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The ACK? documentation set includes the foleing manuals and practicals:

Document

Description

Agent Manual

Teams Manual

Development Environment
Manual

JACOB Manual

WebBot Manual

Design Tool Manual

Graphical Plan Editor Manual

JACK Sim Manual

Tracing and Logging Manual

Agent Practicals

Teams Practicals

Describes theAICK programming language and
infrastructureJACK canbeusedto developapplications
involving BDI agents.

Describes theAICK Teams programming language
extensions. ACK Teams can be used to veéop
applications that wolve coordinated aatity among
teams of agents.

Describes hw to use theAICK Development
Ernvironment (JDE). The JDE is a graphical
development emronment that can be used tovdp
JACK agent and tearbased applications.

Describes hw to use ACOB. ACOB is an object
modelling language that can be used for ipi@cess
transport and object initialisation.

Describes he to use theAICK WebBot to deelop
JACK enabled web applications.

Describes hw to use the Designobl to design and
build an application within theATK Development
Environment.

Describes he to use the Graphical Plan Editor to
develop graphical plans within th&CK Development
Environment.

Describes he to use theAICK Sim framevork for
building and running repeatable agent simulations.

Describes the tracing and logging toolsitable with
JACK.

A set of practicals designed to introduce the basic
concepts imolved in ACK programming.

A set of practicals designed to introduce the basic
concepts imolved in Teams programming.
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Introduction

1 Introduction
1.1 Background

JACK? Intelligent Agents (JACK) is anAgent Orienteddevelopment evironment luilt on

top of and intgrated with the d&a programming language. It includes all components of the
Java development emironment as well as fd#ring specibcxensions to implement agent
behaiour. JACK'srelationshipto Javais analogougo therelationshipbetweerthe C++andC
languagesC wasdevelopedasaproceduralanguageandsubsequentiC++wasdevelopedto
provide programmers with object-oriented@nsions to thexesting language. Similarly

JACK has been deloped to preide agent-orientedxéensions to the ¥a programming
language.ACK source code is brst compiled intguéar Jaa code before beingecuted.

In the same @y that object-oriented programming introduces a numbesyotdncepts that
inBuenceheentirelogical andphysicalstructureof theresultingsoftwaresystemsotoo does
agent-oriented programming. In agent-oriented programming, a system is modelled in terms
of agents These agents are autonomous reasoning entities capable of makingvero-acti
decisions while reacting tovents in their evironment.

1.2 Agent Oriented Concepts

Agent oriented programming is an aticed soft@re modelling paradigm that arose from
research in distrited artibcial intelligence. It addresses the need for acdtaystems to
exhibit rational, human-li& behaiour in their respecte problem domains.raditional
software systems makit difbcult to model rational beti@ur, and often programs written in
these systemsperience limitations, especially when attempting to operate in real-time
ervironments.

Agent oriented programming is highly suited to snapplication areas, including distuited
business systems, command and control, intelligent appliances and simulation. Although still
young and under delopment, it has already skio particular promise in aaviety of

distributed problem solving tasks such as 3egawisation, air trdfc management and air
combat simulation. Because if@fs such a modular and gémt solution to manof the

problems &ced in reacte processing, agent-oriented programming is ideally suited to these
ervironments.

The Agent Orientednodel follavs the same underlying principle @bject Oriented
programming D that reliable and scalabletment can be enhanced by encapsulating the
desiredbehaiour in modularunitswhich containall thedePnitionsandstructuresequiredfor
them to operate independentgentsextend the concept of encapsulation to include a
representation of bel@ur at a higher el than object-oriented approaches.
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Introduction

1.2.1 What is an Ag ent?

The termagentis widely used to describe a range of saflsvcomponentsavying in
capability from procedural wizards, found in popular desktop applications, to information
agents that are used to automate information search andaleted, Pnallyto intelligent
agents capable of reasoning in a well-debnay Whe agents used iIACK areintelligent
agents They model reasoning bewWaur according to the theoretidaelief Desirel ntention
(BDI) model of artibcial intelligence.

Following the BDI model,JACK intelligentagentsareautonomousoftwarecomponentshat

have eplicit goals to achige or eents to handle (desires) @iescribe he they should

achiese these desires, BDI agents are programmed with a set of plans. Each plan describes
how to achiee a goal underarying circumstances. Set t@ik, the agent pursues itsgn
goals(desireg, adoptingthe appropriatgplans(intentions) accordingo its currentsetof data
(beliefs) about the state of theontd. This combination of desires and beliefs initiating
contet-sensitve intended behlaour is part of what characterises a BDI agent

A JACK agents a softvare component that carlebit reasoning belour under both pro-
active (goal directed) and reaai (event driven) stimuli. Each agent has:

¥ aset of beliefs about theowd (its data set),
¥ a set of eents that it will respond to,

¥ a set of goals that it may desire to aghigeither at the request of axternal agent, as a
consequence of awent, or when one or more of its beliefs change), and

¥ a set of plans that describevwhd can handle the goals orents that may arise.

When an agent is instantiated in a system, it walitwntil it is gven a goal to achve or
experiences anvent that it must respond to. When such a goalentearises, it determines
what course of action it will tak If the agent already belies that the goal ovent has been
handled (as may happen when it iseasto do something that it beles has already been
achieved), it does nothing. Otherwise, it looks through its plans to bnd those that @aatrele
to the request and applicable to the situation. If it hgpasblems recuting this plan, it
looksfor othersthatmightapplyandkeepscycling throughits alternatvesuntil it succeedsr

all alternatves are ghausted.

Thus,anagentcanbethoughtof asanalogouso a persorwith accesso aP Proceduredanual.
The Procedures Manual (set of plans) describes the steps that the agent sbauihd: ek
certain @ent arises or when itamts to achaxe a certain outcome. At brst glance, this may
seem lile ordinary Expert System betaur B with all the limitations that this implies.
However, the crucial difierence in agent-oriented systems is that the agent is able to be
programmed toecute these plans just as a rational persmudy In particularit is able to
exhibit the folloving properties associated with rational bebar:
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Goaldirected focu® the agent focuses on the obyectind not the method chosen to
achieve it.

Realtime conta&t sensitivityp the agent willéep track of which options are applicable at
each gren moment, and makdecisions about what to try and retry based on present
conditions.

Realtime validation of apmad D the agent will ensure that a chosen course of action is
pursued only for as long as certain maintenance conditions continue to be true.

Concurencybtheagentsystems multi-threadedlf new goalsandeventsarise theagent
will be able to prioritise between them and multi-task as required.

1.2.2 Why program using Ag ents?

The capability of intelligent agents autonomously perform simple tasks has aroused much
interest. The & characteristics that makhem attracte are their:

¥
¥

K oK K

¥

ability to act autonomously

high-level representation of beviaur D a leel of abstraction alve object-oriented
constructs,

Rexibility, combining pro-actie and reacte behaioural characteristics,
real-time performance,

suitability for distributed applications, and

ability to work co-operatiely in teams.

JACK agentsarehighly suitedto the developmentf time andmission-criticalsystemsasthe
BDI approactprovidesfor theveripcationandvalidationof themodel. Theagent'ggoalsmay
include leeping human users informed of what the agent is trying tovechidat its current
intentions are, and what progress it has been able te.rf@ang BDI agents pre-compiled
plans is a method of ensuring predictable keha under critical operational conditions, and
of ensuring performance.

1.3 The Components of J ACK
1.3.1 The JACK Agent Langua ge

The ACK Agent Language is the actual programming language used to describe an agent-
oriented softwre system. TheALK Agent Language is a supget of Jaa B encompassing
the Ja&a syntax while etending it with constructs to represent agent-oriented features.

Each of the Ja extensions that are included iIAQK, along with their gpected usage and
semantic behaour, are described in detail in the folling chapters.
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1.3.2 The JACK Agent Compiler

The ACK Agent Compiler pre-processeSCK Agent Language source bles andvents
them into pure Ja. This Jga source code can then be compiled int@ Jartual machine
code to run on the tget system.

