¥y ¥ ¥y

Computacion y Sistemas

' Co acio -
'M computacion ISSN: 1405-5546

v Sistemas computacion-y-sistemas@cic.ipn.mx
Instituto Politécnico Nacional
México

Martin, Francisco J.; Plaza, Enric; Rodriguez Aguilar, Juan A.
Composing Multi-Agent Systems with Interagents
Computacion y Sistemas, vol. 2, nam. 4, abril-junio, 1999, pp. 183-190
Instituto Politécnico Nacional
Distrito Federal, México

Available in: http://www.redalyc.org/articulo.oa?id=61520405

How to cite e

Complete issue - .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=615
http://www.redalyc.org/articulo.oa?id=61520405
http://www.redalyc.org/comocitar.oa?id=61520405
http://www.redalyc.org/fasciculo.oa?id=615&numero=3595
http://www.redalyc.org/articulo.oa?id=61520405
http://www.redalyc.org/revista.oa?id=615
http://www.redalyc.org

Compatacidn v Sistemas Vol 2 Mo 4 pp. |83 - 190
B, CIC - 1PN, ISEN [405-3548  Impreso en Méxion

Composing Multi-Agent Systems with Interagents

Francisco J. Martin, Enric Plaza, and Juan A. Rodriguez-Aguilar
1A - Arificial Intelligence Research Institute
CSI1C- Spanish Council for Scientific Research
Campus UAB, 08193 Bellaterra, Catalonia, Spain
{martinenric, jar G@iiia.csic.es

Article received oo November 13 1908 accepted on April 19 1999

Abstract

This paper preseats on infrasteeciore for easing the
congtruction of agem-bated sitems, Owr proposal relies
upor o hasie  elemtenls  coRversation  protocols,
coordipation paiierns thai impose @ sel of rules on the
cormmunicalive acts nttered by the agemis participating
in a comversation (what can be said to whom, and
when), and nteragents, aulonomous soffware agents that
miediare the fteraciion berween each apens and the
agent sociehy. We also introdvce JIM, owr fava-based
implemeniation of o peneral-purpose  inferapen  hal
emplovs  comverzation  profocols  for  medialing
conversaiions ameng agents. Finaglly, we ilfusirarte the
uze of imferagents by explaiming the several rofes that
they play in FM {Rodriguez-Aguilar and Martin, 1999),
an ageni=mediated electronic auction market,

Kevwords:

Multi-Agent Systems, Interagents, Communication, Co-
ordination.

1 Introduction

There exists a number of problems which involve
multiple and (logically and often spatially)y distributed
sources of knowledge. This kind of problems can best be
addressed using an  agent-based  system  —a
computational system composed of several interacting
agents which cooperate with one another 1o solve
complex tasks beyond the capabilities of an individual
agent. The development of such type of multi-agent
systems poses the guestion of how to integrate a set of
heterogeneous agents —agents developed by different
people  for  different purposes and in differend
languages— within a common setting. We have regarded
such progess as composed of two well-defined, separate
stages concerming respectively:

®  the agents’ logics: involving from the agents’ inner
behavior  (knowledge representation, reasoning,
leaming. etc.) 1o the agents' social behavior
responsible for high-level coordination iasks (the
selection, ordering. and communication of the
results of the agent activities so thal an agent works
effectively in a group settimg).

& rthe agenis’ Gweractions taking place at several
levels: comferd level, concemed with the information
content communicated among agents; imemntional
fevel, expressing the intentions of agents' utterances,
usually as performatives of an agent communication
language (ACL), eg KOML, FIPA ACL, etc.;
comversational  level, concermned  with  the
conventions  shared  between  agents when
cxchanging utterances; framspord leved, concemned
with mechanisms for the transport of uttcrances; and
compection fevel, concemed with network protocals
(TCPIP, HTTP, etc.).

