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DESPITE THE SUBSTANTIAL NUMBER OF MULTIAGENT

The most noble and profitable inven-

tion of all other was that of speech, SYSTEMS THAT USE AN AGENT COMMUNICATION LANGUAGE,
consisting of names or appellation, and

their connection; whereby men register THE DUST HAS NOT YET SETTLED OVER THE ACL ||
their thoughts, recall them when they LANDSCAPE. ALTHOUGH SEMANTIC SPECIFICATION ISSUES |
are past, and also declare them one to

another for mutual utility and conver- HAVE MONOPOLIZED THE DEBATE, OTHER IMPORTANT
sation; without which there had been

amongst men neither commonwealth, PRAGMATIC ISSUES MUST BE RESOLVED QUICKLY IF ACLS 4ARE
B ontract, nor peace, no TO SUPPORT THE DEVELOPMENT OF ROBUST AGENT SYSTEMS.

more than amongst lions, bears, and

wolves.

—Thomas Hobbes
LeviathanPart |, Chapter IV
. itating day-to-day business, language grantegliage development for human agents, stan-
memory. It allowed communities to conveydardization efforts have assumed that role for
the experiences and acquired knowledge of itoftware agents. Agedts—by which we
members to the next generation. always measoftware agents this article—
A Not all languages are spoken “natural lansuggest a paradigm for software development
LTHOUGH THE FIRST PRIMATES| guages” like English, Greek, or Mandar|nthat emphasizes autonomy both at design time
that could be considered our remote ancesto&hinese. The signs that baseball manageland runtime, adaptivity, and cooperation. This
appeared one to two million years ago, it hasoaches, and players use and sign languagpproach seems appealing in a world of dis-
been less than 50,000 years since our specfes the deaf are examples of languages th&ibuted, heterogeneous systems. Languages
“invented” what we would recognize today asexhibit a fundamental property of useful lanfor communicating agents promise to play the
a language. In the short evolutionary timguages: the meanings of their tokens anmle that natural languages played for thejr
since that innovation, we have managed tshared. This is not to say that one cannot halx&iman counterparts. An agent communica-
raise ourselves to a level unmatched by otherprivate language, whose symbols are undeiion language that allows agents to interac
creatures on our planet. Admittedly, the attristood only by oneself; however, there is notvhile hiding the details of their internal work-
bution of this dramatic advancement solely tonuch you can do with such a language. If thisxgs will result in agent communities tha
language cannot be proven, but language mystivate language becomes public, well, novtackle problems no individual agent could.
have something to do with it. Is it a mere cojnwe're talking. This leads us to a fundamen- In this article, we introduce some concepts
cidence that the emergence of language coitel characteristic of any language: languagesseful in discussing agent communication
cides with the beginning of complex, long-exist to serve a purpose, namely the cgmanguages and then compare and evaluate the
lived communities? Obviously, languagemunication between willing—and occasion-two major ACLs. (Throughout the article, we
fostered complex interactions between thally unwilling—participants. use the abbreviation ACL to refer both to an
members of a community. And beyond fagil- Whereas evolution was the engine of lanagent communication language as a concept
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and to ACLs collectively. There is an ACL SMTP, TCP/IP, IIOP, or HTTP. The ACL * an agent,

simply named ACL, but we hope that contexitself defines the types of messages (and their a content-bearing proposition (for exam

will prevent confusion.) Knowledge Query meanings) that agents can exchange. Agents ple, it is raining), and

e a finite set of propositional attitudes an
agent might have with respect to the

gesproposition (for example, believing,

n asserting, fearing, wondering, hoping

ACLs, and we include a brief overview of theauction. At the same time, a higher-level con- and so on).

propositional attitude.
ge Although agents were not originally part of
the KSE vocabulary, the group’s conceptual
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@gent that uses a different implementation lan

So, according to the KSE, the first layer o
itthe common-language problem is that of sy
liactic translation between languages in th

dardization effort.