1.3.3 The JACK Agent Kernel

The ACK Agent Kernel is the runtime engine for programs written in thékl Agent
Language. It prades a set of classes thatglACK Agent Language programs their agent-
oriented functionalityMost of these classes run behind the scenes and implement the
underlyinginfrastructureandfunctionalitythatagentgequire while othersareusedexplicitly

in JACK Agent Language programs, inherited from and supplemented with callbacks as
required to preide agents with theirnvan unique functionality

1.4 Developing a J ACK Application

An integrated deelopment emironment knavn as the ACK Development Emironment is
available for the deslopment of ACK applications. Use of th&ACK development
ervironment is described in a separate manual. AltemelgitiJACK applications can be
developedfrom thecommandine usinganeditor of choiceandexplicitly invoking the JACK
Agent compiler

If the latter choice is used, thevmonment will need to be set up. The follog section
explainshow thisis donefor the morecommonoperatingenvironments.Theinstructionsthat
follow assumehatall commandsreinvokedfrom acommandine. Thus,underWindows or
NT, a DOS windw will need to be created.

1.4.1 Setting up y our Environment

Before a ACK application can be compiled and run, ensure thagAheandCcLASSPATH
variables are set correctBaTHneeds to be set so thata andjavac are accessible.
CLASSPATHNeeds to be set so th@t andjavac can access thACK class Ples and the
classes that are created.

The actual settings famaTHandcLAssPATHwIll depend upon where thevi executables and
JACK classes ha been installed. It is assumed that:
1. ThepATHvariable is set correctly

2. ThecLasspATHvariable has not been set. (If it has, it may need txtemeed. This
procedure is operating system dependent.)
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¥ DOS/Wndows /NT

In this xample, it is assumed that th&CK classes are installed @maos\ib . Within a
session theLAsSsPATHCan be set by typing:

set CLASSPATH=C:\aos\lib\jack.jar;.
at a DOS prompt.

This should be added to theauTOEXEC.BAT Ple so that this setting is permanently
available. In Whdows/DOS, this can be done usisigseDIT. In NT it can be changed via

<Control Panel> - > <System>- > <Environment> . Note that theLAsspPATHshould be
specibed in lver case.

¥ UNIX
In thisexample,it is assumedhatthe JACK classesreinstalledin /aos/jack/lib . Within

a session, theLAssPATHcan then be set by typing:

CLASSPATH=/aos/jack/lib/jack.jar:.
export CLASSPATH

If usingcsh, to male the setting permanent, add:

setenv CLASSPATH=/usr/local/acs/jack/lib/jack.jar:.
to the.cshrc file

1.4.2 Source Code Creation

This canbeachievedeitherusingthe JACK developmenternvironment,or aneditorof choice.
When deeloping a ACK application, source code will be created for some or all of the
following entities:

¥ JACK even(s);
JACK plan(s);
JACK agenf(s);
JACK capability(s);
JACK view(s);
JACK beliefsets);

K K K K K

plus a Jaa class that contains the applicatimin() function that is the entry point for the
Java virtual machine and grother Jaa ble required by this application.

ThePblesthatarecreatedor theseentitiesmusthave the samebasenameasthe entity debned
in the Ple. Thg may hae an &tension designating the type &QK entity contained, or
simply a.jack extension.
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Extension | Usage

Jjack Any JACK object depnition.
.agent JACK agent debpnition.

.cap JACK capability depnition.

.plan JACK plan debpnition.

.event JACK event debnition.

bel JACK beliefset depnition.

view JACK view dePnition.

java Java class or intedce debnition.

Table 1-1:JACK ble etensions

1.4.3 Compilation
Assumingthatall thesourceblesarein your currentdirectory theapplicationcanbecompiled
by invoking JackBuild

java aos.main.JackBuild
This runs theackBuild  utility which in this irvocation compiles all of theALK source Ples
in the current directory into va source. The ¥a compiler is then automaticallywioked on

all Java source Ples in the current directosgkBuild  recognisesAICK Ples by their ble
name &tensions as listed in the preus section.

Without aguments, theackBuild  utility assumes that all Ples in the directory belong to the
application. If the application is gainised into subdirectories, it can be compiled bgking
JackBuild  from the parent directory as folls:

java aos.main.JackBuild -r

The-r option recursiely enters subdirectories to compile code.

Refer toAppendix Aor more information aboutckBuild

1.4.4 Running a J ACK Application

If oneassumeshatthemain() methodwasin ablecalledTestjava ,thecompilationprocess
will have produced a Ple callgdst.class . The application can then be run from the
directory containingest.class by typing

java Test
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Note: It is possibleto conbguréNindows sothatbleswith theextension.class arerunnable
by point-and-click.

Theprogrammecanspecifycommandine argumentdor usewithin anapplication Notethat
there are some command ling@ments which are processed internally AZK. In
particular a DCI network from the commandine canbesetup (thisis discussedurtherin the
chapter orinter-agent Communication If such aguments are present, the method
aos.jack.Kernel.init() must be used to process thegpuarentdefore ary user specibed
command line @uments are processedy) extracts and processes command line
argumentdntendedor JACK, thenreturnsa modibPedargumentlist containingtheremaining
user debPned guments. This list can then be accessed in the noremyabw shwn in the
example belo:

public class Example

I/l The user supplies a single numeric command line argument
// in addition to those which will be handled by JACK
public static void main(String argsl])

args = aos.jack.Kernel.init(args);

int snum = Integer.parselnt(args[0]);

}
}
All the standard 3 command options argalable. SomeAICK functionality such as the
interactiondiagramanddeluggingis conbgurableia thesystenmpropertiedle. The- boption
can be used in these circumstances to set propeiiesidfe details on the interaction
diagram and delgging refer to thdracing and Lgging Manual

1.4.5 Debugging a J ACK Application

There are a number of toolga@lable to assist the deloper during application gelopment.
These range from graphical tracing tools to logging tools whichige@ detailed trace of
system gecution. These tracing and logging tools are described ifréoeng and Lgging
Manual
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2 JACK Agent Langua ge Overview

2.1 The JACK Agent Langua ge

TheJACK AgentLanguagas built ontop of Java. Like C++,the JACK AgentLanguageloes
morethanextendthefunctionalityof JaraBit alsoprovidesaframevork to supportanentirely
new programming paradigm. ThAGK Agent Language is afgent Orientedorogramming
language and is used for implementing Agent Oriented adétaystems.

The ACK Agent Languagextends Jea to support Agent Oriented programming:
¥ It debnes n& base classes, intades and methods.

¥ It providesextensiondo the Java syntaxto supportnen agent-orientedlassesgepnitions
and statements.

¥ It provides semanticxensions (runtime dérences) to support theexution model
required by an agent-oriented sodtw system.

All the language xensions are implemented asaalug-ins. This mas the language as
extensible and 3eble as possible. Fbility is important in the ACK Agent Language
because itdcilitates ongoing research into agent-oriented programmingl&peers mayfor
example, vant to irvestigate hav different beliefset implementationdexdt agent
performanceBecauséhebeliefsetcomponents suppliedasaplug-in,this canbealteredwith
minimal changes to théCK development emironment. All that is required is to replace the
beliefset implementation in thekiel package.

Each of the ACK Agent Languagexensions is strictly typed. This minimises implicit type
casting and the opportunity for programmer er@rict typing also allvs for more dbcient
program compilation by theACK Agent Compiler

2.1.1 Class, Interface and Method Extensions

The ACK Agent Language introducesdomain class-kel constructs. These constructs are:

AgentDb The agent construct is used to debne thevioeinaf an intelligent softare
agent. This includes capabilities an agent has, what type of messagesraadte
responds to and which plans it will use to achigs goals.

Capability B The capability construct alle the functional components that reakp an
agentto beaggrejatedandreusedA capabilitycanbe madeup of plans,events,beliefsets
andothercapabilitieghattogethersene to give anagentcertainabilities. An agentcan,in
turn, be made up of a number of capabilities, each of which has a specibc function
attributed to it.
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BeliefSet The beliefset construct represents agent beliefs using a generic relational
model. It has been specibcally designed so that a beliefset can be queriéapicsihg
members Logical members are kknormal data membersaept that thg follow the
rules of logic programming (as in programming languagesRitolog).

View BTheview construciallows generapurposeguerieso be madeaboutanunderlying
data model. The data model may be implemented using multiple beliefsets or arbitrary
Java data structures.

Eventb The eent construct describes an occurrence in response to which the agent must
take action.

Plan B An agent's plans are analogous to functions; ateethe instructions the agent
follows to try to achiee its goals and handle its designateeings.

