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Abstract. An Agent Communication Language (ACL) is a collection of
speech-act-like message types, with agreed-upon semantics, which facil-
itate the knowledge and information exchange between software agents.
From Knowledge Query and Manipulation Language (KQML) to FIPA
ACL, ACL’s have been a cornerstone for the development of systems of
communicating agents, and simultaneously they have been the subject
of intensive standardization efforts.

Standardization’s goal is usability. As a result, although the initial focus
on ACL’s revolved around establishing the semantics of ACL’s, a variety
of usability-related questions have entered the picture of standardizing
communication among agents. In this article, we present these questions
and the work that addresses them, alongside the historical evolution of
ACL’s, their semantics and the results of their standardization.

1 Introduction

In the past ten years we have experienced a transformation of the term agents
from a Artificial Intelligence term to a buzzword, often accompanied by promises
of "amazing” feats that agents will be capable of. The term agents by which we
always mean software agents now refers to a paradigm for software development,
rather than a class of artifacts, which emphasizes autonomy both at design time
and runtime, adaptivity, and cooperation; the agent paradigm seems appealing
in a world of networked, distributed and heterogeneous systems. This transfor-
mation has inevitably affected the tools and methodologies used for software
agent development, even though none of the promises has yet been delivered
anywhere near fully.

A persistent theme throughout agents’ conceptual evolution has been their
ability to interact (communicate) with one another and thus be able to tackle
collectively problems that no single agent can, individually. For a large part of the
agents’ community, the role of endowing agents with the ability to communicate
was left to the Agent Communication Language (ACL). Knowledge Query and
Manipulation Language (KQML), conceived in the early 90’s gradually defined
the concept of an ACL. KQML sprang out of the work of the Knowledge Sharing
Effort (KSE), a consortium led by (mostly) AI researchers, which was aimed at
achieving interoperability between knowledge bases. Initially, agents were not



part of the vocabulary of the KSE and KQML was thought of as an integral
part of a larger solution to the interoperability question (see Section 2); KQML,
as its name probably suggests, had nothing to do with agents. Early KQML
can be summarized as a collection of speech-act-like message types, expressed
as ASCII strings, with a LISP-like syntax, that are transported over TCP/IP
connections, and aimed at knowledge and information exchange between software
systems that are viewed as Virtual Knowledge Bases. KQML specifications and
discussions about KQML at that time, manifested the Al-influenced thinking
behind its design and the considerations that were deemed important. It is only
3-4 years after KQML’s inception that it was recasted [18,23] as a language for
agent communication.

As a larger number of researchers (and users) became part of the fledging
KQML community, KQML was dissociated from the waning KSE (and its con-
cerns) and new issues came at the forefront. Many different groups designed and
built multi-agent systems that used KQML for inter-agent communication and a
large part of their efforts revolved around building the necessary infrastructure
for sending and receiving properly formed KQML messages over the network,
developing schemes for naming agents and mechanisms for distributing and shar-
ing agent names and (perhaps most importantly) doing all that with traditional
(non-AT) programming environments. Initially in C, and soon thereafter in Java,
which was just emerging in the mid-90’s, these implementations acted as exper-
iments for resolving all these "little” things that the KQML specification had
not addressed. As more time was spent dealing with these (seemingly ”lower-
level”) issues, researchers realized that the list of issues was an ever expanding
one. During the same period, the term ”agents” came into usage to refer to a
software-design paradigm rather than AT artifacts. As a result, integrating (and
”implementing”) KQML with primarily object-oriented code became another
major issue.

These changes resulted to a shift of focus from what content (knowledge) the
agent (Virtual Knowledge Base, in the KSE vocabulary) represents and which
attitudes about that content are to be conveyed (old view, which inevitably em-
phasizes proper semantics of the communication primitives) to the act of com-
munication itself and considerations about transport, concurrency, networking
and architectural assumptions. In the older, earlier framework, the emphasis was
on the semantics of the ACL’s message types because the semantics properly de-
fine the attitudes suggested by the message types; an ACL is exactly that, i.e., a
language of attitudes about content. This trend is manifested by the majority of
the earlier work on ACLs [9, 23]. The later framework, though, emphasizes soft-
ware development and focuses on how these attitudes are to be communicated
among pieces of software (agents) that populate the network; the new focus is
syntax and encoding, pragmatic considerations and software integration.

In discussing the standardization of Agent Communication Languages, we
first trace the historic origins of KQML; we believe that situating KQML in
the context of the Knowledge Sharing Effort will help the reader to better un-
derstand the evolution of ACL ideas and concepts. We briefly present KQML



and introduce the concepts necessary for discussing agent communication lan-
guages !. The semantics of KQML have been the single most important issue in
the early debates over ACLs, and we include a brief overview of the arguments.
The second ACL we discuss is FIPA ACL. This is the language developed by
the Foundation for Intelligent Physical Agents, the first organized effort focus-
ing on developing standards in the broader area of agents. In our comparative
evaluation of KQML and FIPA ACL, we argue that the developer is indifferent
to the subtle semantic-layer differences. The ACL concept, as an agent develop-
ment tool has evolved in a way that transcends the semantics and the concept
now includes new issues. After presenting the new problems challenging ACL
research, we examine the current work that addresses them.

Our thesis is that standardization of Agent Communication Languages, has,
in fact, come to refer to standardizing Agent Communication, because other
topics, some of which we explore here, are an integral part of designing and
building challenging systems of communicating agents.

2 Origins of Agent Communication Language Concepts

Understanding the evolution of the Agent Communication Language concept
requires understanding the context that gave birth to KQML. KQML was first
introduced as one of the results of the Knowledge Sharing Effort (KSE 2) [31] [34],
which has influenced current efforts in inter-agent communication approaches.