D

Basic concepts of ACL ittOMG) standardization effort is an example
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equate agency with the ability of a syste
exchange knowledge using an AEGIOf
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achieve the lofty goal of seamless exchander agent communications: when communiif different applications use different names
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edge) it applies to. The technical term for this
body of background knowledgeastology

More formally, an ontology is a particular con-
ceptualization of a set of objects, concepts,
and other entities about which knowledge i
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a procedure or method.
tral concept of the KSE was that knowledgéudes about their information and knowledge

But ACLs by no means cover the entiresharing requires communication, which incontent. Agents need to question other agents,
spectrum of what applications might wantitdurn requires a common language; the effoibform them, request their services for a task,
exchange. Agents can and should exchandecused on defining that common languag€ind other agents who can assist them, moni-
more complex objects, such as shared plams the KSE model, software systems are virtor values and objects, and so on. In an open
and goals, or even shared experiences atuhl knowledge bases that exchange propenvironment, a simple RPC cannot provide
long-term strategies. sitions using a language that expresses Vathese functions. Agents issue requests by spec-

At the technical level, when using an ACL,ous complex attitudes. The proper term iffying not a procedure but a desired state inja
agents transport messages over the netwaopkopositional attitudesPropositional atti-| declarative language—that is, in some ACL
using a lower-level protocol—for example,tudes are three-part relationships between The KSE view was that these layers are
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(ask-one
:sender joe
:content (PRICE IBM ?price)
:receiver stock-server
:reply-with ibm-stock
:language LPROLOG
:ontology NYSE-TICKS)

make so just by sending them. For historical
reasons, however, we continue to use the term
for KQML.)

independent of one another. The ACL is onl
concerned with capturing propositional atti-
tudes regardless of how propositions ar

expressed. Still, propositions are what agen @ In addition, since the content is opaque t
will be “talking” about. (tell KQML, the message layer also include
A proposal within the KSE was to use :sender stock-server optional features that describe the content
Knowledge Interchange Format (KIF, par- :content (PRICE IBM 14) language, the ontology it assumes, and some
ticular logic language, as a standard for de fzif::;‘l*;_izeibm_stock type of description of the content, such asja
cribing things within computer systems suc ;language LPROLOG descriptor naming a topic within the ontol
as expert systems, databases, intellige .ontology NYSE-TICKS) ogy. These features make it possible far
agents, and so on. Moreover, KSE researche  (b) KQML implementations to analyze, route,

and properly deliver messages whose con-
tent is inaccessible.

designed KIF specifically to make it useful

as aninterlingua. By this, we mean a lan- figyre 1. Examples of messages in KQML (a) a query
guage that is useful as a mediator in the tranfiom agent joe about the price of IBM stock and (b) the
lation of other languages. KIF is a prefix verstock-server's reply.

sion of first-order predicate-order calculus
with extensions to support meta-operators used in Lisp—that is, a balanced parenthe-
and definitions. The language descriptipiThree-layer organization.Conceptually, we| sis list. The initial element of the list is the
includes both a specification for its syntax andan identify three layers in a KQML messageperformative; the remaining elements are the
one for its semantics. content, communication, and message. Theerformative’s arguments as keyword/valu
Ontolingua® a language designed for des-content layer bears the actual content of theairs. Because the language is relatively sim-
cribing ontologies, and a variety of supportmessage in the program’s own representatigie, the actual syntax is not significant an
ing tools became the KSE solution to thdanguage. KQML can carry any representacan be changed if necessary in the future. The
problem of developing and maintaining on+ion language, including languages expressexyntax reveals the roots of the initial imple
tologies. Researchers at Stanford’s Knowlas ASCII strings and those expressed usingentations, which were done in Commo
edge Systems Laboratory have developedtanary notation. Every KQML implementa- Lisp; it has turned out to be quite flexible.
set of tools and services to support the prdion ignores the content portion of the mes- A KQML message from agent joe repre
cess of geographically distributed groupsage, except to determine where it ends. | senting a query about the price of a share of
achieving consensus on common shared The communication layer encodes a set dBM stock might be encoded as shown in
ontologies. These toals, built around Ontolinfeatures to the message that describe |thégure 1a. In this message, the KQML per
gua, use the World Wide Web to enable widéwer-level communication parameters, suclfiormative is ask-one, the content(srIce
access and let users publish, browse, creates the identity of the sender and recipienttBM ?price), the ontology assumed by the
and edit ontologies stored on an ontologwand a unique identifier associated with theuery is identified by the tokeryse-T1cKs,
server. Users can quickly assemble a nesommunication. the receiver of the message is to be a sery
ontology from a library of existing modules, The message layer, which encodes a meiglentified asstock-server, and the query
extend the result with new definitions andsage that one application would like to transis written in a language callegrovroc. The
constraints, check for logical consisten¢cymitto another, is the core of KQML. This layervalue of the: content keyword is the con-
and publish the result in the library. determines the kinds of interactions one ¢atent level; the values of thereply-with,
have with a KQML-speaking agent. The mes: sender, and : receiver keywords form
sage layer’s primary function is to identify thethe communication layer; and the performa
network protocol with which to deliver the tive name with the 1anguage and: ontol-
message and to supply a speech gotdor- | ogy keywords form the message layer. I
s mativethat the sender attaches to the conterdue time, the stock-server might send joe th
This speech act indicates whether the messaf®ML message in Figure 1b.
the an assertion, a query, a command, or any Although KQML has a predefined set of
- other of a set of known performativsQML | reserved performatives, it is neither a mini:
Vlhas adopted the tefperformativeo mean any| mal required set nor a closed one. A KQML
n-of its primitive message types. In speech aetgent might choose to handle only a few (pe