For a detailed description of each of these®rsions, including the specibc intarés and
methods preided with them, refer to the appropriate chapters in this manual.

2.1.2 Syntactic Extensions

JACK Agent Language prwades a number ofariations andxensions to the standardvda
syntax. Thesex¢ensions gist purely to support the syntactic and semantiedhces
between object-oriented and agent-oriented programming.

An examplepieceof codewrittenin the JACK AgentLanguageo implementanagentplanis
given belaov. The syntactic elements that are uniqueNGKI Agent Language va been
highlighted in bold. All other elements follonormal Jaa syntax.

plan MovementResponse extends Plan

#handles event RobotMoveEvent moveResponse;
#uses agent implementing Robotinterface robot;

static boolean relevant  (RobotMoveQEvent ev)

return (ev.ID == RobotMoveQEvent.REPLY_SAFE ||
ev.ID == RobotMoveQEvent.REPLY_DEAD);
}

body ()
if (moveResponse.ID==REPLAY_SAFE)

System.err.printin("Robot Safe to Move");
robot.updatePosition(moveResponse.Lane,
moveResponse.Displacement);

}

else

{ /I robot didn't make it
System.err.printin("Robot is Dead");

AgentManual

Release5.3

22 10-June-05
Copyright © 1999-2011, Agent Oriented Software Pty. Ltd.



JACK Agent Language Overview

robot.die();

}
}

In this xample, the plan being debned inherits its core functionality fronAGK Agent
Language clas®lan . It then identiPes Wothe plan will be used through a numberACK
Agent Languagelan declaations JACK Agent Language declarations are each preceded
with a# symbol to distinguish them from@asyntax elements, fox@mple#handies event
and#uses agent implementing

The#handles event  declaration identibes the goal eeat to which this plan will respond.
The#uses agent implementing declaration constrains the agent(s) that can use this plan.
Only those agents that present the speciPedactgfobotinterface ) can include this plan.

Theblockof codein thisexamplecontainsonly regularJavacode. The JACK AgentLanguage
however provides its evn statements that can be used when required. These statements are
known asreasoning method statemerdasd are identiPed by a preceding @ character
Reasoning methods specify operations that are only meaningful in agent-oriented
programming, such as posting areet or vaiting until the agent acquires a particular belief.
They are called reasoning method statements because you can only use them in a reasoning
method belonging to a plan. These reasoning methods describe the reasoning\aodrbeha
that an agent underta& when it gecutes an instance of that plan.

Hence, ACK Agent Languagextends Jea syntax at threevels:

the class debnitionVel, providing a set of classes that agent-oriented constructs such as
agent, plans andrents can inherit from;

the declaation level, providing a set of statements that identify relationships between the
classes mentioned al®m and

the statement \el, providing a set of statements that can operateA@KJAgent
Language-specibc data structures.

For more information on théALK Agent Language syntaxtensions to Ja, see the
following chapters.

2.1.3 Semantic Extensions

Because agent-oriented programming fefaa diferent modelling paradigm to object-
oriented programming, there are signibcarfed#nces in ho programs written in each
language behe at runtime.

The ACK Agent Languagextends the Ja execution engine in the folaing ways:
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¥ Multi-threadingis kuilt into the kernel and remad from programmer controlACK
Agent Language programs should not be written wigslieit multi-threading. This is
transparently pnaded by the ACK Agent Language.

¥ Execution follavs the model of agents processing a set of plans afiighaccess to a
number of beliefset relations. The agexg@ites these planstiasksto handle gents
when thg arise, consulting its beliefset relations where necesghese plans may
initiate subtaskswhich may in turn initiate theiven subtasks if the agent requires a
sizeable and compteesponse.

¥ A new data structure calledlagical members introduced. Unlik normal members,
logical members ha an unknan (unbound) alue until this alue has been determined.
Once determined, theklie cannot change.

¥ The agent's beliefset can be queried using logical members by attemptimfy tthe
logical member with a desired result. If the query succeeds, the logical member contains
the desired &lue. If not, it remains unbound (unkmo) and can be used later

A detailed description on the semantic consequences of eacl\G& Agent Language
construct can be found in the appropriate chapters of this magesit§ Capabilities
Events Plans Beliefset RelationandViews).

2.2 JACK Agent Langua ge Summary

The ACK Agent Language is closely related tealand &tends the rgular Jaa syntax. It
allows the programmers tovkdop the components that are necessary to debPne BDI agents
and their behaour. These functional units are:

Agentsb which hae methods and data members just ibjects, bt also contain
capabilities that an agent has, beliefset relations thatctmeuse to store beliefs,
descriptions of eents that thg can handle and plans thatytean use to handle them.

Capabilitiesb which sem to encapsulate and aggge functional components of the
JACK AgentLanguagdor useby agentsCapabilitiescanincludeevents,plans,beliefsets
or even other capabilities.

Beliefsetwhich areusedto storebeliefsanddatathattheagenthasacquired Agentscan
alsouseregularJavadatastructuregor storinginformation,but anadwantageof abeliefset
is that it will generatewents when particular changes are made. This can be used to
initiate further action within the agent and hence enéknore responge to its avn
internal state. Also beliefsets can be queried using logical members.

Views P which preide a paverful way of modelling ay data in a \ay easily manipulated
by JACK.

Eventsb which identify the circumstances and messages that it can respond to.

Plansb which arexecuted in response to thesemsts.
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Each of the eents, plans and beliefsets used are implementedasldases. Tlyenherit
certain fundamental properties from a base class)@pddthese base classes to meet their
own specibc needs. The base classes are debned witherribédnd form the 'glue’ that
holds a ACK agent-oriented program togetheiowever, the ACK Agent Language is more
thanjustaspecibmrganisationof Java objectsandinheritancestructuredit providesits own
extended syntax, which has no analogous representatiovan Ja

JACK Agent Language constructs can be gatised as follars:
¥ Classes (types)

¥ Declarations (#-declarations)

¥ Reasoning Method Statements (@-statements)

In addition, each of theALK Agent Language classes supplies a number of norwel Ja
members and methods that can be made use ACOK jprograms.

The constructswailable in each of these cgtwies are listed in the folldng sub-sections.

2.2.1 JACK Agent Langua ge Classes

These classes debne functional units witAiBK. The functional units are implemented as
Java classes, with their agent-oriented properties embedded within the classit&s pri
methods. Thealso preide some base members and methods &2KJAgent Language
programmergsanuse.EachJACK AgentLanguageaypeandthebasemembersandmethodst
provides are listed belo

Agent B which models the main reasoning entitie\@K.

Capability  Pwhich aggreatesfunctionalcomponentgevents plans,beliefsetsandother
capabilities) for agents to makise of.

Event BDwhichmodelsoccurrenceandmessagethattheseagentsnustbeableto respond
to. Events may arisexternally from messages from other agents, or internally as a
consequence of one of the agentim @ctions, or in response to one of its internal goals.

Plan B which models procedural descriptions of what an agent does to handle a gi
event. All the action that an agent &éskis prescribed and described by the agent's plans.

BeliefSet B which models an agent's luledge as beliefs that folloeither a closed
world (omniscient) or openavld (with unknavn) semantics. Beliefsets represent an
agent'deliefsaspbrstorderrelationaltuples,andmaintaintheir consistentogical andkey
constraints.

Note that aview does not hae a base class.
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2.2.2 JACK Agent Langua ge Declarations (#-Dec larations)

JACK Agent Language-declarationslebPne agent-oriented properties oA&K Agent
Language type, or relationships and dependenciesxisabetweenACK Agent Language
types. Thg are used to specify relationships between classesA@la grogram. Br

example, ACK Agent Language declarations specify which plans an agent uses and which
event a plan handles.

The range o#-declarationsvailable in ACK Agent Language are listed beto

#chooses for event b is used iplan debnitionso identify a plan that alles the agent to
reason about which applicable plan instance it wilogite for a gien e/ent occurrence. This
is in contrast to normal plans, which describer ioe agent will respond to avgn event
instance when that plan is selected. Becauseviqes the agent with the ability to reason
about hav it will respond to (reason about) asgn e/ent, plans that contain#ahooses for

event declaration are kiwvan asmetalevel reasoning plans

#complex query D is used iniew and beliefset debnitions debPne a comptegquery

#exports data B is used igapability dePnitionso declare that a usdebned data structure
or a ACK beliefset is gported from the capability so that it is accessible from its parent
capability The eport statement can also be used to enmkisedebPned data structure or
JACK beliefsetavailableattheagentevel, andhenceaccessiblérom othercapabilitiesn the
agent.