Based on this scparation of concems, we have
introduced an imfrastrecinre that eases the construction
of agent-based systems by taking charge of the
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cumbersome interaction issues inherent to this type of
systems. Such infrastructure relies upon two fundamental
elements: comversation profocols, coordination patterns
that impose a set of rules on the communicative acts
utiered by the agents participating in & conversation
{what can be said, to whom, and when), and inferagents,
autonomous software agents thal mediate the interaciion
between each agent and the agent society wherein this is
situated. In our infrastructure interagents constitute the
unique way through which agents interact within a multi-
agent scenario (for instance see Figure 1). Thus, as a
rule, agents' external behavior is managed by interagents,

Agent's Logic:
Inmer ahd Social Agent
Behavior . .
Interagent | “3s 1
Interaction Issues 2225 IR
Communication and '@ “u
Conversation Support | ~Ow O

while their individual logic, knowledge, reasoning,
learning, etc. are internal to agents,

We have materialized the conceptualization of
interagents through the design and development of JIM:
a java-based implementation of a general-purpose
interagent capable of managing conversation protocols
and capable also of dealing with agent interaction at
different levels. JIM has been successfully applied in the
development of FM (Rodriguez-Apuilar and Martin,
1999}, our current implementation of an agent-mediated
elecironic auction market,

Fishmarket

Figure 1: The Fishmarket, an electronic auction house where inferactions amang agents (trading agents
and market intermediaries) takes place through their corresponding inferagents,

The remainder of this work is organized as follows,
Section 2 dverview conversation protocols. Section 3
explains the basics of interagents, introduces JIM, and
sketches out the SHIP protocol employved to Handle
agent imteraction at different levels. Section 4 illustrates
how interagents are being used in the development of
FM. Finally, Section 5 analyzes which features
distinguish our approach from related approaches and
Section & draws some concluding remarks.

2  Conversation Protocols

We view conversations as the means of representing the
conventions adopted by agents when interacting through

the exchange of utterances —utterance suggests human
speech or zome analog o speech, in which the message
between sender and addressee conveys information about
the sender™ (Parunak, 1996). More precisely, such
conventions define the fegal sequence of utterances that
can be exchanged among the agents engaged in a
conversation: what can be said, to whom and when,
Therefore, conversation protocals are  coordination
patterns that constrain the sequencing of utterances
during a conversation.

A conversation protocol (CP) defines a class of legal
sequences of utterances that can be exchanged between
two agents holding a conversation. We model and
implement a CP as a special type of Pushdown
Transducer (PDT), which can be seen in tum as a
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combination of a Finite-State Transducer (FST) and a
Pushdown Auwtomaton (PDA): an FST is simply a Finite
State Automaton (FSA) that deals with two tapes. To
specify an FST, it suffices to augment the F5A notation
50 that labels on arcs can denote pairs of symbols;
whereas a PDA is composed of an input stream and a
control mechanism —like an FSA— along with a stack
on which data can be stored for later recall.

Therefore, a PDIT is essentially a pushdown automaton
that deals with two tapes. A PDA can be associated to a
PDT by considering the pairs of symbaols on the arcs as
symbols of a PDA. The choice of PDTs as the
mechanism for modeling CPs is motivated by several
reatons. First, analogously to other finite-state devices a
few fundamental theoretical basis make PDTs very
Nexible, powerful and efficient. They have been largely
used in a variety of domains such as pattern matching,
speech recognition, cryptographic technigues, data
compression technigues, operating system verification,
etc. They offer a straightforward mapping from
specification to implementation. PDTs, unlike other
finite state devices, allow us to store, and subsequently
refrieve, the contextual information of ongoing
conversations.

In (Martin er al, 1999 we explained CPs in depth,
We also introduced a conceptual model of CPs, the
formalism underpinning such model in order o provide
the foundations for a further analvsis conceming the
properties that CPs must ¢xhibit and, finally, the way of
negotiating, instantiating, and employing CPs.

3  Interagents

Interagents mediate the interaction between an agent and
the agent society wherein this is situated. The main task
of an interagent is the management of conversation
protocols. Here we differentiate two roles for the agents
interacting with an interagent: customer, played by the
agent exploiting and benefiting from the services offered
by the interagent, and cwner, plaved by the agent
endowed with the capability of dynamically establishing
the policies that determine the interagent's behavior.
Meedless to say that an agent can possibly play both roles
at the same time. Moreover, several owners can even
share their property (collective owmership), whereas
several customers can make use of the same interagent
(callective leazing).

