the execu-
tion of target agent.

Agent proxing for the target agent: When the tar-
get agent is not good for use (for example in de-
bugging), Guardant becomes a proxy agent for
the target agent. If other agents want to com-
municate to the target agent, the Guardant re-
sponds to it instead of the target agent.

6.2 Type of message actions to simulate
We can identify the following four types of mes-
sage actions that proxy agents should simulate as the
normal agents do.
Ask: Send the query message and expect to get the
answer
Reply: Send the answer for the query message
Tell: Send the message to tell information
Listen: Receive message to get information from outer

agents
For example, simulation of reply action is as fol-

lows;

(1) Find specifications which match the incoming mes-
sages in the specification database.

(2) Compose reply messages by using the query mes-
sage and the found specifications.

6.3 Agent proxing mechanism

In agent proxing for outer agents, Guardant pre-
pares a simulator for each of them. The simlulators re-
act as knowledge database which have the message in-
stances of outer agents’ specification database in Guard-
ant(see Figure 6).

In agent proxing for target agent, the simulator
react as knowledge database which have the message
instances of target agent’s specification database in
Guardant.

Spec nams: open-time
From: travelsr_guardant

To: todaijl suardant
Subscribe:

Admiseion time for visiting

n-tins
From: traveler_guardant
To: todaiii svardant
Subscribe:

Aduiseion time for visiting

Status: status-2 (request)
Comment:
lhat do you think about this?
Vessage:
(ask-1f
rcontent (open-time

Jopery

:languags kif)

ule: open-time-1
Garbage collsct

Figure 7: The developer of the traveler agent exchanges agent
specifications with the other developer by Guradant

6.4 Control of the message flow

To proxy agents, it is necessary to control the mes-
sage flow so that exchange of message with agent’s
proxy agents becomes possible.

When outer agents are already proxied, all mes-
sages from the target agent to the outer agents are re-
ceived by Guardant and the real outer agents never re-
ceive these messages. Guardant plays the outer agents’
roles and uses this agents’ names for answer.

In the multi-agent system that uses “federation ar-
chitecture”[Pa92], all messages are sent to a special
agent called facilitator first. We use the facilitator to
realize control of these message flows.

7. IMPLEMENTATION OF GUARDNET

7.1 GuardNet architecture

GuardNet consists of two types of agents, i.e., Guard-
ant and GuardantUL

Guardant continues working whether programmer
is using Guardant or not, to wait for the messages
from other Guardants always. Guardant manages all
the data of message specifications. Guardant is imple-
mented on GNU Common Lisp.

GuardantUl interacts with a programmer for Guard-
ant. GuardantUT is implemented on Emacs Lisp (ver
19) and is embedded to the editor that programmer
uses. A programmer can start and exit GuardantUI
anytime.

7.2 Examples of system’s execution

Here we show an example to illustrate how Guard-
Net works. In this example, there are an agent to
represent a traveler, and some agents to represent tem-
ples.

Figure 7 shows a snapshot of GuardantUI, where
the programmer of the traveler agent is asking to the
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From: traveler suardant
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Accept
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Tegpagt

Counter
Use

A1 ——$elule: Target agent spec lists [
Spec name: oper—tine
From: traveler guardant
To: todalji guardant
Subscribe:
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Figure 8: The developer of Todaiji-temple agent exchanges
agent specifications with the other developer by Guradant

programmer of Todaiji temple agent about possible
time to visit the temple. The upper window shows
the list of message specifications which are registered
up to now. The specification about the information of
the possible time to visit the temple is chosen and the
contents of exchanging message specifications is shown
in the lower window. The message specifications that
the traveler agent programmer requests to Todaiji tem-
ple agent programmer are the same to those shown in
Figure 4. The requested content for it is sent to the
Guardant of Todaiji temple agent.

Figure 8 shows a snapshot when Guardant of To-
daiji temple agent received the request, and replied
a counter-offer. The upper window shows the list of
message specifications which are registered up to now.
The middle window shows the contents of the received
requirement.

