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Ahstmct. The Foundation for Intelligent Physical Agents (FIPA) standardisation body has produced a 
set of specifications outlining a generic model for the architecture and operation of agent-based systems. 
The FlPi\."97 Specification Part 2 is the normath·c specification of an Agent Communication Language 
(ACL) which agents usc to 'talk" to each other. The FlPA ACL is based on speech act thcOI)'. Its 
syntax is defined by pcrformativcs parameterised by attribute 1·aluc pairs, while its semantics is given 
in terms of the mental states of the communicating agents (i.e. intentionality). However. it is not clear 
if the formal semantics is meant m; a normative or informative specification. ll1e primary purpose of 
this paper is then to give an expository analysis of the FIPA ACL semantics to clarify this situation. We 
also offer some guidelines motivated from our own analysis, experience and understanding of how the 
semantic definitions and logical axioms should be interpretcd and applied. However. our conclusion is 
that while the FIPA ACL specification offers signitlcant pot<.:ntial to a developer using it for guidance, 
there arc limitations on using an agent's mental state to specify the meaning of a pcrfonnativc as part 
of a normative standard. We consider some possibilities for making improvements in this direction. 
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1. Introduction 

The Foundation for Intelligent Physical Agents (FIPA) standardisation body has 
produced a set of specifications outlining a generic model for the architecture and 
operation of agent-based systems. The FIPA'97 Specification Part 2 is the normative 
specification of an Agent Communication Language (ACL) which agents use to 
'talk' to each other. This language is based on speech act theory and defined in 
terms of a set of performatives or communicative acts. A communicative act occurs 
whenever one agent sends a message to another. 

Each communicative act is given a meaning informally via English descriptions, 
and a formal semantics in a first order modal logic of mental attitudes and actions, 
which define feasibility preconditions and rational effects (intended outcomes) of 
communicative acts, and various agent properties. The logical definitions generally 
characterise the belief state of the sending agent before performing the commu­
nicative act, and the intended belief state of the receiving agent after the act has 
been performed. Underlying these definitions are a number of properties which an 
agent can use either to plan a communicative act (i.e. send a message), or to make 
inferences from 'hearing'/'observing' a communicative act (i.e. receiving a message). 
These properties are formalised as axioms of the logic. Details of the underlying 
theory can be found in [20, 21, 22]. 
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The FIPA ACL is a substantial technical achievement, but its key components 
are its performatives and its protocols. The intention of the semantics is to pro­
vide guidance for developers to produce systems that will be able to inter-operate 
co-operatively, and which can be formally checked for compliance. However, the 
semantics is very subtle in the way that its various properties interact, and the ra­
tionale behind some of the technical formulation is sometimes obscured by implicit 
assumptions and arcane notation. Clearly, the FIPA authors were very concerned to 
provide the right balance between a standard that was mathematically well-found 
but also useful to non-mathematically inclined agent developers. In our experi­
ence on the MARINER project [17], the performatives and protocols were a useful 
starting point in developing a FIPA-compliant multi-agent system. We encountered, 
however, a number of difficulties with the interpretation and application of the for­
mal semantics to implement co-operative behaviour through communicative acts 
(notwithstanding any issues in verifying compliance [28]). 

Our primary criticism of the FIPA ACL standard is that it is not clear \vhether 
the ACL semantics should be inteq)reted as an informative specification providing 
guidance to developers, or as a normative specification providing conditions that the 
agents themselves are responsible for satisfying. The primary function of this paper 
is to offer some guidelines motivated from our own experience and understand­
ing of how the semantic definitions and logical axioms should be interpreted and 
applied. We feel this is important and necessary because, as is well known from nat­
ural language pragmatics, any formalisation of communication based on the mental 
states of the participants must deal with what is fundamentally a process of revision 
and updating of those states. It is unlikely that a single set of axioms will cover all 
eventualities because communication is inherently context-dependent. As a result, 
,.,·hat works well in one application may be inappropriate in another. 

The authors of the FIPA specification have addressed this issue by specifying only 
the preconditions and intended outcomes of the given performatives and a limited 
number of axioms. The FIPA specification is then minimal with respect to what two 
agents can infer about each other's mental states after the performance of some 
communicative act. For example, a FIPA agent that 'observes' a communicative act 
may infer that the (persistent) preconditions for doing that action hold, and that the 
intended outcome of the act was indeed intended. However, what is not part of the 
specified semantics is that, after doing an action, the performing agent believes that 
the intended effect of (i.e. goal of, or reason for doing) that action has resulted. 
Moreover, the actual outcome of a communicative act, i.e. the change in the belief 
state of the receiving agent, is also not part of the semantics. 

This 'under-specification' is not always sufficient if the standard formal semantics 
is to have practical use. The standard is effectively giving designers a partial ax­
iomatisation of FIPA's performatives: saying, in effect, that the given axioms apply, 
it is then up to the designers to find a model that is consistent, and their own frame 
axioms. An agent developer may need further axioms to derive other logical conse­
quences resulting from communicative acts, and may need variations on the speci­
fied semantics for given performatives with the same intuitive meaning. This paper, 
after a precis of the FIPA ACL semantics in Section 2, is concerned with ex'Ploring 
and explaining the ramifications of this, particularly with regard to some primitive 
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FIPA performatives. Section 3 undertakes an abstract analysis of the inform per­
formative and certain axiomatic properties, and offers some guidelines for using 
the specification. Section 4 reports on practical experience from the MARINER 
project, and some variations associated with the semantics of the confirm and dis­
confirm performatives. Again we give guidelines on applying the specification for 
practical system development. 

In conclusion, we would argue that the problems caused by variations in agent 
motivation and intent, communicative context, and application domain expose the 
limitations of intentionality as a basis for standardizing the semantics of an agent 
communication language. Intentionality is concerned with agent internals and a 
communicative act is an external phenomenon: mental attitudes can then only give 
a reason for and not the meaning of the performatives. In this way it can give 
guidance to developers but may be too strong a constraint on the agent. The pro­
tocols specified by FIPA ACL, on the other hand, can give purpose and meaning 
to individual performatives but only in the context of a conversation that has an 
identifiable objective. Section 5 provides further discussion on our understanding 
of the FIPA ACL specification and its application, but is also concerned with what 
steps might be taken to produce an ACL semantics that might resolve some of the 
criticisms of intentionality-based agent communication, both herein and else\vhere 
(e.g. [26]). 

2. A precis of the FIPA ACL formal semantics 

We are concerned with exploring the formal, (proposed) standard semantics of the 
FIPA ACL inform, confirm and disconfirm performatives. In this section, we give 
a summary of the formal semantics, discuss the motivation for the semantics being 
formulated as it is, and try to explain the difference in perception of these semantics 
from the developer's viewpoint as opposed to the agent's viewpoint. 

The formal semantics of the FIPA ACL inform, confirm and disconfirm perfor­
matives is summarised in Table 1. An intuition of the semantics and explanation of 
the notation follows. 

