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Foreword

The Foundation for Intelligent Physical Agents (FIPA) is a non-profit association registered in
Geneva, Switzerland. FIPA'’s purpose is to promote the success of emerging agent-based
applications, services and equipment. This goal is pursued by making available in a timely manner,
internationally agreed specifications that maximise interoperability across agent-based
applications, services and equipment. This is realised through the open international collaboration
of member organisations, which are companies and universities active in the agent field. FIPA
intends to make the results of its activities available to all interested parties and to contribute the
results of its activities to appropriate formal standards bodies.

This specification has been developed through direct involvement of the FIPA membership. The 35 corporate
members of FIPA (October 1997) represent 12 countries from al over the world

Membership in FIPA is open to any corporation and individual firm, partnership, governmenta body or
international organisation without restriction. By joining FIPA each Member declares himself individually
and collectively committed to open competition in the development of agent-based applications, services and
equipment. Associate Member status is usually chosen by those entities who do want to be members of FIPA
without using the right to influence the precise content of the specifications through voting.

The Members are not restricted in any way from designing, developing, marketing and/or procuring
agent-based applications, services and equipment. Members are not bound to implement or use
specific agent-based standards, recommendations and FIPA specifications by virtue of their
participation in FIPA.

This specification is published as FIPA 97 ver. 1.0 after two previous versions have been subject to
public comments following disclosure on the WWW. It has undergone intense review by members
as well non-members. FIPA is now starting a validation phase by encouraging its members to carry
out field trials that are based on this specification. During 1998 FIPA will publish FIPA 97 ver. 2.0
that will incorporate whatever adaptations will be deemed necessary to take into account the
results of field trials.
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Introduction

This FIPA 97 specification is the first output of the Foundation for Intelligent Physical Agents. It provides
specification of basic agent technologies that can be integrated by agent systems devel opers to make complex
systems with a high degree of interoperability.

FIPA specifies the interfaces of the different components in the environment with which an agent can
interact, i.e. humans, other agents, non-agent software and the physical world. See figure below

Humans
A@ ) oy
E’”l‘fs ]
= SQ
— /A\
15 X.3 &y
Hardware =€ Information
. Processing
\ Information ﬁ
) Fusion
/
2.2 .
Agent Interaction
S
—(A) (A) A
Other ﬁ
Environment Agents

FIPA produces two kinds of specification:
nor mative specifications that mandate the externa behaviour of an agent and ensure interoperability
with other FIPA-specified subsystems;
infor mative specifications of applications for guidance to industry on the use of FIPA technologies.
Thefirst set of specifications— called FIPA 97 — has seven parts:
three normative parts for basic agent technologies: agent management, agent communication language
and agent/software integration
four informative application descriptions that provide examples of how the normative items can be
applied: personal travel assistance, personal assistant, audio-visual entertainment and broadcasting and
network management and provisioning.
Overall, the three FIPA 97 technologies allow:
the construction and management of an agent system composed of different agents, possibly built by
different developers;
agents to communicate and interact with each other to achieve individual or common goals;
legacy software or new non-agent software systems to be used by agents.
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A brief illustration of FIPA 97 specification is given below

Part 1 Agent Management

This part of FIPA 97 provides a normative framework within which FIPA compliant agents can exist, operate
and be managed.

It defines an agent platform reference model containing such capabilities as white and yellow pages, message
routing and life-cycle management. True to the FIPA approach, these capablities are themselves intelligent
agents using formally sound communicative acts based on special message sets. An appropriate ontology and
content language allows agents to discover each other’ s capabilities.

Part 2 Agent Communication Language

The FIPA Agent Communication Language (ACL) is based on speech act theory: messages are actions, or
communicative acts, as they are intended to perform some action by virtue of being sent. The specification
consists of a set of message types and the description of their pragmatics, that is the effects on the mental
attitudes of the sender and receiver agents. Every communicative act is described with both a narrative form
and aformal semantics based on modal logic.

The specifications include guidance to users who are aready familiar with KQML in order to facilitate
migration to the FIPA ACL.

The specification also provides the normative description of a set of high-level interaction protocols,
including requesting an action, contract net and several kinds of auctions etc.

Part 3 Agent/Software I ntegration

This part applies to any other non-agentised software with which agents need to “connect”. Such software
includes legacy software, conventional database systems, middleware for all manners of interaction including
hardware drivers. Because in most significant applications, non-agentised software may dominate software
agents, part 3 provides important normative statements. It suggests ways by which Agents may connect to
software via“wrappers’ including specifications of the wrapper ontology and the software dynamic
registration mechanism. For this purpose, an Agent Resource Broker (ARB) service is defined which alows
advertisement of non-agent services in the agent domain and management of their use by other agents, such
as negotiation of parameters (e.g. cost and priority), authentication and permission.

Part 4 - Personal Travel Assistance

The travel industry involves many components such as content providers, brokers, and personalization
services, typically from many different companies. In applying agents to thisindustry, various
implementations from various vendors must interoperate and dynamically discover each other as different
services come and go. Agents operating on behalf of their users can provide assistance in the pre-trip
planning phase, as well as during the on-trip execution phase. A system supporting these servicesis called a
PTA (Personal Travel Agent).

In order to accomplish this assistance, the PTA interacts with the user and with other agents, representing the
available travel services. The agent system is responsible for the configuration and delivery - at the right time,
cost, Quality of Service, and appropriate security and privacy measures - of trip planning and guidance
services. It provides examples of agent technologies for both the hard requirements of travel such asairline,
hotel, and car arrangements as well as the soft added-val ue services according to personal profiles, e.g.
interests in sports, theatre, or other attractions and events.

Part 5 - Personal Assistant

One central class of intelligent agentsisthat of a personal assistant (PA). It is a software agent that acts semi-
autonomously for and on behalf of auser, modelling the interests of the user and providing servicesto the
user or other people and PAs as and when required. These services include managing a user's diary, filtering
and sorting e-mail, managing the user's activities, locating and delivering (multimedia) information, and
planning entertainment and travel. It is like a secretary, it accomplishes routine support tasks to allow the user
to concentrate on the real job, it is unobtrusive but ready when needed, rich in knowledge about user and
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work. Some of the services may be provided by other agents (e.g. the PTA) or systems, the Personal Assistant
acts as an interface between the user and these systems.

In the FIPA'97 test application, a Personal Assistant offers the user a unified, intelligent interface to the
management of his personal meeting schedule. The PA is capable of setting up meetings with several
participants, possibly involving travel for some of them. In thisway FIPA is opening up aroad for adding
interoperability and agent capabilities to the already established

Part 6 - Audio/Video Entertainment & Broadcasting

An effective means of information filtering and retrieval, in particular for digital broadcasting networks, is of
great importance because the selection and/or storage of one’s favourite choice from plenty of programs on
offer can be very impractical. The information should be provided in a customised manner, to better suit the
user’s persona preferences and the human interaction with the system should be as ssmple and intuitive as
possible. Key functionalities such as profiling, filtering, retrieving, and interfacing can be made more
effective and reliable by the use of agent technologies.

Overall, the application provides to the user an intelligent interface with new and improved functionalities for
the negotiation, filtering, and retrieval of audio-visual information. This set of functionalities can be achieved
by collaboration between a user agent and content/service provider agent.

Part 7 - Network management & provisioning
Across the world, numerous service providers emerge that combine service elements from different network
providersin order to provide a single service to the end customer. The ultimate goal of all partiesinvolved is
to find the best deals available in terms of Quality of Service and cost. Intelligent Agent technology is
promising in the sense that it will facilitate automatic negotiation of appropriate deals and configuration of
services at different levels.
Part 7 of FIPA 1997 utilizes agent technology to provide dynamic Virtual Private Network (VPN) services
where a user wants to set up a multi-media connection with several other users.
The serviceis delivered to the end customer using co-operating and negotiating specialized agents. Three
types of agents are used that represent the interests of the different parties involved:

The Persona Communications Agent (PCA) that represents the interests of the human users.

The Service Provider Agent (SPA) that represents the interests of the Service Provider.

The Network Provider Agent (NPA) that represents the interests of the Network Provider.
The serviceis established by the initiating user who requests the service from its PCA. The PCA negotiatesin
with available SPAs to obtain the best deal available. The SPA will in turn negotiate with the NPAs to obtain
the optimal solution and to configure the service at network level. Both SPA and NPA communicate with
underlying service- and network management systems to configure the underlying networks for the service.
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1 Scope

“Languageisavery difficult thing to put into words” — Voltaire

This document forms part two of the FIPA 97 specification for interoperable agents and agent societies. In
particular, this document lays out underlying principles and detailed requirements for agents to be able to
communicate with each other using messages representing communicative acts, independently of the specific
agent implementations.
The document lays out, in the sections below, the following:

A core set of communicative acts, their meaning and means of composition;

Common patterns of usage of these communicative acts, including standard composite messages, and

standard or commonly used interaction protocols;

A detailed semantic description of the underlying meaning of the core set of message primitives,

A summary of the relationship between the FIPA ACL and widely used de facto standard agent

communication language KQML.
Objectives of this document
This document is intended to be directly of use to designers, developers and systems architects attempting to
design, build and test agent applications, particularly communities of multiple agents. It aimsto lay out
clearly the practical components of inter-agent communication and co-operation, and explain the underlying
theory. Beyond a basic appreciation of the model of agent communication, readers can make practical use of
the ACL specification without necessarily absorbing the detail of the formal basis of the language.
However, the language does have a well-defined formal semantic foundation. The intention of this semantics
isthat it both gives a deeper understanding of the meaning of the language to the formally inclined, and
provides an unambiguous reference point. Thiswill be of increasing importance as agents, independently
developed by separate individuals and teams, attempt to inter-operate successfully.
This part of the FIPA 97 specification defines a language and supporting tools, such as protocols, to be used
by intelligent software agents to communicate with each other. The technology of software agentsimposes a
high-level view of such agents, deriving much of itsinspiration from social interaction in other contexts, such
as human-to-human communication. Therefore, the terms used and the mechanisms used support such a
higher-level, often task based, view of interaction and communication. The specification does not attempt to
define the low and intermediate level services often associated with communication between distributed
software systems, such as network protocols, transport services, etc. Indeed, the existence of such services
used to physically convey the byte sequences comprising the inter-agent communication acts are assumed.
No single, universal definition of a software agent exists, nor does this specification attempt to define one.
However, some characteristics of agent behaviour are commonly adopted, and the communication language
defined in this specification sets out to support and facilitate these behaviours. Such characteristics include,
but are not limited to:

Goal directed behaviour;

Autonomous determination of courses of action;

Interaction by negotiation and delegation;

Modelling of anthropomorphic mental attitudes, such as beliefs, intentions, desires, plans and

commitments;

Flexibility in responding to situations and needs.
No expectation is held that any given agent will necessarily embody any or all of these characteristics.
However, it isthe intention of this part of the specification that such behaviours are supported by the

communication language and its supporting framework where appropriate.
Note on conformance to the underlying semantic model
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The semantic model described in this document is given solely as an informative reference point for agent behaviour, as there is currently no
agreed technology for compliance testing against the semantics of the epistemic operators used in the model. Thisis due to the difficulty of
verifying that the mental attitudes of an agent conform to the specification, without dictating the agent's internal architecture or underlying
implementation model. As such, the semantics cannot be considered normative until the issue of compliance testing is resolved. Such tests will be
the subject of further FIPA work.

2 Normativereferences

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this specification. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this specification are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated bel ow.
For undated references, the latest edition of the normative document referred to applies. Members of 1SO and
IEC maintain registers of currently valid specifications.

ISO/IEC 2022: Information technology - Character code.

FIPA 97 specification — Part 1. Agent Management.

FIPA 97 specification — Part 3: Agent/Software Integration.

3
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Terms and definitions

For the purposes of this specification, the following terms and definitions apply:
Action
A basic construct which represents some activity which an agent may perform. A special class of actionsis
the communicative acts.
ARB Agent
An agent which provides the Agent Resource Broker (ARB) service. There must be at |east one such an agent
iAn each Agent Platform in order to alow the sharing of non-agent services.

gent
An Agent isthe fundamental actor in adomain. It combines one or more service capabilitiesinto aunified
and integrated execution model which can include access to external software, human users and
communication facilities.
Agent Communication Language (ACL)
A language with precisely defined syntax, semantics and pragmatics that is the basis of communication
between independently designed and developed software agents. ACL is the primary subject of this part of
the FIPA specification.
Agent Communication Channel (ACC) Router
The Agent Communication Channel is an agent which uses information provided by the Agent Management
System to route messages between agents within the platform and to agents resident on other platforms.
Agent Management System (AMYS)
The Agent Management System is an agent which manages the creation, deletion, suspension, resumption,
authentication and migration of agents on the agent platform and provides a“white pages’ directory service
for all agents resident on an agent platform. It stores the mapping between globally unique agent names (or
GUID) and local transport addresses used by the platform.
Agent Platform (AP)
An Agent Platform provides an infrastructure in which agents can be deployed. An agent must be registered
on aplatform in order to interact with other agents on that platform or indeed other platforms. An AP consists
of three capability sets ACC, AMS and default Directory Facilitator.
Communicative Act (CA)
A special class of actions that correspond to the basic building blocks of dialogue between agents. A
communicative act has awell-defined, declarative meaning independent of the content of any given act. CA's
are modelled on speech act theory. Pragmatically, CA's are performed by an agent sending a message to

another agent, using the message format described in this specification.
Content

That part of acommunicative act which represents the domain dependent component of the communication.
Note that "the content of a message" does not refer to "everything within the message, including the
delimiters’, asit doesin some languages, but rather specifically to the domain specific component. In the

ACL semantic model, a content expression may be composed from propositions, actions or IRE's.
Conversation

An ongoing sequence of communicative acts exchanged between two (or more) agents relating to some
ongoing topic of discourse. A conversation may (perhaps implicitly) accumulate context which is used to
determine the meaning of later messages in the conversation.

Softwar e System

é gg'%/vAare entity which is not conformant to the FIPA Agent Management specification.

Common Object Request Broker Architecture, an established standard allowing object-oriented distributed
systems to communi cate through the remote invocation of object methods.

Directory Facilitator (DF)

The Directory facilitator is an agent which provides a*“yellow pages’ directory service for the agents. It stores
descriptions of the agents and the services they offer.

Feasibility Precondition (FP)

The conditions (i.e. one or more propositions) which need be true before an agent can (plan to) execute an
action.
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[llocutionary effect

See speech act theory.

Knowledge Querying and Manipulation Language (KQML)

A de facto (but widely used) specification of alanguage for inter-agent communication. In practice, severa
implementations and variations exist.

Local Agent Platform

The Local Agent Platform isthe AP to which an agent is attached and which represents an ultimate
destination for messages directed to that agent.

M essage

Anindividual unit of communication between two or more agents. A message correspondsto a
communicative act, in the sense that a message encodes the communicative act for reliable transmission
between agents. Note that communicative acts can be recursively composed, so while the outermost act is
directly encoded by the message, taken as awhole a given message may represent multiple individual
communicative acts.

M essage content

See content. _

M essage transport service

The message transport service is an abstract service provided by the agent management platform to which the
agent is (currently) attached. The message transport service provides for the reliable and timely delivery of
messages to their destination agents, and also provides a mapping from agent logical names to physical
transport addresses.

Ontology

An ontology gives meanings to symbols and expressions within a given domain language. In order for a
message from one agent to be properly understood by another, the agents must ascribe the same meaning to
the constants used in the message. The ontology performs the function of mapping a given constant to some
well-understood meaning. For a given domain, the ontology may be an explicit construct or implicitly
encoded with the implementation of the agent.

Ontology sharing problem

The problem of ensuring that two agents who wish to converse do, in fact, share a common ontology for the
domain of discourse. Minimally, agents should be able to discover whether or not they share a mutual
understanding of the domain constants. Some research work is addressing the problem of dynamically
updating agents ontologies as the need arises. This specification makes no provision for dynamically sharing
or updating ontol ogies.

Perlocutionary Effect

See speech act theory.

Proposition

A statement which can be either true or false. A closed proposition is one which contains no variables, other

than those defined within the scope of a quantifier.
Protocol

A common pattern of conversations used to perform some generally useful task. The protocol is often used to
facilitate a ssmplification of the computational machinery needed to support a given dialogue task between
two agents. Throughout this document, we reserve protocol to refer to dialogue patterns between agents, and

networking protocol to refer to underlying transport mechanisms such as TCP/IP.
Rational Effect (RE)

The rational effect of an action is arepresentation of the effect that an agent can expect to occur as aresult of
the action being performed. In particular, the rational effect of acommunicative act is the perlocutionary
effect an agent can expect the CA to have on arecipient agent.

Note that the recipient is not bound to ensure that the expected effect comes about; indeed it may be
impossible for it to do so. Thus an agent may use its knowledge of the rational effect in order to plan an

action, but it is not entitled to believe that the rational effect necessarily holds having performed the act.
Speech Act Theory

A theory of communications which is used as the basis for ACL. Speech act theory is derived from the
linguistic analysis of human communication. It is based on the idea that with language the speaker not only
makes statements, but also performs actions. A speech act can be put in a stylised form that begins"| hereby
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request ..." or "l hereby declare ...". In thisform the verb is called the performative, since saying it makes it
so. Verbs that cannot be put into this form are not speech acts, for example "I hereby solve this equation”
does not actually solve the equation. [Austin 62, Searle 69].

In speech act theory, communicative acts are decomposed into locutionary, illocutionary and perlocutionary
acts. Locutionary acts refers to the formulation of an utterance, illocutionary refers to a categorisation of the
utterance from the speakers perspective (e.g. question, command, query, etc), and perlocutionary refers to the
other intended effects on the hearer. In the case of the ACL, the perlocutionary effect refers to the updating of

the agent's mental attitudes.
Softwar e Service

An instantiation of a connection to a software system.

TCP/IP

A networking protocol used to establish connections and transmit data between hosts
Wrapper Agent

An agent which provides the FIPA-WRAPPER service to an agent domain on the Internet.

4 Symbols (and abbreviated terms)

ACC: Agent Communication Channel

ACL: Agent Communication Language

AMS: Agent Management System

AP: Agent Platform

API: Application Programming Interface

ARB: Agent Resource Broker

CA: Communicative Act

CORBA: Common Object Request Broker Architecture
DCOM: Distributed COM

DF: Directory Facilitator

FIPA: Foundation for Intelligent Physical Agents
FP: Feasibility Precondition

GUID: Globa Unique Identifier

HAP: Home Agent Platform

HTTP: Hypertext Transmission Protocol

IDL: Interface Definition Language

[1OP: Internet Inter-ORB Protocol

OMG: Object Management Group

ORB: Object Request Broker

RE: Rational Effect

RMI: Remote Method Invocation, an inter-process communication method embodied in Java
SL: Semantic Language

SMTP: Simple Mail Transfer Protocol

TCP/IP: Transmission Control Protocol / Internet Protocol
5
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Overview of Inter-Agent Communication
5.1 Introduction

This specification document does not define in a precise, prescriptive way what an agent is nor how it should
be implemented. Besides the lack of a general consensus on this issue in the agent research community, such
definitions frequently fall into the trap of being overly restrictive, ruling out some software constructs whose
developers legitimately consider to be agents, or elggoverly weak and of little assistance to the reader or
software developer. A goal of this specification is tobe as widely applicable as possible, so the stance taken
isto define the components as precisely as possible, and allow applicability in any particular instance to be
decided by the reader.
Nevertheless, some position must be taken on some of the characteristics of an agent, that it, on what an agent
can do, in order that the specification can specify a means of doing it. This position is outlined here, and
consists of an abstract characterisation of agent properties, and a simple abstract model of inter-agent
communication.
The first characteristic assumed is that agents are communicating at a higher level of discourse, i.e. that the
contents gfthe communication are meaningful statements about the agents environment or knowledge. This
is one chgepcteristic that differentiates agent communication from, for example, other interactions between
strongly eacapsulated computational entities such as method invocation in CORBA.
In order fed this discourse to be given meaning, some assumptions have to be made about the agents. In this
specificatian, an abstract characterisation of agentsis assumed, in which some core capabilities of agents are
describedlin terms of the agent's mental attitudes. This characterisation or model isintended as an abstract
specificatign, i.e. it does not pre-determine any particular agent implementation model nor a cognitive
architecture.
More specificaly, this specification characterises an agent as being able to be described as though it has
mental attitudes of:
Belief, which denotes the set of propositions (statements which can be true or false) which the agent
accepts are (currently) true; propositions which are believed false are represented by believing the
negation of the proposition.
Uncertainty, which denotes the set of propositions which the agent accepts are (currently) not
known to be certainly true or false, but which are held to be more likely to be true than false;
propositions which are uncertain but more likely to be false are represented by being uncertain of the
negation of the proposition. Note that this attitude does not prevent an agent from adopting a specific
uncertain information formalism, such as probability theory, in which a proposition is believed to
have a certain degree of support. Rather the uncertainty attitude provides a least commitment
mechanism for agents with differing representation schemes to discuss uncertain information.
I ntention, which denotes a choice, or property or set of properties of the world which the agent
desires to be true and which are not currently believed to be true. An agent which adopts an intention
will form a plan of action to bring about the state of the world indicated by its choice.
Note that, with respect to some given proposition p, the attitudes of believing p, believing not p, being
uncertain of p and being uncertain of not p are mutually exclusive.
In addition, agents understand and are able to perform certain actions. In a distributed system, an agent
typically will only be able to fulfil itsintentions by influencing other agents to perform actions.
Influencing the actions of other agentsis performed by a special class of actions, denoted communicative
acts. A communicative act is performed by one agent towards another. The mechanism of performing a
communicative act is precisely that of sending a message encoding the act. Hence the roles of initiator and
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recipient of the communicative act are frequently denoted as the sender and receiver of the message,
respectively.