#function query b is used imiew and beliefset debnitions dePne a function query

#handles event D is used iagent depbnitiongndplan debnitionsin both cases, it identibes
aneventthatanagentor planhandlesEventhandlingis declaredn theagentthatusesaplan
andtheplanitself. Thisallows JACK to performtypecheckingandensurdhattheagenthasat
least one plan to handleery event that it claims to handle, and gersely that an agent
doesn't hee access to a plan that is/bad its statedwent-handling responsibilities.

#handles external event b is used isapability debnitionso declare that there are plans
within the capability that handlezents of a gien type.

#has capability b is used iagent debnitionandcapability dePnitionsin anagent
debPnition it gives the agent access to all of the functional components enclosed by the
capability In acapability dePnitionit declares the use of an inner capability

#imports data B is used isapability dePnitionso declare a usatebPned data structure or
JACK beliefset that is to be used within the capability is brought in from the enclosing
capability or agent.
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#indexed query [ #linear query b are both used beliefset dePnition® specify ha a

relation can be queried. This declaration indicates which parametepedte to be supplied

in the query and which parameters it will need to return (through binding logical members)
when the query succeeds.

#key field [ #value field b are both used beliefset debnition® specify the Pelds that
belong to a relatiorKey Peldgdentify an object that the relation describes, whdkie belds
identify attritutes of that object.

#postedas D is used in aavent debnitioio debPne a posting method for thetmt. An
event'spostingmethodsareusedto construcinstance®f theeventwhentheeventneeddo be
posted. Multiple posting methods alldhe e’ent to be posted in dérent ways (&en haing
different parameters) in é#rent circumstances.

#posts event B is used iagent debnitionscapability debnitionandplan debnitiongo

identify events that agent or plan is capable of posting. Neither an agent nor a plan can create
aninstanceof aneventunlesshey declarethatthey canpost(#posts  event ) or send(#sends

event ) it. Whether an\ent is posted or sent depends on its type.

#posts external event b is used isapability dePnitionso declare that there are plans (or
Java code) within this capability that posteats of a gien type.

#posted when D is added to aivent debnition to specify the condition which must arise for
the event to be posted automatically

#private data | #agentdata [/ #global data B are used iagent debnitionandcapability
debnitiondo identify a usedebned data structure &QK beliefset that the agent can use to
storeinformation.A private  data instancds uniqueto eachagentandhencecanbereador
modiPedby thatagentandthatagentonly. An agent data instancds availableto all agentsof
agivenagentype(i.e.instance®f thesameAgentclass) A global data instances available

to all agents in a gen process. Agents should only modify the data that appears in their
private usedebned data structures or in theivate ACK beliefsets.

#propagates changes B marks that a beliefset may be a source beliefset in a team belief
connectionandit providesanimplementatiorof the connectiordynamics sothatchangego
the beliefset are propated correctlyBelief propagtion is only &ailable when usingAICK
Teams. Refer to theeamsmanual for more detalils.
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#reasoning method B is used iplan dePnitionso dePne methods that an agent magcete
whenit runsthis plan.Reasoningnethodsaredifferentfrom normalJaza methodsn thatthey
executeasbnitestatemachinesandmaysucceear fail, dependingon whethertheagentcan
complete each statement thatytisentain. The top-keel reasoning method is calleeby() .
Thisis theonly reasoningnethodthatmustbepresentn all plansandis not precededy an#
symbol. Thevody() method can call other reasoning methods i thewe been included
amongst the planigeasoning method  declarations. It can also initiate theeeution of other
tasks and subtasks byeeuting ACK Agent Language statements that post Beents.
Examples of such statements a@eubtask , @maintain and@achieve .

#reasoning method pass / fail Bis usedin plandepPnitiongo identify processinghatshould
occur after an instance of the plan has either succeedaited: #Vhen either of these
methodss presentn aplan,thatplan’sexecutiondoesnotendwhentheplanhassucceededr
failed. First, the relentpass() orfail) method is gecuted.

#sends event Disusedin agentdePnition@ndplandepbnitiongo identify messageventsthat

the agent or plan is capable of sending to other agents. Neither an agent nor a plan can send a
messageventto anotheragentunlesst includeacorrespondingsends event declaratiorfor

that class of messageent.

#set behavior B is used in BDhent debnitions to declareww@n agent processes an
instanceof this eventwhenit arises Optionsthatcanbeconbguredncludewhethertheagent
will re-try the event if an attempted plamifs and whether or not the agent can reason about
which plan it @ecutes in response to thesat.

#set transport b is used to signal which transport format is to be used for message e

#uses agent implementing b is used iplan debnitionso declare that gnagent using these
plans must implement the required inded. Interfices allar multiple agents to use avgn
plan.

#uses data [ #reads data [/ #modifies data D are used iplan debnitionso identify user

debned data structures a®@CK beliefsets that the plan can access. If the plan reads a data
instance it should only perform queries on it. If the plan modibes a data instance, it can read
andmodify thedata.Similarly, if theplanusesadatainstancejt canreadandmodify thedata.

#uses data Disusedin view depnitiondo declarehataview requiresdataof aspecibedype.
It can also be added &wentandplan debnition$o provide access to a belief structure.

#uses interface P is used in plans to declare that one of the enclosing capabilities (or the
enclosing agent) implements the required izt Note that this declaration supersedes
#uses agent implementing for most purposes.

#uses plan D is used iagentandcapability depbnitionso specify that an agent or capability
includes this plan in its set ofailable plans. This is a containment relationship.
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#uses taskManager Disusedin agentdebnitiondo specifyhow anagentsharests processing
capacity between ag tasks. ACK provides a simple task manageihich persists with the
current task until completion, and a round robin task manager whietsaach task to
execute a specibed number of plan steps before switching to anaitiegwask.

2.2.3 Reasoning Method Statements (@-Statements)

Reasoning statements afe&CK Agent Language specibc statements that can only appear in
reasoning method3 hey describe actions that the agent can perfornxécwge behdaour.

Steps such as postingeats, sending messages to other agentsaing until a particular
condition is true arexpressed using reasoning method statements.

Each reasoning method statement is listedvibelo

@action D is a reasoning statement that can be used if there is a need to includeya length
computation within a plan.

@achieve Dtellstheagentto make a certainconditiontrue.If the conditionis alreadytrue,the
agentdoesnothing,but if notaBbDIGoalEvent Will beposted.Typically, this eventwill initiate
the ecution of a plan to ma&kthe condition hold. The current plan is suspended while this
planis beingexecutedandthe @achieve statemensucceedsr failsbasednwhethertheplan
that is eecuted succeeds ails.

@determine D tells the agent to Pnd a binding for a logical condition that causes a
BDIGoalEvent t0 succeed.ypically, the logical condition will contain one or more beliefset
queriesFor eachbindingthatthesequeriesreturn,theagentpostsaBDIGoalEvent . AS SOONas
one of thes@DIGoalEvent S succeeds, th@determine Statement succeeds. If all bindings are
tried and &il, the@determine  statementdils.

@insist D tells the agent to ensure that a certain condition holds treethe&achieve
statement, the agent will do nothing if the condition is already true and will post a
BDIGoalEvent Otherwise, bit when thesDiGoalEvent has been handled, the agent re-tests the
conditionto ensurehatit holds.If theconditionholds,the @insist statemensucceedsyut if

not theBDIGoalEvent IS posted a@in. The agent will &ep testing the condition and posting
theBDIGoalEvent until the specibPed condition is satispPed or treneprocessingails.

@maintain B is used in a reasoning method to specify tsabtaskbe performed. Heever,

while the agent is performing the subtask, it must ensure that a particular logical condition is
neverviolated.If thelogical conditionis foundto befalsebetweemlanstepsthe subtaskwill

fail immediately Other than specifying a maintenance condition@eaintain Statement
operates inxactly the same ay as the@subtask Statement (see beldfor details).