Intuitively, the inform performative is used by some agent s (say) to tell another 
agent r (say) that some proposition </> (say) is true. We will refer to the agent 
performing the communicative act, in this case s, as the sending agent, and the 
agent towards whom the act is performed, in this case r, as the receiving agent. 
This reflects the reality that the agents in a multi-agent system are in fact sending 

Table !. FIPA ACL performativcs: formal semantics 

Feasibility preconditions Rational effect 

Performativc FPI FP2 RE 

(s, inform(r, r/>)) :1l,dJ ~'I;,(>Aij>fJ v llif.d1) .l3,.r/> 

(s, confirm(r. </J)) ril,dJ :13,'11, cf> :l;,..d1 

(s, disconfirm(r, cf> )) f!,, ~cf> :1\,('il, cf> v '11, cf>) A ~cf> 
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and receiving electronic messages. The confirm performative has much the same 
intuition as inform, but different conditions on using it (see below). The disconfirm 
performative is used by some agent to tell another agent that some proposition is 
not (or is no longer) true. 

In FIPA, agents either believe propositions or are uncertain about propositions. 
Belief and uncertainty are indicated by relativised modalities that, for agents, would 
be 2/Js and 0Us respectively. Belief and uncertainty are mutually exclusive: knowledge 
in FIPA's logic is an abbreviation for 'belief or uncertainty.' The abbreviation 33if, <jJ 
is defined as ;J3s¢ v :1Js-.<./J and and "/lif~<./J as '1L 5 <./J v ou,.-.¢. 

The feasibility preconditions (FP) of a performative are those conditions that 
need to be true in order for an agent to (plan to) execute a communicative act. The 
first feasibility precondition for inform (inform FP 1) therefore states that the agent 
performing the communicative act, the sending agents, believes that the proposition 
¢ is true. This precondition aims to ensure the so-called sincerity condition, i.e. that 
agents believe what they say and only say what they believe. The second feasibility 
precondition for inform states that the sending agent, s, does not believe that the 
intended recipient, r, either believes or is uncertain that either proposition ¢ or 
its negation is true. Thus inform FP2 is intended to be used in goal formulation, 
so that if .'iJ./'A,.<./J, then agent s will not try to inform r of something, i.e. ¢, that s 
believes that r already believes. 

This means that if agent s believes that agent r either believes <jJ or is uncertain 
about ¢, then no further inform speech act is required and so will not be planned. 
Otherwise, if agent s believes that proposition ¢ holds and believes that agent r is 
uncertain about ¢, then scan plan to use the confirm performative to tell r that ¢. 
Under other conditions, an agent may plan to use the disconfirm performative to 
refute propositions. Thus disconfirm FPI states that the sending agents believes that 
proposition ¢ holds, while disconfirm FP2 states that the sending agent s believes 
the intended recipient r believes or is uncertain that ¢ holds (i.e. has some prior 
knmvledge about ¢ ). 

In addition to the conditions which must hold in order to plan a speech act, there 
are reasons for doing that act. These reasons are called Rational Effects (RE). The 
RE of a performative are, according to the FIPA specification, the reasons for which 
the act is selected, i.e. the intention that motivates the communicative act. From 
this perspective, it is a kind of pre-condition used in goal formulation. However, 
an agent "will select acts based on the relevance of the act's expected outcome or 
rational effect to its goals" ([8], Part 2v2.0, p46), and from this description, the 
rational effect can be identified with an intended actual outcome and so could be 
interpreted as a specification for a kind of post-condition. It is important to note 
that the latter reading is not intended and applies to all three performatives. 

For example, the reason for an agent s informing another agent r of proposition 
<jJ is that s desires that (wants that) r should believe that ¢ is true. The rational 
effect is an intended outcome, i.e. a specification of a goal for the sending agent, 
but it is not necessarily an actual outcome, i.e. a specification of a post-condition 
for the receiving agent. Whether or not the RE is the actual change in the mental 
state of the receiving agent is therefore not part of the formal semantics. The FIPA 
specification therefore deliberately (and rightly) under-specifies the actual outcome: 
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FIPA is not trying to mandate how an agent should change its mental state according 
to the content of the ACL messages that it receives. Presumably because of this, 
the sending agent also "cannot assume that the rational effect will necessarily result 
from sending the message[s]" (ibid, p46). 

However, the FIPA ACL does specify five properties that are given as part of the 
underlying semantic model and specified as axioms of an agent. Three are related 
to the reasoning processes involved in planning communicative acts and two to 
reasoning about communicative acts that are (in some sense) 'observed' (i.e. by 
receiving a message). The latter two do provide some guidance for inference, but 
the inferences that can be made are about the act itself, rather than any content. 

FIPA Properties 1, 2 and 3 are concerned with planning communicative acts and 
need not concern us here. They are really concerned with agent internals (intra­
agent properties) and so, in our opinion, superfluous to a standard for specifying 
semantics for inter-agent communications. They could provide some guidelines for 
implemen ters employing a BD I (Beliefs-Desires-Intentions) architecture, but, on 
the other hand, there are many different styles of planning, which need not be 
related or even reducible to BDI-style planning and reasoning. The significance of 
Properties 1-3 emerge when considering Properties 4 and 5, \Vhich define inferences 
an agent can make from observing a communicative act. 

Property 4 and Property 5 are defined as: 

Property 4: F 7">i(DONE(A) 1\Agent(j, A)~ .'TiRE(A)) 

Property 5: F= .J3i(DONE(A)-+ FP(A)) 

Property 4 states that if an agent i 'sees' that action A has taken place and agent 
j did action A, then i can infer that j had the intention to bring about the rational 
effect of A. Property 5 states that, from the same observation, agent i can infer that 
the feasibility preconditions of action A (that are unrelated to time) hold. 

The combined effect of the FP, RE and the latter two properties are, for the 
inform performative, as follows. Suppose agent s believes a proposition ¢ and does 
not believe that agent r either believes <P or is uncertain about ¢, or its negation. 
If s generates the intention for r to believe ¢, then s will plan to use the inform 
performative to (try to) make r believe ¢. How·ever, agent s can only try to get 
an agent r to believe a proposition ¢ by sending an inform, but cannot infer or 
assume that this will be the result. Furthermore, agent r is not mandated by the 
semantics to change its belief state just because it receives an inform. As the FIPA 
specification states: "Whether or not the receiver does, indeed, adopt belief in the 
proposition will he a function of the receiver's trust in the sincerity and reliability 
of the sender" (ibid, p25). Agent r can, on the other hand, make inferences about 
the act by virtue of the defined properties. 

Therefore the FIPA specification is minimal with respect to what one agent can 
infer about the mental state of another agent after having communicated with it, and 
with respect to the mental state of the agent receiving a communication. Instead, 
the performance of a communicative act allows the receiver to derive inferences 
about the mental state of the sender using Properties 4 and 5. Speech act themy 
has been criticized before for being too 'speaker-centric', i.e. concentrating only on 
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the mental state of the speaker [4], and it is right that the FIPA semantics should 
consider the mental state of the receiver. 