Building from awell-defined core, the messages defined in this specification represent a set of
communicative acts that attempt to seek a balance between generality, expressive power and simplicity,
together with perspicuity to the agent devel oper. The message type defines the communicative action that is
being performed. Together with the appropriate domain knowledge, the communicative act allows the
receiver to determine the meaning of the contents of the message.

The meanings of the communicative acts given in §06-5——Catalogue-of Communiecative Acts6-5
—Catalegue of- Communicative-Aets are given in terms of the pre-conditi onﬂ N respect to the sender's

mental attitudes, and the expected (from the sender's point of view) consequences on the receiver's menta
attitudes. However, since the sender and receiver are independent, there is no guarantee that the expected
consequences come to pass. For example, agent i may believe that "it is better to read books than to watch
TV", and may intend j to come to believe so also. Agent i will, inthe ACL, inform| of its belief in the truth
of that statement. Agent j will then know, from the semantics of inform, that i intendsit to believe in the
value of books, but whether | comes itself to believe the proposition is a matter for j alone to decide.
This specification concernsitself with inter-agent communication through message passing. Key sections of
the discussion are as follows:
§05.2-Message Transpert Mechanisms® .~ Vlessoge Transport Vechanisms discusses the
transportation of messages between agents;
806-3-Message structures-3-Message struetdre introduces the structure of messages,
806-4-Message syntax6-4—Message syntax gives a standard transport syntax for transmitting ACL

messages over simple byte streams

catalogues the |

standardlsed communlcatlve acts and their repr&eentatl 0N as Messages,
SOnteractionPretocolsinteraction-Protocels introduces and defines a set of communication protocols |
to simplify certain common sequences of messages,

8§0Fermal-basis of A CL-semantiesFormal-basis-of ACL-semanties formally defines the underlying

communication model.
5.2 Message Transport M echanisms

For two agents to communicate with each other by exchanging messages, they must have some common
meeting point through which the messages are delivered. The existence and properties of this message
transport service are the remit of FIPA Technical Committee 1. Agent Management.

The ACL presented here takes as a position that the contribution of agent technology to complex system
behaviour and inter-operation is most powerfully expressed at what, for the lack of a better term, may be
called the higher levels of interaction. For example, this document describes communicative acts for
informing about believed truths, requesting complex actions, protocols for negotiation, etc. The interaction
mechanisms presented here do not compete with, nor should they be compared to, low-level networking
protocols such as TCP/IP, the OSI seven layer model, etc. Nor do they directly present an alternative to
CORBA, Java RMI or Unix RPC mechanisms. However, the functionality of ACL does, in many ways
overlap with the foregoing examples, not least in that ACL messages may often be expected to be delivered
via such mechanismes.

The ACL’srole may be further clarified by consideration of the FIPA goal of general open agent systems.
Other mechanisms, notably CORBA, share this goal, but do so by imposing certain restrictions on the
interfaces exposed by objects. History suggests that agents and agent systems are typically implemented with
agreater variety of interface mechanisms; existing example agents include those using TCP/IP sockets,
HTTP, SMTP and GSM short messages. ACL respects this diversity by attempting to minimise requirements
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on the message delivery service. Notably, the minimal message transport mechanism is defined as a textual

form delivered over a simple byte stream, which is also the approach taken by the widely used KQML agent

communication language. A potential penalty for thisinclusive approach is upon very high-performance
systems, where message throughput is pre-eminent. Future versions of this specification may define
alternative transport mechanism assumptions, including other transport syntaxes, which meet the needs of
very high performance systems.

Currently, the ACL imposes a minimal set of requirements on the message transport service, as shown below:

a) Themessage serviceis ableto deliver amessage, encoded in the transport form below, to a destination as
a sequence of bytes. The message service exposes through its interface whether it is able to cope reliably
with 8-bit bytes whose high-order bit may be set.

b) Thenormal caseisthat the message service isreliable (well-formed messages will arrive at the
destination) accurate (the message is received in the form in which it was sent), and orderly (messages
from agent ato agent b arrive at b in the order in which they were sent from at). Unless informed
otherwise, an agent is entitled to assume that these properties hold.

c) If the message delivery service is unable to guarantee any or all of the above properties, thisfact is
exposed in some way through the interface to the message delivery service

d) Anagent will have the option of selecting whether it suspends and waits for the result of a message
(synchronous processing) or continues with other unrelated tasks while waiting for a message reply
(asynchronous processing). The availability of this behaviour will be implementation specific, but it must
be made explicit where either behaviour is not supported.

e) Parameters of the act of delivering a message, such astime-out if no reply, are not codified at the
message level but are part of the interface exposed by the message delivery service.

f) The message delivery service will detect and report error conditions, such as: ill-formed message,
undeliverable, unreachable agent, etc., back to the sending agent. Depending on the error condition, this
may be returned either as a return value from the message sending interface, or through the delivery of an
appropriate error message.

g) An agent has aname which will allow the message delivery service to deliver the message to the correct
destination. The message delivery service will be able to determine the correct transport mechanism
(TCP/IP, SMTP, http, etc.), and will allow for changes in agent location, as necessary.

The agent will, in some implementation specific way, have an structure which corresponds to a message it

wishes to send or has received. The syntax shown below in this document defines atransport form, in which

the message is mapped from itsinternal form to a character sequence, and can be mapped back to the internal
message form from a given character sequence. Note again the absence of architectural commitment: the
internal message form may be a explicit data structure, or it may be implicit in the way that the agent handles
its messages.

For the purposes of the transport services, the message may be assumed to be an opagque byte stream, with the

exception that it is possible to extract the destination of the message.

At thistransport level, messages are assumed to be encoded in 7-bit characters according to the

ISO/IEC 2022 standard. This specification alows the expression of characters in extended character sets,

such as Japanese. The FIPA specification adopts the position that the default character mapping is US ASCII.

More specifically, all ACL compliant agents should assume that, when communication is commenced:
ISO/IEC 646 (US ASCII) is designated to GO;

ISO/IEC 6429 CO is designated;
GOisinvokedin GL;
COisinvokedin CL;

1 Though possibly interspersed with messages from some other agent c.
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647 SPACE in 2/0 (0x20) and

648 DELETE in 7/15 (0x7f)

649  Some transport services will be able to transport 8-bit characters safely, and, where this service is available,
650 the agent isfreeto make use of it. However, safe transmission of 8-bit charactersis not universally assumed.

651 6
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FIPA ACL Messages
6.1 Preamble

This section defines the individual message types that are central to the ACL specification. In particular, the
form of the messages and meaning of the message types are defined. The message types are areference to the
semantic acts defined in this specification. These types impart a meaning to the whole message, that is, the
act and the content of the message, which extends any intrinsic meaning that the content itself may have.

For example, if i informs| that “Bonn isin Germany”, the content of the message fromi toj is“Bonnisin
Germany”, and the act is the act of informing. “Bonnisin Germany” has a certain meaning, and is true under
any reasonable interpretation of the symbols“Bonn” and “ Germany”, but the meaning of the message
includes effects on (the mental attitudes of) agentsi and j. The determination of this effect is essentialy a
private matter to both i and j, but for meaningful communication to take place, some reasonabl e expectations
of those effects must be fulfilled.

Clearly, the content of a message may range over an unrestricted range of domains. This specification does
not mandate any one formalism for representing message content. Agents themselves must arrange to be able
to interpret any given message content correctly. Note that this version of the specification does not address
the ontology sharing problem, though future versions may do so. The specification does set out to specify the
meanings of the acts independently of the content, that is, extending the above example, what it means to
inform or be informed. In particular, a set of standard communicative acts and their meaningsis defined.

It may be noted, however, that there is atrade-off between the power and specificity of the acts. Notionaly, a
large number of very specific act types, which convey nuances of meaning, can be considered equivalent to a
smaller number of more general ones, but they place different representational and implementation
constraints on the agents. The goals of the set of acts presented here are (i) to cover, overall, awide range of
communication situations, (ii) not to overtax the design of simpler agents intended to fulfil a specific, well-
defined purpose, and (iii) to minimise redundancy and ambiguity, to facilitate the agent to choose which
communicative act to employ. Succinctly, the goals are: completeness, ssmplicity and conciseness.

The fundamental view of messagesin ACL isthat a message represents a communicative act. For purposes of
elegance and coherency, the treatment of communicative acts during dialogue should be consistent with the
treatment of other actions; a given communicative action isjust one of the actions that an agent can perform.
The term message then plays two distinct roles within this document, depending on context. Message can be
a synonym for communicative act, or it may refer to the computational structure used by the message delivery
service to convey the agent's utterance to its destination.

The communication language presented in this specification is based on a precise formal semantics, giving an
unambiguous meaning to communicative actions. In practice, thisformal basis is supplemented with
pragmatic extensions that serve to ease the practical implementation of effective inter-agent communications.
For this reason, the message parameters defined below are not defined in the formal semanticsin 80Fermal-
basis ot ACL-semantiesFormal-basis-ef-ACL-semanties, but are defined in narrative form in the sections
below. Similarly, conventions that agents are expected to adopt, such as protocol of message exchange, are

given an operational semantics in narrative form only.
6.2 Requirements on agents

This document introduces a set of pre-defined message types and protocols that are available for all agentsto
use. However, it isnot required for all agents to implement al of these messages. In particular, the minimal
requirements on FIPA ACL compliant agents are as follows:
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Requirement 111:

Agents should send not-understood if they receive a message that they do not recognise or they are
unable to process the content of the message. Agents must be prepared to receive and properly handle a
not-under stppd message from other agents.

Requirement 222:

An ACL compliant agent may choose to implement any subset (including all, though thisis unlikely) of
the pre-defined message types and protocols. The implementation of these messages must be correct
with respect to the referenced act's semantic definition.

Requirement 333:
An ACL compliant agent which uses the communicative acts whose names are defined in this
specification must implement them correctly with respect to their definition.

Requirement 4.

Agents may use communicative acts with other names, not defined in this document, and are
responsible for ensuring that the receiving agent will understand the meaning of the act. However,
agents should not define new acts with a meaning that matches a pre-defined standard act.

Requirement 5:
An ACL compliant agent must be able to correctly generate a syntactically well formed message in the
transport form that corresponds to the message it wishes to send. Symmetrically, it must be able to

trandate a character sequence that is well-formed in the transport syntax to the corresponding message.

6.3 Message structure

This section introduces the various structural elements of a message.

6.3.1 Overview of ACL messages
The following figure summarises the main structural elements of an ACL message:
Figure 111 — Components of a message

ACL message
Begin rressagestructure/'( I nf or Message content expression
/V: sender agent1 7
:receiver hpl-auction-server
o e/ : cont ent
Communicative act typ! (price (bid good02) 150)

:in-reply-to round-4 | _—~Parameter expression
creply-with bido4

: I anguage sl
M&ssagepararmter/ :ontol ogy hpl-auction

In their transport form, messages are represented as s-expressions. The first element of the message isaword
which identifies the communicative act being communicated, which defines the principal meaning of the
message. There then follows a sequence of message parameters, introduced by parameter keywords beginning
with a colon character. No space appears between the colon and the parameter keyword. One of the
parameters contains the content of the message, encoded as an expression in some formalism (see below).
Other parameters help the message transport service to deliver the message correctly (e.g. sender and
receiver), help the receiver to interpret the meaning of the message (e.g. language and ontology), or help the
receiver to respond co-operatively (e.g. reply-with, reply-by).
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It isthistransport form that is serialised as a byte stream and transmitted by the message transport service.
The receiving agent is then responsible for decoding the byte stream, parsing the components message and
processing it correctly.

Note that the message's communicative act type corresponds to that which in KQML is called the
performative?).

6.3.2 Message parameters

As noted above, the message contains a set of one or more parameters. Parameters may occur in any order in
the message. The only parameter that is mandatory in all messagesisthe :receiver parameter, so that the
message delivery service can correctly deliver the message. Clearly, no useful message will contain only the
receiver. However, precisely which other parameters are needed for effective communication will vary
according to the situation.

The full set of pre-defined message parametersis shown in the following table:
Table 111 — Pre-defined message parameters

M essage Meaning:
Parameter:
. sender Denotes the identity of the sender of the

message, i.e. the name of the agent of the
communicative act.

. receiver Denotes the identity of the intended recipient of
the message.

Note that the recipient may be a single agent
name, or atuple of agent names. This
corresponds to the action of multicasting the
message. Pragmatically, the semantics of this
multicast is that the message is sent to each agent
named in the tuple, and that the sender intends
each of them to be recipient of the CA encoded
in the message. For example, if an agent
performs an inform act with atuple of three
agents asreceiver, it denotes that the sender
intends each of these agent to come to believe
the content offthe message.

: cont ent Denotes the content of the message; equivalently
denotes the object of the action.

2 Note that the use of performative with respect to al of the messages defined in KQML has been challenged. The term is repeated here only
because it will be familiar to many readers.
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‘reply-with

Introduces an expression which will be used by
the agent responding to this message to identify
the original message. Can be used to follow a
conversation thread in a situation where multiple
dialogues occur simultaneously.
E.g. if agent i sends to agent | a message which
contains
creply-with queryl,
agent j will respond with a message containing
cin-reply-to queryl.

cin-reply-to

Denotes an expression that references an earlier
action to which thismessageis areply.

- envel ope

Denotes an expression that provides useful

information about the message as seen by the

© FIPA (1997,1998)

message transport service. The content of this

parameter is not defined in the specification, but

may include time sent, time received, route, etc.

The structure of the envelopeis alist of keyword

value pairs, each of which denotes some aspect
of the message service.

. | anguage

Denotes the encoding scheme of the content of
the action.

- ont ol ogy

Denotes the ontology which isused to give a
meaning to the symbols in the content
expression.

:reply-by

Denotes a time and/or date expression which
indicates a guideline on the latest time by which
the sending agent would like areply.

. pr ot ocol

Introduces an identifier which denotes the
protocol which the sending agent is employing.
The protocol servesto give additional context for
the interpretation of the message. Protocols are
discussed in 80hateractionProtocolsthteraction-
rolocole

:conver sati on-
id

Introduces an expression which is used to
identify an ongoing sequence of communicative
acts which together form a conversation. A
conversation may be used by an agent to manage
its communication strategies and activities. In
addition the conversation may provide additional
context for the interpretation of the meaning of a

message.

6.3.3 Message content

The content of a message refers to whatever the communicative act appliesto. If, in general terms, the
communicative act is considered as a sentence, the content is the grammatical object of the sentence. In

Page 13



726
727

728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
147
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763

FIPA 97, Version 2.03-% Part 2 © FIPA (1997,1998)

general, the content can be encoded in any language, and that language will be denoted by the: | anguage
parameter. The only requirement on the content language is that it has the following properties:

Requirement 6:

In general, a content language must be able to express propositions, objects and actions. No other
properties are required, though any given content language may be much more expressive than this.
More specifically, the content of a message must express the data type of the action: propositions for
inform, actions for reguest, etc.

___A proposition states that some sentence in alanguage istrue or false. An object, in this context, isa |
construct which represents an identifiable "thing" (which may be abstract or concrete) in the domain
of discourse. Object in this context does not necessarily refer to the specialised programming
constructs that appear in object-oriented languages like C++ and Java. An action is a construct that
the agent will interpret as being an activity which can be carried out by some agent. In general, an
action does not produce aresult which is communicated to another agent (but see, for example,
§(iota <variabl e> <ternp)

The iota operator introduces a scope for the given expression (which denotes aterm), in which the
given identifier, which would otherwise be free, is defined. An expression containing afree variable
isnot awell-formed SL expression. The expression "(iota x (P x)" may be read as "the x such that P
[istrue] of x. Theiota operator is aconstructor for terms which denote objects in the domain of

discourse.

=)

Except in the special case outlined below, there is no requirement that message content languages conform to
any well known (pre-defined) syntax. In other words, it is the responsibility of the agentsin a dialogue to
ensure that they are using a mutually comprehensible content language. This FIPA specification does not
mandate the use of any particular content language. One suggested content language formalism is shownin
Annex BARRex-BARnexBARRexBARRex-B. There are many ways to ensure the use of acommon content |
language. It may be arranged by convention (e.g. such-and-such agents are well known always to use Prolog),
by negotiation3 among the parties, or by employing the services of an intermediary as atrandator. Similarly,

the agents are responsible for ensuring that they are using a common ontology.

The most general case isthat of negotiating (i.e. jointly deciding) a content language. However, the agent

must overcome the problem of being able to begin the conversation in the first place, in order that they can

then negotiate content language. There has to be a common point of reference, known in advance to both

3 Thes mplest case of such negotiations is where an agent publishes its admissible content language(s) in its registration entry, and other agents
simply adopt the use of the stated language or don't talk to it.
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parties. Thus, for the specific purpose of registering with a directory facilitator and performing other key
agent management functions, the specification does include the following content language definition:
Definition 131:

The FIPA specification agent management content language is an s-expression notation used to express the
propositions, objects and actions pertaining to the management of the agent's lifecycle. The termsin the
expression are defined operationally in part one of the FIPA 97 specification.

Requirement 7:

A compliant agent is required to exercise the standard agent management capabilities through the use of
messages using the agent management content |anguage and ontology. The language and ontology are
each denoted by the reserved term f i pa- agent - managenent intheir respective parameters.

6.3.4 Representing the content of messages
As noted above, the content of a message refers to the domain expression which the communicative act refers
to. It is encoded in the message as the value of the :content parameter. The FIPA specification does not
mandate any particular content encoding language (i.e. the representation form of the :content expression) on
anormative basis. The SL content language is provided in Annex B on an informative basis.
To facilitate the encoding of simple languages (that is, simple in their syntactic requirements), the s-
expression form included in the ACL grammar shown below allows the construction of s-expressions of
arbitrary depth and complexity. A language which is defined as a sub-grammar of the general s-expression
grammar istherefore admissible as alegal ACL message without modification. The SL grammar shown in
Annex B is an example of exactly this approach.
However, agents commonly need to embed in the body of the message an expression en@)ded in anotation
other than the simple s-expression form used for the messages themselves. The ACL grammar provides two
mechanisms, both of which avoid the problem of an ACL parser being required to parse any expression in
any language:
Wrap the exprefsion in double quotes, thus making it a string in ACL syntax, and protect any embedded
double quote in the embedded expression with a backslash. Note that backslash characters in the content

expression must also be protected. E.g.:
(inform:content "owner( agentl, \"lan\" ) "
: 1 anguage Prol og
)

Prefix the expression with the appropriate length encoded string notation, thus ensuring that the

expression will be treated as one lexical token irrespective of its structure. E.g.:
(inform:content #22"owner( agentl, "lan" )
: 1 anguage Prol og
o)

Asaresult, an ACL parser will generate one lexical token, a string, representing the entire embedded
language expression. Once the message has been parsed, the token representing the content expression can be
interpreted according to its encoding scheme, which will by then be known from the :language parameter.