The KSE was initiated as a research effort circa 1990 with encouragement
and relatively modest funding from U.S. government agencies (DARPA espe-
cially). The KSE was highly active for roughly five years thereafter, and enjoyed
the participation of dozens of researchers from both academia and industry;
the researchers represented various branches of the Al community. Its goal was
to develop techniques, methodologies and software tools for knowledge sharing
and knowledge reuse between knowledge-based (software) systems, at design,
implementation, or execution time. Agents, especially intelligent agents, are an
important kind of such knowledge-based systems (other kinds include expert
systems or databases, for example). The central concept of the KSE was that
knowledge sharing requires communication, which in turn, requires a common
language; the KSE focused on defining that common language

In the KSE model, agents (or, more generally, knowledge-based systems) are
viewed as (virtual) knowledge bases that exchange propositions using a language
that expresses various propositional attitudes. Propositional attitudes are three-
part relationships between

— an agent,
— a content-bearing proposition (for example, it is raining), and

1 We use the abbreviation ACL to refer both to an agent communication language as
a concept and to ACLs collectively. There is an ACL simply named ACL, but we
hope that context will prevent confusion.

% http://www.cs.umbc.edu/kse/



— a finite set of propositional attitudes an agent might have with respect to the
proposition (for example, believing, asserting, fearing, wondering, hoping,
and so on).

For example, < a, fear, raining,, > is a propositional attitude.

The KSE model includes three layers of representation: (1) specifying propo-
sitional attitudes; (2) specifying propositions (i.e., knowledge) - this is often
called the (propositional) content layer; and (3) specifying the ontology [20](i.e.,
vocabulary) of those propositions. The KSE accordingly includes a component
(with associated language) for each of these: Knowledge Query and Manipulation
Language (KQML) for propositional attitudes, Knowledge Interchange Format
(KIF 3) [17] for propositions, and Ontolingua [14].

Within the KSE approach, the three representational layers are viewed as
mainly independent of another. In particular, the language for propositional
content (i.e., the content language) can be chosen independently from the lan-
guage for propositional attitudes. In other words, in the KSE approach, the role
of an ACL, namely KQML’s in the case of the KSE (or FIPA ACL’s, much
later) is only to capture propositional attitudes, regardless of how propositions
are expressed, even though propositions are what agents are ”talking” about 4.

KQML was influenced by the Virtual knowledge Base concept which em-
phasized propositional content and focused on defining the propositional atti-
tudes. KQML was not concerned with all of the ”mechanics” of the interac-
tion/communication nor prescribed much about how an agent is designed and
how communication is incorporated in this design. These were intentional choices
of the original KQML specification. The intent was to allow for various specific
design choices on these issues. Even the chosen syntax was deemed as change-
able. But as we will show, building functioning KQML-speaking agents required
agreement on certain choices, often on issues seemingly as obscure, as what is,
for example, the terminating character of the ASCII stream that is a KQML
message transmitted over a TCP connection.

3 KQML: Concepts of ACL’s

Existing ACLs are KQML [1] [24], its many dialects and variants, and FIPA
ACL. KQML illustrates the basic concepts of all these. With the exception of
ACL, a KQML variant that assumes KIF as the content language, all KQML
dialects and FIPA ACL follow the basic concepts of KQML that we discuss here.

KQML is a high-level, message-oriented communication language and pro-
tocol for information exchange independent of content syntax and applicable
ontology. Thus, KQML is independent of the transport mechanism (TCP/IP,
SMTP, IIOP, or another), independent of the content language (KIF, SQL,

3 http://logic.stanford.edu/kif/ and http://www.cs.umbc.edu/kif/

4 In a similar spirit, the approach of the technical committee that worked on FIPA
ACL is that the content language should be viewed as orthogonal to the rest of the
ACL message type.



STEP, Prolog, or another), and independent of the ontology assumed by the
content.

Conceptually, we can identify three layers in a KQML message: content,
communication, and message:

— The content layer bears the actual content of the message in the program’s
own representation language. KQML can carry any representation language,
including languages expressed as ASCII strings and those expressed using
binary notation. Every KQML implementation ignores the content portion
of the message, except to determine where it ends.

— The communication layer encodes a set of features to the message that de-
scribe the lower-level communication parameters, such as the identity ® of
the sender and recipient, and a unique identifier associated with the com-
munication.

— The message layer, which encodes a message that an application would like to
transmit to another, is the core of KQML. This layer determines the kinds of
interactions one can have with a KQML-speaking agent. The message layer’s
function is to identify the speech act [2] or performative that the sender
attaches to the content. This speech act indicates whether the message is an
assertion, a query, a command, or any other of a set of known performatives 6
In addition, since the content is opaque to KQML, the message layer also
includes optional features that describe the content language, the ontology
it assumes, and some type of description of the content, such as a descriptor
naming a topic within the ontology. These features make it possible for
KQML implementations to analyze, route, and properly deliver messages
whose content is inaccessible.

3.1 Syntax and Performatives

The syntax of KQML is based on the familiar s-expression used in Lisp -that is, a
balanced parenthesis list. The initial element of the list is the performative; the
remaining elements are the performative’s arguments as keyword/value pairs.
The syntax reveals the roots of the initial implementations, which were done in
Common Lisp; it has turned out to be quite flexible.

5 The identity is some symbolic name, e.g., labrou. One of the first identified problems

was that these symbolic names provide no information about a program’s actual
network address and they can only be useful in the context of some existing name
space, to which there is no reference in the name itself.
KQML designers adopted the term performative to mean any of KQML primitive
message types. In speech act theory, a performative is an utterance that succeeds
simply because the speaker says or asserts it. In English, such utterances typically
appear in a first-person, present-tense, declarative form, often accompanied by hereby
for example, I hereby request you to turn on the computer. Cohen has argued [38]
that performative is a poor term to use for all ACL primitive message types, because
not all can be construed as actions that the sender can make so just by sending them.
For historical reasons, however, we continue to use the term for KQML.



A KQML message from agent ”grosof” representing a query about the type
of processor of a particular laptop may be encoded as shown in Figure la. In
this message, the KQML performative is ask-one, the content is (CPU libretto50
Zprocessor), the ontology assumed by the query is identified by the token laptop,
the receiver of the message is to be an agent identified as laptop-center, and the
query is written in a language called KIF. The value of the :content keyword
is the content layer; the values of the :reply-with, :sender, and :receiver
keywords form the communication layer; and the performative name with the
:language and :ontology keywords form the message layer. In due time, laptop-
center might send labrou the KQML message in Figure 1b.