However, the consequences of this minimality are two-fold: 

It is not clear how the semantics and axioms should be used: when they are 
merely providing guidance for the developers and when they are requirements 
that the agents are responsible for satisfying; and 
We are dealing with a process of revision and updating of belief states of both 
sender and receiver, and, according to context, more axioms are needed to infer 
that some condition holds in either of the participants after a communicative 
act has been either performed or observed. 

We try to illustrate these consequences in Figure 1 below. This shows the devel­
oper's perspective on the state ~ of a multi-agent system with agents s and r. Agent 
s is behaving as if Properties L 2 and 3 were implemented, the FPs were satisfied, 
and the RE its goal. All this is internal to the agent: what the developer 'sees' is 
the FIPA ACL message being passed from s to r. In the formal semantics, this cor­
responds to a modality, and the whole system changes state to 2:'. Properties 4 and 
5 come into effect in deciding the new state of the receiving agent, r'. However, 
there are unspecified frame axioms which may also apply, and the sending agent is 
changing state too (to s'). 

Thus, from the developer's viewpoint, there are two important points to note. 
Firstly, that the semantics is largely external and the agents are behaving as if they 
were implemented in this way, irrespective of how they are actually implemented 
(cf. [6]). Secondly, that on performing a communicative act the whole system is 
changing state, including both sender and receiver. The FIPA axioms apply and it 
is up .to the developers to find a consistent model and their own frame axioms for 
their application. 

Property 1, 2, 3 
Feasibility Preconditions 

Rational Effect 

.. .. .... .. 
......... .. 

.. .. 

Developer's A .. ····· 
Viettpoint ~ .. 

····· ... .. .. .. .. ·· .. .. .. .. .. .. 

Figure I. Developer's perspective on FIPA semantics. 

FIPAACL 
Message ·----
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The next two sections expand on the motivation for and consequences of this 
model in order to derive some guidelines to assist developers of agent-based systems 
using the FIPA ACL. In Section 3, we are concerned with two issues: firstly, the 
inclusion of the sincerity condition to constrain the inform action, and secondly, 
how an agent acquires information about the results of its inform actions. Section 4 
briefly introduces the MARINER project, analyses the semantics of the confirm and 
disconfirm performatives in this context, and considers what to do if the semantics 
of the application don't quite fit the FIPA semantics. 

3. The inform performative 

3.1. Jn.fonn FPJ and the sincerity condition 

Recall the feasibility precondition inform FPJ: :'!>_,</>.This enforces the so-called sin­
cerity condition, requiring that an agent believe whatever it informs another agent. 
However, there is a type of agent, nowadays called a self-interested agent, and a 
class of applications (involving competitive agents programmed by separate parties 
each with their own goals first and foremost (19]) where sincerity is not obligatory 
and can even be a decided disadvantage. It might therefore be necessary on occa­
sions, for example some auctions, haggling, etc., to make provision for an intelligent 
agent to act sincerely but to be "economical with the truth." However, there are 
techniques (game theory and economic modelling, for example), for organizing the 
agents such that it can be shown that the system as a whole can not be manipulated 
even by agents that do act insincerely [23]. This is a property of the system, though, 
and not a feature of the standard semantics of the communication. 

Furthermore, whether or not an agent abides by the sincerity condition is unlikely 
to be verifiable in practice. For example, an unscrupulous agent implementer could 
work-around the precondition in the following way. Suppose agent s does not be­
lieve <P but wants to inform r that ¢. Then s adds <P to its database (in.form FPJ 
is satisfied), s performs (inform(r, <P )) (s tells its lie), and then removes ¢ from its 
database. 

Of course this is a trick, but an agent doing this is still technically complying 
with the semantic definitions. It is also not possible to distinguish between this 
behaviour and that of any agent with a mental state that is non-monotonic over 
time, even if all information is time stamped in some way (that is not explicit in 
the FIPA specification). It is even impossible to distinguish bet\veen a sincere agent 
that communicated something it believed to be true (that was actually false) and 
an insincere agent that communicated something it believed to be false (but was 
actually true). 

The motivation for in.form FPI is a pragmatic requirement for co-operative be­
haviour stemming from the original application of ARCOL (the progenitor of FIPA 
ACL), which was answering database queries [2]. The formalisation of intentional 
communicative behaviour for an intelligent agent often involves the axiomatisation 
of the felicity conditions of Searle and the conversational maxims of Grice. The 
sincerity condition underpinned Grice's analysis of conversational implicatures to 

IPA Technologies, Exhibit 2031, Page 7 of 24



340 PITI AND MAMDANJ 

support the so-called co-operativity principle. TI1erefore, from the viewpoint of an 
agent developer who wants his/her agents to inter-operate co-operatively, the fol­
lowing facts are significant: 

- that the sincerity condition is predicated on the notion of co-operation; and 
that all speech acts involve the receiver recognizing an intention on the part of 
the sender. 

Therefore, when an agent uses an inform performative in the context of a negoti­
ation protocol for some joint co-operation, the performing agent has to be sincere 
with respect to its beliefs, otherwise the receiving agent cannot reason (e.g. via Prop­
erty 4 and 5) in order to co-operate. So long as the FIPA ACL semantics is aimed 
at developers of co-operating agents, then they will inter-operate as desired. 

The problem with relaxing the sincerity condition is that it pulls clmvn Property 5 
with it. However, there is an intrinsic asymmetry in the FIPA specification. A FIPA 
agent is an imperfect witness of perfect integrity: it may communicate incorrect 
information but at least it believes it to be true. The receiver doesn't have to believe 
the content, but it is axiomatic that the sender must have believed it. If, however, 
whether or not the receiver actually believes the content is a function of trust or 
reliability of sender, surely then whether or not the receiver actually believes the 
sender's belief is a similar function of trustworthiness. Put another way: if you don't 
trust someone to tell you the truth, you don't trust them to believe what they tell 
you. It follows that Property 5 is not an axiom: it is just a reasonable assumption 
that follows from an initial assumption of an intention to co-operate. 

What we see here is the danger of trying to standardise the meaning of a per­
formative in isolation through an axiomatisation that implicitly expects the perfor­
mative to be used in conversation. In isolation, for example, we could motivate the 
behaviour of a sincere agent by the behavioural axiom which includes inform FPJ: 

Here :13, 3 and .'1 are respectively the beliefs, desires (goals) and intends modalities. 
DONE is an operator on actions, defined in the FIPA specification as DONE(A) 
being true after action A has taken place. This axiom therefore states that if the 
agent s believed 4> and wanted another agent r to believe ¢, then s would generate 
the intention to inform r of ¢. Alternatively we could define the behaviour of a 
'rapacious' agent by the axiom: 

f= ~-!L·s!fi /\~BJDONE(A)-+ !{1)-+ .TvDONE(A) 

This axiom states that if s desires (wants) !{1 and believes that doing A will achieve 
!{1 then s will intend to do A. If !{1 = 2h,.¢, the same communication occurs (A 
is (s, inform(1; 4>)) ), without s having an e),:plicitly held belief in ¢. However, it is 
important to note that with the first axiom the agent is being sincere with respect to 
its beliefs, and with the second axiom it is being sincere with respect to its desires. 