6.3.5 Useof MIME for additional content expression encoding

Sometimes, even the mechanismsin the previous section are not flexible enough to represent the full range of
types of expression available to an agent. An example may be when an agent wishes to express a concept
such as “the sound you asked for is <a digitised sound>". Alternatively, it may wish to express some content
in alanguage or character set encoding different from that used for the description of the content, such as “the
trandation of error message <some English text> into Japanese is <some Japanese text>".
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The Multipurpose Internet Mail Extensions (MIME) standard was devel oped to address similar issuesin the
context of Internet mail messages [Freed & Borenstein 96]. The syntactic form of MIME headersiis suited
particularly to the format of mail messages, and is not congruent with the transport syntax defined for FIPA
ACL messages. However, the capabilities provided by MIME, and in particular the now widely used notation
for annotating content typesis a capability of great value to some categories of agent. To allow for this, an
agent may optionally be able to process MIME content expression descriptions as wrappers around a given
expression, using an extension of the ACL message syntax.

It is not amandatory part of this specification that all agents be able to process MIME content descriptions.
However, MIME-capable agents can register this ability with their directory facilitator, and then proceed to
use the format defined in Annex D.

Note that, for the specific task of encoding language specific character sets, the 1SO 2022 standard which is
the base level character encoding of the message stream is capable of supporting afull range of international
character encodings.

6.3.6 Primitive and composite communicative acts
This document defines a set of predefined communicative acts, each of which is given a specific meaning in
the specification. Pragmatically, each of these communicative acts may be treated equivaently: they have
equal status. However, in terms of definition and the determination of the forma meaning of the
communicative acts, we distinguish two classes. primitive acts and composite acts.
Primitive communicative acts are those whose actions are defined atomically, i.e. they are not defined in
terms of other acts. Composite communicative acts are the converse. Acts are composed by one of the
following methods:

making one communicative act the object of another. For example, "l request you to inform me whether

itisraning" isthe composite query-if act.

using the composition operator “;” to sequence actions

using the composition operator “|” to denote a non-deterministic choice of actions.
The sequencing operator iswritten as an infix semicolon. Thus the expression:

a
denotes an action, whose meaning is that of action afollowed by action b.
The non-deterministic choice operator iswritten as an infix vertical bar. Thus the expression:
al b

denotes a macro action, whose meaning is that of either action a, or action b, but not both. The action may
occur in the past, present or future, or not at all.
Note that a macro action must be treated dightly differently than other communicative acts. A macro action
can be planned by an agent, and requested by one agent of another. However, a macro act will not appear as
the outermost (i.e. top-level) message being sent from one agent to another. Macro acts are used in the
definition of new composite communicative acts. For example, see the inform-if act in §0mterm-H-{macro-
The definition of composite actionsin thisway is part of the underlying semantic model for the ACL, defined
using the semantic description language SL. Action composition as described above is not part of the
concrete syntax for ACL. However, these operators are defined in the concrete syntax for SL used asa

content language in Annex BArRRex-BARRex-BARRex-BARRex-B.
6.4 Message syntax

This section defines the message transport syntax. The syntax is expressed in standard EBNF format. For
completeness, the notation is as follows:
| Grammar rule component Example |
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Terminal tokens are enclosed in double ("

quotes

Non terminals are written as capitalised Expressi on

identifiers

Square brackets denote an optional construct [ ", " Optional Arg ]
Vertical bar denotes an alternative I nteger | Real

Asterisk denotes zero or morerepetitionsof  Digit *

the preceding expression

Plus denotes one or morerepetitionsof the Al pha +

preceding expression

Parentheses are used to group expansions. (A] B) *
Productions are written with the non-terminal - ANonTer mi nal = "an
name on the lhs, expansion ontherhs, and ~ €xpansi on”.
terminated by afull stop.

849  Some dlightly different rules apply for the generation of lexical tokens. Lexical tokens use the same notation
850 asabove, except:

L exical rule component Example

Square brackets enclose a character set ["a", "b", "c"]

Dash in a character set denotes arange ["a" - "Z"

Tilde denotes the complement of acharacter [ ~ "(", ")"]

setif itisthefirst character

Post-fix question-mark operator denotesthat [ "0" - "9"]? ["0" - "9"]
the preceding lexica expressionis optional

(may appear zero or one times)

851

852 6.4.1 Grammar rulesfor ACL message syntax
853  This section defines the grammar for ACL.
854 ACLCommuni cati veAct = Message.

855

856 Message = "(" MessageType MessageParaneter* ")".
857

858 MessageType = "accept - proposal "
859 | "agree"

860 | "cancel"

861 | "cfp"

862 | "confirnt

863 | "disconfirni

864 | "failure”

865 | "infornt

866 | "informif"

867 | "informref"

868 | "not-understood”
869 | "propose"

870 | "query-if"

871 | "query-ref"

872 | "refuse"

873 | "reject-proposal”
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874 | "request™

875 | "request-when"

876 | "request-whenever™

877 | "subscribe".

878

879 MessagePar anet er = ":sender" Agent Nane

880 | ":receiver"” RecipientExpr
881 | ":content"” ( Expression | M MEEnhancedExpression )
882 | ":reply-with" Expression

883 | ":reply-by" DateTi meToken
884 | ":in-reply-to" Expression
885 | ":envel ope" KeyVal uePai rLi st
886 | ":language"” Expression

887 | ":ontol ogy" Expression

888 | ":protocol™ Word

889 | ":conversation-id" Expression.
890

891 Expression = Wrd

892 | String

893 | Nunber

894 | "(" Expression * ")".

895

896 M MEEnhancedExpressi on — optional extension. See Annex D.
897

898 KeyVal uePai rLi st = "(" KeyValuePair * ")"

899

900 KeyVval uePair = "(" Wrd Expression ")".

901

902 Reci pi ent Expr = Agent Nane

903 | "(" AgentNanme + ")".

904

905 Agent Nane = Word

906 | Word "@ URL.

907

908 URL = Wor d.

909

910 Lexical rules

911 Word = [~ "\0x00" "\ 0x20",
912 ety M)y, e, "or-ror, t-t, @]
913 [~ "\ 0x00" "\ 0x20",
914 t, ")"] *.

915 String = StringLiteral

916 | Byt elLengt hEncodedStri ng.
917

918 StringLiteral = "\

919 ([~ "\"" 1 ] "\ )*
920 At

921 Bytelengt hEncodedString = "#" ["0" "o+ M\
922 <byt e sequence>.

923  Nunber = Integer | Float.[]

924

925 DateTi neToken = "+" 7
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Year Month Day "T"
Hour M nute Second MII|i Second
(TypeDesi gnator ?).

Year = Digit Digit Digit Digit.
Mont h = Digit Dgit.

Day = Digit Digit.

Hour = Digit Dgit.

M nut e = Digit Dgit.

Second = Digit Dgit.
MI1IiSecond = Digit Digit Dgit.

TypeDesi gnat or
Digit

Al phaChar act er .

["0" — "9"].

6.4.2 Noteson grammar rules

a)
b)
c)

d)

f)

The standard definitions for integers and fl oa[li—'lng point numbers are assumed.

All keywords are case-insensitive.

A length encoded string is a context sensitive lexical token. Its meaning is as follows: the header of the
token is everything from the leading "#" to the separator " inclusive. Between the markers of the header is
adecimal number with at least one digit. Thrs digit then determines that exactly that number of 8-bit
bytes are to be consumed as part of the token, without restriction. It isalexical error for less than that
number of bytesto be available.

Note that not all implementations of the agent communication channel (ACC) [see Part One of the FIPA
97 specification] will support the transparent transmission of 8-bit characters. It isthe responsibility of
the agent to ensure, by reference to the API provided for the ACC, that a given channel is ableto
faithfully transmit the chosen message encoding.
A well-formed message will obey the grammar, and in addition, will have at most one of each of the
parameters. It is an error to attempt to send a message which is not well formed. Further rules on well-
formed messages may be stated or implied the operational definitions of the values of parameters as these
are further developed.
Strings encoded in accordance with ISO/IEC 2022 may contain characters which are otherwise not
permitted in the definition of Wr d. These characters are ESC (0x1B), SO (OxOE) and Sl (OxOF). Thisis
due to the complexity that would result from including the full 1ISO/IEC 2022 grammar in the above
EBNF description. Hence, despite the basic description above, aword may contain any well-formed
ISO/IEC 2022 encoded character, other (representations of) parentheses, spaces, or the “#’ character.
Note that parentheses may legitimately occur as part of awell formed escape sequence; the preceding
restriction on charactersin aword refers only to the encoded characters, not the form of the encoding.
Time tokens are based on the 1SO 8601 format, with extensions for relative time and millisecond
durations. Time expressions may be absolute, or relative to the current time. Relative times are
distinguished by the character "+" appearing as the first character in the construct. If no type designator is
given, thelocal timezone is used. The type designator for UTC isthe character "Z". UTC is preferred to
prevent timezone ambiguities. Note that years must be encoded in four digits. As examples, 8:30 am on
April 157 1996 local time would be encoded as:

19960415T083000000
the sametimein UTC would be:

19960415T083000000Z
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while one hour, 15 minutes and 35 milliseconds from now would be:
+00000000T011500035.

g) Theformat defined for agent names is taken from part one of the FIPA 97 standard. The option of simply
using aword as the agent name is only valid where that word can be unambiguously resolved to an full
agent name in the format given. A well-formed URL has the standard form:

AccessTypeSpecifier ":/[" InternetAddress ":" PortNumber "/" Identifier
This specification is not included as afirst-class production in the above grammar due to context
sensitivity, in other grammatical contexts such strings may legitimately be treated as opaque words.

6.5 Catalogue of Communicative Acts

This section defines all of the communicative acts that are part of this specification. Each message is defined
by an informal narrative in this section, and more formally in 808—
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986 Formalbasisof ACL semanticsS——
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Formal-basis-of- ACL-semanties. The narrative and formal definitions are intended to be equivalent. However,
in the case of an ambiguity or inconsistency, the formal definition isthe final reference point.

The following communicative acts and macro acts are standard components of the FIPA agent
communication language. They are listed in alphabetical order. Communicative acts can be directly
performed, can be planned by an agent, and can be requested of one agent by another. Macro acts can be
planned and requested, but not directly performed.

6.5.1 Preliminary notes
The meanings of the communicative acts below frequently make reference to mental attitudes, such as belief,
intention or uncertainty. Whilst the formal semantics makes reference to formal operators which express
these concepts, a given agent implementation is not required to encode them explicitly, or to be founded on
any particular agent model (e.g. BDI). In the following narrative definitions:
belief means that, at least, the agent has a reasonable basis for stating the truth of a proposition, such as
having the proposition stored in a data structure or expressed implicitly in the construction of the agent
software;
intention means that the agent wishes some proposition, not currently believed to be true, to become true,
and further that it will act in such away that the truth of the proposition will be established. Again, this
may not be represented explicitly in the agent?;
uncertain means that the agent is not sure that a proposition is necessarily true, but it is more likely to be
true than false. Believing a proposition and being uncertain of a proposition are mutually exclusive.
For ease of reference, a synopsis formal description of each act isincluded with the narrative text. The
meaning of the notation used may be found in 808—

4 For instance, an agent which is constructed with a simple loop which receives requests for information and always answers them immediately,
can be said to be expressing an intention to be helpful; in other words to ensure that other agents who need information it possesses do indeed
gain that information.
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1008 Forma basisofACL semanticss——
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1009 Fermabasis-ofF-ACL-semantics.
1010 6.5.1.1  Category Index

1011 Thefollowing table identifies the communicative acts in the catalogue by category. Thisis provided purely

1012  for ease of reference. Full descriptions of the messages can be found in the appropriate sections.
1013 Table 222 — Categories of communicative acts

Information Requesting Negotiation Action Error
cCommunicative act passing information performing handling

v

accept-proposal
agree
cancel
cfp v

confirm

v
v

disconfirm

failure

inform

AN

inform-if (macro act)

inform-ref (macro
act)

not-understood

propose

query-if

query-ref

refuse

reject-proposal

request

<

request-when

request-whenever

subscribe

1014
1015

1016 6.5.2
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1017  accept-proposal

Summary: The action of accepting a previously submitted proposal to perform an action.
Messagecontent: | A tuple, consisting of an action expression denoting the action to be done, and
a proposition giving the conditions of the agreement.

Description: Accept-proposal is a genera -purpose acceptance of a proposal that was
previously submitted (typically through a propose act). The agent sending the
acceptance informs the receiver that it intends that (at some point in the future)
the receiving agent will perform the action, once the given precondition is, or
becomes, true.

The proposition given as part of the acceptance indicates the preconditions that
the agent is attaching to the acceptance. A typical use of thisisto finalise the
details of adeal in some protocol. For example, a previous offer to “hold a
meeting anytime on Tuesday” might be accepted with an additional condition
that the time of the meeting is 11.00.

Note for future extension: an agent may intend that an action becomes done
without necessarily intending the precondition. For example, during
negotiation about a given task, the negotiating parties may not unequivically
intend their opening bids: agent amay bid a price p as a precondition, but be

prepared to accept pricep'.
Summary Formal . L
Modd <i, accept-proposal(j, <j, act>, ))>
<i, inform(j, lj Done(<j, act>, ))>
FP: B; B; (Bifj Uifj )
RE : B;
where

=1; Done(<j, act>, )

Note: this summary is included here for completeness. For full details,ﬁee §0Fermal-basisoF ACE

Example Agent i informsj that it accepts an offer from j to stream a given multimedia
title to channel 19 when the customer isready. Agent i will inform of this fact
when appropriate:
(accept - pr oposal

:sender |

' receiver |

sin-reply-to bid089

: cont ent

(action j (streamcontent noviel234 19))
(Bj (ready custoner78))

: 1 anguage sl)

1018 6.5.3
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1019 agree

Summary: The action of agreeing to perform some action, possibly in the future.
Messagecontent: | A tuple, consisting of an agent identifier, an action expression denoting the
action to be done, and a proposition giving the conditions of the agreement.
Description: Agreeisagenera purpose agreement to a previously submitted request to
perform some action. The agent sending the agreement informs the receiver
that it does intend to perform the action, but not until the given precondition is
true.

The proposition given as part of the agree act indicates the qualifiers, if any,
that the agent is attaching to the agreement. This might be used, for example,
to inform the receiver when the agent will execute the action which it is
agreeirld to perform.

Pragmatic note: the precondition on the action being agreed to can include the
perlocutionary effect of some other CA, such as an inform act. When the
recipient of the agreement (e.g. a contract manager) wants the agreed action to
be performed, it should then bring about the precondition by performing the
necessary CA. This mechanism can be used to ensure that the contractor defers
performing the action until the manager is ready for the action to be done.

Summary Formal

Mode <i, agree(j, <i, act>, ))>
<i, inform(j, l; Done(<i, act>, ))>
FP: B B; (Bif;  Uif; )
RE : B
where

=1; Done(<i, act>, )

Note: this summary isincluded here for completeness. For full details, see §DuFeFmal—bas.-SGf—AGL—
. basis ofAC .

Example Agent i (ajob-shop scheduler) requestsj (arobot) to deliver abox to a certain
location. J answersthat it agrees to the request but it has low priority.
(request
:sender i
' receiver |
:content (action j (deliver box017 (location 12
19)))

:protocol fipa-request
creply-with order567

)
(agree
. sender |
sreceiver |
:content ((deliver j box017 (location 12 19))
(priority order567 |ow))
cin-reply-to order567
:protocol fipa-request
)
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1020 6.54
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1021 cance
Summary: The action of cancelling some previously request'ed action which has temporal
extent (i.e. is not instantaneous).
Messagecontent: | An action expression denoting the action to be cancelled.
Description: Cancel allows an agent to stop another agent from continuing to perform (or
expecting to perform) an action which was previously requested. Note that the
action that is the object of the act of cancellation should be believed by the
sender to be ongoing or to be planned but not yet executed.
Attempting to cancel an action that has already been performed will result in a
refuse message being sent back to the originator of the request.
%ggﬂiﬂﬂmi <i, cancel(j, >
_ <i, disconfirm(j, I; Done(a))>

FP: liDone(@ B;(Bjli Done(a) Ujlj Done(a))

RE : Bj l; Done(a)
Note: this summary isincluded here for completeness. For full details, see §0FeFmal-b€S-SGf—A—GL—

semantieSFormal-basis-oF-ACL-semantics.

Example Agent jO asksi to cancel a previous request-whenever by quoting the action:
(cancel
:sender jO
‘receiver i

:content (request-whenever :sender j .)

)

Agent j1 asksi to cancel an action by cross-referencing the previous
conversation in which the request was made:
(cancel 1

:sender 1

:receiver i

:conversation-id cnv0087

1022 6.5.5
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1023 cfp

Summary: The action of calling for proposals to perform a given action.

Messagecontent: | A tuple containing an action expression denoting the action to be done and a
proposition denoting the preconditions on the action.

Description: CFP is ageneral-purpose action to initiate a negotiation process by making a
call for proposals to perform the given action. The actual protocol under which
the negotiation process is established is known either by prior agreement, or is
explicitly stated in the :protocol parameter of the message.

In normal usage, the agent responding to a cfp should answer with a
proposition giving its conditions on the performance of the action. The
responder's conditions should be compatible with the conditions originally
contained in the cfp. For example, the cfp might seek proposals for ajourney
from Frankfurt to Munich, with a condition that the mode of travel is by train.
A compatible proposal in reply would be for the 10.45 expresstrain. An
incompatible proposal would be to travel by ‘plane.

Note that cfp can also be used to simply check the availability of an agent to
perform some action.

summary Formal. | <, cfp( j, <j, act>, (X))>

Modd <i, query-ref(j, x (I Done(<j, act>, (X)) (I; Done(<j, act>, (x))))>
FP: Brefi( x (X)) Urefi( x (X)) Bi Ij Done(<j, Inform-ref(i, x
(x))>)

RE : Done(<j, Inform(i, x (X) = ry)>|... [<j, Inform(i, x (X) = ry)>)

where

(x) = I, Done(<j, act>, (x)) I]. Done(<j, act>, (X))

Note: this summary isincluded here for completeness. For full details, see soFermal-basisof ACL-
. basis.of .

Example Agent j asksi to submit its proposal to sell 50 boxeslof plums:
(cfp
:sender |
:receiver i

ccontent ((action i (sell plum50)) true)
:ontol ogy fruit-market

1024 656
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1025 confirm

Summary: The sender informs the receiver that a given proposition is true, where the
receiver is known to be uncertain about the proposition.

Messagecontent: | A proposition

Description: The sending agent:

believes that some proposition is true

intends that the receiving agent also comes to believe that the
proposition istrue

believes that the receiver is uncertain of the truth of the proposition

Thefirst two properties defined above are straightforward: the sending agent is
sincere®, and has (somehow) generated the intention that the receiver should
know the proposition (perhaps it has been asked). The last pre-condition
determines when the agent should use confirmvs. informvs. disconfirm:
confirmis used precisely when the other agent is aready known to be
uncertain about the proposition (rather than uncertain about the negation of the
proposition).
From the receiver's viewpoint, receiving a confirm message entitles it to
believe that:
the sender believes the proposition that is the content of the message
the sender wishes the receiver to believe that broposition also.
Whether or not the receiver does, indeed, change its mental attitude to
one of belief in the proposition will be a function of the receiver's trust
in the sincerity and reliability of the sender.

summary Formal | <j confirm(j, )>
Model
FP: B; Bin
RE: B;
Note: this summary isincluded here for completeness. For full details, see §0Formal-DasiS oF ACL-
. hagcof .
Examples Agent i confirmsto agent j that it is, in fact, true that it is snowing today.
(confirm
:sender |
‘receiver |
. content "weather( today, snowing )"
: 1 anguage Prol og)

1026 6.5.7

5 Arguably there are situations where an agent might not want to be sincere, for example to protect confidential information. We consider these
cases to be beyond the current scope of this specification.