Syntax and performatives.The syntax of
KQML is based on the familia-expression

KQML: concepts of ACLs

[©

Existing ACLs are KQML, its many dialect
and variants, and FIPA ACL. KQMtillus-
trates the basic concepts of all these. With
exception of ACL, a KQML variant that as
sumes KIF as the content language, all KQN
dialects and FIPA ACL follow the basic co

cepts of KQML that we discuss here.

KQML is a high-level, message-oriente
communication language and protocol f
information exchange independent of cont
syntax and applicable ontology. Thus, KQM
is independent of the transport mechani
(TCP/IP, SMTP, IIOP, or another), indepe
dent of the content language (KIF, SQ
STEP, Prolog, or another), and independ

theory, a performative is an utterance that su¢raps one or two) performatives. The set |
dceeds simply because the speaker says extensible; a community of agents migh
omsserts it. In English, such utterances typicallghoose to use additional performatives if the
erdppear in a first-person, present-tense, declaagree on their interpretation and the protoc
Lative form, often accompanied by “hereby”—associated with each. However, an imple
sifor example, “I hereby request you to turn ormentation that chooses to implement one
n-the computer.” Philip R. Cohen has argtled the reserved performatives must impleme
L thatperformatives a poor term to use for all it in the standard way.
emtCL primitive message types, because not all One of the design criteria for KQML was to

of the ontology assumed by the content.

can be construed as actions that the sender gaoduce a language that could support a wide
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tell(A,B.X)

Pre(A): BeL(A,X) O Know(A,WanT(B,Know(B,S)))

Pre(B): InT(B,Know(B,S))
variety of interesting agent archi- where 5 may be any of BeL(B.X), or = (BeL(B.X)). reminder that physical—that is,
tectures. Thus, KQML introduces a|  Post(A): Know(A,Know(B,BEL(A,X))) human—agents and interaction
small number of KQML performa- |  Post(B): Know(B,BEL(A,X)) with them are part of the associa
tives that agents use to describe th o tion’s scope.
metadata specifying the informa- Completion: Kiow(B,BeL(A X)) FIPA operates through the open
tion requirements and capabilities; international collaboration of
it also introduces a special class ofigure 2. KAML semantics for fell member organizations, which are
agents calledommunication facil- companies and universities active
itators.2 A facilitator is an agent that in the field. European and Far|