(ask-one
:sender labrou
:receiver laptop-center
:content (CPU libretto50 ?processor)
:ontology electronics
:language kif)
(2)

(tell
:sender laptop-center
:receiver labrou
:content (CPU libretto50 pentium)
:ontology electronics
:language kif)
()

Fig. 1. Examples of messages in KQML: (a) a query from agent ”grosof’ about the
type of CPU of a laptop and (b) a possible response.

Although KQML has a predefined set of reserved performatives, it is neither
a minimal required set nor a closed one. A KQML agent may choose to handle
only a few (perhaps one or two) performatives. The original KQML specification
considered the set to be extensible; a community of agents might choose to
use additional performatives if they agree on their interpretation. However, an
implementation that chooses to implement one of the reserved performatives
must implement it in the agreed-upon way.

One of the design criteria for KQML was to produce a language that could
support a wide variety of interesting agent architectures. Thus, KQML intro-
duces a small number of performatives that agents use to describe capabilities;
it also introduces a special class of agents called communication facilitators,
which are (ordinary) KQML-speaking agents that are capable of processing the
aforementioned set of performatives. A facilitator is an agent that performs var-
ious useful communication services, such as maintaining a registry of service
names, forwarding messages to named services, routing messages based on con-



tent, matchmaking between information providers and clients, and providing
mediation and translation services.

3.2 Semantics

During its first few years of use, KQML existed with only an informal semantic
description. Critics identified this as one of its shortcomings [9]. During the past
few years, researchers have put forth several efforts to provide a formal semantics.

In other works [23] [22] [27], Labrou and Finin provide the semantics of
KQML in terms of preconditions, postconditions, and completion conditions for
each performative.

Assuming a sender A and a receiver B, preconditions indicate the necessary
states for an agent to send a performative, Pre(A), and for the receiver to
accept it and successfully process it, Pre(B). If the preconditions do not hold,
the most likely response will be one of the performatives error or sorry.

Postconditions describe the states of the sender after the successful utter-
ance of a performative, and of the receiver after the receipt and processing of a
message but before a counter- utterance. Postconditions Post(A) and Post(B)
hold unless a sorry or an error is sent as a response to report the unsuccessful
processing of the message.

A completion condition for the performative, Completion, indicates the fi-
nal state, after, for example, a conversation has taken place and the intention
associated with the performative that started the conversation has been fulfilled.

Establishing the preconditions for a performative does not guarantee its suc-
cessful execution and performance. The preconditions only indicate what can
be assumed to have been the state of the interlocutors involved in an exchange,
just before it occurred (assuming conforming interlocutor agents). Similarly, the
postconditions describe the states of the interlocutors assuming the success-
ful performance of the communication primitive. Preconditions, postconditions,
and completion conditions describe states of agents in a language of mental
attitudes (belief, knowledge, desire, and intention) and action descriptors (for
sending and processing a message). No semantic models for the mental attitudes
(BEL, WANT, KNOw, INT) are provided, but the language used to describe
agents’ states severely restricts the ways the mental attitudes can be combined
to compose agents’ states.

Figure 2 shows an example of semantics for sender A and receiver B in this
framework. This semantics for tell suggests that an agent cannot offer unsolicited
information to another agent. We can easily amend this by introducing another
performative let’s call it proactive-tell- that has the same semantic description
as tell but with Pre(A) being BEL(A,X), and an empty Pre(B).

Another semantic approach [9] [38] builds on earlier work on defining rational
agency [8]. The suggested approach views the language’s reserved message types
as attempts at communication. These attempts involve two or more rational
agents that (temporarily) form teams to engage in co-operative communication.
This approach strongly links the ACL semantics to the agent theory assumed
for the agents involved in an ACL exchange.



tell(A,B,X) A states to B that A believes the content to be true.

— BEL(A,X)

— Pre(A): BEL(A,X) A KNow (A, WANT(B,KNow(B,S)))
Pre(B): INT(B,KNnOow(B,S))
where S may be any of BEL(B,X), or =(BEL(B,X)).

— Post(A): KNow(A ,KNow(B,BEL(A,X)))
Post(B): KNnow(B,BEL(A,X))

— Completion: KNow(B,BEL(A,X))

Fig. 2. KQML semantics for tell

What the KQML specification did not specify

The first KQML specification introduced basic concepts about the language,
some of the design assumptions, the syntax for the performatives, natural lan-
guage descriptions of the meaning of the performatives and some examples. The
community of KQML’s users was expected to provide for all the other neces-
sary elements for an implementationally viable language. It took the KQML
community years to establish which were all the necessary elements.

The semantics were not part of the original KQML specification. Also, the
specification did not offer much in terms of valid sequences of messages during
agent interaction. Although the specification sporadically eluded to possible re-
sponse performatives following a particular performative, such commentary was
mostly intuitive suggestions. [23] was a first attempt to address these two issues,
including an effort to specify legal sequences of performatives during agent in-
teraction, using the term conversation policies to refer to such sequences. Con-
versation Policies (or conversation protocols, or just conversations) eventually
became a separate thread of research in the ACL community for reasons we
discuss later.

Some other issues were more practical in nature but equally important for
agent development. The KQML specification assumed the existence of a name
space, thanks to which, agents could be referenced by symbolic names; these
symbolic names were presumably all that was needed for messages to reach
their destination agents. No details of the name space were provided, nor was it
explained how the associations between symbolic names and network addresses
became known to new agents. Furthermore, just knowing a network address is
not sufficient for initiating a KQML interaction, since an agent needs to know at
least the network protocol (TCP, SMTP) that the receiving agent can process.
Different groups made different choices on these (and many other) issues, since
the KQML specification offered no prescribed way for addressing them.

In summary, the early KQML specification [1] described a concept (the Agent
Communication Language) and a framework for future work; by no means, was
it a specification for a working prototype or an implementation. Agent design-
ers were implicitly asked to make their choices on a number of issues as they
saw fit, as long as they stayed within the realm of the conceptual framework.



The exchange of ideas through research meetings and mailing lists established a
shared understanding of the issues, even though particular solutions never made
it into an official specification. A revised proposed specification made available
in 1997 [24], was an attempt to provide a new starting point for discussions and
to reconcile many of the then current ideas with the need for a more clear and
consistent specification. At around the same time, the advent of the Foundation
for Intelligent Physical Agents (FTPA) brought new life to the standardization
question.