Page 30



FIPA 97, Version 2.03-% Part 2 © FIPA (1997,1998)

1027  disconfirm

Summary: The sender informs the receiver that a given proposition is false, where the
receiver is known to believe, or believe it likely that, the proposition is true.
Messagecontent: | A proposition

Description: The disconfirm act is used when the agent wishes to alter the known mental
attitude of another agent.
The sending agent:

believes that some proposition isfalse
intends that the receiving agent also comes to believe that the
proposition isfalse
believes that the receiver either believes the proposition, or is uncertain
of the proposition.
Thefirst two properties defined above are straightforward: the sending agent is
sincere (note 5), and has (somehow) generated the intention that the receiver
should know the proposition (perhaps it has been asked). The last pre-
condition determines when the agent should use confirm, inform or
disconfirm: disconfirmis used precisely when the other agent is already known
to believe the proposition or to be uncertain about it.
From the receiver's viewpoint, receiving a disconfirm message entitles it to
believe that:
the sender believes that the proposition that ifthe content of the
message isfalse;
the sender wishes the receiver to believe the negated proposition also.
Whether or not the receiver does, indeed, change its mental attitude to one of
disbelief in the proposition will be afunction of the receiver'strust in the
sincerity and reliability of the sender.
%\m <i, disconfirm(j, )>
- FP: Bi Bi(Uj Bj )
RE: B;
Note: this summary isincluded here for completeness. For full details, see soFormal-DasisofF ACL-
Example Agent i, believing that agent j thinks that a shark isa mammal, attempts to
changej's belief:
(disconfirm
:sender |
‘receiver |
:content (mammual shark))

1028 6.5.8
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1029 failure
Summary: The action of telling another agent that an action was attempted but the
attempt failed.
Messagecontent: | A tuple, consisting of an action expression and a proposition giving the reason
for thefailure.
Description: The failure act is an abbreviation for informing that an act was considered
feasible by the sender, but was not completed for some given reason.
The agent receiving afailure act is entitled to believe that:
the action has not been done
the action is (or, at the time the agent attempted to perform the action,
was) feasible
The (causal) reason for the refusal is represented by the proposition, which is
the third term of the tuple. It may be the constant true. There is no guarantee
that the reason is represented in away that the receiving agent will understand:
it could be atextual error message. Often it isthe case that there islittle either
agent can do to further the attempt to perform the action.
Summary Formal <i, failure(j, a, )>

M odel
<i, inform(j, ( €) Single(e) Done(e, Feasible(a) |; Done(a))
Done(a) l; Done(a))>

FP: B; Bi (Bifj Uifj )
RE : B;

where

=( e) Single(e) Done(e, Feasible(a) |; Done(a)) Done(a) l;

Done(a)

Note: this summary isincluded here for completeness. For full details, see S0Formal-PasiS-oFACL-
. hasis of .

Example Agent j informsi that it has failed to open afile:

(failure
:sender |
‘receiver i
: cont ent 1

(
(action j "open( \"foo.txt\” )")
(error-nessage "No such file: foo.txt")
: 1 anguage sl)
1030 6.59
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1031 inform
Summary: The sender informs the receiver that a given proposition is true.
Messagecontent: | A proposition
Description: The sending agent:

holds that some proposition istrue;

intends that the receiving agent also comes to believe that the

proposition is true;

does not already believe that the receiver has any knowledge of the truth

of the proposition.
Thefirst two properties defined above are straightforward: the sending agent is
sincere, and has (somehow) generated the intention that the receiver should
know the proposition (perhaps it has been asked). The last property is
concerned with the semantic soundness of the act. If an agent knows already
that some state of the world holds (that the receiver knows proposition p), it
cannot rationally adopt an intention to bring about that state of the world (i.e.
that the recelver comes to know p as aresult of the inform act). Note that the
property isnot as strong as it perhaps appears. The sender is not required to
establish whether the receiver knows p. It is only the case that, in the case that
the sender already happens to know about the state of the receiver's beliefs, it
should not adopt an intention to tell the receiver something it already knows.
From the receiver's viewpoint, receiving an inform message entitlesit to
believe that:

the sender believes the proposition that is the content of the message

the sender wishes the receiver to believe that proposition also.
Whether or not the receiver does, indeed, adopt belief in the proposition will
be a function of the receiver's trust in the sincerity and reliability of the sender.
Summary Formal | <j inform(j, )>
Modd FP. B, B(Bif Uif; )

RE: B;

Note: this summary isincluded here for completeness. For full details, see soFormal-DasisofF ACL-

Examples Agent i informs agent j that (it is true that) it is raining today:
(inform
:sender i
' receiver |

:content "weather( today, raining )"
: 1 anguage Prol 0g)

1032 6.5.10
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1033 inform-if (macro act)
Summary: A macro action for the agent of the action to inform the recipient whether or
not a proposition is true.
Messagecontent: | A proposition.
Description: The inform-if macro act is an abbreviation for informing whether or not a
given proposition is believed. The agent which enacts an inform-if macro-act
will actually perform a standard inform act. The content of the inform act will
depend on the informing agent's beliefs. To inform-if on some closed
proposition :
if the agent believes the proposition, it will inform the other agent that
if it believes the negation of the proposition, it informsthat isfalse
(e )
Under other circumstances, it may not be possible for the agent to perform this
plan. For example, if it has no knowledge of , or will not permit the other
party to know (that it believes) , it will send arefusk message.

Summary Formal | j “inform-if(j, )>

Model . . . :
<i,inform(j, )>i, inform(j, )>
FP: Bif; Bi (Bifj Uifj )
RE : Bifj

Note: this summary isincluded here for completeness. For full details, see soFermal-basisof ACL-
. basis.of .

Examples Agent i requestsj to inform it whether Lannion isin Normandy:
(request
:sender |
i receiver |
: cont ent
(informif :sender |
‘receiver i

:content "in( |annion, normandy )"
: 1 anguage Prol 0Qg)
: 1 anguage sl)

Agent j repliesthat it is not:

(inform:sender |
‘receiver i
:content "\+ in( lannion, normandy )"
: 1 anguage Prol og)

1034 6511
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1035 inform-ref (macro act)
Summary: A macro action for sender to inform the receiver the object which corresponds
to adefinite descriptor (e.g. a name).
Messagecontent: | An object description.
Description: The inform-ref macro action allows the sender to inform the receiver some
object that the sender believes corresponds to a definite descriptor, such asa
name or other identifying description.
Inform-ref is amacro action, since it corresponds to a (possibly infinite)
digunction of inform acts, each of which informs the receiver that “the object
corresponding to name is X" for some given x. For example, an agent can plan
an inform-ref of the current time to agent j, and then perform the act “informj
that thetimeis 10.45".
The agent performing the act should believe that the object corresponding to
the definite descriptor isthe one that is given, and should not believe that the
recipient of the act already knows this. The agent may elect to send arefuse
message if it is unable to establish the preconditions of the act.
%&m <i, inform-ref(j, x (X))> 0
. <i,Inform(j, x (X)=r)> ... (<i,Inform(j, X (X) = r)>
FP: Bref; x (X) Bi(Brefi x (xX) Urefj x (X))
RE: Brefj x (X)
Note: this summary isincluded here for completeness. For full details, see §0Formal-DasiS oFACL-
semapttes
Example Agent i requests to tell it the current Prime Minister of the United Kingdom:
(request
:sender |
i receiver |
: cont ent
(informref
:sender |
:receiver i
:content (iota ?x (UKPrinmeM nister 7?x))

:ontol ogy world-politics
: 1 anguage sl

)
creply-with queryO
: 1 anguage sl)
Agent j replies:
(inform
: sender |
‘receiver i
ccontent (= (iota ?x (UKPrimeM nister ?x))
"Tony Blair")
:ontology world-politics
cin-reply-to query0)

Note that a standard abbreviation for the request of inform-ref used in this
exampleisthe act query-ref.
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1037 not-under stood

Summary: The sender of the act (e.g. i) informsthe receiver (e.g. j) that it perceived that |
performed some action, but that i did not understand what j just did. A
particular common caseisthat i tellsj that i did not understand the message
that j hasjust sent toi.

Messagecontent: | A tuple consisting of an action or event (e.g. acommunicative act) and an
explanatory reason.

Description: The sender received a communicative act which it did not understand. There
may be several reasons for this: the agent may not have been designed to
process a certain act or class of acts, or it may have been expecting a different
message. For example, it may have been strictly following a pre-defined
protocol, in which the possible message sequences are predetermined. The
not-under stood message indicates to that the sender of the original (i.e.
misunderstood) action that nothing has been done as aresult of the message.
This act may also be used in the general casefor i toinform | that it has not
understood |’ s action.

The second term of the content tuple is a proposition representing the reason
for the failure to understand. There is no guarantee that the reason is
represented in away that the receiving agent will understand: it could be a
textual error message. However, a co-operative agent will attempt to explain
the misunderstanding constructively

Summary Formal | <j, not-understood(j, a)>

Modd <i, Inform(j, ( X) Bj ((eDone(e) Agent(e, ] Bj(Done(e) Agent(e,
i)

(@=9)) =x)>

FP: B; Bi (Bifj Uifj )
RE : B;
where
=( x) Bj ((eDone(e) Agent(e,j) Bj(Done(e) Agent(e,j) (a=¢g))=
X)

Note: this summary isincluded here for completeness. For full details, see soFermal-basisof ACL-
. hagcof :
Examples Agent i did not understand an query-if message because it did not recognise
the ontology:
(not - under st ood
:sender |
i receiver |
.content ((query-if :sender | :receiver i .)

(unknown (ontol ogy www)))
: 1 anguage sl)

1038 6.5.13
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1039 propose

Summary: The action of submitting a proposal to perform a certain action, given certain
preconditions.

Messagecontent: | A tuple containing an action description, representing the action that the
sender is proposing to perform, and a proposition representing the
preconditions on the performance of the action.

Description: Propose is a general-purpose action to make a proposal or respond to an
existing proposal during a negotiation process by proposing to perform agiven
action subject to certain conditions being true. The actual protocol under
which the negotiation process is being conducted is known either by prior
agreement, or is explicitly stated in the : protocol parameter of the message.
The proposer (the sender of the propose) informs the receiver that the
proposer will adopt the intention to perform the action once the given
precondition is met, and the receiver notifies the proposer of the receiver's
intention that the proposer performs the action.

A typical use of the condition attached to the propo$hl isto specify the price of
abid in an auctioning or negotiation protocol.

Summary Formal | <j, propose(j, <i, act>, )>

Modd <i, inform(j, I; Done(<i, act>, ) | Done(<i, act>, ))>
FP: B; Bi (Bifj Uifj )
RE : B;
where
= |; Done(<i, act>, ) | Done(<i, act>, )

Note: this summary isincluded here for completeness. For full details, see soFermal-basisof ACL-

semanticsFormal-basis-oF-ACL-semanties,

Example Agent j informsi that it will sell 50 boxes of plums for $200:
(propose
:sender |
:receiver i

:content ((action j (sell plum50))(cost 200))
:ontol ogy fruit-market

cin-reply-to proposal 2

: | anguage sl

1040 6.5.14
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1041 query-if

Summary: The action of asking another agent whether or not a given proposition istrue.

Messagecontent: | A proposition.

Description: Query-if isthe act of asking another agent whether (it believes that) agiven
proposition is true. The sending agent is requesting the receiver to informit of
the truth of the proposition.

The agent performing the query-if act:
has no knowledge of the truth value of the proposition
believes that the other agent does know the truth of the proposition.
,\S/Iuon;rgaryFormal <i, query-if(j, )
— <i, request(j, <j, inform-if(i, )>)>
FP. Bifj Uif; Bi I; Done(<j, inform-if(i, )>)
RE: Done(<j, inform(i, )>[<j, inform(i, )>)
Note: this summary isincluded here for completeness. For full details, see §0Formal-DasiS ofF ACL-
Example Agent i asksagent j if j isregistered with domain server d1:
(query-if
:sender |
‘receiver j
: cont ent
(registered (server dl) (agent j))
creply-with r09
)
Agent j repliesthat it is not:
(inform
:sender |
:receiver i
_ :content (not (registered (server dl) (agent
i) .
cin-reply-to r09
)
1042 6.5.15
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query-ref

Summary:

The action of asking another agent for the object referred to by an expression.

M essage content:

A definite descriptor

Description:

Query-ref isthe act of asking another agent to inform the requestor of the
object identified by a definite descriptor. The sending agent is requesting the
receiver to perform an inform act, containing the object that corresponds to the
definite descriptor.
The agent performing the query-ref act:
does not know which object corresponds to the descriptor
believes that the other agent does know which object corresponds to
the descriptor.

Summary Formal
Modd

<i, query-ref(j, x (X))

<i, request(j, <j, inform-ref(i, x (X))>)>

FP. Brefi( x (X)) Urefi( x (X)) Bi I; Done(<], inform-ref(i, x

(x)>)

RE: Done(<i, Inform(j, X (X) = ry)>...<i, Inform(j, x (X) = r)>)
Note: this summary isincluded here for completeness. For full details, see §0Formal-DasiS oFACL-
semanties onmel-basis ol ACL - semantics

Example Agent i asks agent j for its available services:
(query-ref
»sender |
‘receiver |
: cont ent
(iota ?x (avail abl e-services j ?x))
) i
j repliesthat it can reserve trains, planes and automobiles:
(inform
:sender |
‘receiver i
: cont ent
(= (iota ?x (avail abl e-services j ?x))
((reserve-ticket train)
(reserve-ticket plane)
(reserve autonobile))
)
)
6.5.16
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1045 refuse

Summary: The action of refusing to perform a given action, and explaining the reason for
the refusal.

Messagecontent: | A tuple, consisting of an action expression and a proposition giving the reason
for the refusal.

Description: Therefuse act is an abbreviation for denying (strictly speaking, disconfirming)
that an act is possible for the agent to perform, and stating the reason why that
IS s0.

Therefuse act is performed when the agent cannot meet al of the
preconditions for the action to be carried out, both implicit and explicit. For
example, the agent may not know something it is being asked for, or another
agent requested an action for which it has insufficient privilege.
The agent receiving arefuse act is entitled to believe that:
the action has not been done
the action is not feasible (from the point of view of the sender of the
refusal)
the (causal) reason for the refusal is represented by the a proposition
which isthe third term of the tuple, (which may be the constant true).
There is no guarantee that the reason is represented in away that the
receiving agent will understand: it could be atextual error message.
However, a co-operative agent will attempt to explain the refusa
constructively.
Summary Formal | <j, refuse(j, <i, act>, )>

tedd <i, disconfirm(j, Feasible(<i, act>))>;

<i, inform(j, Done(<i, act>) l; Done(<i, act>))>
FP:B; Feasible(<i,act>) B (B; Feasibleii, act>) U Feasible(<i,
act>))

Bi Bi (Bif; uif; )
RE:B; Feasble(<i,act>) B;

where
= Done(<i, act>) li Done(<i, act>)

Note: this summary isincluded here for completeness. For full details, see soFormal-DasisofF ACL-

) hasis of .
Example Agent j refusestoi reserve aticket for i, sincei there are insufficient fundsin
i's account:

(refuse
: sender |
:receiver i
: cont ent

(action j (reserve-ticket LHR, MJC, 27-sept-
97))
(i nsufficient-funds acl12345)

: 1 anguage sl)
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r € ect-proposal

Summary: The action of rejecting a proposal to perform some action during a negotiation.

Messagecontent: | A tuple consisting of an action description and a proposition which formed the
original proposal being rejected, and a further proposition which denotes the
reason for the rejection.

Description: Reject-proposal is a general-purpose rejection to a previously submitted

proposal. The agent sending the rejection informs the receiver that it has no
intention that the recipient performs the given action under the given
preconditions.

The additional proposition represents a reason that the proposal was rejected.
Sinceitisin general hard to relate cause to effect, the formal model below
only notes that the reason proposition was believed true by the sender at the
time of the rgjection. Syntactically the reason on the Ihs should be treated as a
causal explanation for the rgjection, even though this is not established by the
formal semantics.

Summary Formal
Modd

<i, reject-proposal(j, <j, act>, , )>
<i, inform(j, Ilj Done(<j, act>, ) )>
FP: B; Bi (Bifj Uifj )
RE : By

where

= |j Done(<j, act>, )
Note: this summary isincluded here for completeness. For full details, see soFermal-basisof ACL-
. basis.of .

Example Agent i informsj that it rejects an offer from j to sell
(reject-proposal
:sender |
i receiver |
content ((action j (sell plumb50)) (price-too-
hi gh 50))
cin-reply-to proposal 13
)
6.5.18
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1049 request
Summary: The sender requests the receiver to perform some action.
One important class of uses of the request act is to request the receiver to
perform another communicative act.
Messagecontent: | An action description.
Description: The sender is requesting the receiver to perform some action. The content of
the message is a description of the action to be performed, in some language
the receiver understands. The action can be any action the receiver is capable
of performing: pick up abox, book a plane flight, change a password etc.
An important use of the request act is to build composite conversations
between agents, where the actions that are the object of the request act are
themselves communicative acts such asinform.
Summary Formal <i, request(j, a)>
Modd FP: FP() [i\j] BiAgent(j,a) B, Done(d)
RE: Done(a)

Note: this summary isincluded here for completeness. For full details, see §0Formal-DasiS oFACL-
Examples Agent i requestsj to open afile:
(request

:sender |

‘receiver |

.content "open \"db.txt\" for input”

: | anguage vb)

1050 6.5.19
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1051 request-when

Summary: The sender wants the receiver to perform some action when some given
proposition becomes true.

Messagecontent: | A tuple of an action description and a proposition.

Description: Request-when allows an agent to inform another agent that a certain action
should be performed as soon as a given precondition, expressed as a
proposition, becomes true.

The agent receiving arequest-when should either refuse to take on the
commitment, or should arrange to ensure that the action will be performed
when the condition becomes true. This commitment will persist until such
time asit is discharged by the condition becoming true, the requesting agent
cancels the request-when, or the agent decides that it can no longer honour the
commitment, in which case it should send arefuse message to the originator.
No specific commitment isimplied by the specification as to how frequently
the proposition is re-evaluated, nor what the lag will be between the
proposition becoming true and the action being enacted. Agents which require
such specific commitments should negotiate their own agreements prior to
submitting the request-when act.

Summary Formal . L
Modd <i, request-when(j, <j, act>, )>
<i, inform(j, ( €") Done(e") Unique(e")

li Done(<j, act>, ( e) Enables(e, Bj )

Has-never-held-since(e', Bj )))>

FP: B; Bi (Bifj Uifj )
RE : Bj
where
= ( e") Done(e") (Unique(e")
li Done(<j, act>, ( e) Enables(e, Bj )
Has-never-held-since(e’, Bj ))

Note: this summary isincluded here for completeness. For full details, see S0Fermal-DasiS-OfF ACL-
. basis of .

Examples Agent i tells agent j to notify it as soon as an alarm occurs.
(request - when
:sender |
i receiver |
:content (

(inform:sender j :receiver i
:content "something alarmng!")
(Done( alarm))

1052 6.5.20
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1053 request-whenever

Summary: The sender wants the receiver to perform some action as soon as some
proposition becomes true and thereafter each time the proposition becomes
true again.

Messagecontent: | A tuple of an action description and a proposition.

Description: Request-whenever allows an agent to inform another agent that a certain action

should be performed as soon as a given precondition, expressed as a
proposition, becomes true, and that, furthermore, if the proposition should
subsequently become false, the action will be repeated as soon as it once more
becomes true.

Request-whenever represents a persistent commitment to re-evaluate the given
proposition and take action when its value changes. The originating agent may
subsequently remove this commitment by performing the cancel action.

No specific commitment isimplied by the specification as to how frequently
the proposition is re-evaluated, nor what the lag will be between the
proposition becoming true and the action being enacted. Agents who require
such specific commitments should negotiate their own agreements prior to
submitting the request-when act.

Summary Formal

Modd <i, request-whenever(j, <j, act>, )>
<i, inform(j, l; Done(<j, act>, ( e) Enables(e, Bj )))>
FP: B; B; (Bifj Uifj )
RE : B;
where

= lj Done(<j, act>, (' €) Enables(e, Bj ))
Note: this summary isincluded here for completeness. For full details, see §0Formal-DasiS ofF ACL-
. basis.of .

Examples Agent i tells agent j to notify it whenever the price of widgets rises from less
than 50 to more than 50.
(request - whenever
:sender |
i receiver |

:content ((inform:sender | :receiver i
:content (price wdget))
(> (price wdget) 50))

1054 6.5.20
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1055 request-whomever

Summary: The sender wants an action performed by some agent other than itself. The
receiving agent should either perform the action or passit on to some other
agent.

Messagecontent: | A tuple of an action description and a proposition.

Description: Request-whomever allows for brokering actions. an agent to inform another

agent that a certain action should be performed as soon as a given
precondition, expressed as a proposition, becomes true, and that, furthermore,
if the proposition should subsequently become fal se, the action will be
repeated as soon as it once more becomes true.

Request-whenever represents a persistent commitment to re-evaluate the given
proposition and take action when its value changes. The originating agent may
subsequently remove this commitment by performing the cancel action.

No specific commitment isimplied by the specification as to how frequently
the proposition is re-evaluated, nor what the lag will be between the
proposition becoming true and the action being enacted. Agents who require
such specific commitments should negotiate their own agreements prior to
submitting the request-when act.