@parallel D allavs concurrent sub-tasking of a set of statements within reasoning methods.
The@parallel  statemensuspendsxecutionof thecalling planwhile all enclosedstatements
are eecuted in parallel.
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@post DpostsanEvent Or BDIFactEvent Within anagent.Thisinitiatesanothertaskexecution
within the agent. Thevent is posted using one of its posting methods and is handled
asynchronously by the current tasteeution thread.

@reply D sends a messagelt (MessageEvent Or BDIMessageEvent ) in response to another
messageventthattheagenthasreceved.lt is only availablein plansthatareexecutedwithin
a task initiated by the aval of a messagevent. If the task)ecution vas initiated by ayn
other kind of gent, theareply statement will &il.

@sendD sends a messageet to another agent. Unékkthe@post method which posts an
eventinternally, aneventis sentto anotheragent(potentiallyrunningin anothemprocess)The
receving agent then has the option of replying to the message. The sender has a mechanism
for checkingthatareply hasbeensent,andhasmethodgor handlingreplieswhenthey arrive.

@sleep D suspendscecution of the task for awgn period of time.

@subtask DpostsankEvent OrBDIFactEvent , butinsteadof handlingtheeventasynchronously
in a separate task, the agent handles it synchronously as part of the same task.

@test D tests a condition. If the condition is true, it retwrs . If the condition isdlse, it
returnsfalse . If the condition is unknan, it posts @DIGoalEvent to Pnd out whether it is
true or hlse.

@wait_for DidentiPesaconditionthattheagentshouldwait for. Theplancannotproceeduntil
this condition is true. The task is suspended, aaitswintil some other task performs an
action that maés the condition true.olprevent the agent from aiting indePnitelya timeout
condition can also be specibed.

2.2.4 Base Member s and Methods

EachJACK AgentLanguagelassoffersanumberof public memberandmethodghatcanbe
called in the user's programs. These base members and methods are ligted belo

2.2.4.1 Agent Member s

Timer timer BDapublicagentmemberthatkeepshetimerfor thisagent.Thistimeris usedby
the plan methodsiapsed() andafter() , and by theasleep reasoning method statement.

2.2.4.2 Agent Methods

finish() b terminates the current agent instance. This is distinct from, and should not be
confusedwith, the standardlaa finalize() callback(usedby the garbagecollectorto allow
objects to ta& a Pnal action before termination).
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string name() Preturnsthefull nameof agivenagentnstanceAn agent'dull nametakesthe
following form:local_name @ortal_name , where:

¥ local_name is the name that identiPes the agent avangortal on the remote agent
communications netark. This is the name thatas passed to the agent constructor
(super(" agent_name ") call).

¥ portal_name is the name of the porttiat the agent listens on and uses to communicate
with other agents on the remote agent communicationomnietw

void postEvent() Bpostsanevent.Theeventis handledasyntironouslyby aseparatéaskin
the agent. This method befes in the sameay as the@post reasoning method statement.
Thepostevent) method allavs Jaa code other than reasoning methods to initiate task
execution within an agent by posting arest.

boolean postEventAndWait() b also posts aivent. The gent must belong to avent class
thattheagenthasdeclaredt canpost(i.e. by identifying this classin oneof its #posts  event
declarations). Hoever, instead of posting thevent asynchronouslyhe &ent is posted
syndironously(as though it has been posted b@sabtask Statement, forxample), to be
handledasa'subtaskbf the calling thread.The currentexecutionthreadstopswhatit is doing
while the &ent is handled andaits for the gent to either succeed il

An attempt to calpostEventAndWait() from a ACK thread (i.e. through a call chain
originatingin aplan)will be caughtoby the JACK kernel whichwill issueawarningmessage.
PostEventAndWait ~ provides a means to postents synchronously from outside reasoning
method &ecution (i.e. from a Ja thread).

void reply(MessageEvent  query , MessageEvent reply ) D replies to a messageent that an
agent has receed from another agent. It ta& two messagevents as guments:

¥ query , which is the messageent to which the agent is responding; and

¥ reply , which is the messageeant that should be returned to the sendguef as the
agent's response.

An agent can reply to gnrmessagewvent that it recetes. This method bebes identically to
the@reply statement in theACK Agent Language. Lisend() andpostEvent() , this
method allavs code outside plans to exgge in interagent communication and to initiate task
execution within an agent.

void send(String  to, MessageEvent message) D sends a messageset to another agent. It
takesamessageventandthe (full) nameof theagentto whichit shouldbesent.Partialnames
resole to the same portal as the sender
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2.2.4.3 Event Member s

sting from Dappearsn messageventsonly, andenablesdentibcatiorof theagentthatsent
the message carried by this messagae

Sting message D appears in messagelts only fessageEvent S andBDIMessageEvent S),

and contains a message that will be passed to the application's Agent Interaction ,Riagram
that each instance of thigent can be identiPed when it appears in the diagram. The Agent
Interaction Diagram in discussed in ffracing and Lgging Manual.

String mode B appears iBDIGoalEvent S only and identibpes the type &OK Agent
Language statement that posted the instance of this gyl @achieve , @insist , @test Or
@determine ).

2.2.4.4 Event Methods (f or Messa geEvents onl y)

Cursor replied() BDappearsn MessageEvent sonly, andenablesheuserto determinavhether
the agent has reaed at least one reply to asrgh messagevent instance. It returns a
triggered cursqmwhich will test whether the @gen messagevent's reply queue is empty
Because the cursor is triggered, it can be usedainaa_for statement to ait for message
event replies to arve.

MessageEvent getReply() b appears in messageets only and alles the user to obtain a
reference to each messagerd that has been returned to the agent as a replyvera gi
messageventinstanceTo beareply, amessageventmusthave beensentby thedestination
agent for the original message, usingrtpg() method, from within the task that the
destination agent as using to handle the original messaggnée

2.2.4.5 Plan Member s

Agent agent Didentibegheagentthatthis planbelongso. Wheneeraninstanceof aplanis
created, this member is assigned a reference to the agent that created the plan instance.

Note: The preferred ay to access the agent's methods and members is througkethe
interface  Statement described in tRéanschapter
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2.2.4.6 Plan Methods

Planinstancelnfo getinstancelnfo() Pacallbackthathasbeensuppliedsothatagentscan
performmetalevel reasoningabout plan instances. It pides a base class for recording
information about plan instances. This base class caxtéeded and accessed in plans that
perform meta-ieel reasoning. & example, one application maytend the

Planinstancelnfo class so that it assigngeecedenceating to each plan instance. This
precedence rating may simply be a constant, or it may be calculated in agni&@agent

can choose between itgaglable plan instances on the basis of this precedence rating, taking
the highest precedence plan it haailable as its brst choice.

static  boolean relevant)  Dusedto determinaf aplanis relevantto theactualevent.When

the agent is looking for a plan tgezute in response to aveat, it xecutes the plan's

relevant)  method to determine whether theeagi plan is releant. A plan is rebteant if, and
only if, it handleghe giveneventandthe event'sparametersnatchthe patternspecibedn the
plan'srelevant)  method. Sincewents are polymorphic, this can be used to weed out those
plans that can handle thigemt type, ot not this particular instance of theeat type. Unless
the eent's parameters satisfy tle@vant() method, the agent will deem the plan not
relevant to this eent.

context) B used to determine if the plan shouldexated in the current comte The

context specibes a logical condition that must be satisbed if the plan is to be applicable for
handling a gien e/ent in the current situation. Corteften refers to @lues in an agents
knowledge base, which are its beliefs about the state of dhe . WVhen the agent needs to
handle anent, it looks for glan instancehat is applicable to thisrent. A plan instance is
applicable if it satispPes the plan's comtdypically, thecontext()  method will include

logical members in beliefset queries. When an applicable instance of the plan is found, it
indicatesthatthe queryfoundatupleandboundthelogical member(s}o its value(s) If there

is more than one ay to satisfy @aontext) method's logicalx@ression, there will be

multiple instances of the plan that are applicable. One applicable instance will be generated
for each set of bindings that satisfy thetext()  condition.

body() B the plan's main or 'topvld' reasoning method. It describes what it is that the agent
actually does when itxecutes an instance of this plan.