4 The Foundation for Intelligent Physical Agents (FIPA)

The Foundation for Intelligent Physical Agents is a nonprofit association whose
purpose is to promote the success of emerging agent-based applications and
services. FIPA’s goal is to make available specifications that maximize inter-
operability across agent-based systems. As this description suggests, FIPA is a
standards organization in the area of software agents. The organization originally
included the word Physical in its name to include agents of the robotic variety.
Over time, however, the adjective’s presence has come to serve as a reminder
that physical -that is, human- agents and interaction with them are part of the
association’s scope.

FIPA operates through the open international collaboration of member orga-
nizations, which are companies and universities active in the field. European and
Far Eastern technology companies have been among the earliest and most ac-
tive participants, including Alcatel, British Telecom, France Telecom, Deutsche
Telecom, Hitatchi, NEC, NHK, NTT, Nortel, Siemens, and Telia.

FIPA’s operations center around annual rounds of specification deliverables.
The current specification is available at the FIPA home page . FIPA assigns
tasks to technical committees, each of which has primary responsibility for pro-
ducing, maintaining, and updating the specifications applicable to its tasks. The
technical committee most important within the scope of this article is the one
charged with producing a specification for an ACL. In addition, the agent man-
agement committee covers agent services such as facilitation, registration, and
agent platforms; the agent/software interaction committee covers integration of
agents with legacy software applications. Together, these three committees form
the backbone of the FIPA specifications.

4.1 FIPA ACL

FIPA’s agent communication language, like KQML, draws on speech act theory:
messages are actions or communicative acts, as they are intended to perform
some action by virtue of being sent. The FIPA ACL specification consists of a
set of message types and the description of their pragmaticsthat is, the effects
on the mental attitudes of the sender and receiver agents. The specification

" http://www.fipa.org



describes every communicative act with both a narrative form and a formal
semantics based on modal logic. It also provides the normative description of a
set of high-level interaction protocols, including requesting an action, contract
net, and several kinds of auctions.

FIPA ACL is superficially similar to KQML. Its syntax is identical to KQML’s
except for different names for some reserved primitives. Thus, it maintains the
KQML approach of separating the outer language from the inner language. The
outer language defines the intended meaning of the message; the inner, or con-
tent, language denotes the expression to which the interlocutors’ beliefs, desires,
and intentions, as described by the meaning of the communication primitive,
apply.

In FIPA ACL, the communication primitives are called communicative acts,
or CA’s for short. Despite the difference in naming, KQML performatives and
FIPA ACL communicative acts are the same kind of entity. To avoid confusion,
we will use the terms performative, (communication) primitive, and communica-
tive act interchangeably.

The FIPA ACL specification document claims that FIPA ACL (like KQML)
does not make any commitment to a particular content language. This claim
holds true for most primitives. However, to understand and process some FIPA
ACL primitives, receiving agents must have some understanding of Semantic
Language, or SL. We will discuss this important point later.

4.2 FIPA ACL Semantics

SL is the formal language used to define FIPA ACL’s semantics. SL is a quan-
tified, multi-modal logic with modal operators for beliefs (B), desires (D), un-
certain beliefs (U), and intentions (or, persistent goals, PG). SL can represent
propositions, objects, and actions. We can trace SL’s origins to the work of Co-
hen and Levesque [8] but its current form is primarily based on the work [37]. A
detailed description of SL, including its own semantics, is outside the scope of
this article and can be found in the FIPA ACL specification.

In FIPA ACL the semantics of each communicative act are specified as sets of
SL formulae that describe the act’s feasibility preconditions and its rational ef-
fect. For a given CA a, the feasibility preconditions FP(a) describe the necessary
conditions for the sender of the CA. That is, for an agent to properly perform
the communicative act a by sending a particular message, the feasibility precon-
ditions must hold for the sender. The agent is not obliged to perform a if FP(a)
holds, but it can if it chooses. A communicative act’s rational effect represents
the effect that an agent can expect to occur as a result of performing the action;
it also typically specifies conditions that should hold true of the recipient. The
receiving agent is not required to ensure that the expected effect comes about
and might indeed find it impossible. Thus, an agent can use its knowledge of
the rational effect to plan what CA to perform, but it cannot assume that the
rational effect will necessarily follow.



Conformance with the FIPA ACL means that when agent ¢ sends CA a, the
FP(a) for ¢ must hold. The unguaranteed RE(a) is irrelevant to the conformance
issue.

This introduction should be enough for a basic understanding of the example
in Figure 3, which shows the specification of the communicative act inform, in
which agent ¢ informs agent j of content f. The content of inform is a proposition,
and its meaning is that the sender informs the receiver that a given proposition
is true. According to this semantics, the sending agent

1. holds that the proposition B;(f) is true ;

2. does not already believe that the receiver has any knowledge of the truth of
the proposition B;(Bif;(f)V Uif;(f)) ; and

3. intends that the receiving agent should also come to believe that the propo-
sition is true (rational effect B;(f));

< i,inform(j, f) >

FP: Bi(f) A =Bs(Bif;i(f) vV Uif;(f))
RE: B;(f)

Fig. 3. FIPA ACL semantics for the communicative act inform. Agent i informs agent
j of content f.

5 Comparing KQML and FIPA ACL

KQML and FIPA ACL are almost identical with respect to their basic concepts
and the principles they observe. The two languages differ primarily in the de-
tails of their semantic frameworks. In one sense, this difference is substantial:
because of the different semantic frameworks it would be impossible to come up
with exact mappings or transformations between KQML performatives and their
completely equivalent FIPA primitives, or vice versa. On the other hand, the in-
eluctable differences might be of little importance to many agents’ programmers,
if their agents are not true BDI agents.

Both languages assume a basic non-commitment to a reserved content lan-
guage. However, in the FIPA ACL case, as we mentioned, an agent must have
some limited understanding of SL to properly process a received message (as in
the case of the request CA). The two languages have the same syntax. That is, a
KQML message and a FIPA ACL message look syntactically identical -except, of
course, in their different names for 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 FIPA
ACL. A large part of making an agent system communication-ready is to pro-
vide code that will parse incoming messages, compose messages for transport,
and channel them through the network using a lower- level network protocol.