performs various useful communication sertions, and completion conditions describéEastern technology companies have been
vices, such as maintaining a registry of seistates of agents in a language of mental attkmong the earliest and most active partic
vice names, forwarding messages to nameddes (belief, knowledge, desire, and intenpants, including Alcatel, British Telecom,
services, routing messages based on contetibn) and action descriptors (for sending anéfrance Telecom, Deutsche Telecom
matchmaking between information providergprocessing a message). No semantic modeftatchi, NEC, NHK, NTT, Nortel, Siemens,
and clients, and providing mediation andor the mental attitudes are provided, but thand Telia.
translation services. language used to describe agents’ statesFIPA's operations center around annual
severely restricts the ways the mental attitudesunds of specification deliverables. The cu
SemanticsDuring its first few years of use, can be combined to compose agents’ statesent specification is FIPA97, available at the
KQML existed with only an informal an Figure 2 shows an example of semanticEIPA home pageyww.fipa.org FIPA assigns
partial semantic description. Critics identi-for sender A and receiver B in this frame-tasks to technical committees, each of which
fied this as one of its shortcomingsDur- | work. This semantics faell suggests that an has primary responsibility for producing,
ing the past few years, researchers have| pagent cannot offer unsolicited information tomaintaining, and updating the specifications
forth several efforts to provide a formalanother agent. We can easily amend this gpplicable to its tasks. The technical commit-
semantics. introducing another performative—let’s calltee most important within the scope of this
In other works'?-14the first two authors it proactive-tel—that has the same semanarticle is the one charged with producing a
of this article provide the semantics oftic description asell but with Pre(A) being | specification for an ACL. In addition, the
KQML in terms ofpreconditionspostcon-| BeL(A,X), and an emptyre(B). agent management committee covers agent
ditions,andcompletion conditionfor each Another semantic approaldit®builds on | services such as facilitation, registration, and
performative. Assuming a sender A and &arlier work on defining rational agenty. agent platforms; the agent/software interac-
receiver B, preconditions indicate the necesFhis body of work deems the teqmerfor- | tion committee covers integration of agents
sary states for an agent to send a performexativeinappropriate to describe KQML's with legacy software applications. Together,
tive, Pre(A), and for the receiver to accept/itcommunication primitives; the suggestedhese three committees create the backbone
and successfully process re(B). If the | approach views the language’s reservedf the FIPA specifications.
preconditions do not hold, the most likelymessage types astemptsat communica-
response isrror or sorry. tion. These attempts involve two or more=IPA ACL. FIPA's agent communication
Postconditions describe the states of thetional agents that temporarily form team$&anguage, like KQML, is based on speech ac
sender after the successful utterance of a péo-engage in communication. This approactheory: messages are actions or communica-
formative, and of the receiver after the receipgtrongly links the ACL semantics to thetive acts, as they are intended to perform
and processing of a message but beforeagent theory assumed for the agents involvesbme action by virtue of being sent. The
counterutterance. PostconditioRsst(A) | in an ACL exchange. FIPA ACL specification consists of a set of
andPost(B)hold unless aorry or anerror message types and the description of their
is sent as a response to report the unsuccgess- pragmatics—that is, the effects on the men-
ful processing of the message. Foundation for Inielligenl tal attitudes of the sender and receiver agents.
A completion condition for the performa- physi““ Agem-s The specification describes every commu-
tive, Completion, indicates the final state, nicative act with both a narrative form and a
after, for example, a conversation has taken The Foundation for Intelligent Physicalformal semantics based on modal logic. It
place and the intention associated with thAgents is a nonprofit association whose puralso provides the normative description of a
performative that started the conversation hgsose is to promote the success of emergirget of high-level interaction protocols, in-
been fulfilled. agent-based applications, services, and equipluding requesting an action, contract net,
Establishing the preconditions for a perment. FIPAs goal is to make available specand several kinds of auctions.
formative does not guarantee its successfiflcations that maximize interoperabilit FIPA ACL is superficially similar to
execution and performance. The preconditiorscross agent-based systems. As this delSQML. Its syntax is identical to KQML's
only indicate what can be assumed to be [tt@iption suggests, FIPA is a standards orgaxcept for different names for some reserved
state of the interlocutors involved in annization in the area of software agents. Therimitives. Thus, it maintains the KQML
exchange. Similarly, the postconditions desarganization originally included the word approach of separating the outer languag
cribe the states of the interlocutors assuminghysicalin its name to cover agents of thefrom the inner language. The outer languag
the successful performance of the communrobotic variety. Over time, however, the adjecdefines the intended meaning of the messag
cation primitive. Preconditions, postcondi-tive’s presence has come to serve as the inner, or content, language denotes th

DO D0
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expression to which the interlocutors’ beliefs,

desires, and intentions, as described by

<i, inform(j, @>
FP: B(¢) 0~ B(Bif(¢) O Uif(¢))
RE: B(¢)

tHagure 3. FIPA ACL semantics for the communicative act

meaning of the communication primitive, inform. Agent iinforms agent j of confent g2

apply.