In what follows we provide an account of the
functionality of interagents —mostly from the point of
view of customers— to illustrate how they undertake
conversation management. An interagent is responsible
for posting the utterances of i customer 1o the
comesponding addresses and for collecting the unerances
that other agents address 1o its customer, This wierance
manggement  abstracts  customers  from  the  defails

concerning the agent communication language and the
network protocol. Esch interagent owns a collection of
relevant conversation protocols (CP) used for managing
its customer conversations, When its customer intends to
start a mew conversation with another agent the
interagent instantiates the corresponding conversation
protocol. Once the conversation starts, the interagent
becomes responsible for ensuring that the exchange of
unerances conforms to the CP specification.

When starting a new conversafion the interagent
performs a CF negotiation process with the interagent of
the addressee agent. The goal of CP negotiation is 1o
reach an agreement with respect to the specific
conversation prodocol to be used.  Moreover, before
starting a conversation, the interagent performs a CP
verification process, This process checks whether the CP
to be used verifies the necessary conditions (liveliness,
termination, deadlock and race condition free) for
guarantecing the correct evelution of an interaction.
Finally, an interagent allows its customer to hold several
conversations at the same time. This capability for
mrtdtiple conversarions s important because, although in
the paper we consider only conversations with two
participants (dialogues), conversations with any number
of participants are built as a collection of simultancous
CP instances, In other words, the agent views a
conversation as involving n participants - while its
inferagent views such comversation as a collection of
simultaneous dialogues represented as multiple CP
instances.

A1 JIM

JIM is a general-purpose interagent enabled with the
capability of managing CPs wich has proven its
usefilness in several applications (see Section 4). Before
the presentation of JIM we will introduce the SHIP
protocol  because 1t has  profoundly shaped its
architecture.

The extenSible and Hierarchical Interaction Protocol
(SHIP) offers a Jayered approach to suppont all levels of
agent interaction (one layer for each level introduced in
Section 1), Each layer comprises a set of protocols with
similar functionality, and provides an abstract interface
i higher layers that hides the details related to the
particular protocol in use. For instance, two agents can
exchange wrierances without worryving about the
underlying communication mechanism —message
passing, tuple-space or remote procedure call. In addition
1o this, the hierarchical structure of SHIP allows agents
to choose their interaction level. This implies the use of
the comresponding layer and the lower layers, but not
higher layers, for instance if an agent decides to use the
transport layer it will use the lower levels (the con-
mection laver in this case) but not the higher layers of
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SHIP. Lasily, SHIP is extensible, in the sense that it
permits the incorporation (plug-in) of new protocols into
¢ach layer.

SHIF is a requestrespomse  profocol  which
distinguishes two roles: client and server, An interagent
may play both roles at the same time, e.g. il can act as a
server for its customer, and as a client for another
interagent, In & typical message flow a client sends a
request to the server, and this sends a response back to
the client. All messages exchanged between a client and
a server are encapsulated as either requests oF responses
of the SHIP protocol. Both requests and responses are
represeénted as XML messages that nest the information
corresponding to each level of interaction. On the sender
side, messages 1o be sent are wrapped at each layer and
passed down till getting to the communication layer
responsible for the sending. Upon reception, on the
receiver side, messages are unwrapped at each layer and