Identical syntaxes guarantee that this infrastructure will be the same regardless
of the choice of ACL.

These encouraging thoughts do not apply to the semantics of the two lan-
guages. Following the KQML semantics described elsewhere, [22] [25] we can see
that semantically the two languages differ at the level of what constitutes the
semantic description: preconditions, postconditions, and completion conditions
for KQML; feasibility preconditions and rational effect for FIPA ACL. They
also differ at the level of the choice and definitions of the modalities they employ
(the language used to describe agents’ states). Although we can approximate the
KQML primitives in FIPA’s framework and vice versa, a complete and accurate
translation is not, in general, possible. For example, to define a CA in FIPA ACL
that approximates KQML’s tell, we can replace f in the definition of inform with
B;(f) (see Figure 3); still, the two definitions will not be semantically equivalent.

Another difference between the two ACLs is in their treatment of the regis-
tration and facilitation primitives. These primitives cover a range of important
pragmatic issues, such as registering, updating registration information, and find-
ing other agents that can be of assistance in processing requests. In KQML, these
tasks are associated with performatives that the language treats as first-class ob-
jects. FIPA ACL, intended to be a purer ACL, does not consider these tasks CA’s
in their own right. Instead, it treats them as requests for action and defines a
range of reserved actions that cover the registration and life-cycle tasks. In this
approach, the reserved actions do not have formally defined specifications or
semantics and are defined in terms of natural-language descriptions.

Many ACL users have expressed their desire that FIPA ACL include the
facilitation primitives that they are accustomed to from KQML (broker, recom-
mend, and recruit). Such user requests serve as a sobering reminder that to be
practical, an ACL requires a careful mix of the theoretical and the pragmatic.

FIPA is currently exploring the accommodation of facilitation primitives in FIPA
ACL.

In theory, the similarity in basic assumptions and syntax among existing
ACLs (under an assumption of shared naming and registration conventions)
means that only the communication primitive-specific code should change ac-
cording to the choice of ACL. Even then, much to the dismay of those defin-
ing ACL semantics, the implementers’ intuitive understanding of the primitives
might prevail over the concise semantic definitions 8. So, unless an agent im-
plements modalities (such as belief, desire, intention, and so on) following the
particular agent theory that the semantic account suggests, the decision of which
language to chose should be based on pragmatic concerns.

8 When asking programmers about the development of the communication primitive-
specific code, the author has often received responses that amount to we read the
natural language definition of the primitives.



6 Agent Communication Languages: Beyond the
Semantics

The emergence of FIPA ACL might have been a additional headache for imple-
menters who must decide for themselves which one of the two ACLs to use. The
largely semantic (and subtle) differences between the two ACLs pale in compari-
son to the more significant issues in terms of the practically useful incorporation
of ACLs in agent systems.

In principle, any system that is to use KQML (or FIPA ACL, for that matter)
must provide the following things:

— asuite of APIs that facilitate the composition, sending, and receiving of ACL
messages;

— an infrastructure of services that assist agents with naming, registration, and
basic facilitation services (finding other agents that can do things for your
agent); and

— code for every reserved message type (performative or communicative act)
that takes the action(s) prescribed by the semantics for the particular appli-
cation; this code depends on the application language, the domain, and the
details of the agent system using the ACL.

Ideally, a programmer should only have to provide item 3. Items 1 and 2
should be reusable components that the programmer integrates into the appli-
cation code. Actually, the programmer should not even have to integrate the
listed under item 2; they ought to exist as a continuous running service available
to any new agent.

In practice, the craft of building ACL-capable agents is a bit more complex.
First of all, the canonical ACL message syntax (both in FIPA ACL and KQML)
further includes additional message parameters whose semantics go beyond that
of the primitives. These parameters are unaccounted for in the deep seman-
tics but are essential to the processing of an ACL message. For example: the
ACL specification does not specify any conventions for a naming scheme and
an associated namespace; or, there is nothing in the message that suggests the
method of delivery (protocol). In other words, the ACL includes several prag-
matic (i.e., operational) aspects, in addition to what is formally specified at the
semantics layer. Such pragmatic aspects are necessary for parsing in and out of
the ACL, i.e., digesting and composing well-formed ACL syntax (which is Lisp-
like) to extract or insert message parameters or, for queuing (and de-queuing)
ACL messages for delivery through TCP or some other network protocol. Fur-
ther pragmatic issues include the conventions for finding agents and initiating
interaction.

Although, in our view, these issues are actually outside of the ACL’s scope
they are fundamental to an agent’s ability to speak an ACL. Research groups
that designed and built agent systems had to establish their own conventions
and choices for these pragmatic issues. Actually, the various APIs for KQML
and FIPA ACL provide nothing (as expected) regarding the actual processing of



ACL messages (depending on the primitive), since respecting the deep seman-
tics of the primitives is the responsibility of the application that makes use of
those API’s. Such APT’s today mainly take care of the parsing and queuing tasks
mentioned above. Performing these tasks is what using KQML (or FIPA ACL,
for that matter) has come to mean. For all intents and purposes, compliance
with the ACL’s specification means compliance with all these pragmatic con-
ventions. These conventions are not part of the standard (to the extent that the
ACL semantics is standardized) and the subtle (or not so subtle) discrepancies
amongst their implementations account in large part for the situation today in
which there is often a lack of interoperability between systems using the same
ACL °.

Such issues go beyond the specification of the ACL itself. After all, syntax and
semantics suffice to fully specify any language, including an ACL. Still, without
solutions to these questions, an ACL is only a useless artifact. FIPA was the first
comprehensive effort to address collectively these matters; we outline some of its
contributions in Setction 9. Next, we introduce the topics that have emerged as
fundamental to the construction of interesting systems of communicating agents.
Our opinion is that agent communication language standardization, refers to
agent communication standardization, which includes issues and considerations
that transcend the semantics. In the remaining of this article, we cover in more
detail the current work on these issues.