KQML has been criticized for using the

termperformativeto refer to communication
primitives. In FIPA ACL, the communicatio
primitives are calledommunicative acter
CAs for short. Despite the difference in nal
ing, KQML performatives and FIPA ACL
communicative acts are the same kind
entity. To avoid confusion, we will use th
termsperformative (communicationjprimi-
tive, andcommunicative adéhterchangeably.
The FIPA ACL specification documern
claims that FIPA ACL (like KQML) does no
make any commitment to a particular co
tent language. This claim holds true for m

primitives. However, to understand andgiven proposition is true. According to th

process some FIPA ACL primitives, recei
ing agents must have some understandin
Semantic Language, or SL. We will discu
this important point later.

SemanticsSL is the formal language used
define FIPA ACL's semantics. SL is a qua
tified, multimodal logic with modal opera
tors for beliefs B), desires D), uncertain
beliefs ), and intentions (persistent goa
PG). SL can represent propositions, objeg
and actions. We can trace SL's origins to
work of Philip Cohen and Hector Leve
quelbbutits current form is primarily base
on the work of M.D. SadeK A detailed
description of SL, including its own sema
tics, is outside the scope of this article a
can be found in the FIPA ACL specificatio
In FIPA ACL, the semantics of each con
municative act is specified as sets of SL f
mulae that describe the adésasibility pre-
conditionsand itsrational effect For a given
CA a, the feasibility preconditions F&)
describe the necessary conditions for
sender of the CA. That is, for an agent
properly perform the communicative act
by sending a particular message, the fe
bility preconditions must hold for the sendé
The agent is not obliged to perfoenf FP(a)
holds, but it can if it chooses. A communic
tive act'srational effectrepresents the effeg
that an agent can expect to occur as a re
of performing the action; it also typicall
specifies conditions that should hold true
the recipient. The receiving agent is not
quired to ensure that the expected eff
comes about and might indeed find it impa
sible. Thus, an agent can use its knowle

form, but it cannot assume that the ratiof

n effect will necessarily follow.

Conformance with the FIPA ACL mean

mthat when agent A sends GAthe FPX) for
A must hold. The unguaranteed RES$ irrel-

advant to the conformance issue.

e This introduction should be enough for
basic understanding of the example in F
ure 3, which shows the specification of t

t communicative adnform,in which agent

t informs agent of contentg. The content of

ninformis a proposition, and its meaning

vsthat the sender informs the receiver tha

v-semantics, the sending agent
g of
S

holds that the proposition is trus,(¢);
does not already believe that the recei
to proposition & Bi(Bfi(@) DUif(¢); and
intends that the receiving agent shol
also come to believe that the propositi
is true (rational effeds,(¢);

S,
ts,

h€omparing the ACLs

S-

cal with respect to their basic concepts 3
n-the principles they observe. The two la
nduages differ primarily in the details of the
n.semantic frameworks. In one sense, this
n-ference is substantial: because of the diff
orent semantic frameworks it would be impa
sible to come up with exact mappings
transformations between KQML perform
tives and their completely equivalent FIR
hprimitives, or vice versa. On the other ha
tahe ineluctable differences might be of litt
importance to many agents’ programmers
adiheir agents are not true BDI agents. We
erelaborate on this argument in the later s
tion on the future of ACLs.
a- Both languages assume a basic nonc
t mitment to a reserved content langua

has any knowledge of the truth of theused to describe agents’states). Although w

d KQML and FIPA ACL are almost identit

communication primitives. This is an impor-
tant attribute of FIPA ACL. FIPA changed the
language’s original, Prolog-like syntax to
match KQML's to facilitate the transition of
KQML systems to FIPAACL. A large part of
nainaking an agent system communication
ready is to provide code that will parse incom
sing messages, compose messages for tra
port, and channel them through the networ
using a lower-level network protocol. This
infrastructure will be the same regardless @
ahe choice of ACL.
ig- These encouraging thoughts do not app
hedo the semantics of the two languages. Fo
lowing the KQML semantics described else
wherel?we can see that semantically the twi
islanguages differ at the level of what consti
t autes the semantic description: precondition
spostconditions, and completion conditions
for KQML; feasibility preconditions and
rational effect for FIPA ACL. They also dif-
fer at the level of the choice and definitions
veof the modalities they employ (the languag