2.2.4.7 BeliefSet Methods

add() D adds ne tuples to an agent's paite beliefset, or modibes itsigting tuples by
supplying updated information.

remove() D remwes tuples from an agent's beliefset.

publicint  nFacts() B returns the number @idts (tuples) that are currently held in eegi
beliefset. IBr Open V@rld relations, this is the sum of both posititrue) and rgative (false)
beliefs, while forClosed Wirld relations this is only the number of positi(true) beliefs.
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2.2.4.8 Capability Methods

void postEvent(Event e) Dthepostevent)  methodis usedto posteventswithin capability
code. This method is actually just a eenience method that refers to
getAgent().postEvent()

Agent getAgent() b this method is called on a capability instance to return the containing
agent.

void autorun() Bthis methodcanbeoverriddenin orderto provide someinitialisationwhen
the capability is actually brought into being.
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3 Agents

3.1 Introduction

The Agent clasembodies all the functionality associated witih&H intelligent agent. @
debneagentsextendthis classaddingmembersandmethodghatareapplicableto theagents
current application domain.

3.2 Agent Debnition

Agent debnitions takthe form shan belav:
agent AgentType extends Agent [implements Interface ]
/I JACK Agent Language statements specifying containment

/I relationships.
/I These are described in the following sub-sections.

}

Each component of this dePnition igpkined in the follaing table:

Syntax Term Description

agent A JACK Agent Languagedyword used to introduce
an Agent debnition.

AgentType The name of your damedAgent class (which can not
be further subclassed).

extends Agent This partof thestatemenplaysthesamerole asin Java

bit indicateghatthe agentbeingdePnednheritsfrom
a ACK Agent Language base class callgent . The
Agent base class implements all the underlying
methods that prade an agent's core functionality

[implements Interface] This part of an agent dePnition is optional.
When present, it states that the agemlements a
given &va interface Java interfices are lig classes
that consist of method prototypes without code. When
an agent implements an intaecg, it preides code to
implement each of these methods.

Table 3-1:Components of an Agent debnition
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3.3 Agents and Interfaces

The optionaimplements Interfaceomponent in an agent depbnition is important when it
comes to writing portableALCK Agent Language programs that alléor code re-use.
Interfaces preide a common ground between agents thatvalkhem to share plans.

Whenanagentexecutesa plan,this planwill oftencall ordinaryJavza methodslt is important

to remembethatwhenthis occursthesemethodsnustbeincludedin theagentdepbnition not

the plan debnition. Therefore,yaagent that uses this plan must include the debned methods
or the plan will not be able to run properly

This means that thACK Agent Language places restrictions on which agents can use what
plans. So that this restriction can be obsdn a modular ay, the ACK Agent Language
allows these dependencies to be packaged up inteadnlarface Any agent that wishes to
include this plan must declare thainitplements this interfacéf an Agent class implements

the interfce, it preides all the methods necessary to run the plan.

3.4 Agent Declarations

An agent should fully describe the functionality it implements A#@K Agent Language
debnitions. In general, this debnition needs to include thevialjpconceptual statements:

¥ BeliefSets andi®vs which the agent can use and refer to.

¥ Events(both internal andx¢ernal) that the agent is prepared to handle.

¥ Plansthat the agent canxecute.

¥ Eventsthe agent can postternally (to be handled by other plans).

¥ Eventsthe agent can semxtemally to other agents.

Thesedebnitionsarehandledby statementghatoccuratthe Peldor membeievel of anagent
debnition While thereis norestrictiononwherethey appeain Jackcode by corventionthese

debnitions appear before the debnitions gfragular Jaa data members and methods that
the agent may contain.
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An example agent template shimg someof the declarations that can appear in an agent
appears bels:

agent AgentType extends Agent [implements InterfaceName ]

/I Knowledge bases used by the agent are declared here.
#private data BeliefType belief_name (arg_list );

/I Events handled, posted and sent by the agent are
/I declared here.

#handles event EventType ;
#posts event EventType reference
#sends event EventType reference ;

/I Plans used by the agent are declared here.
/I Order is important.

#uses plan PlanType ;
/I Capabilities that the agent has are declared here.
#has capability CapabilityType reference ;

/I other Data Member and Method definitions

}

Each ACK Agent Language agent declaration is described in more detail in theifgjlo
sub-sections.

#handles event EventType

This statement identibPes tbeentsthat the agent will attempt to respond to ifitlagise. By

handlingtheevent,theagentclaimsto have atleastoneplanavailablethatit canexecutewhen
this event arises. These plans may not bevesieto all forms of thevent or applicable in all
circumstances,ut the agent must kmohow to handle thewent in at least some situations.

Because it is really claiming that the agent's plans can handleethig #hezhandles event
agentdepnitionstatements analogougo a functionprototype It is anexplicit statemenwith
which the runtime can check for completeness rather than functional neddosityer,
debning theents that an agent handles up fronted@gents to be prototyped and helps
ensure that sound design practices areviath

Includingthe#handles event dePnitionis alsoimportantto ensurethattaskprocessindakes
place in the agent when theest occurs. If an agent reges an eent that it does not handle,
a runtime varning is generated and theeat is not processed. By claiming to handle the
event, the agent looks through its plans to Pnd one that has a matehings event
statement. A suitable plan might not be found,dt least the agent looks to neadure.
Claiming to handle anvent is like an emplgee claiming that a situatioalfs under their
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responsibility: thg take notice when it occurs and try to do something about it. Whether the
succeed or not is another matter

When an agent debnition includes a statement of thevialjoform:

#handles event EventType ;

The agent claims that when areat ofEventType o0Occurs, it has a plan to handle it. This plan
should be declared with thases plan  declaration. Ha this event is processed depends on
whether it is a BDIeent or a normalvent.Behaviour Attrilute settings can also infBuence
how events are handled and particularly what happens on gilamne.

Referto the Eventschapterfor moredetailson how differenteventtypesarehandledandhow
this behaiour can be customised.

#posts event EventType [ reference ]

This statementlescribegneventthattheagentcanpost.Postinganeventmeanghatanagent
creates an instance of theeat and posts it internally (i.e. sends therg to itself).

The#posts event  declaration identibes thoseeats that the agent pogtsplicitly, not those
thatarisefrom actionsof otheragentsor indirectly from theagent'sown actionsor changesn
internal state. Therefore, it is usually used to declare that the agentyardssc# the types
Event , BDIFactEvent andBDIGoalEvent . For moreinformationontheseeventclassesteferto
the Eventschapter

When an agent claims that it posts aerg, this gent will only arise if it is gplicitly
generated in one of the agent's methods.

An agent debPnition contains a statement of this form to indicate that the agent has reasoning
methods or code thax@icitly causes anwent of this type to arise.

Each term in the pweous debnition is described in the folimg table:

Term Meaning

#posts event Identibes that the agent can postrés of the gien
type. The eent is alvays posted internallyand hence
needs to be handled by the agentis plans.

EventType Identibes the type ofvent to be posted.

[ reference ] When present ACK creates an agent member called
reference  Which can be used to createents of
EventType USiNg its posting methods.

Table 3-2:Terms in aposts event  declaration
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When an agent posts aveet, it does so by calling the methadtevent) as shan belav:

postEvent ( event )

The event being posted must be constructed using one of/émd's posting methods. This is
described in the section on posting / sendiwents in theEventschapter

Eventspostedn thisway arehandlednternally by theagentNo otheragents affectedby the
posting process. Hence, yhare like 'thoughts' or ‘ideas’ that the agent has. The agent
essentially tells itself that thizent has occurred and needs to be dealt with.

Agents can also sendternal &ents to be handled by other agents. Thesats are called
messge eventsand are described in tlisentschapter

#sends event EventType [ reference ]

This declares that the agent is able to send a mesgagd@ another agent. Messagerds
are @ents that etend either of the follwing event classes:

¥ MessageEvent

¥ BDIMessageEvent
For more information on thes&ent classes, refer to tl&entschapter

This declarationdentibesaventsthattheagentsendsexternally: It is analogougo the#posts
event statement in all respects other than tet that the went arises in a dérent agent to
the one that sends it.

When an agent includes a declaration of this type, it indicates that the agent has reasoning
methods or code that can send aeng ofeEventType to other agents. The folleng table
describes each term in this dePnition:

Term Meaning

#sends event This agenthasmethodsor codethatcansendeventsto
other agents. Thevent is alvays sent to a dérent
agentandhenceneedso behandledwithin thatagent's
own task e&ecution structure.

EventType Identibes the type ofvent to be posted.

[ reference ] When present ACK creates an agent member called
reference  Which can be used to createests of
EventType UuSing its posting methods.