Figure 9 is a snapshot when the traveler agent
programmer is exchanging the message with the to-
daiji agent which is currently proxied by the traveler
agent’s Guardant. The upper window shows that To-
daiji temple agent is now in agent proxing. In the
middle window, there is data of Todaiji temple agent’s
message specifications (see Figure 4), and the admis-
sion time for visiting Todaiji temple and Saidaiji tem-
ple are given as message instances. The lower window
shows how execution of the traveler agent works with
the proxy agent of Todaiji temple agent. Instead of
Todaiji temple agent, Guardant of the traveler agent
receives the message which was sent from the traveler
agent to Todaiji temple agent and it replies a message
to the traveler agent.

Buffers File Edit Cancel Send On->0ff Help
todaiji : proxing

I R[] i ——wstiule: Outer
(open-time-2
(ask-1f :content (and (temple 7t $name)
loperrtime 7t Yo-time))
:language kif)
(((fnane todaijl)) ((7t temple-1) (Yo-tims "8M 9:00™)
((($name saidaii)y (7t temple-2) (Jo-time "AM 9:307)

(Quter 1ist)——Top

T

FYAIL[--1J ——sule: I-todalji
— proxy (ask-if :content
(and (temple 7t todaiji)
{open-time 7t 7ot))
: e kif -receiver todaijl
:zender traveler :mirrored in)
{—— proxy (reply :content
(and (tenple temple-1 todaijil
loperrtine temple-1 "&M 9:0071)
:language kif :sender todaiil
rreceiver traveler)
— proxy (ask-if :content
{and (temple 7t horyuji)
{open-time 7t 7ot))
: e kif -receiver todaijl
:zender traveler :mirrored in)
{-- proxy (sorry :sender todaiji :receiver traveler)l]

A R[] i —ssdule: Monitor i

Figure 9: The developer of the traveler agent makes imitations
of other agents by Guradant

8. EXPERIMENTS ON AGENT PROGRAM-
MING BY GUARDNET

We used GuardNet to build a simulation system of
a multiple robot system (see Figure 10) to show how
it can support programmers of multi-agent systems.

There are the following three tasks to simulate.

e Robots bring the object to the user which he/she

wants to get.

e Robots put objects in an area to the rack in or-

der.

e Robots deliver objects.

We have two autonomous mobile robots (one has
hands), an autonomous rack and an automatic door.
In this test, we asked two programmers to build the
system.

8.1 Meeting among programmers

Before decision of the agent programming by Guard-
Net, the programmers had a meeting. In the meeting,
they talked what agents they would make, and what
information the agents exchange. In this case, they
decided the architecture of the agent system, i.e., four
agents for robots, a user-interface agent and a planning
agent. One programmer took charge of four agents, the
other took charge of two (see Figure 10).

8.2 The experiments on the decision of message
specifications by Guardant

They made 25 messages. 8 messages in them are
just re-used of the other messages, so that they have no
decision processes. In the decision processes of 9 mes-
sages, there are at least one counter-offer. The other
messages are accepted without any counter-offers.
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Figure 10: An example of agent system on physical world

The later the experiments proceeded, less counter-
offers were made. It seems that the programmers formed
representation patterns of message specifications.

The counter-offers can be classified into 6 groups
as follows;

e Point out mistakes
Modification of representation
Addition of representation and information
Fundamental change of representation
Emphasis on his own opinion again
Query

We can conclude the following advantages of Guard-
Net from this experiment.

e Programmers can communicate and decide the
agent specifications, regardless their physical dis-
tances.

e FEach programmer can manage agent specifica-
tions concurrently.

e The decision process of the agent specifications
are done in a relatively short time.

e Even if a programmer is not at work, Guardant
can provide the agent specifications to other pro-
grammers instead of the programmer.

But we also obtained the following disadvantages;

e Many (more than about 5) parallel decision pro-
cesses of message specifications often make the
programmer confuse.

e Programmers may want to unify expressions of
different messages, but GuardNet don’t support
it.

9. CONCLUSION

By management of message specification, Guard-
Net supports decision of message specification, agent
coding and debugging. To share the expression of mes-
sage expression, GuardNet needs the function to man-
age ontology. In the KSE they study collaborative
ontology construction on world wide web [Fa94].

Parman [?] is intelligent parametric design tool
supporting collaborative engineering. The agent of
Parman consists a design tool and a human user, and
the relation of them is similar to our Guardant and
developer.

10. SUMMARY

In this paper we described a multi-agent system
GuardNet which supports cooperative development of
multi-agent systems. It provides a new environment
for cooperative, distributed, and asynchronous devel-
opment of multi-agent systems.
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