ns-

=

D ¥

can approximate the KQML primitives in
I¢FIPA's framework and vice versa, a complet
orand accurate translation is not, in genera
possible. For example, to define a CA in
FIPA ACL that approximates KQMLtll,
we can replacein the definition ofinform
with Big(see Figure 3).
Another difference between the two ACLS
is in their treatment of the registration and
ntacilitation primitives. These primitives cover
narange of important pragmatic issues, such
irregistering, updating registration information
difand finding other agents that can be of assi
etance in processing requests. In KQML, thes
stasks are associated with performatives th
othe language treats as first-class objects. FIPA
a-ACL, intended to be a purer ACL, does not
Aconsider these tasks CAs in their own right.
dinstead, it treats them as requests for actig
leand defines a range of reserved actions th
, iEover the registration and life-cycle tasks. |
villhis approach, the reserved actions do not ha
edermally defined specifications or semantics
and are defined in terms of natural-languag
rdescriptions. Moreover, FIPA ACL does not
gecurrently provide facilitation primitives.

1%

as

S-
e
at

stibwever, in the FIPA ACL case, as we me
y tioned, an agent must have some limi

1g&CL message look syntactically identical

of the rational effect to plan what CA to pe

ofinderstanding of SL to properly process #ives that they are accustomed to fron
rereceived message (as in the case afitpgest| KQML—broker, recommendand recruit.
ecTA). The two languages have the same syisuch user requests serve as a sobering remin
stax. That is, a KQML message and a FIPAhat to be practical, an ACL requires a carefu

r-except, of course, in their different names for The emergence of FIPA ACL might be an

n- Many ACL users have expressed their desi
ethat FIPA ACL include the facilitation prim-
N

der

mix of the theoretical and the pragmatic.
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héhan single-message exchanges.
Knowledgeable Agent-Oriented Sys#m
p-is a Boeing project aimed at providing an
nmfrastructure for agent development. Kao
tsrelies heavily on object-oriented technology;
af uses, for example, a CORBA-based mes

additional headache for implementers whantuitive understanding of the semantics of t
must decide for themselves which one of theommunication primitives.

two ACLs to use. Our comments on the subject In theory, the similarity in basic assum
are bound to cause more headaches. Any sy®ns and syntax among existing ACLs me3
tem that is to use KQML (or FIPA ACL, for that only item 3 from our list of requiremen
that matter) must provide the following things:should change according to the choice

£S

ACL. Even then, much to the dismay of tho
a suite of APlIs that facilitate the com-defining ACL semantics, the implementer,
position, sending, and receiving of ACL intuitive understanding of the primitive
messages; might prevail over the concise seman
an infrastructure of services that assiglefinitions. So, unless an agent impleme
agents with naming, registration, andmodalities (such as belief, desire, intentig
basic facilitation services (finding otherand so on) following the particular agent th
agents that can do things for your agentpry that the semantic account suggests,
and decision of which language to use should

sesage delivery mechanism. It also emphasiz
s’persistent interaction between agents that tal
sinto account not only the particular commu
timication primitive but the content of the mes
ntsage and the applicable conversation policie
nThe system allows the design of agents th
esupport specialized suites of interactions.

the Infomastef!is an information integration

bsystem from Stanford that uses ACL, thg¢

KQML variant with KIF as its content lan-
guage. The resulting language does n
observe the distinction between the conte
layer and the message layer. Infomaster int
grates structured information sources, givin
the illusion of a centralized, homogeneou
thieformation system.
nd Java Agent Template, Lite—or JATLite—
Ideally, a programmer should only have|tesystems built around ACLs. Instead of priois a package of Java programs, developed
provide item 3. Items 1 and 2 should be reviding a compendium of such systems, wétanford, that allow users to create commun
usable components that the programmer intéacus here on a few whose features and charating agents quickly. Agents run as apple

code for every reserved message typeased on pragmatic concerns.
(performative or communicative act)

that takes the action(s) prescribed by the

semantics for the particular application ACL-supporting systems and
this code depends on the application | rupph““.ons

guage, the domain, and the details of the

agent system using the ACL.