This use of axioms mixing belief and desire modalities goes back to the original 
work of [5], who explored different models of rationality using different axioms 

IPA Technologies, Exhibit 2031, Page 8 of 24



REMARKS ON THE SEMANTICS OF FIPA'S AGENT COMMUNICATION LANGUAGE 341 

combining modalities for beliefs, desires and intentions. This is not a particular 
feature of the FIPA semantics, although it is clear that the effects stipulated by 
the action schemas are not by themselves adequate to express the full semantics. 
Instead, both the action schemas and the axioms are required, an outcome perhaps 
to have been expected given Cohen and Levesque's earlier work. 

3.2. Rational effects and actual outcomes 

It is clear then what conclusions can be drawn from an inform communicative act 
via FIPA Properties 4 and 5: firstly, receiver's beliefs about the sender's intention to 
achieve the rational effect; and secondly, receiver's beliefs about the sender's belief 
of the content. We have seen in the previous section that the second conclusion is 
dependent on an implicit assumption of co-operativity. In this section, we address 
the question of how does an agent get to know the effect of its speech acts on the 
belief states of receiving agents, i.e. how does it know that its rational effect has 
been achieved? 

\Ve first note that the act of informing is very often, in agent-based systems, non­
monotonic. Any agent that is embedded in an environment and taking actions in that 
environment, should be able to revise its beliefs, and intentions, based on changes 
in the environment or communications from other agents [ 10]. If that information 
conflicts with previously held beliefs, then the agent has to be able to select which 
information to believe. 

As a result Propet1y 5 also has some potentially curious effects if the information 
communicated is structured rather than propositional, i.e. more realistically, we are 
using first-order logic for knowledge representation. Suppose agent s believes that 
the colour of some object objl is red. It can inform agent r that colour(objl, red), 
and agent r will infer 2/J.,colour(objl, red) by Property 5. Now suppose that s comes 
to believe that the colour of this object is blue. The inform preconditions: 

:·J?,s colour( obj 1, blue) A -(1iJ 5 ('1ilifr colour(objl, blue) v :':A((,. -.colour(obj 1, blue)) 

are satisfied, so it can inform r. According to Property 5, r could now infer that 
agent s believes that ol~jl is both red and blue. However, there is nothing in the 
FIPA semantics that says that the receiving agent does make this inference. If an 
object cannot be both red and blue (i.e., there is some frame axiom to this effect), 
with a KD45 belief modality the receiver will note that the sender believes the 
object to be blue. However, this frame axiom is not part of the FIPA semantics. 

By the same token, the axiom that we call Property X is not part of the FIPA 
semantics and is defined by: 

Property X: f= ::~.;i(DONE(A) AAgent(i, A)--+ RE(A)) 

This states that if an agent i believes that action A has occurred and s did A itself, 
then it can infer that the rational effect of that action holds. (Note that the axiom 

f= :.13i(DONE(A)--+ RE(A)) 
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would force belief in the RE if agent i were either the sending or receiving agent, 
which is not the effect we want. If j were an agent and A were inform(j, <f> ), then 
j, as the recipient, could infer Y,j<f>, when it need not believe <f> at all.) The pur­
pose of this axiom is to give the sending agent a belief in the achievement of the 
rational effect of its actions. If it turns out that the belief is wrong (the RE does 
not hold), then the agent can do belief revision [10]. If it is the responsibility of 
agent implementers to implement the belief revision of the receiving agent (e.g. by 
defining frame axioms as above), it could of course equally be their responsibility 
to implement belief revision for the sending agent. 

The rational effect of Property X gives the sending agent some idea of the in­
tended resultant mental state of the receiving agent based on inference. Effectively, 
we are inferring from FIPA specification statement that an agent "cannot assume 
that the rational effect will necessarily result from sending the message[ s ]" (ibid, 
p46) the conclusion that an agent can assume that it may result. 

It turns out that there even appears to be some requirement for Property X. This 
is because sending agents need some idea of the mental states of receiving agents, or 
otherwise inform FP2, --..%,(7;iJ,.¢ v Nif,.¢), is vacuous. Using Property X, once an 
agent infers the RE of the inform, FP2 is no longer satisfied. Without Property X 
and unless s believes :13,.¢ (or even rll,.</>) after performing an inform, FP2 will 
not preclude formulating the goal again, and again, and so on. This is contrary 
to the intention of only communicating necessary information. Therefore an agent 
developer has to try to get the same result using the available semantic specification, 
or it implies that some aspects of message passing are pragmatic (e.g. an agent 
could maintain a message list and only repeats messages if they are definitely lost, 
etc.). Alternatively, the developer has to find his/her own solution to the under­
specification. 

Surprisingly, perhaps, having the receiving agent simply echo the content (via 
another inform) does not work because of Property 5: after (s, inform(1; <f> )) we get 
(for r) 93/JJs<f>, therefore inform FP2 is not satisfied. An alternative is for s to ask r if 
it believes that ¢is true. For this, s needs to use the performative (s, query _if(T; ¢ )) . 
query _if is defined as a macro action (i.e. defined in terms of other perfmmatives), 
whereby the sending agent requests the receiver to inform it whether or not some 
proposition <f> is true. The FIPA specifications are: 

(s, query_if(r, ¢ )} =(s, request(r, (1; inform_if(s, ¢)) )} 

(r, inform_if(s, ¢)} = (r, inform(s, ¢)}I (1; inform(s, --.¢)} 

Here I is the non-deterministic choice operator for actions. 
It can be shown [20, 6] that the FP can be derived from the FP of the embedded 

actions. Presumably, then, from the embedded disjunctive inform the FP on the 
inform_if are (ignoring, for presentational simplicity, the uncertainty operator): 
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Now recall after (s, inform(r, ¢ )) we get (for r) 33r33s¢· Consequently neither dis­
junct in the second precondition of inform_if is satisfied (assuming r'As¢ ~:"As-.-.¢). 

An alternative solution, rather than using Property X, and similar to that pro­
posed by Smith et al. [27], is for r to enact the performative (r, inform(s, .CJBr¢ )) . 
However, the agent implementer must prevent cycles (e.g. (s, inform(r, .'Y35EJBr¢ )) 
and so on) by operational means, and with Property 5, s will be able to infer for­
mulas like .035 -.:!JJ,(::JJ!,if~.Y3,¢ v 0Uif~33r¢ ), whose utility is not immediately obvious. 
There are therefore messaging, implementation and reasoning overheads associated 
with this solution, although one of the intended use of conversation policies [27] is 
to provide exactly this sort of operational control. 