Summary Formal

Modd <i, request-whenever(j, <j, act>, )>
<i, inform(j, l; Done(<j, act>, ( e) Enables(e, Bj )))>
FP: B; B; (Bifj Uifj )
RE : B;
where

= lj Done(<j, act>, (' €) Enables(e, Bj ))
Note: this summary isincluded here for completeness. For full details, see §0Formal-DasiS ofF ACL-

semanticSFormal-basis-oF-ACL-semanties,

Examples Agent i tells agent j to notify it whenever the price of widgets rises from less
than 50 to more than 50.
(request - whenever
:sender |
i receiver |

:content ((inform:sender | :receiver i
:content (price wdget))
(> (price wdget) 50))

1056 6.5.21
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1057 subscribe

Summary: The act of requesting a persistent intention to notify the sender of the value of
areference, and to notify again whenever the object identified by the reference
changes.

Messagecontent: | A definite descriptor

Description: The subscribe act is a persistent version of query-ref, such that the agent

receiving the subscribe will inform the sender of the value of the reference,
and will continue to send further informsiif the object denoted by the definite
description changes.

A subscription set up by a subscribe act is terminated by a cancel act.
Summary Formal | <j subscribe(j, x (X))>

Modd <i, request-whenever(j, <j, inform-ref(i, x (x))>, ( y) Bj ((x (X) =y))>
FP: B; Bi (Bifj Uifj )
RE : B;
where

= |j Done(<j, inform-ref(i, x (x))>, ( €) Enables(e, ( y) Bj (( X (X) =V)))

Note: this summary isincluded here for completeness. For full details, see S0Formal-PasiS-oFACL-
semanties o v basis of ACL semantics,
Examples Agent i wishesto be updated on the exchange rate of Francsto Dollars, and
makes a subscription agreement with j (an exchange rate server):
(subscri be

:sender |

‘receiver j:

:content (iota ?x (= ?x (xch-rate FFr USD)))

1058 7
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| nter action Protocols

Ongoing conversations between agents often fall into typical patterns. In such cases, certain message
sequences are expected, and, at any point in the conversation, other messages are expected to follow. These
typical patterns of message exchange are called protocols. A designer of agent systems has the choice to
make the agents sufficiently aware of the meanings of the messages, and the goals, beliefs and other mental
attitudes the agent possesses, that the agent’ s planning process causes such protocols to arise spontaneously
from the agents' choices. This, however, places a heavy burden of capability and complexity on the agent
implementation, though it is not an uncommon choice in the agent community at large. An aternative, and
very pragmatic, view isto pre-specify the protocols, so that a ssmpler agent implementation can nevertheless
engage in meaningful conversation with other agents, ssimply by carefully following the known protocol.
This section of the specification details a number of such protocols, in order to facilitate the effective inter-
operation of ssmple and complex agents. No claim is made that thisis an exhaustive list of useful protocols,
nor that they are necessary for any given application. The protocols are given pre-defined names: the
requirement for adhering to the specification is:

Requirement 8:

An ACL compliant agent need not implement any of the standard protocols, nor isit restricted
from using other protocol names. However, if one of the standard protocol names is used, the
agent must behave consistently with the protocol specification given here.

Note that, by their nature, agents can engage in multiple dialogues, perhaps with different agents,
simultaneously. The term conversation is used to denote any particular instance of such adialogue. Thus, the
agent may be concurrently engaged in multiple conversations, with different agents, within different
protocols. The remarks in this section which refer to the receipt of messages under the control of agiven

protocol refer only to a particular conversation.
7.1 Specifying when a protocol isin operation

Notionally, two agents intending to use a protocol should first negotiate whether to use a protocol, and, if so,
which one. However, providing the mechanism to do this would negate a key purpose of protocols, which is
to ssimplify the agent implementation. The following convention is therefore adopted: placing the name of the
protocol that isbeing used in the :protocol parameter of a message is equivalent to (and slightly more
efficient than) prepending with an informthat i intends that the protocol will be done (i.e., formally, I; Dong(
protocol-name )). Once the protocol is finished, which may occur when one of the final states of the protocol
is reached, or when the name of the protocol is dropped from the: pr ot ocol parameter of the message, this
implicit intention has been satisfied.

If the agent receiving a message in the context of a protocol which it cannot, or does not wish to, support, it
should send back a refuse message explaining this.

Example:
(request :sender i
‘receiver |
:content sone-act
- protocol fipa-request
)

7.2 Protocol Description Notation

The following notation is used to describe the standard interaction protocols in a convenient manner:
Boxes with double edges represent communicative actions.
White boxes represent actions performed by initiator.

Page 49



1100
1101
1102

1103

1104
1105
1106
1107
1108

1109
1110

1111
1112
1113
1114
1115
1116

1117
1118
1119

1120
1121

FIPA 97, Version 2.03-% Part 2 © FIPA (1997,1998)

Shaded boxes are performed by the other participant(s) in the protocol.
Italicised text with no box represents a comment.

CA of message type
and message content
as performed by initiator

response of message type another response of type
and message content and content
as performed by recipient as performed by recipient

A comment

Figure 222 — Example of graphical description of protocols
The above notation is meant solely to represent the protocol as it might be seen by an outside observer. In
particular, only those actions should be depicted which are explicit objects of conversation. Actions which
areinternal to an agent in order to execute the protocol are not represented as this may unduly restrict an
agent implementation (e.g. it is of no concern how an agent arrives at a proposal).

7.3 Defined protocols

7.3.1 Failuretounderstand aresponse during a protocol

Whilst not, strictly speaking, a protocol, by convention an agent which is expecting a certain set of responses
in a protocol, and which receives another message not in that set, should respond with a not-under stood
message.

To guard against the possibility of infinite message loops, it is not permissible to respond to a not-under stood
message with another not-under stood message!

7.3.2 FIPA-request Protocol
The FIPA-request protocol simply allows one agent to request another to perform some action, and the
receiving agent to perform the action or reply, in some way, that it cannot.

request
action
not-understood refuse agree
reason
failure inform inform
reason Done(action) (iota x (result action) x)

Figure 333 — FIPA-Request Protocol
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7.3.3 FIPA-query Protocol

In the FIPA-query protocol, the receiving agent is requested to perform some kind of inform action.
Requesting to inform is a query, and there are two query-acts: query-if and query-ref. Either act may be used
to initiate this protocol. If the protocol isinitiated by a query-if act, it the responder will plan to return the
answer to the query with anormal inform act. If initiated by query-ref, it will instead be an inform-ref that is
planned. Note that, since inform-ref isamacro act, it will in fact be an inform act that isin fact carried out by
the responder.

guery or
query-ref

not-understood

failure refuse
reason reason

Figure 444 — FIPA-Query Protocol

7.3.4 FIPA-request-when Protocol
The FIPA-request-when protacol is simply an expression of the full intended meaning of the request-when
action. The requesting agent the reguest-when action to seek from the requested agent that it performs
some action in the future once a given precondition becomes true. If the requested agent understands the
request and does not refuse, it will wait until the precondition occurs then perform the action, after which it
will notify the requester that the action has been performed. Note that this protocol is somewhat redundant in
the case that the action requested involves notifying the requesting agent anyway. If it subsequently becomes
impossible for the requested agent to perform the action, it will send arefuse request to the original requestor.
precondition

I I |
refuse ” agree ”

request-when
action

not-understood
reason

can proceed? cannot proceed

precondition |
is true refuse
reason

failure
reason

inform
Done(action)

Figur e 555 — FI PA-request-when protocol
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7.3.5 FIPA-contract-net Protocol

This section presents a version of the widely used Contract Net Protocol, originally developed by Smith and
Davis [Smith & Davis 80]. FIPA-Contract-Net is a minor modification of the original contract net protocol in
that it adds rejection and confirmation communicative acts. In the contract net protocol, one agent takes the
role of manager. The manager wishes to have some task performed by one or more other agents, and further
wishes to optimise afunction that characterises the task. This characteristic is commonly expressed as the
price, in some domain specific way, but could aso be soonest time to completion, fair distribution of tasks,
etc.

The manager solicits proposals from other agents by issuing a call for proposals, which specifies the task and
any conditions the manager is placing upon the execution of the task. Agents receiving the call for proposals
are viewed as potential contractors, and are able to generate proposals to perform the task as propose acts.
The contractor’ s proposal includes the preconditions that the contractor is setting out for the task, which may
be the price, time when the task will be done, etc. Alternatively, the contractor may refuse to propose. Once
the manager receives back replies from all of the contractors, it evaluates the proposals and makes its choice
of which agentswill perform the task. One, several, or no agents may be chosen. The agents of the selected
proposal(s) will be sent an acceptance message, the others will receive a notice of rejection. The proposals are
assumed to be binding on the contractor, so that once the manager accepts the proposal the contractor
acquires a commitment to perform the task. Once the contractor has completed the task, it sends a completion
message to the manager.

Note that the protocol requires the manager to know when it hasreceived al replies. In the case that a
contractor fails to reply with either a propose or arefuse, the manager may potentially be left waiting
indefinitely. To guard against this, the cfp includes a deadline by which replies should be received by the
manager. Proposals received after the deadline are automatically rejected, with the given reason that the
proposal was late.

cfp
action

preconditionsl

propose
preconditions2

not-understood ‘l

refuse
reason

Deadline for proposals | |

reject-proposal

reason ‘ proposal

accept-proposal ‘|

reason Done(action) reason

failure ‘

inform ‘l

cancel ‘l

the manager cancels the
contract due to a change
of situation

Figure 666 — FIPA-Contract-Net
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7.3.6 FIPA-Iterated-Contract-Net Protocol

The iterated contract net protocol is an extension of the basic contract net as described above. It differs from
the basic version of the contract net by allowing multi-round iterative bidding. As above, the manager issues
theinitial call for proposals with the cfp act. The contractors then answer with their bids as propose acts. The
manager may then accept one or more of the bids, rejecting the others, or may iterate the process by issuing a
revised cfp. The intent is that the manager seeks to get better bids from the contractors by modifying the call
and requesting new (equivalently, revised) bids. The process terminates when the manager refuses all
proposals and does not issue a new call, accepts one or more of the bids, or the contractors al refuse to bid.

cfp
action
preconditions1

l

propose
preconditions2

not-understood

refuse
reason

reject-proposal
reason

|

reject-proposal
reason

accept-proposal
preconditions3

l

failure
reason

Figure 7#7 — FIPA-iter ated-contract-net protocol

inform
Done(action)

7.3.7 FIPA-Auction-English Protoco

In the English Auction, the auctioneer sto find the market price of agood by initially proposing a price
below that of the supposed market value, and then gradually raising the price. Each time the priceis
announced, the auctioneer waits to see if any buyers will signal their willingness to pay the proposed price.
As soon as one buyer indicates that it will accept the price, the auctioneer issues anew call for bids with an
incremented price. The auction continues until no buyers are prepared to pay the proposed price, at which
point the auction ends. If the last price that was accepted by a buyer exceeds the auctioneer's (privately
known) reservation price, the good is sold to that buyer for the agreed price. If the last accepted priceisless
than the reservation price, the good is not sold.

In the following protocol diagram, the auctioneer's calls, expressed as the general cfp act, are multicast to al
participants in the auction. For ssimplicity, only one instance of the message is portrayed. Note also that in a
physical auction, the presence of the auction participants in one room effectively means that each acceptance
of abid is simultaneously broadcast to all participants, not just the auctioneer. This may not be truein an
agent marketplace, in which caseit is possible for more than one agent to attempt to bid for the suggested
price. Even though the auction will continue for aslong as there is at |east one bidder, the agents will need to
know whether their bid (represented by the propose act) has been accepted. Hence the appearance in the
protocol of accept-proposal and reject-proposal messages, despite this being implicit in the English Auction
process that is being modelled.
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" perform action “ " “

Figur e 888 — FI PA-auction-english protocol

7.3.8 FIPA-Auction-Dutch Protocol

In what is commonly called the Dutch Auction, the auctioneer attempts to find the market price for a good by
starting bidding at a price much higher than the expected market value, then progressively reducing the price
until one of the buyers accepts the price. The rate of reduction of the priceis up to the auctioneer, and the
auctioneer usually has areserve price below which it will not go. If the auction reduces the price to the
reserve price with no buyers, the auction terminates.

The term "Dutch Auction” derives from the flower markets in Holland, where this is the dominant means of
determining the market value of quantities of (typically) cut flowers. In modelling the actual Dutch flower
auction (and indeed in some other markets), some additional complexities occur. First, the good may be split:
for example the auctioneer may be selling five boxes of tulips at price x, and a buyer may step in and
purchase only three of the boxes. The auction then continues, with a price at the next increment below x, until
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the rest of the good is sold or the reserve price met. Such partial sales of goods are only present in some
markets; in others the purchaser must bid to buy the entire good. Secondly, the flower market mechanismis
set up to ensure that there is no contention amongst buyers, by preventing any other bids once a single bid has
been made for a good. Offers and bids are binding, so there is no protocol for accepting or rejecting abid. In
the agent case, it is not possible to assume, and too restrictive to require, that such conditions apply. Thusitis
quite possible that two or more bids are received by the auctioneer for the same good. The protocol below
thus allows for a bid to be rgjected. Thisisintended only to be used in the case of multiple, competing,
simultaneous bids. It is outside the scope of this specification to pre-specify any particular mechanism for
resolving this conflict. In the general case, the agents should make no assumptions beyond "first come, first
served"”. In any given domain, other rules may apply.

|| ClIU Ul auulull II

Figure 999 — FI PA-auction-dutch protocol

8
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Formal basis of ACL semantics

This section provides aformal definition of the communication language and its semantics. The intention
here is to provide a clear, unambiguous reference point for the standardised meaning of the inter-agent
communicative acts expressed through messages and protocols. This section of the specification is normative,
in that agents which claim to conform to the FIPA specification ACL must behave in accordance with the
definitions herein. However, this section may be treated as informative in the sense that no new information
isintroduced here that is not already expressed el sewhere in this document. The non mathematically-inclined
reader may safely omit this section without sacrificing a full understanding of the specification.

Note also that conformance testing, that is, demonstrating in an unambiguous way that a given agent
implementation is correct with respect to this forma model, is not a problem which has been solved in this

FIPA specification. Conformance testing will be the subject of further work by FIPA.
8.1 Introduction to formal model

This section presents, in an informal way, the model of communicative acts that underlies the semantics of
the message language. This model is presented only in order to ground the stated meanings of
communicative acts and protocols. It isnot a proposed ar chitectur e or a structural model of the agent
design.

Other than the special case of agents that operate singly and interact only with human users or other software
interfaces, agents must communicate with each other to perform the tasks for which they are responsible.
Consider the basic case shown below:

Agent i
M oM | e—
A 4
Convert to transport form Convert from transport form
4 T

Message delivery / transportation service

Figure 101610 — M essage passing between two agents
Suppose that, in abstract terms, Agent i has amongst its mental attitudes the following: some goal or
objective G, and some intention | . Deciding to satisfy G, the agent adopts a specific intention, | . Note that
neither of these statements entail acommitment on thedesign of i : Gand | could equivalently be encoded as
explicit termsin the mental structures of a BDI agent, or implicitly in the call stack and programming
assumptions of asimple Java or database agent.
Assuming that i cannot carry out the intention by itself, the question then becomes which message or set of
messages should be sent to another agent (j in the figure) to assist or cause intention | to be satisfied? If
agent i isbehaving in some reasonable sense rationally, it will not send out a message whose effect will not
satisfy the intention and hence achieve the goal. For example, if Harry wishes to have a barbecue (G =
"have a bar becue"), and thus derives agoal to find out if the weather will be suitable (G = " know
if it is raining today"),andthusintendsto find out theweather (I = "find out if it
i s raini ng"), hewill beill-advised to ask Sally "have you bought Acme stock today?'. From Harry's
perspective, whatever Sally says, it will not help him to determine whether it is raining today.
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Continuing the example, if Harry, acting more rationally, asks Sally "can you tell meif it israining today?",
he has acted in away he hopes will satisfy hisintention and meet his goal (assuming that Harry thinks that
Sally will know the answer). Harry can reason that the effect of asking Sally isthat Sally would tell him,
hence making the request fulfils hisintention. Now, having asked the question, can Harry actually assume
that, sooner or later, he will know whether it is raining? Harry can assume that Sally knows that he does not
know, and that she knows that he is asking her to tell him. But, simply on the basis of having asked, Harry
cannot assume that Sally will act to tell him the weather: she is independent, and may, for example, be busy
elsewhere.

In summary: an agent plans, explicitly or implicitly (through the construction of its software) to meet its goals
ultimately by communicating with other agents, i.e. sending messages to them and receiving messages from
them. The agent will select acts based on the relevance of the act's expected outcome or rational effect to its

goals. However, it cannot assume that the rational effect will necessarily result from sending the messages.
8.2 The SL Language

SL, standing for Semantic Language, is the formal language used to define the[sgmantics of the FIPA ACL.
Assuch, SL itself hasto be precisely defined. In this section, we present the SL language definition and the
semantics of the primitive communicative acts.

8.2.1 Basisof theSL formalism
In SL, logical propositions are expressed in alogic of mental attitudes and actions, formalised in afirst order
modal language with identity® (see [Sadek 91a] for details of thislogic). The components of the formalism
used in the following are as follows:

p, p., ... are taken to be closed formulas denoting propositions,

and areformulaschemas, which stand for any closed proposition

i and j are schematic variables which denote agents

| meansthat isvalid.
The mental model of an agent is based on the representation of three primitive attitudes: belief, uncertainty
and choice (or, to some extent, goal). They are respectively formalised by the modal operators B, U, and C.
Formulas using these operators can be read as:

Bp “i (implicitly) believes (that) p”

Up “i isuncertain about p but thinks that p ismore likely than p”

Cip “i desiresthat p currently holds”
Thelogical model for the operator B is a KD45 possible-worlds-semantics Kripke structure (see, e.g.,
[Halpern & Moses 85]) with the fixed domain principle (see, e.g., [Garson 84]).
To enable reasoning about action, the universe of discourse involves, in addition to individual objects and
agents, sequences of events. A sequence may be formed with a single event. This event may be also the void
event. The language involves terms (in particular a variable €) ranging over the set of event sequences.
To talk about complex plans, events (or actions) can be combined to form action expressions:

a; ; az isasequence in which & follows &

a; ayisanondeterministic choice, in which either a;happens or a,, but not both.
Action expressions will be noted a.
The operators Feasible, Done and Agent are introduced to enable reasoning about actions, as follows:

Feasible( a, p) meansthat a can take place and if it does p will be true just after that

Done( a, p) meansthat a has just taken place and p was true just before that

6 This logical framework is similar in many aspects to that of Cohen and Levesque (1990).
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Agent( i, a) meansthat i denotes the only agent performing, or that will be performing, the actions
which appear in action expression a.
Sngle( a) means that a denotes an action expression that is not a sequence. Any individual action is
Sngle. Thecompositeacta ; b isnot Sngle. Thecompositeacta | b isSngleiff bothaand b
are Sngle.
From belief, choice and events, the concept of persistent goal is defined. An agent i has p as a persistent goal,
if i hasp asagoal and is self-committed toward this goal until i comes to believe that the goal is achieved or
to believe that it is unachievable. Intention is defined as a persistent goal imposing the agent to act. Formulas
as PG,p and |;p are intended to mean that “i has p as a persistent goal” and “i has the intention to bring about
p”, respectively. The definition of | entails that intention generates a planning process. See [ Sadek 92] for
the details of aformal definition of intention.
Note that there is no restriction on the possibility of embedding mental attitude or action operators. For
example, formula U; B; | Done( a, Bip ) informally means that agent i believes that, probably, agent j thinks
that i has the intention that action a be done before which i has to believe p.
A fundamental property of the proposed logic is that the modelled agents are perfectly in agreement with their
own mental attitudes. Formally, the following schemaisvalid:
Bi
where isgoverned by amodal operator formalising a mental attitude of agent i.

8.2.2 Abbreviations
In the text below, the following abbreviations are used:

i) Feasible(a) Feasible(a True)

ii) Done(a) Donea, True)

iii) Possible( ) ( a)Feasble(a, )

iV) Bifi B; B;
Bif, meansthat either agent i believes or that it believes

v) Brefi () (y)Bi(X) ¥)=y
where isthe operator for definite description and ( X) (X) isread “the (xwhichis) “. Bref; (X)
means that agent i believesthat it knowsthe (x whichis) .

vi) Uif; Ui Ui
Uif, meansthat either agent i is uncertain (in the sense defined above) about or that it is
uncertain about

vii) Urefi () (Ui (X (¥ =y
Uref, (X) has the same meaning as Bref; (X), except that agent i has an uncertainty attitude with
respect to (x) instead of a belief attitude

Viii)ABn,i’j BiBjBi
introduces the concept of alternate beliefs, nis apositive integer representing the number of B
operators alternating between i and j.