The architecture of JIM {Figure 2 shows a skeich of it)
presents up to four different fagades: owner, cusfomer,
sociely and web fagades. Each facade represents a
different entry for each type of agent requesting the
services provided by JIM. The services provided
through exch facade differ. For instance, only the owner
fagade allows an agent to upgrade the CP repository. The
web fagade simply provides access to World-Wide Web
resources. For instance, this facade allows a human agent
1o imeract with the JIM's customer through a standard
WWW browser. Each facade is built on top of a differcmt
instance of the SHIP protocol. In JIM a chain of
responsibility s established through  the different
protocol layers that conform the SHIP instance of each
fagade. That is to say, each layer is responsible for
managing some of the services provided by JIM. We
explain the rest of the architecture of JIM in terms of its

passed up to higher layers 11l the message arrives at the FORIRRESI:
layer chosen by the agent for interacting,
Society facade
e N N - ST T e —————— =
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. e o P ! o s e P P o o o o - e s o o e o o i -
O ™
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HE BN SHIP Connection Layer HE BN
Simple Sockets | S5L Sockets | HTTP | RMI nop Memory L0 streams
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Fignre 2; An (herview of JIM s Architecture

The Interagent Directory component offers interagent
naming services (white pages) that iranslate from unique
identifiers of interagents into their logical addresses and
vice versa. Each interagent can communicate with a
subset of interagents of the agent society, named its
acquainiances. A reflexive and symmetric, but not

transitive, relation acquaintance-of can be established
among interagents. An interagent’s acquaintanceship is a
sel of unique identifiers and can wvary dynamically,
allowing the collection of agents to grow dynamically.
The Director component directs the behavior of the rest
of eomponents and can receive specific directives from



F. JMartin, E. Plaza and J. A. Rodriguez & . Composing Multl-Agent Systems with Inferagenis

both the imteragent’s owner and customer, Each CP
defines a sel of constraints that the director takes into
account to sort the umerances stored in the different
buffers (sce below). The CP reposiony component stores
all CP classes that can be instantinted by an interagent.
Such repository can be updated in either sraficolly or
dvmamically, e.g. in FM (see Section 4 only the market
intermediaries working for the auction house can define
and store a1 runstime new OF classes into the CP
repository  of  each  interagent. Motice  that  the
conversation protocol repository can either be owned by
only one interagent or shared among several interagents.
The Ongoing conversation prolocols component stores all
running CPs. A CP instance is kept for each conversation
in which the interagent's customer is involved. Once a
conversation is owver the CP is thrown away (or
alternatively kept for tracing purposes). The Buffer for
admitted utterances component is responsible for storing
all witerances coming from ofber interagents in the agent
society. An utterance is stosed here until either it is
secepted or it expires due to a time-oul condition. The
Buffer for accepted ullerances component slomes
utterances that have already been accepted by a CP but
which have not been required by the cusiomer yet. Onee
one of these utterances is required by the customer it is
packaged up as a SHIP response and forwarded to it.
The Buffer for outgolng ulterances componcnt siores
utterances that have been forwarded from a customer
agent, and received by its interagent but not yet accepled.
Motice that the input list of =ach CP instance can be seen
as a composition of the buffers for both incoming and
ongoing witerances. The Buffer for delayed ulterances
component stores the utterances that have been sent by
ihe customer specifying a lapse of time before they are
actually transmitted. When such lapse of time expires,
they are automatically transferred to the buffer for
CuItToing utterances.

4 The Agent-based Electronic
Auction Market FM

In this section, we introduce FM an agent-based system
application for e-commerce that will serve to illustrate
both the practical use and functionality of inferagenis
{Rodriguez-Aguilar and Martin, 1999). In fact, most of
the features of interagents have emerged as 2
generalization of the more ad-hoc notien of remote
control introduced at the first stages of the development
of FM (Rodriguez-Aguilar e af, 1997). FM is an
electronic auction house based on the traditional fish
market auctions. Moreover, FM has been extended to
produce the multi-agent test-bed for trading agents in
elecironic auctions (Rodriguez-Aguilar et al,, 1998). The

current version of FM is now available and can be
downloaded from the FishMarket project web page'.