Yet another solution would be to define a new performative, say assert, with a 
semantics distinct from inform and confirm as shown in Table 2, which could be used 
in this context. Recall that the :J3if operator is defined as .JBif,¢ ~ .JB,¢ v 3J,-.¢. 
An agent would then use an assert instead of an inform if it wanted the intended 
receiver to make the weaker inference from Property 5. 

Vve also note, en passant, another new performative ask with semantics as shown: 

Feasibility prccondition(s) Rational effect Pcrformativc 

.f;if, d; .15,d; (s, assert(r. 1; )) 
1l, J; /\ A, %if, 4, 7, DONE( (r, confirm(.1·, 4, )) 1 (.1, ask(r. J; )) 

(r. disconfirm(-1, ~d; )) ) 

After an ask, the receiving agent can infer :23/ll,¢, so the feasibility precondi­
tions for confirm (:13,.¢ 1\ :13/U,¢) are satisfied if r believes ¢; or the feasibility 
preconditions for disconfirm (:]:j,. --.¢ 1\ :JB,.CU.,¢ v :j:js¢)) are satisfied if r believes 
--.¢. Furthermore, in each case the respective REs (:13.,¢ and .Y;s -.¢) satisfy the 
presumed goal behind the original ask, i.e. to resolve an uncertainty in '"ll,¢ one 
way or the other. Unfortunately this still does not enable an agent s to follow up 
a inform with an ask, although it does provide a neat alternative formulation of 
so-called yes-no queries and replies which could easily be standardised in the FIPA 
framework. 

3.3. Guidelines for inte1preting the inform Jmformatiue semantics 

The FIPA specification endeavours to provide a semantics in which communicative 
acts are motivated by changing the belief state of a receiving agent but constrained 
by the belief state of the performing agent. Inferences can only be drawn about the 
motivation and the constraints, and not the consequences. We say this is minimal 
because while one might intuitively e}.:pect a sending agent to hold a belief about the 
consequences of its actions, and for a receiving agent to hold new beliefs based on 
intended rational effects, the corresponding properties are not part of the semantics. 
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The previous two sections have shown that there is an implicit assumption of co­
operation, a need to define additional axioms, and a subtle inter-play of actions and 
axioms which need to be considered when developing a FIPA-based multi-agent 
system using the ACL semantics. 

To this end, we conclude this section with a (non-exclusive) list of guidelines for 
interpreting the inform performative semantics: 

Co-operation: that in order to co-operate an agent should behave as if it were at­
tempting to satisfy the sincerity condition, although it does not require a specific 
representation or implementation of beliefs, desires or intentions. 
Choice of performative: that if the designer wants an agent to communicate 
new information that it (in some sense) believes to be true, then it should use 
an inform performative, as opposed to any other performative. 
Desired outcome: that in the absence of any counter-indication it is safe to 
assume that the desired outcome has been achieved (e.g. using Property X), but 
only if the agent can revise the assumption should it turn out to be incorrect. 
Recipient's perception: that among the possible inferences that can be made are 
that the content is true; that the sender believed it; and that the sender wanted 
the receiver to believe it. 
Context-sensitivity: that the inform performative is intended to be used in the 
context of protocols which deliver co-operative behaviour, and that additional 
axioms or actions may be required according to context, application, or 'one-off' 
communications. 

4. The confirm and disconfirm performatives 

4.1. MARINER scenario I 

The MARINER project is concerned with developing a FIPA compliant agent sys­
tems for load control in intelligent networks (IN) [1]. In MARINER scenario 1, 
there are agents associated with various network elements. One type of net\vork 
element agents (the quantifiers) is concerned with computing the cost of an IN ser­
vice to another type of network element agents (the allocators). Each quantifier 
communicates this cost to each allocator every 30 seconds or so. The allocators 
then know which network element to route service requests to. Intuitively, each 
quantifier should send each allocator an update message. 

Considering MARINER scenario 1 with respect to the FIPA performatives, and 
following our own guidelines in Section 3, it is straightforward to implement this 
scenario to be compliant \'Vith the FIPA ACL semantics. For example, quantifiers can 
send informs to allocators, without knowing (or needing to know) about allocators' 
belief states or what they do with the content of the message. Therefore quantifier 
agents don't need Property X. Similarly, service information is updated every 30 
seconds: therefore allocator agents don't need (or can't use) Property 5, because 
the FP are not unrelated to time. 
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In fact, we don't need intentional behaviour, FIPA semantics or even intelligent 
agents to implement MARINER scenario 1. However, for realistic agent-based load 
control in Intelligent Networks, we need a higher level of reasoning, decision making 
and communication normally associated with agents [17]. This requires quantifiers 
and allocators having (more or less) accurate or consistent models of each other's 
belief states. We then need to make t\vo assumptions. Firstly, that the system is 
closed and quantifiers and allocators trust each other (but note that IN often span 
network operators so this might not always be a valid assumption). Secondly, that 
the agents' clocks are perfectly synchronised, so that they do not have to worry 
about time or errors. 

Note that our aim is to design message passing as much as possible within ideal 
operating conditions, and then add stronger consequences to the semantics, or ad­
ditional processing when the assumptions do not hold or something goes wrong. In 
these circumstances, then, Property 5 is safe: allocators can infer that quantifiers be­
lieve \Vhat they say. Furthermore, Property X is safe: in a closed system of trusted 
and trusting agents, quantifiers can infer that allocators believe what they are told. 

In Sections 4.2 and 4.3 we investigate some of the consequences of working with 
adding stronger logical reasoning to MARINER agents and the implications this 
has for the FIPA semantics specified for the confirm and disconfirm performatives. 

4.2. The confirm perfonnative 

The confirm performative is denoted by (s, confirm(r, 1> )). From inspection of Ta­
ble 1 it has two feasibility preconditions. Confirm FP 1 is that sending agent s be­
lieves that proposition 1> holds, and confirm FP2 is that agent s believes intended 
recipient r is uncertain if 1> holds. Note that the confirm FPJ and confirm RE are 
identical to those for the inform performative. When an agent formulates a goal 
:J3,.¢, which performative will actually be planned is therefore dependent on the 
second feasibility precondition for each performative (which are also mutually ex­
clusive). 

However, a quantifier s and an allocator r cannot confirm information to each 
other after the communicative act (s, confirm('~ 4> )) for the following reasons: 

- An allocator r with Property 5 has 2i3,.:1J 1¢ and so fails confirm FP2. 
- An allocator r without Property 5 does not have :il,.'/11¢ and so fails confirm 

FP2. 
- A quantifier s with Property X has .11)13,.¢ and so fails confirm FP2. 

A quantifier s without Property X does not have :.JJ/Ur¢ and so fails confirm 
FP2. 

In part this argument follows for the same reasons that one agent cannot reply to 
an inform from another agent with another inform of the same content. However, 
in this case neither agent can use a confirm performative. The confirm performative 
semantics therefore seem to be counter-intuitive: if one person arranges a meeting 
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with another in a week's time, either one may ring up a week later prior to the 
meeting, to confirm that the meeting is taking place. 