In the text, the term "knowledge" is used as an abbreviation for "believes or is uncertain of".
8.3 Underlying Semantic M odel

The components of a communicative act (CA) model that are involved in a planning process characterise
both the reasons for which the act is selected and the conditions that have to be satisfied for the act to be
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planned. For agiven act, the former is referred to as the rational effect or RE’, and the latter as the feasibility
preconditions or FP’s, which are the qualifications of the act.

8.3.1 Property 1
To give an agent the capability of planning an act whenever the agent intends to achieveits RE, the agent
should adhere to the following property:

Let ax be an act such that:

) (%) Bakc=x,

i) pisthe RE of a and

iii) C; Possible( Done(ay) );
then the following formulais valid:

lip liDoneg(a; ... &)

where ay, ...,a, are all the acts of type ay.
This property says that an agent's intention to achieve a given goal generates an intention that one of the acts
known to the agent be done. Further, the act is such that its rational effect corresponds to the agent's goal, and
that the agent has no reason for not doing it.
The set of feasibility preconditions for a CA can be split into two subsets: the ability preconditions and the
context-relevance preconditions. The ability preconditions characterise the intrinsic ability of an agent to
perform agiven CA. For instance, to sincerely assert some proposition p, an agent has to believe that p. The
context-relevance preconditions characterise the relevance of the act to the context in which it is performed.
For instance, an agent can be intrinsically able to make a promise while believing that the promised action is
not needed by the addressee. The context-relevance preconditions correspond to the Gricean quantity and
relation maxims.

8.3.2 Property 2
This property imposes on an agent an intention to seek the satisfiability of its FP's, whenever the agent elects
to perform an act by virtue of property 1 8:

liDone(a) BjFeasble(a) |;BjFeasible(a)

8.3.3 Property 3
If an agent has the intention that (the illocutionary component of) a communicative act be performed, it
necessarily has the intention to bring about the rational effect of the act. The following property formalises
thisidea:

liDone(a) |;RE(a)
where RE(a) denotes the rational effect of act a.

8.34 Property 4
Consider now the complementary aspect of CA planning: the consuming of CA’s. When an agent observes a
CA, it should believe that the agent performing the act has the intention (to make public itsintention) to
achieve the rational effect of the act. Thisis called the intentional effect. The following property captures this
intuition:

Bi( Done(a) Agent(j,a) [jRE(Q))
Note, for completeness only, that a strictly precise version of this property is as follows:

Bi( Done(a) Agent(j,a) |jBil;RE(@))

7 Rational effect is also referred to as the perlocutionary effect in some of the work prior to this specification, e.g. [Sadek 90].
8 See [Sadek 91b] for ageneralised version of this property.
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8.3.5 Property 5
Some FP' s persist after the corresponding act has been performed. For the particular case of CA'’s, the next
property isvalid for all the FP’swhich do not refer to time. In such cases, when an agent observes a given
CA, itisentitled to believe that the persistent feasibility preconditions hold:

Bi(Done(a) FP(a))
8.4 Notation

A communicative act model will be presented as follows:
<i, Act(j, C)>
FP: 1
RE: »
wherei isthe agent of the act, | the recipient, Act the name of the act, C stands for the semantic content or
propositional content®, and ; and , are propositions. This notational form isused for brevity, only within
this section on the formal basis of ACL. The correspondence to the standard transport syntax adopted above
isillustrated by a simple trandation of the above example:
( Act
- sender |
‘receiver |
:content C)
Note that this also illustrates that some aspects of the operationa use of the FIPA-ACL fall outside the scope
of thisformal semantics but are still part of the specification. For example, the above exampleis actually
incomplete without : | anguage and : ont ol ogy parameters to given meaning to C, or some means of

arranging for these to be known.
8.5 Primitive Communicative Acts

85.1 Theassertivelnform
One of the most interesting assertives regarding the core of mental attitudes it encapsulatesis the act of
informing. An agent i is able to inform an agent j that some proposition p istrueonly if i believesp (i.e., only
if Bp). Thisact is considered to be context-relevant only if i does not think that j already believes p or its
negation, or that j is uncertain about p (recall that belief and uncertainty are mutually exclusive). If i is
aready aware that | does aready believe p, thereis no need for further action by i. If i believesthat | believes
not p, i should disconfirmp. If j isuncertain about p, i should confirm p.

<i, INFORM (j, )>

FP. B B(Bif,  Uif; )

RE: B,
The FP' s for inform have been constructed to ensure mutual exclusiveness between CA’s, when more that
one CA might deliver the same rational effect.
Note, for completeness only, that the above version of the Inform model is the operationalised version. The
complete theoretical version (regarding the FP's) is the following:

<i, INFORM (j, )>

FP. B; ngl ABn,i,j B; B; Bj

RE: B;

[0 AByj;jB;

n>2

8.5.2 Thedirective Request
The following model defines the directive Request:

9 See [Searle 69] for the notions of propositional content (and illocutionary force) of an illocutionary act.
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<i, REQUEST (j,a)>
FP. FP(a) [i\]] BjAgent(j,a) Bj PGjDone(a)
RE: Done(a)
where:
aisaschematic variable for which any action expression can be substituted;
FP(a) denotes the feasibility preconditions of a;
FP(a) [i\]] denotesthe part of the FP's of a which are mental attitudes of i.

8.5.3 Confirming an uncertain proposition: Confirm
The rational effect of the act Confirmisidentical to that of most of the assertives, i.e., the addressee comesto
believe the semantic content of the act. An agent i is ableto confirm a property p to an agent j only if i
believesp (i.e., Bp). Thisisthe sincerity condition an assertive act imposes on the agent performing the act.
The act Confirmis context-relevant only if i believesthat j is uncertain about p (i.e., B U, p). In addition, the
analysis to determine the qualifications required for an agent to be entitled to perform an Inform act remains
valid for the case of the act Confirm. These qualifications are identical to those of an Inform act for the part
concerning the ability preconditions, but they are different for the part concerning the context relevance
preconditions. Indeed, an act Confirmisirrelevant if the agent performing it believes that the addressee is not
uncertain of the proposition intended to be confirmed.
In view of thisanalysis, the following is the model for the act Confirm:

<i, CONFIRM(j, )>

FP: B; BiU;

RE: B

8.5.4 Contradicting knowledge: Disconfirm
The Confirm act has a negative counterpart: the Disconfirm act. The characterisation of thisact issimilar to
that of the Confirm act and leads to the following model:
<i, DISCONFIRM(j, )>
FP. B BU B )
RE: B
8.6 Composite Communicative Acts

An important distinction is made between acts that can be carried out directly, and those macro acts which
can be planned (which includes requesting another agent to perform the act), but cannot be directly carried
out. The distinction centres on whether it is possible to say that an act has been done, formally Done( Action,
p) (see 808—
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Formal-basis-of- ACL-semanties). An act which is composed of primitive communicative actions (inform,
request, confirm), or which is composed from primitive messages by substitution or sequencing (viathe*®;”
operator), can be performed directly and can be said afterwards to be done. For example, agent i can inform j
that p; Done( <i, inform(j, p) > ) isthen true, and the meaning (i.e. the rational effect) of this action can be
precisely stated.
However, alarge class of other useful actsis defined by composition using the disunction operator (written
“I"). By the meaning of the operator, only one of the digjunctive components of the act will be performed
when the act is carried out. A good example of these macro-actsis the inform-ref act. Inform-ref is amacro
act defined formally by:

<i, INFORM-REF(j, X (X))> <i,INFORM(j, x (X)=ry)>]...|<i,INFORM(j, X (X)=rn)>
where n may be infinite. This act may be requested (for example, j may request i to perform it), or i may plan
to perform the act in order to achieve the (rational) effect of j knowing the referent of (x). However, when
the act is actually performed, what is sent, and what can be said to be Done, is an inform act.
Finally an inter-agent plan is a sequence of such communicative acts, using either composition operator,
involving two or more agents. Communications protocols (g.v.) are primary examples of pre-enumerated
inter-agent plans.

8.6.1 Theclosed-question case
In terms of illocutionary acts, exactly what an agent i is requesting when uttering a sentence such as“Isp?’
toward arecipient j, isthat j performs the act of “informing i that p” or that j performs the act “informing i
that p”. We know the model for both of these acts: <j, INFORM (i, )>. In addition, we know the relation
“or” set between these two acts: it isthe relation that allows for the building of action expressions which
represent a non-deter ministic choice between several (sequences of) events or actions.
In fact, as mentioned above, the semantic content of a directive refersto an action expression; so, this can be
adigunction between two or more acts. Hence, by using the utterance “Is p?’, what an agent i requests an
agent j to do isthe following action expression:

<j, INFORM (i, p)> <j, INFORM (i, p)>
It seems clear that the semantic content of a directive realised by a yes/no-question can be viewed as an action
expression characterising an indefinite choice between two CA’s Inform. In fact, it can also be shown that the
binary character of thisrelation isonly a special case: in general, any number of CA’s Inform can be handled.
In this case, the addressee of adirectiveis allowed to choose one among severa acts. Thisisnot only a
theoretical generalisation: it accounts for classical linguistic behaviour traditionally called Alternatives
guestion. An example of an utterance realising an alternative question is “Would you like to travel in first
class, in business class, or in economy class?’. In this case, the semantic content of the request realised by
this utterance is the following action expression:

<j, INFORM (i, p1)> <], INFORM (i, p.)> <], INFORM (i, ps)>
where p;, p2 and p3 are intended to mean respectively that j wants to travel in first class, in business class, or
in economy class.
Asit stands, the agent designer has to provide the plan-oriented model for this type of action expression. In
fact, it would be interesting to have a model which is not specific to the action expressions characterising the
non-deterministic choice between CA’s of type Inform, but a more general model where the actions referred
to in the digunctive relation remain unspecified. In other words, to describe the preconditions and effects of
theexpressona, a, ... a,wherea, a,, ..., &, are any action expressions. It is worth mentioning that the
goal isto characterise this action expression as a digunctive macro-act which is planned as such; we are not
attempting to characterise the non-deterministic choice between acts which are planned separately. In both
cases, the result is a branching plan but in the first case, the plan is branching in an a priori way whilein the
second caseit is branching in an a posteriori way.
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1501  Anagent will plan a macro-act of non-deterministic choice when it intends to achieve the rational effect of
1502  one of the acts composing the choice, no matter which oneit is. To do that, one of the feasibility

1503  preconditions of the acts must be satisfied, no matter which oneit is. This produces the following model for a
1504  digunctive macro-act:

1505 a & ... a,
1506 FP. FP(a,) FP(a) .. FP(a)
1507 RE: RE(a;) RE(a) .. RE(a)

1508  where FP(ay) and RE(ay) represent the FP's and the RE of the action expression gy respectively.

1509 Because the yes/no-question, as shown, is a particular case of alternatives question, the above model can be
1510 specialised to the case of two acts Inform having opposite semantic contents. Thus, we get the following
1511 modsl:

1512 <i, INFORM(j, )> <i,INFORM(j, )>
1513 FP: Bif; Bi(Bif,  Uif; )
1514 RE: Bif;

1515 Inthe same way, we can derive the digunctive macro-act model which gathers the acts Confirm and
1516  Disconfirm. We will use the abbreviation <i, CONFDISCONF(j, )>to refer to the following model:

1517 <i, CONFIRM(j, )> <i, DISCONFIRM(j, >
1518 FP: Bifi  BiU;
1519 RE: Bif;

1520 8.6.2 Thequery-if act:

1521  Starting from the act models <j, INFORM-IF(i, )> and <i, REQUEST( |, a)>, it ispossibleto derive the
1522  query-if act model (and not plan, as shown below). Unlike a confirm/disconfirm-question, which will be
1523  addressed below, an query-if act requires the agent performing it not to have any knowledge about the

1524  proposition whose truth value is asked for. To get this model, a transformation has to be applied to the FP's
1525  of theact <j, INFORM-IF(i, )>and leadsto the following model for a query-if act:

1526 <i, QUERY-IF(], <i, REQUEST(j, <j, INFORM-IF(i, )>)>
1527 FP. Bif  Uif B PGjDone(<j, INFORM-IF (i, )>)
1528 RE: Done( <j, INFORM(i, )> <j, INFORM(i, )>)

1529 8.6.3 Theconfirm/disconfirm-question act:
1530 Inthesameway, it is possible to derive the following ConfirnvDisconfirm-question act model:

1531 <i, REQUEST( j, <j, CONFDISCONF(i, )>)>
1532 FP: U, B PGDone( <j, CONFDISCONF(i, )>)
1533 RE: Done( <j, CONFIRM(i, )> <j, DISCONFIRM(i, ) )

1534 8.6.4 Theopen-question case:

1535 Open question is a question which does not suggest a choice and, in particular, which does not require a

1536  yes/no answer. A particular case of open questions are the questions which require referring expressions as an
1537 answer. They are generally called wh-questions. The “wh” refers to interrogative pronouns such as “what”,
1538 “who”, “where”, or “when”. Nevertheless, this must not be taken literally since the utterance “How did you
1539 travel?’ can be considered as a wh-question.

1540 A forma plan-oriented model for the wh-questionsis required. In the model below, from the addressee's
1541  viewpoint, this type of question can be viewed as a closed question where the suggested choice is not made

10 For more details about this transformation, called the double-mirror transformation, see [Sadek 91a, 91b).
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explicit because it istoo wide. Indeed, a question such as“What is your destination?’ can be restated as
“What is your destination: Paris, Rome,... 7".
The problem isthat, in general, the set of definite descriptions among which the addressee can (and must)
choose is potentially an infinite set, not because, referring to the example above, there may be an infinite
number of destinations, but because, theoretically, each destination can be referred to in potentially an infinite
number of ways. For instance, Paris can be referred to as “the capital of France’, “the city where the Eiffel
Tower islocated”, “the capital of the country where the Man-Rights Chart was founded”, etc. However, it
must be noted that in the context of man-machine communication, the language used is finite and hence the
number of descriptions acceptable as an answer to awh-question is also finite.
When asking a wh-question, an agent j intends to acquire from the addressee i an identifying referring
expression (IRE) [Sadek 90] for a definite description, in the general case. Therefore, agent j intends to make
hisinterlocutor i perform a CA which is of the following form:

<i, INFORM(j, X (X)=r)>
wherer isan IRE (e.g., astandard name or a definite description) and X (X) is adefinite description. Thus,
the semantic content of the directive performed by a wh-question is a disjunctive macro-act composed with
acts of the form of the act above. Here isthe model of such a macro-act:

<i, INFORM(j, x (X)=r1)> ... <i,INFORM(], X (X) =rk)>
where ri are IRES. To deal with the case of closed questions, the generic plan-oriented model proposed for a
digunctive macro-act can be instantiated for the account of the macro-act above. Note that the following
equivalenceisvalid:

B x(X¥=ri Bix(X=r2 ..) (y)B xX=y
This produces the following model, which isreferred to as <i, INFORM-REF(j, x (X) )>:

<j, INFORM-REF(i, x (X))>

FP: Brefi( x (X)) Urefi( x (X)) Bj I Done(<j, Inform-ref(i, x (x))>)

RE : Done(<j, Inform(i, x (X) = ry)>| ... [<j, Inform(i, x (X) = ry)>)
where Bref, (x) and Uref; (X) are abbreviations introduced above, and ref; (X) is an abbreviation defined as:

ref, (x) Bref, (x) Uref; (X

Provided the act models <j, INFORM-REF (i, x (X))> and <i, REQUEST (j, a)>, the wh-question act model
can be built up in the same way as for the yn-question act model. Applying the same transformation to the
FP's of the act schema <j, INFORM-REF (i, x (x))>, and by virtue of property 3, the following model is
derived:

<i, REQUEST( j, <j, INFORM-REF(i, x (x)>)>

FP: refi (X)) B; PGjDone( <j, INFORM-REF(i, x (X))>)

RE: Dong(<i, INFORM (j, X (X)=r1)> ... <i,INFORM(]j, X (X)=rk)>)

8.6.5 Summary definitionsfor all standard communicative acts
1.1.11  Noteon use of symbolsin formulae

Note that variable symbols are used in the following definitions as shown below:
Table 333 — Meaning of symbolsin formulae

Symbol: Usage:

a Used to denote an action
E.g. a=<i, inform(j, p)>

act Used to denote an action type.
E.g. act = inform(j, p)
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Thus, if
a=<i, inform(j, p)>
and
act = inform(j, p)
then

a=<i, act>
Used to denote any closed proposition
(without any restriction).
p Used to denote a given proposition.
Thus' 'isaformulaschema, i.e., a
variable that denotes aformula, and 'p'
isaformula (not avariable).

1581  Consider the following axiom examples:

1582 li Bi ,

1583 Here, standsfor any formula. Itisavariable.
1584 B; (Feasible(a) p)

1585 Here, p standsfor agiven formula: the FP of act 'a’.
1586

1587 8.6.5.2  Supporting definitions
1588 Enables(e, )=Done(e, )

1589  Has-never-held-since(e', )=( el)( e2) Done(e';el;e2) Done(e2, )

1590
1591 8.6.5.3  Accept-proposal

1592  <i, accept- al(j, <j, act>, ))>
1593 <i, im li Done(<j, act>, ))>

1594 FP: B; Bi (Bifj Uifj )

1595 RE : B

1596 where

1597 = |; Done(<j, act>, )

1598 iinformsj that i hasthe intention that j will perform action ajust as soon as the precondition becomes true.

1599 8.6.54 Agree
1600 <i, agree(, <i, act>, ))>

1601 <i, inform(j, lj Done(<i, act>, ))>
1602 FP: B; Bi (Bifj Uifj )
1603 RE : B

1604  where

1605 = |; Done(<i, act>, )

1606  Note that the formal difference between the semantics of agree and accept-proposal rests on which agent is

1607  performing the action.
1608 8.6.55  Cancel

1609 <i, cancel(j, a)>
1610 <i, disconfirm(j, I Done(a))>
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FP: [jDone(@a) B;j(BjliDone(@ U;li Done(a))

RE: B;j | Done(a)
Cancel isthe action of cancelling any form of requested action. In other words, an agent i has requested an
agent j to perform some action, possibly if some condition holds. This has the effect of i informing j that i has
an intention. When i comes to drop itsintention, it hasto inform j that it no longer hasthisintention, i.e. a
disconfirm.

There is no constraint on the agent who do action 'a’ (it can be'i’, '}’ or any other agent).
8656 CFP

<i, cfp(j, <j, act>, (X))>
<i, query-ref(j, x (I Done(<j, act>, (X)) (I; Done(<j, act>, (x))))>
FP: Brefi( x (X)) Urefi( x (X)) Bi Ij Done(<j, Inform-ref(i, x (x))>)
RE : Done(<j, Infform(i, x (X) = ry)>| ... [<j, Inform(i, x (X) = ry)>)

where

(x) = I, Done(<j, act>, (x)) I Done(<j, act>, (X))
Agent i asksagent j: "What is the X' such that you will perform action 'a’ when 'p(x)" holds?"
8.6.5.7 Confirm
<i, confirm(j, )>

FP: B; Bin

RE: B; []
Confirm is a primitive communicative act.
8.6.5.8  Disconfirm
<i, disconfirm(j, )>

FP: B; Bi(Uj Bj )

RE: B;
Disconfirm is a primitive communicative act.
8.6.59 Failure
<i, fallure(j,a, )>

<i,inform(j, ( €) Single(e) Done(e, Feasible(a) |; Done(a))
Done(a) I Done(a))>

FP: B; Bi (Bifj Uifj )
RE : B;
where
=( e) Single(e) Done(e, Feasible(a) |; Done(a)) Done(a) l; Done(a)

i informsj that, in the past, i had the intention to do action aand awas feasible. i performed the action of
attempting to do a (i.e. the action/event e is the attempt to do a), but now a has not been done and i no longer
has the intention to do a, and some formulais true.