Syntax and Encoding

The core semantics of an ACL is defined as the deep semantics (i.e., seman-
tics in the sense of declarative knowledge representation) of its (communication)
primitives. This semantics are expressed in some knowledge representation lan-
guage: SL in the case of FIPA ACL. This semantics only takes into account the
speaker, the hearer (in speech act terminology) and the content of the commu-
nicative act. The speaker, the hearer and the content correspond to the :sender,
the :receiver and the :content of the syntactic representation of the ACL.
The canonical syntactic form of the ACL message (for both KQML and FIPA
ACL) is a Lisp-like ASCII sequence.

We advocate an abstract syntax for the ACL. Fixed elements of the abstract
syntax are the ones that have a direct semantic equivalent (sender, receiver,
performative, content). Messages might have multiple encodings, Java objects,
Lisp-like ASCII, etc. We advocate XML as a more interoperable and flexible
encoding and we elaborate these points in Section 8.

Services and Infrastructure

Every multiagent system that uses an ACL has a homegrown implementation of
the APIs that we mentioned at the opening of this section. There are more than

9 The differences in sets of primitives used and their intended meaning constitute a
second-in-order interoperability barrier that is not confronted due to these more
mundane “lower-level” obstacles.



a handful of APIs written in Java, for Java agents and each provides its own
infrastructure of basic services. Such API’s provide the means to compose well-
formed ACL messages, to be able to parse them, to send and receive them over
the network and to have some scheme for naming agents, etc. We do not expect
a one-size-fits-all solution to these problems. We advocate WWW-like naming
schemes and multiple encodings (or, XML encodings, as we hope) as means
for reducing the overhead of building an agent that can interact with other,
existing agents. An XML encoding will help, for example, with the overhead of
composing and parsing because there are XML-processing tools. For facilitators,
name servers, etc., things will remain in flux because solutions and approaches
are application and domain dependant, but it would be much easier to develop
such services if we can build on top of a WWW- like infrastructure of agent
naming and message encoding.

Conversations

As we mentioned earlier, the original KQML specification suggested an implicit
sequencing of messages in agent interactions. First in [23] and later in [27] [5] [11]
the idea of conversations for communicating agents that use an ACL, was intro-
duced and further explored. Conversations mark a shift from individual messages
to sequences (exchanges) that agents engage in order to perform certain tasks.
The emphasis shifts from the agent’s internals to the agent’s behavioral patterns.
In that sense they might be more useful than the semantics in software develop-
ment. The body of work in the area has been impressive enough to warrant at
least on workshop on conversations for communication agents '°.

ACL’s and the WWW

There was no WWW when KQML first appeared (there were no agents, either,
for that matter). KQML and FIPA ACL have evolved at a considerable dis-
tance from the mainstream of Internet technologies and standards. No Internet
standardization organization has ACL’s in their agenda. With the exception of
the Artimis project (France Telecom), no major industry player has committed
major resources to depend upon, or to develop, ACL’s, although there are some
plans for future work that will take advantage of FIPA technologies, as they
become available. At the same time the WWW is a huge repository of informa-
tion and agents are almost always referred to in conjunction with the WWW.
ACL’s are driving a great part of the agent work (FIPA ACL is the centerpiece
of the FIPA effort); it is thus reasonable to suggest that ACL work ought to
integrate easily with the WWW and to be able to leverage WWW tools and
infrastructure. Some first step towards integrating ACL work into the WWW
include: abstract syntax for ACL messages, domain specific content languages,
a XML encoding for the messages and the content. And all that, need not be at
the exclusion of any type of agents, e.g., mobile agents. Of particular interest are

10 Tn the Agents-99 conference.



efforts to create content languages that are suitable Knowledge Representations
for WWW content such as the DARPA Agent Modelling Language (DAML 1)
and RuleML 12,

7 Agent Communication Languages and Conversations

An Agent Communication Language provides agents with a means to exchange
information and knowledge. ACLs, such as KQML or FIPA ACL, are languages
of propositional attitudes. ACLs are intended to be above the layer of mech-
anisms such as RPC or RMI because: (1) they handle propositions, rules and
actions instead of simple objects (with no semantics associated with them), and
(2) the ACL message describes a desired state in a declarative language, rather
than a procedure or method. But ACLs by no mean cover the entire spectrum
of what agents may want to exchange. More complex objects can and should
be exchanged between agents, such as shared plans and goals, or even shared
experiences and long-term strategies.

As discussed, the ACL itself defines the types of messages (and their meaning)
that agents may exchange. Agents though, do not just engage in single message
exchanges but they have conversations, i.e., task-oriented, shared sequences of
messages that they observe, in order to accomplish specific tasks, such as a ne-
gotiation or an auction. At the same time, some higher-level conceptualization
of the agent’s strategies and behaviors drives the agent’s communicative (and
non-communicative) behavior. When an agent sends a message, it has expecta-
tions about how the recipient will respond to the message. Those expectations
are not encoded in the message itself; a higher-level structure must be used to
encode them. The need for such conversation policies is increasingly recognized
by both the KQML [27] and the FIPA communities [15,12].

A conversation is a pattern of message exchange that two (or more) agents
agree to follow in communicating with one another. In effect, a conversation is a
pre-arranged coordination protocol, A conversation lends context to the sending
and receipt of messages, facilitating interpretation that is more meaningful.

Although, conversations have become part of many infrastructures for ACL-
speaking agents, relatively little work has been devoted to the problem of conver-
sation specification and implementation. For conversations to be used for agent
coordination, the following three issues require attention:

1. Conversation specification: How can conversations best be described so that
they are accessible both to people and to machines?

2. Conversation sharing: How can an agent use a specification standard to
describe the conversations in which it is willing to engage, and to learn
what conversations are supported by other agents?

3. Conversation aggregation: How can sets of conversations be used as agent
APT’s to describe classes of capabilities that define a particular service?

" http://www.daml.org
2 http:/ /www.dfki.de/ruleml



Well-defined, sharable conversation protocols, with testable, desirable prop-
erties, can be used to coordinate agents that attempt to accomplish specific
tasks. Typically, a conversation protocol is associated with a specific task, such
as registration, or a particular type of a negotiation. Agents adhering to the
same conversation protocol, can coordinate their communicative actions as they
attempt to accomplish the task suggested by the conversation protocol. Such
a coordination is akin to a scripted interaction, with specific properties, rather
than coordinated action resulting from a deep understanding of the domain and
the task at hand. Nevertheless, it can be effective for tasks that can be adequately
described in the form of possible sequences of communicative interactions.