In systems where the environment is dynamic and not completely known by any 
one agent, the need for periodic updating of information via a confirm speech act 
may be essential. For example, we have also been investigating the use of the BDI 
architecture in air traffic control (ATC) with FIPA ACL messages (cf. [18]). The 
idea is that a 'plane agent' negotiates with the 'ATC agent' to get a slot on the 
holding (circling) stack before joining the flight path for landing. Our problem is 
that having achieved a successful outcome to the negotiation, neither ATC agent nor 
plane agent can send a confirm to ensure that matters are proceeding as negotiated. 

One possible solution is again to define a new performative, for example acknowl­
edge (or even assert as discussed above), with a different semantics to inform, and 
use it similar to the way ack is used in network communication protocols. 

4.3. The disconfirm pe1jormatiue 

The disconfirm performative is denoted by (s, disconfirm(!; <t> )) . From inspection 
of Table 1 it also has two feasibility preconditions. Disconfirm FPJ is that sending 
agent s believes that proposition --.</J holds, and disconfirm FP2 is that agent s 
believes intended recipient r believes or is uncertain that <P holds. The disconfirm 
RE is similar to that of the inform performative, i.e. to share a belief, except that 
the sender wants the receiver also to believe that --.</J holds. 

In MARINER we encountered two problems with this semantic formulation: 
firstly, if we want to selectively disconfirm (deny) a proposition, and secondly if we 
wanted to withdraw a proposition without asserting that its negation holds. 

An example of the first case is illustrated in Figure 2. Suppose there is a quantifier 
agent Q providing service c to allocator agents A1 and A2. Agent Q believes service 
c is available. Now suppose the traffic/load T1 from A l using service c plus the 
traffic/load T2 from A2 using service c exceeds a certain threshold value. Agent 
Q seeks to throttle traffic: it does this by withdrawing the service from A 1 but 
seeks to keep throughput up by continuing to offer it to A2. Thus Q believes the 
service is still available, except not to A 1. A resolution to this problem could be 
found in refining the granularity of the content language, but it is arguable whether 
developers should be forced to fit the application language to the standard semantics 
or that the standard semantics is too restrictive. 

disconfirm(avail( c) 

rf·''~~·'"'''''' '"' ~ 
load T1 + T2 
exceeds some A 1 

threshold value Al 
Fit,'I.Ire 2. Withdrawing an IN service. 
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An abstract example of the second case is as follows. Suppose there is an agent 
s with the beliefs (which includes a meta-belief): 

{98,.(-jtfll--+ empty)Jull, -.empty} 

and an agent r with the beliefs: 

{2/ls( :fit!!--+ empty), :full--+ empty} 

Now suppose that s wants to withdraw ji1ll without (yet) adding -jid!, and \'>1ants 
to disconfirm full to agent r. If the rational effect of the disconfirm is achieved, 
s can infer that r will believe something that s does not, namely ;Y;rempty, while 
disconfirming empty will, of course, allow r to infer jill! again. Also, from Property 5 
and disconfirm FPJ, r \viii believe .fl,:fit!/ and conclude :J;sempty, which again, s 
does not. 

The point of this is that there are applications where the closed world assumption 
does not apply, wherein one agent may want another one not to believe a proposi­
tion, without necessarily believing its negation. Its goal (R£) is actually -.:7~,.c!J; and 
-.:-JJ,.¢ and ;JJ,.-.¢ (theRE of disconfirm) are very different modal formulas. 

4.4. Further guidelines 

We conclude this section with three further guidelines on the interpretation and 
application of the FIPA ACL semantics. 

Use the standard protocols. The FIPA ACL specification make available a li­
brary of protocols for some commonly encountered interactions in agent-based 
systems. While not exhaustive, it does provide a useful starting point. Certainly 
this was our experience in designing the MARINER inter-agent communica­
tions. 
New performatives. As a last resort, the FIPA ACL make provision for the 
definition of new performatives, provided their semantics does not clash with 
the semantics specified for the standard performatives. Agent developers should 
freely take advantage of this according to the requirements of their application. 
Examples include a pert'ormative for acknowledgement or assertion similar to 
that described above, to be used after an inform; and a performative for updat­
ing, as a complement to subscribe, where the sender notifies the receiver of 
the sender's intention to inform the receiver whenever the value of some object 
changes or after a certain time. Table 2 provides a list of possible new primitive 
performatives for variants on the disconfirm performative. 

The downside of defining new performatives is that inter-operability may be 
adversely affected, unless agents can learn or discover new semantic definitions. 
An alternative is to always submit new performatives to FIPA, with the different 
semantics clearly identified, and the circumstances giving the justification for the 
new performative. 
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Table 2. Variations on the disconfirm performative 

Feasibility precondition(s) Rational effect Performative 

:;;,, ~¢ !'A,~¢ (s, disconfirm(r, ¢ )) 

~:)j, ¢ ~'1'.,¢ (s, withdraw(r, ¢ )) 

33,~¢ :YJ,~¢ (s,deny(r,¢)) 

'd:iJ>¢ ~7J,.¢ (s,retract(r,¢)) 

Be aware of time. Many of the performative definitions are too simple in that 
they do not identify the time at which the sender is supposed to have satisfied 
the preconditions. Indeed, Property 5 is only applicable to those FPs which "do 
not refer to time." The system developer must carefully consider how the logical 
system is perturbed by temporal considerations. 

In fact, the issue of time has presented a considerable problem to the design of a 
real-time agent-based system as required in MARINER [17], although MARINER 
has sought to contribute to FIPA'97 specifications by considering extensions for 
real-time agents. 

While real-time is an issue to be addressed by FIPA'99, its impact on the ACL 
is likely to complicate the semantics substantially. This presents a considerable 
dilemma for standards creation: a faithful semantics will be more complicated and 
probably less accessible to developers, while a simpler semantics is likely to be more 
accessible but less general. However, the FIPA'97 approach is likely to prove useful 
again, wherein one ex-position mas made informally in terms of English descrip­
tions, while a more formal exposition was made in logic, and each exposition was 
designed to serve a separate purpose. 

5. Designing agent comn1unications 

The intentional stance has proved to be a highly profitable paradigm for exploring 
concepts like rationality, decision making, planning, attitude and of course agency 
( cf. [5, 25]). It is particularly effective for exploring the behaviour of individual 
agents and provides a basis for implementation, although we have found the FIPA 
ACL semantics is difficult to use with our operational model based on the practical 
BDI architecture of Kinny et al. [12]. 