Table 3-3: Terms in atsends event  declaration
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When a method belonging to an agent dePnition needs to send a message another
agent, it does so bykecuting the follaving statement:

send ( agentName, event )

send() Isabasemethodprovidedby the Agentclass.t is almostidenticalto thepostEvent()
method &cept that it taks the name of the gt agenas the brst gument. This is the full
name that the agent is kmo by on the ACK runtime netwrk. The @ent being posted must
be constructed using one of theet's posting methods. This is described in the section on
posting/sendingwvents in theEventschapter

To obtain the name of an agent, use the Agent base metheg . This method returns the
agent's name assaing . Note that the name returned is the full name of the agent which
takestheform agent @ortal . If aportalnameis notsuppliedthesend() methodappendsn
@symbol,followedby the portalnameof the sendingagent.This cancausesomeambiguityif
thereis morethanoneprocessn thecurrentapplication soit is advisabldo alwayssupplythe
full name of an agent.

#uses plan PlanName

This statement identibes thnsthat an agent carxecute to handlevents. An agent can
only execute instances of a plan if it declares that it uses this plan withsgplan
declaration. If a plan is dePneditimo agent uses it, that plan willvee be &ecuted.

Whenanagentdebnitionincludesa#uses plan declarationall instance®f thisagentthatare
created hee access to thewgin plan. This plan is said to form part of that aggds set

Note: Ordering of#uses plan  statements in the body of an agent (or included capabilities) is
important. 6r normal gent handling, plans are tested for valece and applicability in the
order in which thg are declared.df BDI event handling, after a candidate plan set is
assembledheplandeclaredprstin theagentwill bechoserprstin theabsencef meta-level
reasoning or plarank being set.

If an agent claims to handle aveat, the agent should use a plan that also handles/tdt e
If this is not the case, aasning will be generated when you start up the application. The
warning is issued because if an agent has no plan to handknaagint, it cannot strictly
claim that it is capable of handling thaeaet.

#has capability CapabilityType reference

Thecapabilityconceptringsstructureto thefunctionalelement®f agentsTheuserdeclares
an agent to hee selected capabilities by using #heas capability declaration statement.
Eachdeclaratiorthenrequiresbotha capabilitytypenameandareferencenamethatidentibes
the particular instance of the capability
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If, for instancepainting IS acCapability ~ type, an agent might include the folimg
declaration:

#has capability Painting painting;
The declaration mads the agent capable of whatethepainting capability brings, that is,
the agent is gen access to all of the functional components enclosed by the cap&b#ity

referencenamepainting  allows agentcodeto referinto thecapabilityinstance An agentmay
have more than one instance of the one capability type.

3.4.1 Beliefsets

3.4.1.1 Conceptual Model

In JACK, beliefs are modelled as beliefset relations whick thk follaving form:
relationName  (keyl, key2, ..., datal , data? , ...)
Thatis, eachrelationis identiPedoy anameandcontainsary numberof Pelds.Someof these

Pelds ardey Peldsuniquely identifying th&ind of objecthat this relation describes, and
others arevalue beldsidentifying theattributes of this objedhat need to be recorded.

Eachobjectdescribedy abeliefsetrelationis representedsatuple A tupleis aninstanceof
therelationwherethe Peldsrepresenthe key Peldsandvaluebeldsof a particularobject.For
example, one may choose to model a bank account with theviiofjdoeliefset relation:

bankAccount(account number, name, balance, credit rating)

A particular bank accountauld then be described as a tuple, such as
bankAccount(10019875, "Fred Jones", 101.95,"A1");

3.4.1.2 Beliefset Dec larations

JACK beliefset declarations within an agent @akhe follaving general form;
#{ private | agent | global } data BeliefType belief name ( arg_list )

which declares that a beliefset of tygsgiefType is to be contained within the agent. Each
declaration is described balo

#private data BeliefType belief name (arg_list )

When an agent debnition includes a statement of this form, it declares a named data that is
private to the agent. Agents of this clasgehaivate access to the beliefset relation

belief_name  (Or to a usedebned data structure as described in tkegseetion). Priate

access means that the agent haswts @y of the relation, which it can read and modify
independent of all other agentsea those of the same agent class.
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Each parameter in the preus debnition is described in the follmg table:

Term

Meaning

#private data

BeliefType

belief_name

arg_list

A JACK Agent Language Peldyel construct, which
specibeshatagentf this classhave privateaccesso
the beliefset relation.

The type of beliefset relatiahat the agent will use.
The beliefset type is analogous to the Agent class,
extends one of the underlyingGK Agent Language

types.

and

The beliefset type debPnes the general properties of the

relation such as:
¥ the number and type of belds it has;
¥ the relation's &; and

¥ the relation's query method.

Used to identify the instance of the relation that the
agent is using.

An optional agument. When present, it specibes
argumentdo be passedo the constructoreachtime an
instance of this beliefset relation is created.

For more information on beliefset constructors and
how to use them, see the section entiBediefSet
Construction

Table 3-4:Terms in agprivate  JACK beliefset declaration

When a beliefset relatias private, all the relation's tuples are unique to that agent. If the
agent adds or remes tuple information, this is only re3ected in imndoelief state. Ap
other agent with access to a relation of the same name will vithawn set of tuples
affected. Hence, gnchanges made to an agent'sqe relations ha no efect on the belief

state of other agents.

Private relations are the only beliefset relations where the agent can add, modify\a& remo
tuples: agent and global relations are read-dhghould be noted that:

¥ An agent camjuerya private relation's tuples using the relatiaqery method

¥ An agent camodifya private relation's tuples using the relatiai®) andremove()

base methods.

Refer to theBeliefset Relationshapter for further details.
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#agent data BeliefType belief name (arg_list )

When an agent debnition includes a statement of this form, it declares a named data that is
shared among all agents of this type in the same process. Agents of thisveagsnha

accesgo thebeliefsetrelationbelief_ name  (or to auserdebnedlatastructureasdescribedn

the net section). Although it is not enforcedient access means that the agent shouke ha
shared read-only access to the relation with other agents of the same class.

Each term from the pveous debnition is described in the follmg table:

Term Meaning

#agent data A JACK Agent Language Peldyel construct, which
specibes that agents of this clasgehshared access to
thebeliefsetrelation,but only with otheragentsof this
class.

BeliefType The type of beliefset relatiahat the agent will use.
The beliefset type is analogous to the Agent class, jand
extends one of the underlyindGK Agent Language
types.

The beliefset type debPnes the general properties of the
relation such as:

¥ the number and type of Pelds it has;
¥ the relation's &; and
¥ the relation's query method.

belief_name Used to identify the instance of the relation that the
agent is using.
arg_list An optional agument. When present, it specibes

argumentdo be passedo theconstructoreachtime an
instance of this beliefset relatigs created.

For more information on beliefset constructors and
how to use them, see the section entiadiefSet
Construction

Table 3-5:Terms in atagent beliefset declaration

As access to agent beliefsets is intended to be reagdtoaligeliefset should be populated by
readingdatafrom a bleaspartof thebeliefsetconstructorDetailson how this canbeachiered
appear in th&eliefSet Constructiosection.
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The brst instance of an agent class that uses an agent beliefset causes the beliefset to be
constructed. Each subsequent instance of that agent class is simnpddalltcess to the
beliefset.

An agent camueryan agent beliefset using the relatianiery method
Refer to theBeliefset Relationshapter for further details.

#global data BeliefType belief_ name (arg_list )

When an agent debnition includes a statement of this form, it declares a named data that is
shared among all the agents in the same process. This means that all the agents in the process
haveglobal accesso thebeliefsetrelationbelief name (0r to auserdePnedlatastructureas
described in the ¢ section). Although it is not enforced, global access means that the agent
should hae shared read-only access to the relation with all other agents in the same process.

Note: A JACK application can consist of one or mprecessesHowever, by defult (and
unless otherwise specibed) an application consists of a single process.

Each term in the pwous depPnition isxplained in the follaving table:

Term Meaning

#global data A JACK Agent Language Peldyel construct, which
specibes that the agent shares this relation with all
other agents in the process.

BeliefType The type of beliefset relatiahat the agent will use.
The beliefset type is analogous to the Agent class, jand
extends one of the underlyindGK Agent Language
types.