The acwal fish markel is an institaion that establishes
and enforces explicit conventions. In our approach, we
have described and modeled it as an electronic institulion
where several scenes run simultaneously, at different
places, but with some causal continuity (Rodriguez-
Aguilar ¢t al ,1997). The principal scene is the auction
itsell, in which buvers bid for boxces of fish that are
presented by an  auctioneer who calls prices in
descending order —the downward  bidding  protocol,
Howewver, before those boxes of fish may be sold,
fishermen have to deliver the fish to the fish marker, at
ihe sellers” regisiration scewe, and buyers need to
register for the market, at the buvers’ regisiralion soene.
Likewise, once boxes of fish are sold, the buyers take it
away by passing through a buyers” seftlements scene,
while sellers collect their payments ai the sellers’
settlements scene once their lot has been sold. Each
scene is supervised by one of the markel intermedianes
{auctioneer, buyer admitter, buyer manager, seller
admirter, seller manager, and boss) which work for and
represent the institution,

In a highly mimetic way, the FM electronic market
alsa involves the concurrency of several scenes govemned
by the market intermediaries identified in the fish
market, Therefore, seller agents register their goods with
a seller admitter agent, and can get their camings (from a
seller manager agent) once the auctioneer agent has sold
these goods in the auction room. Buyer agenis, on the
other hand, register with a buyer admitter agent, and bid
for goods which they pay through a credit line that is set
up and updated by a buyer manager agemt. Figure 3
shows the conceptual model of FM as a mult-agent
SCEnario,

Similarly to the actual fish market, FM can be
regarded as an electronic institution, Thus, buyer and
scller agents can trade goods as long as they comply with
the Fishmarker institucional conventions. Those
conventions that affect buyers and sellers have been
coded into CPs handled by interagents that establish
what utierances can be said by whom and when. We
shall differentiate twe types of interagents in FM:
trading interagemis, owned by the institution but used by
trading agents, and institutional interagenis, both owned
and wsed by those agents functioning as market
intermediaries. Therefore, all interagents have ihe
institutions as owner, but their customers can be either
irading agents or the institution itself.

Trading interagents constitute the sole and exclusive
means through which trading agents interact with the
market intermediaries representing the institution, Within
each scene, a trading interagent must employ a different
CP to allow its customer to talk to the market

! hitpe/rwww. iiila.csic.es/Projects/fishmarket
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intermediary in charge of it. Trading interagents are
responsible for enforcing ihe protogols that guarantee
that every trading agent behaves according 1o the rules of
the market. In general, we shall refer to the conversations
[Rira-sceme

supported by trading  interagents as

comversations because they are dialogues held within
cach scene between the market intermediary responsible
of the scene and each trading agent situated in the scene,

AGENT FLOW CHANMELS
INTER-SCEHE COMBUNICATION CHANHELS

. R .
1 1
mom )\ BEB
HE m_,/ \\H"'\. -____.--'"K
BN MO ALCTIGH RGoM

Figure 3 FM Multi-scene Struciure,

A% o market intermediaries, they must hold several
conversations at the same time with the agents in the
scene that they govern. For this purpose, they exploit the
capability for supperting muliiple conversations of
interagents, as explained in Section 3, by building
collections of simultancous CF instances (one per trading
agent). Thus, for example, the auctioneer's interagent
maintains an instance of the CP/DBP for each buver
agent in the auction room. Moreover, instituticnal
intéragents are not only used to support conversations
with trading agents, but also to allow those agenis
working as market intermediaries to coordinate their
activities, We will refer to the conversations held
between  market  intermediaries  as  delee-scewe
CERTVErSal [Ons.

Both tvpes of interagents have been endowed with
further capabilities. On the one hand, they are in charge
of conveying moaitoring information to the auditing
agent (also called monitoring agent), so that market
sessions can be monitored, and analvzed step-by-step.
O the other hand, interagents provide support for agent

failure handling. For example, when a wrading agent
gither goes down or simply fails to consume ithe
utterances conveyed by its interagent (say that the
trading agent lapses into an exwemely demanding
deliberative process for elaborating itz strategies), this
interagent pro-actively unplugs it customer from the
market and leaves the market on its behalf, Finally, by
applying the results deriving from our analysis in (Martin
ef al, 1999), the interagents in FM can dynamically (at
run-time) reconfigure retrieved CPs in order to guaranies
the verification of liveliness, termination, and deadlock
and race condition free.