However, we believe that there are fundamental limitations of the intentional 
stance for trying to articulate the meaning of communication between agents. This 
is because any interaction between intelligent entities is likely to be heavily context­
dependent. An attempt to standardise communication is likely to work for some, 
but not all, contexts. We have seen numerous examples of this in the preceding: 
an agent that needs to be not strictly sincere, an agent that wants to confirm a 
previous arrangement, an agent that is continuously updating information, an agent 
that wants to withdraw specific information to selected agents, and so on. 
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This would indicate that the FIPA ACL semantics is not a good place to start 
when the designing the interactions between agents in a multi-agent system. By 
this we mean that is perhaps inadvisable to build an agent that implements the 
fonnal ACL semantics and then to examine the communicative requirements of the 
application. Instead, the FIPA ACL performatives (with intuitive specifications) and 
protocols do offer a sound starting point by focusing attention on the communicative 
requirements first. Indeed, the protocols should arguably be the focal point for 
standardisation of the ACL. In the following sub-sections, we offer some guidelines 
for applying the FIPA ACL in multiagent system design, namely: 

Design for error; 
Separation of concerns: 
Understand the granularity; 
Concentrate on conversations. 

We drmv some final conclusions in Section 6. 

5.1. Design for en-or 

In MARINER scenario 1, we made a number of simplifYing assumptions about the 
operation of the system being controlled by the agents. It was then straightforward 
to identifY the types of message to be communicated benveen the agents. On top 
of this, we needed to consider then timing arrangements. From this basis, assuming 
that everything was working correctly, we could generalise our design to cater for 
certain types of anticipated errors. 

It is entirely possible that the communication fabric can malfunction, errors can 
occur in the functioning of the middlev,rare (FIPA's Agent Management System), 
and so on. Messages can get delayed, lost, bottle necked with in a busy agent, even 
misunderstood by one 'stupid' agent in the midst of all the other good ones. There 
are some interesting implications here for theoretical models of computing because 
of the inherent autonomy, concurrency, non-detenninism, asynchrony, and possible 
non-termination of distributed, emergent algorithms. Agent developers will need to 
consider the likely errors that may arise within the communicating agent community. 

The issue can be approached by remembering that speech acts are not unrelated 
events but occur in the context of larger conversational structures [9). Even silence 
can be interpreted as an event, and a 'thoughtful' agent will interpret it in useful 
ways. For example, if an agent has not responded to a message within a certain 
time, it is up to the sending agent to determine: 

if the email did not arrive, or 
if the email did arrive, and was not read, or 
if the email did arrive, was read, and was not understood, or 
if the email did arrive, was read, understood, and not responded to, or 
if the email did arrive, was read, understood, responded to, but the reply lost, etc. 

The reasoning will determine the action taken to recover from the error. 
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Larger agent communities will inevitably display emergent behaviour that is not 
going to be easy to predict in advance. Such emergent behaviour may be serendip­
itous and beneficial, but it may equally be dysfunctional not to say pathological. 
More generally, problematic or erroneous behaviour is likely to vary from system to 
system and from application to application. A standard is only able to offer some 
guidance for when the system is operating as expected. It is important for the sys­
tem designers to complement the standard with mechanisms for handling certain 
classes of exceptions for ensuring robustness in their particular application. 

5.2. Separation qf concerns 

KQML (Knowledge Query & Manipulation Language) is an ACL developed by 
Finin and his associates [7]. which v.·as also motivated by speech act theory and the 
definition of a set of performatives. Before FIPA. KQML was emerging as a kind 
of de facto standard for multi-agent systems, but because there was no definitive 
standard and no semantics agent developers would each create their own ad hoc 
version of KQML, none of which could intemperate. 

There has been work on a semantics for KQML, although Cohen & Levesque [6] 
identified a number of serious difficulties, and Labrou and Finin [13] followed the 
intentional route that has been found wanting as a basis for a normative semantics. 

However, there was one aspect of KQML that was particularly appealing: the fact 
that the language description identified KQML as conceptually layered, into: 

the communication layer, \vhich dealt with the mechanics of communication, 
and encoded a set of features in a message which described lower level commu­
nication facilities, such as the identify of sender and receiver, a unique identifier 
for the message, a tag for the reply, and so on; 
the message layer, which dealt with the logic of communication, which identified 
the performative or speech act of a 'communicative action,' the protocol being 
used, and parameters to describe the content, such as the language and ontology 
being used; 
the content layer, which dealt with the content of communication, and was the 
actual content of a message, in the agent's own language, which could be any­
thing from programming language constructs (e.g. Pro log queries), to ASCII 
strings, to binary-encoded compressed data. 

The FIPA ACL specification notes the correspondence between the transport 
syntax and the logical representation, in general a formula (s, performative(r, C)) 
translates to: 

( performative 
:sender s 
:receiver r 
:content C 

) 
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The FIPA ACL specification notes: "this also illustrates that some aspects of the 
operational use of the FIPA ACL fall outside the scope of this formal semantics but 
are still part of the specification" (ibid, p49). We find that there are three problems 
with this: 

the semantics has taken elements from each conceptual layer (the sender andre­
ceiver from the communication layer; the performative from the message layer, 
and the content from the content layer) and tried to give them a semantics in 
one go; 
the semantics has omitted to consider other attributes, which are equally se­
mantically significant, such as the language, the ontology, the protocol, temporal 
aspects, etc., when it comes to specifying the actual meaning of a performative; 
the semantics has included elements which are necessarily concerned with agent 
internals. 

We believe that the separation of concerns afforded by KQML's conceptual layering 
was one of the reasons that gave KQML its intuitive appeal and practical utility, 
even if the separation was not entirely 'clean'. For example, performatives could 
have other performatives embedded in the content. Therefore, a clean separation 
would need to stipulate certain restrictions on the content: for example, don't embed 
performatives unless it can be shown how both the speech act performative and the 
embedded performative can be composed into a new action. Otherwise there may 
be intrinsic logical conflicts of the type identified by Cohen and Levesque [6]. 

However, ,:ve believe that the semantics should endeavour to capture the differ­
ence between and relation between the object level semantics, that of the content, 
its language and ontology, and the meta-level communication semantics, as given by 
the performative, protocol, and the identities of sender and receiver etc. The belief 
state of either party in a speech act is orthogonal to the meaning of the performa­
tive at any of these levels. The KQML semantics described by [14] is accordingly 
much more effective. 

Therefore, when designing agents to intemperate in heterogeneous systems, the 
designers need to agree on: 

the observable behaviour, i.e. the meta-level communication semantics, which 
is nicely captured by FIPA ACLs perfonnatives, protocols, message identifiers, 
conversation identifiers, etc., and are generic across applications and amenable 
to standardisation; 
the observable content, i.e. the object level content semantics, which is defined 
by a language and an ontology and is specific to an application, but still amenable 
to standardisation. 

The feasibility preconditions and rational effects are then only an informative part 
of the standard, in the sense that agent developers may follow them if they want 
sending agents to be understood and co-operated with, and that receiving agents 
are entitled to (but may not) make the specified inferences (e.g. from Property 4 
and 5). Similarly, while receiving agents may make the specified inferences, they 
should be aware that the FPs and REs are not binding. 
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5.3. Unde1:stand the granularity 

FIPA ACL ostensibly appears to have three types of performative, for example: 

inform, which could be a classifier for declarative sentences, 
confirm, disconfirm, etc., which are verbs used in declarative sentences, and 
accept-proposal, reject-proposal, etc., which are verbs and their complements. 