A specification of a conversation that could be shared among agents must
contain several kinds of information about the conversation and about the agents
that will use it. First, the sequence of messages must be specified. Traditionally,
deterministic finite-state automata (DFA’s) have been used for this purpose;
DFA’s can express a variety of behaviors while remaining conceptually simple.
For more sophisticated interactions, however, it is desirable to use a formal-
ism with more support for concurrency and verification. Next, the set of roles
that agents engaging in a conversation may play must be enumerated, and the
constraints and dependencies between individual messages need to be captured.
Many conversations will be dialogues, and will specify just two roles; however
conversations with more than two roles are equally important, representing the
coordination of communication among several agents in pursuit of a single com-
mon goal. For some conversations, the set of participants may change during the
course of the interaction.

These capabilities will allow the easy specification of individual conversa-
tions. To develop systems of conversations though, developers must have the
ability to extend existing conversations through specialization and composition.
Specialization is the ability to create new versions of a conversation that are
more detailed than the original version; it is akin to the idea of subclassing in an
object-oriented language. Composition is the ability to combine two conversa-
tions into a new, compound conversation. Development of these two capabilities
will entail the creation of syntax for expressing a new conversation in terms of
existing conversations, and for linking the appropriate pieces of the component
conversations.

The set of conversations in which an agent will participate defines an interface
to that agent. Thus, standardized sets of conversations can serve as abstract
agent interfaces (AAIs), in much the same way that standardized sets of function
calls or method invocations serve as APIs in the traditional approach to system-
building. That is, an interface to a particular class of service can be specified
by identifying a collection of one or more conversations in which the provider of
such a service agrees to participate. Any agent that wishes to provide this class
of service need only implement the appropriate set of conversations.

Implementing and expressing conversations is not a new idea. As early as
1986, Winograd and Flores [40] used state transition diagrams to describe con-
versations. The COOL system [3] has perhaps the most detailed current FSM-



based model to describe agent conversations. Each arc in a COOL state tran-
sition diagram represents a message transmission, a message receipt, or both.
One consequence of this policy is that two different agents must use different
automata to engage in the same conversation. Other conversation models have
been developed, using various approaches. Extended FSM models, which, like
COOL, focus more on expressivity than adherence to a model, include Kuwabara
et al. [21], who add inheritance to conversations, Wagner et al. [39], and Elio and
Haddadi [13], who defines a multi-level state machine, or Abstract Task Model
(ATM). A few others have chosen to stay within the bounds of a DFA, such as
Chauhan [7], who uses COOL as the basis for her multi-agent development sys-
tem 13, Nodine and Unruh [32], and Pitt and Mamdani [35], who uses DFAs to
specify protocols for BDI agents. Also using automata, Martin et al. [29] employs
Push-Down Transducers (PDT). Lin et al. [28] and Cost et al. [10] demonstrate
the use of CPNs, and Moore [30] applies state charts. Parunak [33] introduces
Dooley Graphs. Bradshaw [4] introduces the notion of a conversation suite as a
collection of commonly-used conversations known by many agents. Labrou [22]
uses definite clause grammars to specify conversations.

While each of these works makes contributions to our general understanding
of conversations, more work needs to be done to facilitate the sharing and use
of conversation policies by agents. FIPA has contributed to the overall effort by
providing specifications for a number of interesting conversation protocols.

8 Agent Communication and the WWW

A number of researchers within and outside FIPA have suggested that ACL
messages ought to be encoded in XML, in their entirety, i.e., both the message
layer and the content layer should be in XML.

XML is a language for creating markup languages that describe data. XML
is a machine-readable and application-independent encoding of a document, e.g.,
of a FIPA ACL message including its content. In contrast to HTML which de-
scribes document structure and visual presentation, XML describes data in a
human-readable format with no indication of how the data is to be displayed.
It is a database-neutral and device-neutral format; data marked up in XML can
be targeted to different devices using, for example, eXtensible Style Language
(XSL). The XML source by itself is not primarily intended directly for human
viewing, though it is human-understandable. Rather, the XML is rendered us-
ing standard available XML-world tools, then browsed, e.g., using standard Web
browsers or specialized other browsers/editors. One leading method for rendering
is via XSL, in which one specifies a stylesheet.

XML is a meta-language used to define other domain- or industry-specific
languages. To construct a XML language (also called a vocabulary), one supplies
a specific Document Type Definition (DTD), which is essentially a context-free
grammar like the Extended BNF (Backus Naur Form) used to describe computer

13 More recent work with this project, JAFMAS, explores conversion of policies to
standard Petri Nets for analysis [16].



languages. In other words, a DTD provides the rules that define the elements
and structure of the new language. For example, if we want to describe employee
records, we would define a DTD which states that the <NAME> element consists
of three other elements called <FIRST>, <MIDDLE>, and <LAST>, in that order.
The DTD would also indicate if any of the nested elements is optional, can be
repeated, and/or has a default value. Any browser (or application) having an
XML parser could interpret the employee document instance by learning the
rules defined by the DTD.

Elsewhere, [19] we have defined ACML (Agent Communication Markup Lan-
guage), a XML language for describing FIPA ACL message. The deep semantics
of the communication primitives in ACML is simply taken to be the same as
previously. This semantics is not affected by encoding in XML instead of the
previous ASCII; it is defined independently of the choice of syntactic encoding.

Encoding ACL messages in XML offers some advantages that we believe are
potentially quite significant.

The XML-encoding is easier to develop parsers for than the Lisp-like encod-
ing. The XML markup provides parsing information more directly. One can use
the off-the-shelf tools for parsing XML, instead of writing customized parsers
to parse the ACL messages. A change or an enhancement of the ACL syntax
does not have to result to a re-writing of the parser. As long as such changes
are reflected in the ACL DTD, the XML parser will still be able to handle the
XML-encoded ACL message. In short, a significant advantage is that the process
of developing or maintaining a parser is much simplified.