Summarizing, the successful incorporation  of
interagents into FM has proven their usefulness by
coping with several rasks: § to handle the interplay
between trading agents and the market institution (intra-
scene conversations); /@) tw handle the coordination
between market  intermediaries’ tasks  (inter-scene
conversations); &) to provide suppont for the monitoring
of market sessions; i to handle agents’ failures; v} 1o
reconfigure CPs 50 as to ensure prodocol compatibility.
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5 Related Work

So far, much effort in agent research conceming agent
interaction has focused on the semantic and pragmatic
foundations of different agent communication languages
(ACLs) based on speech act theory (Searle, 1969; Cohen
and Levesque, 1995). However this research is currently
broadening from the specification of  individual
utterances o include the characterization of goal-directed
conversations for which agents will use ACLs, Thus new
works in speech act research, exemplified by efforts such
as KaoS (Bradshaw, 1996), Dooley Graphs (Parunak,
19496), COOL (Barbuceanu and Fox, 19935) and
MAGMA (Demazeau, 1995), attempt at representing and
reasoning about the relationships within and among
conversalions, or groups of unerances. A number of
formalisms have been proposed for the modeling of
conversations: FSMs (Chauhan, 1997), Dooley graphs,
Petri MNets, etc. Our approach proposes a new model
based on PDTs that allows to store the context of
ongoing conversations, and, in contrast with other
approaches, that provides a mapping from specification
to implementation,

Although there is a large number of software tools for
developing agents, not many of them happen to provide
suppont for the specification of conversation protocols.
Agent Talk, COOL (Barbuceanu and Fox, [1995),
JAFMAS (Chauhan, 1997), Agentis (dlInvemo ef al,
1998}, Jackal (Cost et af, 1998) and InfoSleuth (Modine
et al., 1998), do offer conversation constructs. AFMAS,
for instance, provides a generic methodology for
developing speech act based multi-agent systems using
coordination constructs similar to COOL. In addition 1w
this, as far as our knowledge goes, none of them offers
dynamically and incrementally specifiable conversation
protocols except for InfoSleuth. We attempt o make
headway in this matter with respect to other agent
building tools by introducing interagents, aulonomeous
software agents that permit both the dymamic and
incremental definition of conversation protocols by both
the agent engineer and the owner.

We have chosen the conceptualization of interagents
as autonomous software agents instead of an agent's
built-in conversation layer as proposed in other agem
architectures because of the nesd to separate the agents’
logics from the agents' interactions —such separation has
proven to be valuable in the development of a particular
ype of agent-based systems, namely elecironic
institutions  such as FM. Interagents —like KOML
facilitators— are inspired by the efficiemt secretary
metaphor already mtroduced in the Actors model of
concurrent computation. Nonetheless, interagenis
—unlike KOML facilitators— offer the conversational
level required by agents to cooperate in non-trivial ways.

6 Final Remarks

Based on CPs and interagents we have proposed an
infrastenciure for easing the development of ageni-based
systzrms that takes charge of the complex, time-
consuming interaction issues imherent to the construction
of this type of systems. In this way, the overhead related
to the management of the interaction tasks needed by an
agent is shifted 1o its interagent, Interagents employ CPs
for mediating conversations among agents, and so the
management of CPs is identified as their main task. Two
major benefits  are  achieved by deploving our
infrastructure from the point of wview of the agent
developer: on the one hand, their agents can reason about
communication at higher levels of abstraction, and on the
other hand they are released from dealing with
interaction issues, and so they can concentrate on the
design of the agents' logics. We have also  introduced
JIM, a general-purpose interagent. JIM is currently being
used o cooprdinate the activities of the market
intermediaries composing the FM system and the
interaction between the market as a whole and the
participating  buyers and sellers (see Figure 1)
Additionally, JIM is being successfully employed by
other ongoing research projects: the SMASH project”,
that addresses the construction of prototype multi-agent
systems with learning capabilities that cooperate in the
solution of complex problems in hospital environments;
and in the multi-agent leaming framework Plural {Martin
el al, 1998) which tackles the problem of sharing
knowledge and experience among cognitive agents that
co-operate within a distributed case-based reasoning
framewiork.
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