However, closer inspection of the semantics reveals that only a few of the per­
formatives are primitive and that the majority are macro-acts, whose semantics is 
generally given in terms of inform. 

What FIPA ACL semantics then offers is a disciplined method for defining new 
performatives, thus provding a genuine standard for inter-operability. This is in 
marked contrast to the 'free-for-all· that developed with KQML, \vhcre in the the 
absence of a 'standard" KQML and a formal semantics any number of dialects 
emerged. 

It is important then to understand the granularity at which FIPA97 has chosen to 
standardise. This is because the openness of the standard does not exclude patho­
logical behaviour on the part of the developers. For example, at one extreme, we 
could just say every agent communication is an inform and interpret the content 
according to the application. The agents would be FIPA-compliant even if themes­
sages exchanged are of the form: 

( inform 

) 

:sender s 
:receiver r 
: language KQ~1L 

:content (:tell . . . ) 

At the other extreme, since we can define new performatives, we could keep on 
extending the set of perfonnatives with every verb in the English language, or, even 
every verb and verb-complement demanded by an application. 

The FIPA semantics helps to impose some discipline on the the use of given 
performatives and the creation of new ones. Some new acts can be defined from 
the composition of constituent acts, while others are primitive and defined by dis­
tinct feasibility preconditions and rational effects. We have seen several instances 
throughout this paper where this appeared to be necessary. The FIPA ACL seman­
tics gives all developers a consistent reference point, which is a necessary property 
of a good standard, and a systematic method for working beyond the standard. 

Therefore, it is important to understand the granularity defined by FIPA ACL and 
the distinction between primitive and macro acts. This then has to be related to the 
granularity demanded by the application, which can be a non-trivial task [17]. In ad­
dition, Searle's own speech act typology had representative, commissive, directive, 
declarative and expressive categories. The FIPA performatives are largely declara­
tive, and there is a potentially rich development in considering the other categories 
of Searle's typology, especially in relation to permissives and commissives [26]. 

IPA Technologies, Exhibit 2031, Page 20 of 24



REMARKS ON THE SEMANTICS OF FlPA'S AGENT COMMUNICATION LANGUAGE 353 

5.4. Conversation analysis 

The FIPA ACL Specification describes the inform perfonnative as "one of the most 
interesting assertives regarding the core of mental attitudes it encapsulates" (ibid, 
p49). This appears to be the motivation behind the FIPA ACL semantics: to charac­
terise the meaning of a performative in terms of the intentional stance by defining 
the locutionary conditions and perlocutionary effects on the 'mental attitudes' of 
speaker and hearer, or in this case, the sending and receiving agents. Locutionary 
conditions refer to the formulation of an utterance, defined by the preconditions. 
In Searle's own terms [24] it is the specification of the relevant intentional content 
that plays a causal role in the production of behaviour. Perlocutionary effects refer 
to the updating of mental attitudes caused by the act itself. 

We have encountered t\vo problems with this: 

the specification of relevant intentional content that plays a causal role in the 
production of behaviour is only defined for a single speech act. What it fails to 
specify is the intentional content that plays a causal role in the production of 
behaviour in the context of a conversation between t\vo or more agents; 
the specification of the perlocutionary effects for an inform are somewhat re­
strictive, and if strengthened logically, lead to several of the problems described 
in the previous section. 

Speech act theory has been criticised before for being basically unidirectional, 
i.e. there is a lack of analysis of the wider interaction bet\veen the speaker and 
hearer [4]. The FIPA ACL semantics has addressed this issue to some extent 
through its Property 5, but some of the earliest work in inter-agent communica­
tion took the idea of a speech act as an event but formalised the interaction via 
protocols [ 3, 16, 11]. An agent was then expected to conform to a protocol in their 
interactions with other agents. 

This can be seen as a restriction of Conversation Analysis [15], which has been 
used to inform the design of human-computer dialogues. Ideas from conversation 
analysis, such as opening and closing sequences, adjacency pairs, even correction 
and repair when interactions go wrong, might also be applicable to the design of 
agent-agent dialogues. The meaning of a speech act then becomes less centred on 
the motivation for perfonning the act and more centred on the context in which it is 
being performed-i.e. the conversation and protocol. Indeed, there appears to be an 
emerging consensus that conversations, dialogues and protocols are a more promis­
ing approach to specifying an ACL semantics, which is reflected in the FIP.A:99 Call 
for Proposals (http://W'Nw.fipa.org). 

6. Concluding remarks 

With growing investment in open, agent-based system design, development and de­
ployment, there is a pressing concern for the establishment of common standards 
for the software that comprises the interface bet\veen agents. This interface is partly 
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defined by the Agent Communication Language, and FIPA has endeavoured to 
standardise both the syntax and the semantics of this language. The potential ad­
vantages for developers of open, heterogeneous, and interoperable agent systems 
are plain to see. 

However, it is important to understand what semantics is for. It has to be acces­
sible to those who need to use it, and it is quite clear that the FIPA ACL semantics 
is not. The benefits of denotational semantics for programming languages, for ex­
ample, were realised in improved compilers, consistency of compilation across dif­
ferent platforms, and new programming paradigms. The ACL semantics should be 
promising the same kind of benefits to the agent community. This paper should be 
perceived at least as an attempt to clarify the intentions and intuitions behind the 
FIPA ACL semantics, and provide some guidance and explanation for developers 
interested in engineering FIPA-compliant systems. 

Vve believe this paper has shown that there arc a number of limitations asso­
ciated with the specification of the FIPA ACL semantics. We further believe that 
these problems stem from trying to standardise the semantics of an ACL based on 
the intentional stance. It is possible for the intuitions behind the original intentional 
semantics to be interpreted informally and accommodated if required. Interactions 
in a multi-agent system can then be designed on the basis of the standard perfor­
matives and protocols, and the ACL specification allows for alignment with new 
protocols and performatives should those prove to be necessary. 

Standards, naturally, have their critics. There are those \Vho argue that standards 
will not ensure consistent design, may be difficult for designers and implementers 
to use, and that generally stated standards can be wrong for specific applications. 
In particular, a standard that is difficult to interpret only gives ammunition to such 
critics, while those who aim to be compliant with the standard will find ways of 
subverting, circumventing or sidelining it. One suspects that this will be the fate of 
the FIPA ACL semantics, unless a more tractable solution can be found. 

On the other hand, FIPA standards are not mandatory or binding, and any orga­
nization can apply the standards to build FIPA-compliant systems. Of course, this is 
a technically demanding engineering task, and the FIPA specifications can be corre­
spondingly complex. While FIPA may be an open-to-all, not-for-profit organization, 
it is not a charity either. FIPA has made public a large body of knowledge contained 
in its seven normative and informative specifications. The understanding, interpre­
tation and use of those specifications is another matter entirely. We hope that 'the 
agent community' will benefit from this eX1JOSitory analysis of just one part of just 
one specification, but our best advice to maximise the benefit of FIPA's output in 
the long term is to join FIPA itself. 
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