Over the past few years, we have seen
emergence of a multitude of applications g

programmer should not even have to intetrends. Each of the systems we discuss fale&gents register with an agent message rou
grate the things listed under item 2; theynto one of two categories: facilitator that handles message delivery.
ought to exist as a continuous running ser- The Java-based Agent Framework fo
vice available to any new agent. But the saél applications, that is, multiagent systemsviulti-Agent System&23is a set of classes
truth is that these services have not been|the that use an ACL for interagent communithat support implementing communicating
focus of ACL standardization efforts. No ser-  cation, or agents in Java. Developed at the University
vice exists through which one can registerlan APIs that facilitate the incorporation of Cincinnati, JAFMAS supports directed
agent by just sending a registration message. ACL-speaking capabilities into an appli- (point-to-point) communication as well as
The disagreement over such services has cation. subject-based, broadcast communication
resulted, in part, in a multitude of APIs. (The JAFMAS, which includes support for con-
other reasons for the multitude of APIs are Since the ACL itself is an abstraction—aversations, provides the environment fo
the minor syntactic differences between theollection of communication primitives AARIA,2*a planning and scheduling project
various varieties of KQML and the differentdeemed useful for higher-level communicafor manufacturing.
naming schemes employed by the variouson between agents—there is no such thing Jackak®developed at University of Mary-
KQML-speaking agent systems.) as an “implementation” of an ACL. land, Baltimore County, is another Java pack
Every multiagent system that uses an ACL All the systems we mention here use so e that allows applications written in Jav
has a homegrown implementation of theseariant of KQML as their ACL. As of the to communicate via an ACL. KQML is cur-
APIs—there are more than a handful of ARIspring of 1998, there were no publishedrently the ACL of choice for this package,
written in Java, for Java agents—and its owdeployed systems claiming to use FIPA AGLbut it could easily support FIPA ACL. Jackal
infrastructure of basic services. Providing the Infosleutd®19s a project by MCC that is currently in use in the CIIMPLEX pro-
code that processes the primitives is more &mphasizes the semantic integration of hefect 2627 another project that involves plan-
an art than a science. Existing semantic jagrogeneous information in an open dynamioing and scheduling for manufacturing
proaches rely on multimodal logics that arenvironment. The communicating agentsjackal strongly emphasizes conversatio
often noncomputable or have no efficient imprimarily written in Java, make use of anbetween agents. It provides a flexible frame
plementation. The process of grounding thefrastructure of basic services (agents) fowork for designing agents around conversa
theory into code would result in a system thaauthentication, brokering, monitoring, andtions and includes extensive support for reg
differs substantially—and probably unpre-visualization of the agents’ interaction. Anistration, naming, and control of agents.
dictably—from the theory on paper. To makentegral part of the architecture is the ontol- A consideration of these projects leads u
matters worse, if the code does not implemeratgy agent, which assists with the semantito the following points:
the modalities assumed by the semantics, thietegration of the information handled. Infos-
programmer will most likely follow his or her leuth agents engage in conversations rather Java is rapidly becoming the language @
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choice. Implementing BDI agents with an agent’s conformance with the ACL semaneepts. But this journey has taken place on the
traditional Al languages is problematjctics (assuming approaches such as those|osidelines of the revolution we have been
enough, but we have little experience andined in this article) remains thord§This | experiencing in the past few years. Continy
fewer tools for doing so with object- issue puts into question the degree of usefubusly running services for agents and bette
oriented languages like Java. This raisesess of such semantic accounts. In the nemtegration with existing and emerging Weh
again the problems of existing semantiduture, more pragmatic concerns ought to|bechnologies might push ACLs into the field
approaches and conformance to them). addressed. Offering naming and registratjon

* Many of the new APIs support conver
tions, an intuitive way of structuring
agent’s activities. Given the problemat
nature of compliance with the ACL