More generally, XML-ifying makes ACL more WW W-friendly, which facil-
itates Software Engineering of agents. Agent development ought to take ad-
vantage and build on what the WWW has to offer as a software development
environment. XML parsing technology is only one example. Using XML will fa-
cilitate the practical integration with a variety of Web technologies. For example,
an issue that has been raised in the ACL community is that of addressing security
issues, e.g. authentication of agents’ identities and encryption of ACL messages,
at the ACL layer. The WWW solution is to use certificates and SSL. Using the
same approach for agent security considerations seems much simpler and more
intuitive than further overloading ACL messages and the ACL infrastructure to
accommodate such a task.

As we mentioned earlier, the operational semantics of the pragmatic aspects
of ACL can differ subtly between implementations or uses, and there is today a
problem practically of interoperability. XML can help with these pragmatics, by
riding on standard WW W-world technologies: to facilitate the engineering, and
as a by-product to help standardize the operational semantics, thereby helping
make interoperability really happen.

Because XML incorporates links into the ACL message, this takes a signifi-
cant step toward addressing the problem (or representational layer) of specifying
and sharing the ontologies used in an ACL message’s content. The values of the
ACL parameters are not tokens anymore, but links that can point to objects
and/or definitions. Although the ontology slot has been present since the in-



ception of ACLs, the ACL community has not been very clear on how this
information is to be used by the agent. This vagueness, further compounded by
the scarcity of published ontologies, can be addressed by interfacing the ACL
message to the knowledge repository that is the WWW.

More generally, links may be useful for a variety of other purposes. For exam-
ple, the receiver parameter might have a link to network location that provides
information about the agent’s identity: e.g., its owner, contact and administra-
tive information, communication primitives that the agent understands, network
protocols and ports at which it can receive messages, conversation protocols it
understands, etc.. This type of information is necessary for a establishing an
extended interaction with another agent and has to somehow be available to an
agent’s potential interlocutors. The same argument can be made about the other
message parameters.

9 FIPA: Services and Infrastructure

FIPA’s approach on the ACL specification is somewhat different than that of
KQML, partly because FIPA is an organized body with the authority to take
action on its own specifications and the KQML community is a loose network of
researchers.

The initial intent was to provide an ACL specification that only covered syn-
tax and semantics of the primitives, carefully avoiding addressing any of the
pragmatic considerations at the ACL specification level. Most of the pragmatic
considerations were delegated to a different group, charged with Agent Manage-
ment. The boundaries between the two were often challenged, but with few ex-
ceptions (such as conversation specifications been introduced as part of the ACL
specification document) the divide persevered. The conflict relates to striving
for a balance between a semantically (and theoretically) pure ACL specification
and the need for a practical ACL, from the system-building point of view.

In recognition of the importance of conversations FIPA provides a number
of pre-specified protocols. Additionally, FIPA has addressed some of the other
issues we mentioned previously, in its Agent Management Transport and Agent
Management specifications ™.

The FIPA Agent Message Transport specifications deal with the delivery and
representation of messages across different network transport protocols, includ-
ing wireline and wireless environments. The agent message transport reference
model provides facilities for: (1) general support for a Message Transport Ser-
vice within an agent platform, (2) guidelines for using specific Message Transport
Protocols, such as IIOP, HTTP and WAP and (3) support for encodings that
are suitable for each transport protocol, such as an XML encoding for HTTP
and a bit-efficient encoding for WAP.

The FIPA Agent Management Specification provides the framework within
which FIPA agents exist and operate. It establishes the logical reference model

4 See [6] for a recent summary of these specifications.



for the creation, registration, location, communication, migration and retirement
of agents. The reference model describes the primitives and ontologies necessary
to support the following services in an agent platform: (1) white pages, such
as agent location, naming and control access services, (2) yellow pages, such as
service location and registration services, which are provided by the Directory
Facilitator.

In the FIPA model agents belong to one or more agent platforms which
provide basic services in a way consistent with the above specifications. Sixteen
FIPA platforms have been implemented by diverse companies, four of these
are freely accessible under open source, that support these specifications. These
FIPA platforms have been distributed and tested in large-scale projects, which
collectively have been downloaded several thousands of times. For the latest
information on FIPA specifications and available FIPA-compliant platforms, the
reader is encouraged to check the FIPA homepage '°.

10 Conclusions

When Knowledge Query and Manipulation Language (KQML) first appeared
10 years ago, it was not an Agent Communication Language (ACL), the term
agents did not refer to the same kind of entity it refers to today and the KQML
specification was a little more than a document combining natural language and
syntactic sugaring. Over a period of time KQML has come to define the concept
of an ACL and in the process the ACL has become the centerpiece of a large
category of agent systems. Almost inevitably an ACL has became a loosely-
defined concept that encompasses a variety of issues which may or may not be
ACL-relevant depending on one’s point of view. The more conservative viewpoint
advocates that semantics is the one and only real issue. Agent development
often suggests though that semantics is the least important concern when one
actually builds an agent system. The emergence of FIPA ACL was touted as
an attempt for a cleaner, purer ACL with well-defined semantics. But aside
from the inherent limitations of current ACL semantic approaches, the efforts of
many researchers to develop multi-agent systems have brought to the foreground
issues and considerations that are at least as important as the semantics for
interoperable agent systems; FIPA faced the same problems that the KQML
community had been unable to put to rest. The naive (in hindsight) early concept
of KQML messages as speech-act-like message types, expressed as ASCII strings,
with a LISP-like syntax, that are transported over TCP/IP connections, and
aimed at knowledge and information exchange between software systems that
are viewed as Virtual Knowledge Bases, exhibited its limitations a long time ago.

Standardization, though, revolves mainly around usability. How to use the
semantics in order to develop agent systems that communicate and interoperate
using a ACL? Are conversation protocols a more useful tool for agent develop-
ment than the semantics? Where are the basic services that the ACL presumes

5 http://www.fipa.org



to exist? Do ACL messages have to be ASCII strings encoded in an Al-ish syn-
tax? What do agents actually ”"talk” about? ACL messages are expected to be
opaque to the content language expressions they ”carry” but this does not an-
swer the question of which content languages are useful for applications. Is there
any connection between agents, ACL’s and the World Wide Web? These are the
questions we investigated. To some of them we provided (partial) answers and
examined the current work, to others we suggested possible avenues of research;
our persistent goal, though, was to finally get past the semantics and come to
terms with a broader notion of agent communication standardization.
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