Theinformal implicationisthat isthe reason that the action failed, though this causality is not expressed

formally in the semantic model.
8.6.5.10 Inform

<i,inform(j, )>
FP. B; Bi( Bifj Uifj )
RE: B;

Inform is a primitive communicative act.
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8.6.5.11 Inform-if
i, inform-if(j, )>
<i,inform(j, )>[i, inform(, )>
FP : Bif; Bi (Bifj vif; )
RE : Bif;
Inform-if represents two possible courses of action: i informs| that p, or i informsj that not p.
8.6.5.12 Inform-ref
<i, inform-ref(j, x (X))>
<i, Inform(j, x (X)=ry)> .. (<i,Inform(j, x (X) = ry)>
FP: Bref; x (X) Bi(Brefy x (xX) Urefj x (X))
RE: Bref; x (X)
Inform-ref represents an unbounded, possibly infinite set of possible courses of action, in which i informsj of

the referent of x.
8.6.5.13 Not-understood

<i, not-understood(j, a)>
<i, Inform(j, ( x) Bj (( eDone(e) Agent(e,j) Bj(Done(e) Agent(e, )
(a=g)) = x))>
FP: B; Bi (Bifj Uifj )
RE : B
where
=( X)Bj ((eDone(e) Agent(e,j) Bj(Done(e) Agent(e,j) (a=¢€)) =X
Agent 'i' doesn't know the last event it has observed:
( ) Bi ((eDone(e) Agent(e, j)) = x)
Agent 'i' believesthat agent 'j' knows'a’ to bethelast event it ('j") just performed:
Bi (( €) Bj(Done(e) Agent(e,j) (a=¢))

Note that the existential expression is captured by the iota expression.
8.6.5.14 Propose

<i, propose(j, <i, act>, )>

<i, inform(j, I Done(<i, act>, ) I Done(<i, act>, ))>
FP: B; Bi (Bifj Uifj )
RE : B;
where

=1; Done(<i, act>, ) | Done(<i, act>, )
i informsj that, oncej informsi that j has adopted the intention for i to perform action a, and the

preconditions for i performing a have been established, i will adopt the intention to perform a.
8.6.5.15 Query-if

<i, query-if(j, )
<i, request(j, <j, inform-if(i, )>)>
FP. Bif; Uif; Bi I; Done(<j, inform-if(i, )>)
RE: Done(<j, inform(i, )>[<j, inform(i, )>)

i requestsj that j informsi whether or not istrue.

8.6.5.16 Query-ref

<i, query-ref(j, x (X))
<i, request(j, <j, inform-ref(i, x (x))>)>
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FP: Brefi( x (X)) Urefi( X (X)) Bi I; Done(<j, inform-ref(i, x (x))>)

RE: Done(<j, Inform(i, x (X) =rq)>...<], Inf0ﬁ1(i, X (X) =re>)
i requests that j informsi of the referent of x
8.6.5.17 Refuse

<i, refuse(j, <i, act>, )>

<i, disconfirm(j, Feasible(<i, act>))>;

<i, inform(j, Done(<i, act>) li Done(<i, act>))>

FP:B; Feasble(<i,act>) B;(BjFeasible(<i,act>) U;Feasble(<i,act>))

B; Bi (Bif; vif; )

RE:B;j Feasble(<i,act>) B;

where
= Done(<i, act>) li Done(<i, act>)

i informs that action ais not feasible, and further that, because of proposition , ahasnot been done and i

has no intention to do a.
8.6.5.18 Reect-proposal

<i, reject-proposal(j, <j, act>, , )>
<i, inform(j, lj Done(<j, act>, ) )>
FP: B; Bi (Bifj Uifj )
RE : B;

where

= | Done(<j, act>, )
i informs that, because of proposition i does not have the intention for j to perform action awith

precondition .

8.6.5.19 Request

<i, request(j, a)>
FP: FP(a) [i\]] Bi Agent(j,a) Bi PG; Done(a)
RE: Done(a)

Request is a primitive communicative act.

8.6.5.20 Request-when

<i, request-when(j, <j, act>, )>

<i, inform(j, ( ") Done(e") Unique(e")

li Done(<j, act>, ( e) Enables(e, Bj )
Has-never-held-since(e', Bj )))>

FP: B; Bi (Bifj Uifj )

RE: B;
where

= ( e") Done(e") (Unique(e")
li Done(<j, act>, ( e) Enables(e, Bj ) Has-never-held-since(e’, Bj ))

i informsj that i intends for j to perform some act when j comesto believe .
8.6.5.21 Request-whenever

<i, request-whenever(j, <j, act>, )>
<i, inform(j, I; Done(<j, act>, ( e) Enables(e, Bj )))>
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FP: B; Bi (Bifj Uif; )
RE : B
where
= l; Done(<j, act>, ( €) Enables(e, Bj ))

i informsj that i intends that j will perform some act whenever some event causes| to believe .
8.6.5.22 Subscribe

<i, subscribe(j, x (x))>

<i, request-whenever(j, <j, inform-ref(i, x (x))>, ( y) Bj (x (X) =Yy))> |:|
FP: B; Bi (Bifj Uifj )
RE : B;

where J [

= lj Done(<j, inform-ref(i, x (x))>, ( €) Enables(e, ( y) Bj (( X (X) =V)))
8.7 Inter-agent Communication Plans

The properties of rational behaviour stated above in the definitions of the concepts of rational effect and of
feasibility preconditions for CA’ S suggest an algorithm for CA planning. A planis built up by this algorithm
builds up through the inference of causal chain of intentions, resulting from the application of properties 1
and 2.
With this method, it can be shown that what are usually called “dialogue acts’ and for which models are
postulated, are, in fact, complex plans of interaction. These plans can be derived from primitive acts, by using
the principles of rational behaviour. The following is an example of how such plans are derived.
The interaction plan “hidden” behind a question act can be more or less complex depending on the agent
mental state when the plan is generated.
Let adirect question be a question underlain by a plan which is limited to the reaction strictly legitimised by
the question. Suppose that the main content of i's mental steateis:

B Bif; ,

l; Bif;
By virtue of property 1, the intention is generated that the act <j, INFORM-IF(i, )> be performed. Then,
according to property 2, there follows the intention to bring about the feasibility of this act. Then, the problem
isto know whether the following belief can be derived at that time from i's mental state:

B(Biff ( BBiIf Uif;
Thisisthe case with i's mental state. By virtue of properties 1 and 2, the intention that the act
<i, REQUEST ( j, <j, INFORM-IF (i, )>)> be done and then the intention to achieve its feasibility, are
inferred. The following belief is derivable:

Bi( Bif; Uif;
Now, no intention can be inferred. This terminates the planning process. The performance of adirect strict-
yn-question plan can be started by uttering a sentence such as “Has the flight from Paris arrived?’, for
example.
Given the FP s and the RE of the plan above, the following model for a direct strict-yn-question plan can be
established:

<i, YNQUESTION(j, )>

FP: B; Bifj Bifi Uifi B; Bj( Bifi Uifi )

RE: Bif;
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Annex AARrRex-AARRex-A
(informative)

ACL Conventions and Examples

i

This annex describes certain conventions that, while not a mandatory part of the specification, are commonly
adopted practices that aid effective inter-agent communications. This annex will also serve to provide
examples of ACL usage for illustrative purposes.

A.1AIA-L Conventions
A.LIALIALL Conversations amongst multiple partiesin agent communities

There is commonly aneed in inter-agent d@)gues to involve more than two parties in the conversation. A
typical example would be of agent i posing a question to agent j by sending a query-if message. Agent i
believesthat j is able to answer the query, but in fact j finds it necessary to delegate some or all of the task of
answering the question to another agent k.

The formal definition of the query-if communicative act readsthat i isrequesting j that | informsi of the truth
of proposition p. Therefore, even if | does delegate all of the query to k, the semantics of ACL requiresthat j
will be the one to perform the act of informing i. K cannot inform i directly. By extension, any chain of such
delegation acts will have to be unwound in reverse order to conform to the current specification.

The restriction that a delegating agent in such a scenario must, in effect, remain "in the loop™ clearly does not
alter the meaning of the act (except, perhaps, that it exposesi to the existence of k), but it can be critiqued on
the grounds of overall efficiency. A future version of this specification may generalise the semantic definition
to allow delegation which includes passing responsibility for answering the originator of the request directly.

See also 8A.1.4A-L4AA-14A-1AA-14 Negotiating by exchange of goals.
A.1.2A-1L2A- 12 Maintaining threads of conver sation

Agents are frequently implemented with the ability to participate in more than one conversation at the same
time. These conversations may al be with different agents, or may be with the same agent but in the context
of different tasks or subjects. The internal representation and maintenance of structures to manage the
separate conversations is a matter for the agent designer. However, there must be some support in the ACL
for the concept of separate conversations, else an agent will have no standardised way of disambiguating the
conversational context in which to interpret a given message. ACL supports conversation threading through
the use of standard message parameters which agents are free (but not required) to use. These are: :reply-
with, :in-reply-to and :conversation. Additional contextual information to assist the agent to interpret the
meaning of a message is provided through the protocol identifier, :protocol.

The first case is one of annotating a message which is expected to generate a response with an expression
which serves to abbreviate the context of the enquiry. This abbreviation is then cross-referenced in the reply.
For example, agent i asks agent j if the summer in England was wet. Without any ability to refer back to the
guestion, j cannot simply say "yes" because that would be potentially ambiguous. J can disambiguate its reply
by saying "yes, the summer in England was wet", or it could say "in response to your question, the answer is
yes'. Different styles and implementations of agents might adopt either of these tactics. The latter case is
performed through the use of :reply-with and :in-reply-to. The :reply-with parameter is used to introduce an
abbreviation for the query, :in-reply-to is used to refer back to it. For example:
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(ask-if
: sender |
' receiver |
:content (= (weather England (summer 1997)) wet)
: ont ol ogy net eor ol ogy
creply-with query-17)

(inform

: sender |

:receiver |

:content true

cin-reply-to query-17)
In addition to maintaining context over instances of exchanges of communicative acts, the agents may also
wish to maintain alonger lived conversational structure. They may be exchanging information about the
weather in the UK, and at the same time be discussing that of Peru. The conversation can provide additional
interpretative context: for example the question "what was the weather like in the summer?" is meaningful in
the context of a conversation about UK meteorology, and rather less so if no such context is known. In
addition, the conversation may simply be used by the agent to manage its communication activities,
particularly if conversations are strongly link to current tasks. The parameter :conversation-id is used to

denote aword which identifies the conversation.
A.1.3A-13A-13 Initiating sub-conver sations within protocols

The use of protocols (c.f. 80Hteraction-ProtoecelshnteractionProtoecsls) in agent interactionsis introduced in
order to provide atool that facilitates the ssmplification of the design of some agents, since the agent can
expect to know which messages are likely to be received or need to be generated at each stage of the
conversation. However, this simplicity can also be restrictive: there may legitimately be cause to step outside
the prescribed bounds of the protocol. For example, in a contract net protocol, the manager sends out a cfp
message, which should normally be followed by a propose or arefusal. Suppose that the contractor, however,
wishes some additional information (perhaps a clarification). Replying to the cfp with, for example, a query-if
action would break the protocol. While agents with powerful, complete reasoning capabilities can be
expected to deal appropriately with such an occurrence, simpler agents, adhering closely to the protocol, may
not. Nor isit asolution to anticipate all such likely responses in the protocol: such anticipation is unlikely to
cover every possibility, and anyway the resulting complexity would defeat the primary purpose of the
protocol.

Instead, the convention is suggested that adopting a new conversation-id (see above) for areply is sufficient
to indicate to the receiver that the reply should not be considered the next step in the protocol. It should not
cause a not-understood message to be generated (the normal occurrence if a protocol is broken unexpectedly).
A problem remains that adopting a new conversation-id does not make available to the agents involved the
convenience of knowing that arich context is shared. This release of the specification does not address the
issue of structured conversation-id's, in which the idea of a context-sharing sub-conversation is supported,
though a future version may do so. In the interim, it is suggested that, where a given domain finds that this
capability is a necessity, a domain specific solution to the problem of defining conversation-id's is adopted.
A.14AA-14A-14 Negotiating by exchange of goals

A common practice amongst agent communitiesisto interact and negotiate at the level of goals and
commitments, rather than explicit commands. Indeed, some researchers will say that such indirect
manipulation is one of the most compelling arguments for the effectiveness of the agent technology
paradigm.
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While the ACL semantics does include a concept of goal and intention, the core communicative act for
influencing another agent's behaviour is the request action. The main argument to request is an action, not a
goal, which requires the requesting agent to be aware of the actions that another agent can perform, and to
plan accordingly. In many instances, the agent may wish to communicate its objectives, and leave the
reasoning and planning towards the achievement of those objectives to the recipient agent.
Since no achieve-goal action is currently built-in to the ACL, it is common to embed the goal in an
expression in the chosen content language which expresses the action of achieving the goal. This action can
then be requested by the sending agent. Precise details of such a goal encoding depend on the chosen content
language. An example might be:
(request

: sender |

‘receiver |

:content (achieve (at (location 12 84) box17))

:ont ol ogy factory-nmanagenent

creply-wth query-17)

Note, for symmetry, that a converse domain action achi eved can also be used to map actionsto goals.

A.2A2A-2 Additional examples
A.2. 1A 21A21 Actionsand results

In general, the semantic model underlying the ACL states that an action does not have avalue. Clearly all
actions have effects, which are causally related to the performance of the action. However, it may be difficult
or impossible to determine the causal effects of an action. Even a posterori observation may not be able to
determine all of the effects of an action. Thus, in general, actions do not have aresult. SL allows the capture
of some intuitive notions about the effects of actions by associating the occurrence of the action with
statements about the state of the world through the Done and Feasible operators.
However, thereis a class of actions which are defined as computational activities, in which it is useful to say
that the action has aresult. For example, the action of adding two and two in a computational device. These
actions are related to the result they produce through the result predicate, which is the remit of a content
language and given domain theory. In defining the result predicate, it should be noted that it takes as an
argument a term, not an action which is a separate category.
Consider the following three example actions:
A (request :sender i :receiver |
:content (action j action))

B: (query-ref :sender i :receiver |
content (iota ?x (result (action-termj action) ?x))

C. (request :sender i :receiver |
:content (action j action)) ;
(informref :sender | :receiver i
:content (iota ?x (result (action-termj action) ?x)))
The question then arises as to the differences between these actions. In summary, the meaning of the actions,
are, respectively:
A: Agent i saysto j "do action”, but does not say anything about the result
B: Agenti saysto] "tell metheresult of doing action”
C: Agent i saystoj "do action, and then inform me of the result of doing action".
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In action B, the question can legitimately be asked whether the action is actually performed or not. It should
be noted that result is afunction in the domain language, SL in this case. Thus this question must really be
devolved to the domain representation language. Some languages may be able to compute the meaning of an
action without performing that action: this would be very useful for planning agents who may not wish to
perform an action before considering its likely effects!1. Other agents, such as expression simplifiers, do not
want to be overburdened with the complexity of performing the ssmplification, then separately having to
inform the questioner of the result of the simplification. Of course, if the meaning of the result predicatein a
given context isthat the action does, in fact, get done, then example C will likely result in the action being
done twice.

11 Consider the bomb disposal agent being asked "what is [i.e. would be] the effect of cutting the red wire?". Agents which are able to reason
about the future consequences of their actions are likely to differentiate between the operation of observing the effects of an action (result
predicate) and predicting the effects (an effect-of prediate perhaps).
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Annex BARrexBARhexB
(informative)

SL asa Content Language

This annex mtroduceﬁ a concrete syntax for the SL Ianguage that is compatible with the description in

80 : Aties. This syntax, and its associated semantics,
are suggested as acandldate content Ianguagefor usein conjunctlon with FIPA ACL. In particular, the
syntax is defi ned to be asub-grammar of the very general s-expression syntax specified for message content

This content Ianguage isi ncI uded in the specmcatlon on an informative basis. It is not mandatory for any
FIPA specification agent to implement the computational mechanisms necessary to process all of the
constructsin this language. However, SL is ageneral purpose representation formalism that may be suitable
for usein a number of different agent domains.

Statement of conformance

The following definitions of SL, and subsets SLO, SL1 and SL2 are normative defininitions of these
languages. That is, if a given agent chooses to implement a parser/interpreter for these languages, the
following definitions must be adhered to. However, these languages are informative suggestions for the use
of a content language: no agent is required as part of part 2 of this FIPA 97 specification to use the following
content languages. However it should be noted that certain other parts of the FIPA 97 specification do make
normative use of (some of) the following languages.

B.1B-1B-1 Grammar for SL concrete syntax

SLW f
SLI denti fyi ngExpressi on
SLAct i onExpr essi on.

SLCont ent Expr essi on

SLW f SLAt om cFor nul a
| "(" "not" SLWf ")"
| "(" "and" SLWf SLWf ")"
| "(" "or" SLWf SLWf ")"
| "“(" "inplies" SLWf SLWf ")"
| "(" "equiv" SLWf SLWf ")"
| "(" SLQuantifier SLVariable SLWf ")"
| "(" SLMbdal Op SLAgent SLWf ")"
| "(" SLActionOp SLActionExpression ")".
| "(" SLActionOp

SLAct i onExpression SLWf ")".
SLPr oposi ti onSynbol
(" "=" SLTerm SLTerm")"
"(" "result" SLTerm SLTerm ™)™
"(" SLPredicateSynbol SLTernt ")"
true
fal se.
“forall™
"exists".

SLAt om cFor nul a

SLQuantifier
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SLMbdal Op

SLActi onOp

SLTerm

SLI denti fyi ngExpressi on
SLFuncti onal Term
SLConst ant

Nuneri cal Const ant

SLVari abl e
SLAct i onExpr essi on

"y

SLPr oposi ti onSynbol

SLPr edi cat eSynbol
SLFunct i onSynbol

SLAgent

B.1.1B-1.1B-1.1 Lexical definitions

Wor d

Vari abl el dentifi er

IntegerLitera

Fl oati ngPoi nt Li t er al
(Exponent) ?

Deci nal Li t er al
HexLitera
Exponent
StringLitera

© FIPA (1997,1998)

" g
N

" PG

.

"f easi bl e"

"done".

SLVari abl e

SLConst ant
SLFuncti onal Term

SLAct i onExpr essi on

SLI denti fyi ngExpressi on.
"(" "iota" SLVariable SLWf
"(" SLFuncti onSynbol
Nurrer i cal Const ant
Wor d

StringLiteral
IntegerLitera

Fl oati ngPointLiteral.
Vari abl el dentifier.
"(" "action" SLAgent SLTerm")"
ACLCommuni cat i veAct

ll)ll
SLTernr ")".

"(" "|" SLActionExpression SLActi onExpression
"(" ";" SLActionExpression SLActi onExpression
Wor d.
Wor d.
Wor d.
Agent Nane.
[~ "\0x00" - "\O0x20",
"("1 ")"1 "#"l "0"_"9"! "-"l "?"]
[~ "\0x00" - "\O0x20",
(o
II?II
[~ "\0x00" - "\O0x20",
(Mt
( "-" )7? DecimalLiteral
("-")? HexLiteral.
( (=" ) [rom-rony+ ot ([m0n-"et])
(""" ) ["0"-"9"])+ Exponent.
["0"-"9"] +.
"o ["x™, "X'] (["O0"-"9","a"-"f","A"-"F"]) +.
[T, TET (T2 (10
g\L: B W (N I U U W
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B.2B-28.2 Noteson SL content language semantics

This section contains explanatory notes on the intended semantics of the constructs introduced in 8B.1 above.
B.2.1B.21B.2.1 Grammar entry point: SL content expression

An SL content expression may be used as the content of an ACL message. There are three cases:
A proposition, which may be assigned atruth value in a given context. Precisely, it is awell-formed
formula using the rules described in SLWff. A proposition is used in the inform act, and other acts
derived from it.
An action, which can be performed. An action may be a single action, or a composite action built
using the sequencing and alternative operators. An action is used as a content expression when the
act istherequest act, and other CA's derived from it.
An identifying reference expression (IRE), which identifies an object in the domain. Thisistheiota

operator, and is used in the inform-ref macro act and other acts derived fromit.
B.2.2B-22B-22 SL Waell-formed formula (SL Wff)

A well-formed formulais constructed from an atomic form ose meaning will be determined by the
semantics of the underlying domain representation, or recur by applying one of the construction
operators or logical connectives described in the grammar rule. These are:

(not <SLWT>)

Negation. The truth value of thisexpresion isfalseif . W istrue. Otherwiseit istrue.

(and <SLW 0> <SLWf1>)

Conjunction. This expression is true iff well-formed formulae SLWO and SLWIf1 are both true,

otherwiseit isfase.

(or <SLWfO> <SLWf 1>)

Digunction. This expression is fase iff well-formed formulae SLWHO and S_Wf1 are both false,

otherwiseit istrue.

(inmplies <SLWfO> <SLWTf 1>)

Implication. This expression istrueif either S_\WHO isfalse, or dternatively if SLWHO is true and

S W1 istrue. Otherwiseit isfalse. The expression corresponds to the standard material implication

connective:

SLWffO  SLWIfL.