=

dilities and requirements. Existing ACLs HE CONCEPT OF A STANDARD
messages it sends to other agents. Ageraffer a rather narrow and inflexible way forcommunication language for software agents
can agree on a conversation protocol for performing such tasks. Finally, it would bethat is based on speech acts has found wide
particular task—a negotiation or an aucuseful to standardize some of the basic comppeal, both among researchers interested in
tion, for example—and then engage in arersation protocols for the more fundamenworking out the theory of agent communi-
scripted interaction. We do not suggest thaal tasks. This would be of particular interestation and among those with the aim of eng
this is a conformance test, but it might beo programmers who have no affinity for theneering practical software systems. Many
useful for an agent designer to know thastandard BDI approach. researchers believe that the development of
its interlocutors will engage in a scripted, All of these pragmatic issues are very iman effective, rich ACL is one of the keys tg
prespecified communicative behavior. | portant for the deployment of agent applicathe agent paradigm.

» Each implementation introduces its owrtions. The availability of these services and KQML was among the first such ACLs to
variety of supporting agents and servigestandards would reduce the overhead of agemé developed and used. Moreover, it is the
for tasks such as naming, authenticatiprdevelopment and allow us to shift our focus t@nly one to date that has enjoyed substantial
monitoring, and brokering. We need somevhat agents actualjo. The design and devel- use by people other than its developers. How-
agreement on the assumptions of thesgpment of the infrastructure for communicaever, after eight years of experimentation and
services so that they can be provided asten has consumed the time and resources ekperience, there are still serious signs of im-
standard suite of tools. those involved with agent development, at thenaturity: In general, different KQML imple-

expense of compelling new applications thamentations cannot interoperate. There is no

naturally fit the agent software paradigmfixed specification sanctioned by a consen

The future of ACLs Within the FIPA community, there is an effortsus-creating body. Finally, there is no agreed

to address some of the infrastructure issuespon semantics foundation. Is the KQML
We do not believe that KQML and FIPA but the process is still in an early stage| lexperiment a failure?

ACL are in conflict. They both express theremains to be seen to what extent that effort We think not. KQML has played an impor-

same basic ideas about what an agent comll incorporate the experiences and lessonsnt role in defining what an ACL is and wha

munication language is. KQML does not havef others in dealing with these issues. the issues are when it comes to integratin
an official body behind it orchestrating its evo- We usually hear agents mentioned withitommunication into agent systems. Althoug
lution. At the same time, the KQML develop-the context of the Web, and the Internet is thexisting KQML implementations tend not to

ment model, based on experimentation anarena in which we generally expect them tinteroperate, this is mainly due to a lack of a

continuous feedback from its community bfcompete. But KQML and FIPA ACL have fol- real motivation. Agent-based systems research

users, has helped KQML grow with an emiowed a path away from the mainstream Inteiis still at an early stage, and there has been ho
phasis on the practical concerns of agemtet technologies and standards. No majdyenefit to individual research groups in focus-
development. FIPA ACL does not have a camplayer has manifested an interest in ACLs, anithg on interoperability issues. Although the
munity of users because no FIPA ACL applino Internet standardization organization hakck of a sanctioned specification has proba-
cations have appeared yet, and thus it iBCLs in its agenda. Should existing ACLsbly impeded the adoption of KQML for many
untested in practice. It does, however, enjopecome more Internet friendly? And if sp,big projects, it has allowed much experimen
the support of an organization with a concretdyow? Taking advantage of eXtended Markupation with dialects and variations on the
comprehensive agenda. In the immediateanguage (XML) and possibly Resource Deftheme. We hope that the current FIPA effort
future, FIPA ACL's choices will be put to the inition Format (RDF) seems like a reasonabplevill supply the needed sanctioning body fo
test as applications that use it are deployed. @ourse of action, especially when it comes tthe next iteration of a KQML-like language.
new DARPA-sponsored initiative in the areadescribing agents’features and capabilities. But Finally, the semantics issue is in practice
of agents promises to help guide the next iteeven at the syntactic level, how about replaanuch less important than it sounds, especially
ation of ACLs in the US research communitying KQML's Lisp-like syntax with XML? since the problem of defining and identifying

Semantics have dominated the d