(equiv <SLWf0> <SLW f1>)

Equivalence. Thisexpression istrueif either S_WHO is true and SLWH1 istrue, or alternatively if

S WO isfalse and SLWH1 isfalse. Otherwiseisisfalse.

(forall <variable> <SLWT>)

Universal quantification. The quantifed expression istrue if S_Wf istrue for every value of value of

the quantified variable.

(exists <vari abl e> <SLW T >)

Existential quantification. The quantifed expression istrueif thereis at least one value for the

variable for which SLWAT istrue.

(B <agent > <expressi on>)

It istrue that agent believes that expression istrue.

(U <agent > <expressi on>)

It istrue that agent is uncertain of the truth of expression. Agent neither believes expression nor its

negation, but believes that expression is more likely to be true than its negation.
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(I <agent> <expressi on>)
It istrue that agent intends that expression becomes true, and will plan to bring it about.
(PG <agent > <expressi on>)
It istrue that agent holds a persistent goal that expression becomes true, but will not necessarily plan
to bring it about.
(feasible <SLActionExpression> <SLWff>)
It istrue that action SLActionExpression (or, equivalently, some event) can take place, and just
afterwards SLWIT will be true.
(feasible <SLActionExpression>)
Same as (feasible <SLActionExpression> true).
(done <SLActionExpression> <SLWff>)
It istrue that action SLActionExpression (or, equihal ently, some event) has just taken place, and just
before that SLVW was true.
(done <SLActionExpression>)
Same as (done <SLActionExpression>, true)
B.2.3B:23B-23 SL Atomic Formula

The atomic formula represents an expression which has a truth value in the language of the domain of
discourse. Three forms are defined: a given propositional symbol may be defined in the domain language,
which is either true or false; two terms may or may not be equal under the semantics of the domain language;
or some predicate is defined over a set of zero or more arguments, each of which isaterm.

The SL representation does not define a meaning for the symbols in atomic formulae: thisis the responsibility

of the domain language representation and ontol ogy.
B.2.4B.24B.24 SL Term

Terms are the arguments to predicates, and are either themselves atomic (constants and variables), or
recursively constructed as afunctional term in which afunctor is applied to zero or more arguments. Again,
SL only mandates a syntactic form for these terms. With small number of exceptions (see below), the
meanings of the symbols used to define the terms are determined by the underlying domain representation.
Note, as mentioned above, that no legal well-formed expression contains afree variable, that is, a variable not
declared in any scope within the expression. Scope introducing formulae are the quantifiers (forall, exists)
and the reference operator iota. Variables may only denote terms, not well-formed formulae.
The following special term is defined:
(tota <variable> <ternp)
The iota operator introduces a scope for the given expression (which denotes aterm), in which the
given identifier, which would otherwise be free, is defined. An expression containing afree variable
isnot awell-formed SL expression. The expression "(iotax (P x)" may be read as "the x such that P
[istrue] of x. Theiota operator is a constructor for terms which denote objects in the domain of

discourse.
B.2.5B25B8-25 Result predicate

A common need is to determine the result of performing an action or evaluating aterm. To facilitate this
operation, a standard predicate result, of arity two, isintroduced to the language. Result/2 has the declarative
meaning that the result of evaluating the term, or equivalently of performing the action, encoded by the first
argument term, is the second argument term. However, it is expected that this declarative semantics will be
implemented in a more efficient, operational way in any given SL interpreter.

A typical use of the result predicate is with a variable scoped by iota, giving an expression whose meaning is,
for example, "the x which is the result of agent i performing act":
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(tota x (result (action i act) x)))
B.2.6B-26B-2.6 Actionsand action expressions ‘

Action expressions are a special subset of terms. In particular, three functional term functors are reserved:
"action”, "|" and ";". An action itself isintroduced by the keyword "action", and comprises the agent of the
action (i.e. an identifier representing the agent performing the action) and a term denoting the action which is
[to be] performed. An alternative form of action is precisely the ACL communicative act. For syntactic rules, |
see 806-4——Message syntaxb6-4—Message syhtax.
Two operators are used to build terms denoting composite acts:

the sequencing operator ;" denotes a composite act in which the first action (the represented by the

first operand) isfollowed by the second action;

the alternative operator "|" denotes a composite act in which either the first action occurs, or the

second, but not both.
B.2.7B-27B-27 Agent identifier

An agent is represented by referring to its name. The name is defined using the standard format from part one
of this specification, which is repeated in 8161313
B.2.8B-2.8B-2.8 Numerical Constants

Due to the necessarily unpredictable nature of cross-platform dependencies, agents should not make strong
assumptions about the precision with which another agent is able to represent a given numerical value. SL
assumes only 32 bit representations of both integers and floating point numbers. Agents should not exchange
message contents containing numerical values requiring more than 32 bits to encode precisely, unless some
prior arrangement is made to ensure that thisis valid.

B.3B-3B-3 Reduced expressivity subsets of SL

The SL definition given above is avery expressive language, but for some agent communication tasksit is
unnecessarily powerful. This expressive power has an implementation cost to the agent, and introduces
problems of the decidability of modal logic. To alow simpler agents, or agents performing simple tasks to do
so with minimal computational burden, this section introduces semantic and syntactic subsets of the full SL
language for use by the agent when it is appropriate or desirable to do so. These subsets are defined by the
use of profiles, that is, statements of restriction over the full expressiveness of SL. These profiles are defined
in increasing order of expressiveness as SLo, SL; and SL..

Note that these subsets of SL, with additional ontological commitments (i.e. the definition of domain

predicates and constants) are used in other parts of the FIPA 97 specification.
B.3.1B-31B-3.2 SLO: minimal subset of SL

Profile 0 is denoted by the normative constant SLO in the : | anguage parameter of an ACL message.
Profile O of SL isthe minimal subset of the SL content language. It allows the representation of actions, the
determination of the result a term representing a computation, the completion of an action and simple binary
propositions.
The following defines the SLO grammar:
SLOCont ent Expr essi on = SLOW f

| SLOActi onExpressi on.

SLOW f = SLOAt om cFormul a
| "(" SLOActionOp SLOActi onExpression ")".
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SLOAt omi cFor nul a

SLOAct i onQp

SLOTer m

SLOAct i onExpr essi on

SLOFuncti onal Term

© FIPA (1997,1998)

SLPr oposi ti onSynbol

"(" "result" SLOTerm SLOTerm ™)™
"(" SLPredicateSynbol SLOTernr )"
"true"

"fal se".

"done".

SLVari abl e

SLConst ant

SLOFuncti onal Term
SLOAct i onExpr essi on.

"(" "action" SLAgent SLOFunctional Term")"
ACLConmmuni cat i veAct .

"(" SLFunctionSynbol SLOTernr ")"

B.3.2B.3.2B-3.2 Sl 1: propositional form

Profile 1 is denoted by the normative constant SL1 inthe: | anguage parameter of an ACL message.
Profile 1 of SL extends the minimal representational form of SLO by adding Boolean connectives to represent

propositional expressions.

Thefollowing definesthe SL1 grammar:

SL1Cont ent Expr essi on

SL1W f

SL1At om cFor nul a

SL1Acti onQp

SL1Ter m

SL1Act i onExpressi on

SL1Functi onal Term

SL1W f
SL1Act i onExpr essi on.

SL1At oni cFor nul a

"“(" "not" SLIWf ")"

"(" "and" SLIWf SL1IWf ")"
(" "or" SLIWf SLIWf ")"
"(" SL1ActionOp SL1Acti onExpression ")".

SLPr oposi ti onSynbol

"(" "result" SL1Term SL1Term ™)™
"(" SLPredicateSynbol SL1Ternmr )"
"true"

"fal se".

"done".

SLVari abl e

SLConst ant

SL1Functi onal Term
SL1Act i onExpressi on.

"(" "action" SLAgent SL1Functional Term")"
ACLConmuni cati veAct .

"(" SLFunctionSynbol SL1Ternt ")".
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B.3.3B-3.3B-3:3 SL2: restrictionsfor decidability

Profile 2 is denoted by the normative constant SL2 inthe: | anguage parameter.

Profile 2 of SL isasubset of the SL content language which still allows first order predicate and modal logic,
but isrestricted to ensure that it is decidable. Well-known effective algorithms exist (for instance KSAT and
Monadic [references? —ed]) that can derive whether or not an SL2 wff isalogical consequence of a set of
wffs.

The following defines the SL2 grammar:

SL2Cont ent Expr essi on SL2W f

SL2Quant i fi edExpressi on
SL21 denti fyi ngExpr essi on
SL2Act i onExpr essi on.

SL2W f = SL2At om cFornul a

| "(" "not" SL2Wf ")"

| "(" "and" SL2W f SL2Wf ") "

| "(" "or" SL2Wf SL2Wf ")"

| "“(" "inplies" SL2W f SL2wWf ") "

| "(" "equiv" SL2Wf SL2Wf ")"

| "(" SLModal Op SLAgent SL2Quanti fi edExpressi on
n ) n

| "(" SLActionQp SL2Acti onExpression ")"

| "(" SLActionOp SL2Acti onExpression

SL2Uni vExi st Quant Wf ")".
SL2At om cFor mul a = SLProposi ti onSynbol
| "(" "=" SL2Term SL2Term ")"
| "(" "result” SL2Term SL2Term ")"
| "(" SLPredicateSynbol SL2Ternt ")"
| "true"
| "fal se".
SL2Quant i fi edExpressi on = SL2Uni vQuant Expr essi on
| SL2Exi st Quant Expr essi on
| SL2W f.

SL2Uni vQuant Expression = "(" "forall" SL2vari able SL2Wf ")"

| "(" "forall"™ SL2variable SL2Uni vQuant Expressi on
ll)ll .

| "(" "forall"™ SL2variable
SL2Exi st Quant Expression ")".

SL2Exi st Quant Expression = " (" "exists" SL2variable SL2Wf ")"
| "(" "exists" SL2vari abl e S2Exi st Quant Expressi on
ll)ll

SL2Ter m = SlLVari abl e

| SLConst ant

| SL2Functi onal Term

| SL2Acti onExpression
|

SL2I denti fyi ngExpr essi on.
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SL2I denti fyi ngExpression = "(" "iota" SLVariable SL2Wf ")"

SL2Functi onal Term "(" SLFunctionSynbol SL2Ternt ")".

SL2Act i onExpr essi on "(" "action" SLAgent SL2Functional Term")"
ACLComuni cat i veAct
"(" "|" SL2ActionExpression SL2Acti onExpression

"y
e

That isthe SL2Wff production no longer directly contains the logical quantifiers, but these are treated
separately to ensure only prefixed quantified formulas, such as:
(forall ?x1 (forall ?x2
(exists ?yl (exists ?y2
(Phi ?x1 ?x2 ?yl ?y2) )) ))
where (Phi  ?x1 ?x2 ?yl ?y2) doesnot containany quantifier.
The grammar of SL2 still alows for quantifying-in inside modal operators. E.g. the following formulais still
admissible under the grammar:
(forall 7?x1
(or
(Bi (p ?x1))
(Bj (a ?x1)) ))
It isnot clear that formulae of this kind are decidable. However, changing the grammar to express this
context sensitivity would make the EBNF form above essentially unreadable. Thus the following additional
mandatory constraint is placed on well-formed content expressions using SL 2:
Within the scope of an SL M odalOperator only closed formulas are allowed, i.e. formulas without free
variables.

| "(" ";" SL2ActionExpression SL2Acti onExpression
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Annex CARpex-CARRexC
(informative)

Relationship of ACL to KQML

This annex outlines some of the primary similarities and differences between FIPA ACL and the de facto
standard agent communication language KQML (Knowledge Querying and Communication Language)
[Finin et a 97]. Theintention of this appendix is not to deliver a complete characterisation of KQML (which
is an evolving language in itself anyway) and the differences between it and ACL, but simply to outline some
key areas of difference as an aide to readers already familiar with KQML.

C.16.1c1 Primary similaritiesand differences

Both KQML and ACL are interlingua languages, intended to provide a common linguistic basis for
independent agents to communicate with each other. Both languages are based on speech act theory, which
states that individual communications can be reduced to one of a small number of primitive speech, or more
generaly, communicative acts, which shape the basic meaning of that communication. The full meaning is
conveyed by the meaning that the speech act itself imparts to the content of the communication. In KQML,
the speech act is called the performative, though it should be noted that some researchers prefer other terms.
Syntactically, KQML sets out to be simple to parse and generate, yet easily human readable. To this end,
KQML's syntax is Lisp based (Lisp sharing similar syntactic goals, as well as being an early implementation
vehicle for KQML): each message is an s-expression and uses a core of Lisp-like tokenising rules. Some
extensions are added to allow for the encoding of content in arbitrary other notations. FIPA ACL adopts a
very similar syntax, including the form of messages and message parameters. Some differences exist in the
names of both the message type keywords and the parameter keywords. Both languages can be challenged in
the compactness of their encoding; ACL explicitly notes that future revisions may include one or more
aternative transport syntaxes optimised for message compactness.
KQML was designed originally to fulfil avery pragmatic purpose as part of the Knowledge Sharing Effort
(KSE) consortium. Initially, the semantics of the performatives were described informally by natural
language descriptions. Subsequent research has addressed the need for a more precise semantics [Labrou 96],
though it is not clear that the proposed semantics has been universally adopted. Indeed, severa flavours of
KQML are extant. ACL is derived from the research work of Sadek et al [Sadek et a '95], and was designed
from itsinception to be grounded in aformally defined semantics.
KQML aimsto serve severa needsin inter-agent communication. These can be summarised as:

querying and information passing (e.g. evaluate, ask-if, tell, achieve, etc)

managing multiple responses to queries (e.g. ask-all, stream-all, standby, ready, next, etc)

managing capability definition and dissemenation (advertise, recommend, etc)

managing communications (e.g. register, forward, broadcast, etc)
That these are all needs that must be addressed in inter-agent communication (in the general case, at least) is
clear. KQML attemptsto define a core set of performatives that together meet all of these needs, while
balancing a desire for parsimony in the language. ACL does not attempt to cover all of these needs within the
language. Instead, some categories are explicitly devolved to the agent management system (see part 1 of the
FIPA 97 specification) or are the responsibility of the content language (notably managing multiple responses
to queries).

Page 86



2369

2370

2371
2372

2373
2374
2375
2376
2377
2378
2379
2380
2381
2382
2383
2384
2385

2386
2387

2388
2389
2390
2391
2392
2393
2394
2395
2396

2397
2398

2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411

FIPA 97, Version 2.03-% Part 2 © FIPA (1997,1998)

C.26.2C.2 Correspondence between KQML message performativesand FIPA CA's

This section outlines some specific categories of KQML messages and the (approximately) equivalent

constructs in the ACL and other sections of the FIPA specification.
C.2.16.21Cc.21 Agent management primitives

Some of the message types included in KQML can not be considered speech acts in the traditional sense, but
do have a useful role to play in mediating conversations between agents and providing capabilities to manage
an agent society. This specification adopts the position that, despite the arguable increase in complexity, it is
better to clearly separate such concerns from the core communication primitives. Thus, equivalents to the
following KQML messages are not directly included in the ACL specification:

register

unregister

recommend (-one, -all)

recruit (-one, -al)

broker (-one, -all)

advertise
Instead, effects similar or equivalent to these messages can be obtained by embedding the agent management
primitives defined in part one of the FIPA 97 specification, embedded in an ACL request act addressed to the

appropriate facilitator agent.
C.2.26.2.2c.2.2 Communications management

Similarly, the following KQML performatives find their equivalentsin the FIPA specification as agent
management actions, communicated via arequest act:

broadcast

transport-address

forward
In the last case, forward is one solution to the problem of sending a message to an agent whose agent
identifier or network transport address are not known at the time of sending the message. In the semantics of
KQML, each intermediary does not interpret the message embedded within the forward performative, and
thus does not perform any action implied by it. This capability does exist in the FIPA specification using the
agent management capabilities defined in part one of this specification.
C.2.36.23c.2.3 Managing multiple solutions

Thereisfrequently a need to convey more than one answer to an enquiry. This may be because the query was
under-constrained, or may be due to the nature of the application, e.g. selecting records from a database.
KQML provides a number of mechanisms for handling multiple queries at the message level:

sender asks replier to send any solution (ask-one)

sender asks replier to send all solutions (ask-all)

sender asks replier to send al solutions, each one in its own message (stream-all) and then to demark

the end of the solution stream (eos)

sender asks replier to set up a solution generator; a protocol then exists to test, acces and destroy the

generator (standby, ready, next, rest, discard).
Although enquiring is a general and very useful category of speech acts, these performatives suffer from
being complicated by assumptions about the representational form of the content of the reply. ACL takes the
position that the requirement for managing multiple solutions is properly the remit of the content language.
For example, if an application requires a solution generator, of the kind implied by KQML standby, etc, such
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a construct should be a part of domain content language. Operations on the generator object would then be

the subject of generic request acts.
C.2.46.24c.2.4 Other discourse performatives

The following discusses the remaining performatives in the core KQML specification. Note that statements of
equivalence in the following list are advisory only, since there is no universally accepted KQML formal
semantics to check against ACL semantics for equivalence.
ask-if: nearest equivalent in ACL is query-if
tell: equivalent to ACL's <i, inform( j, B; p)>
untell: equivalent to <i, inform(j, B;jp)>
deny: equivaent to <i, inform( j, B; p) > or <i, disconfirm(j,p) >
insert, uninsert: these performatives are not supported in ACL, since an agent is not given the power
to directly manipulate the beliefs of another agent. Use inform and disconfirm instead.
delete-(one, all), undelete: these performatives are not supported in ACL, since an agent is not given
the power to directly manipulate the beliefs of another agent.
achieve: goals can be communicated among agents through the use of an achieve domain-language
primitive, if that is appropriate to the domain (see 8A.1.4A-L4A-LAA-LAA-14)
unachieve: KQML's unachieve is akind of undo action: the recipient is asked to return the world (or
at least, that part it has control over) to the state it was in before the corresponding achieve. Thereis
no equivalent to thisaction in ACL. If agiven domain is able to support such an action (e.g. the
domain of text editing), specific actions may be defined in the domain ontology to support undo
actions.
subscribe: equivalent to the subscribein ACL
error: use not-understood
sorry: userefuse or failure.
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Annex DARhrexDARRexD
(informative)

MM E-encoding to extend content descriptions

This Annex provides a means for agents to extend the representational capability of a given message content
by using MIME style content description and encoding.

D.1DADb-1 Extension of FIPA ACL toinclude MIME headers

The MIME enhancements extend the grammar shown in 806-4——Message syntax6-4—Message syntax as
follows:
M MEEnhancedExpr essi on

= Wrd

| String

| Nunber

| M MEEncapsul at edExpr essi on

| "(" M MEEnhancedExpression * ")".

M MEEncapsul at edExpr essi on "(" M MEVersionField
M MEOpt i onal Header *

M MEEnhancedExpr essi on
ll)ll .

M MEVer si onFi el d ="(" "M M-
Version 1.0 (FI PA ACL Message)" ")".
M MEOpt i onal Header ="(" "Content-type:" M ME_CT_Expression ")"
| "(" "Content-Transfer-
Encodi ng:" M ME_CTE_Expression ")"
| "(" "Content-ID:" MM _ClD Expression ")"
| "(" "Content-
Description:" MM _CD Expression ")"
| "(" MME_Additional _CF ")".

M ME_CT_Expr essi on = see RFC2045.
M ME_CTE_Expressi on = see RFC2045.
M ME_CI D_Expressi on = see RFC2045.
M ME_CD_Expression = see RFC2045.
M ME_Addi ti onal CF = see RFC2045.

As shown here, the grammar is not complete. However, rather than duplicate the full syntax from RFC2045,
and risk introducing errors or failing to keep track of changesin that specification, this document refers the
reader to [Freed & Borenstein 96].

Note that the MIME headers have been introduced in such away that they do not alter the basic s-expression
form of the ACL content expression. The MIME grammar presented here is a sub-grammar of the ACL s-
expression grammar.
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2478 D.2BD:2B-2 Example

2479  Thefollowing exampleillustrates the use of MIME-style encoding of message content:

2480 (inform

2481 : sender translator

2482 :recei ver agent01

2483 :content (translation

2484 (English "File systemfull")

2485 (Japanese ((M ME-Version: 1.0 (FIPA ACL Message))
2486 (Content - Type: Text/Plain; Charset=ISO
2487 2022- JP)

2488 (Cont ent - Transf er-Encodi ng: 7BIT)

2489 "<7 bit SO 2022 Japanese text>"

2490

2491

2492 :ontol ogy transl ati on-service

2493 in-reply-to request07)

2494
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