The beliefset type debPnes the general properties of the
relation such as:

¥ the number and type of pelds it has;
¥ the relation's &; and

¥ the relation's query method.

belief_name Used to identify the instance of the relation that the
agent is using.
arg_list An optional agument. When present, it specibes

argumentdo be passedo theconstructoreachtime an
instance of this beliefset relatigcreated.

Table 3-6:Terms in atglobal beliefset declaration
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As access to a global beliefset is intended to be readtbelpeliefset should be populated
by reading data from a ble as part of the beliefset constructor

The brst instance of an agent class that uses a global beliefset causes the beliefset to be
constructed. Each subsequent instance of an agent class that uses the same global beliefset is
simply alloved access to the beliefset.

An agent camjuerya global beliefset using the relation's query methods.

Refer to theBeliefset Relationshapter for further details.

3.4.2 Data stored in User -debPned Data Structures

Agent beliefs or normal ¥a objects can be stored MUK beliefset relations or in user
debned data structures as agent data membersdé&fzeed data structure members are
declared in the agent in an analogoaywo ACK beliefset relationby using theprivate
data , #agentdata  Or#global data  Statements as described leldhe agent's planam
access to the usdebned data object using thees data  declaration described in the
chapter on plans, and &kACK beliefsets, usedebned data structures can kpagted,
imported or declared pate to capabilities as discussed in @apabilitieschapter

In addition, a plan canagn access to its enclosing agent asva dhject, (and thus to the
agent's data members) by using#te@s interface or the#uses agent implementing
statements described in tR&anschapter

JACK declarations for usatebPned data structures within an ageng thle follaving general
form:

#{ private | agent | global } data DataType data_name (arg_list )

which declares that avlaobject of typ@ataType is to be contained within the agent. Each
declaration is described belo

#private data DataType data name (arg_list )

When an agent dePnition includes a statement of this form, it declares a named data that is
private to the agent. Agents of this clasgenprivate access t@ata_name .

Private access means that the agent hasvitscopy of the data object, which it can read and
modify independently of all other agentser those of the same agent class.
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Each item in the pxéous dePnition is described in the follmg table:

Term Meaning

#private data Specibeshatagentsf this classhave privateaccesso
the data.

DataType Theuserdebnedlata structure.

data_name The name used to identify the instance of the-user
debned data structure that the agent is using.

arg_list An optional agument. When present, it specibes
argumentdo be passedo the constructoreachtime an
instance of this data structure is created.

Table 3-7:Terms in a#private  userdebPned data structure declaration

#agent data DataType data name (arg_list )

When an agent dePnition includes a statement of this form, it declares a named data that is
shared among all agents of this type in the same process. Agents of thisvedagsnha

access to the va objectdata_name of typeDataType . Although it is not enforcedgent

access means that the agent showe lshared, read-only access to the data object

(data_name ) with other agents of the same class.

Each item in the prgous depPnition is described in the follmg table:

Term Meaning

#agent data Specibeshatagentf this classhave sharedaccesso
the data, bt only with agents of the same class.

DataType Theuserdebnediata structure.

data_name The name used to identify the instance of the-user
debned data structure that the agent is using.

arg_list An optional agument. When present, it specibes
argumentdo be passedo theconstructoreachtime an
instance of this data structure is created.

Table 3-8:Terms in atagent userdebned data structure declaration

As accesso theobjectis intendedo beread-onlythedataobjectshouldbeinitialisedwhenit

is constructed. The brst instance of an agent class that uses the object will cause the object to
be constructed. Each subsequent instance of that agent class is thed &dlaccess the

object.
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#global data DataType data name (arg_list )

When an agent dePnition includes a statement of this form, it declares a named data that is
shared among all agents in the process. Although it is not enfgitad, access means that
theagenthassharedead-onlyaccesgo thedataobjectdata_name with all otheragentsn the

same process.

Each term in the pugous dePnition is described in the follmg table:

Term Meaning

#global data Specibeshatagentsof this classhave sharedaccesgo
the data, with all other agents in the process.

DataType Theuserdebnedlata structure.

data_name The name used to identify the instance of the-user
debned data structure that the agent is using.

arg_list An optional agument. When present, it specibes
argumentdo be passedo the constructoreachtime an
instance of this data structure is created.

Table 3-9:Terms in atglobal userdebPned data structure declaration

As access to global data is intended to be read-thrdyobject should be initialised when it is
constructedT he brstinstanceof anagentclassthatusesheglobaldataobjectcauseshedata
objectto be constructedEachsubsequeninstanceof anagentclassthatuseshe sameglobal
object is alleved to access the data object.

3.4.3 Task Managers

Taskmanagergovernhow anagenthandlesconcurrenexecutionwhenthey have committed
to more than one taskecution.

By default, ACK uses the&impleTaskManager . TheSimpleTaskManager tells the agent to
persist with its currently ast task until one of the folMang situations occurs:

¥ it encounters @wait_for Statement (and the task blocks);

¥ it encounters @sleep statement (and the task blocks); or

¥ it completes (either succeeding ailihg).

Regardless of the number of tasks that are outstanding, the agent will continue with a single
task until one of the alve conditions occurs.
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As soonasoneof theabove conditionsoccurs thetaskis removedfrom thetaskqueueandthe
agent mees on to the ne applicable task. If the task is completed, it is reesbcompletely
from thetaskqueuelf thetaskencountered @wait_for Or @sleep, thetaskis returnedo the
end of the task queue only when the statement is completed.

If a plan step of the ag® task taks a long time to complete, or an inbnite-loop arises, the
agent will not switch to another task.

In most applications, th&mpleTaskManager is subcient. Haovever, if the agent has tasks
involving intensve processing that may need to be preempted by shodes ugent tasks,
the task manager described belmay be preferable.

#uses taskManager SimpleRRTaskManager( <steps> )

This statement declares that the "round robin" task mamagebe used in place of the
SimpleTaskManager . This task managerfefs a more "balanced" approach to managing the
tasks that are currently agtiwithin an agent. Instead of persisting with the currentlyecti
task until it either pauses or is complete, the agent rotatefoitis dfetween all tasks that are
currently actve.

Each acire task is kpt in around obin queuaand is allocated a number of plan steps that it

can run. A plan step is meant to represent an atomic action within a plan. In some cases, this
correspond$o a singlestatemen({suchasthe @send statement)However, mary JACK Agent
Language statements actuallyotve more than one plan step (such asateit_for , where
multiple plan steps are used to test each condition). When a plan stateveesincore than
oneplanstep this statementanbesuspendedfterarny givenplanstep.Whentheroundrobin

task manager lets the task rumisg the statement is able to resume where it |éft of

If a plan calls a normal ya method, that entire methoxegeutes as a single plan step. This is
because the round robin task manager does nat &hwhich point it can suspend the task
while it is executing non-reasoning method code.

The number of plan steps allocated to each taskvisrged by theteps argument (an
unsigned long ) suppliedto the#uses taskManager declarationWhenspecifyingthenumber
of plan steps, takcare to choose ale that is appropriate to the application domain.
Choosing a smallalue minimises the chances of a single task locking out all others,
maximising the agent's resporesess to ne events. Havever, the smaller aalue, the more
of an agent's processing time ivoled to contet switching, reducing the agent'seall
efbcieny. A goodvaluefor thenumberof planstepss someavherein thehundredg100-200),
depending on the response and throughput characteristics required.

If the task terminates or pauses (by reachiagleep or @wait_for Statement) before its

number of plan steps has been reached, the agenvelsadsit wuld with the

SimpleTaskManager . However, if it reaches its requisite number of plan steps before this
happens, the ag® task is meed to the end of the task queue, and the task at the head of the
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gueuds activated.Thereforeall active tasksaregivenanopportunityto run,andthedangerof
one CPU-intensk, long-running task hampering the agenterall performance is reduced.

3.5 Agent Member s and Methods

Oncetherequiredsetof #-declarationfiasbeenaddedo anagent'sdebPnitiontheevent , plan
andbeliefset ~ components that the agent requires will need to be identiped. Each of these
components contains itsva data members and methods. The remaining step in completing
the agent debnition is to specify the agent's data members and methods.

An agent's data members and methods are dePned using naem&ftkx all, agents are
fundamentallymplementedisJava classessothefull Javafunctionalityis available. Theuser
may want to debne data structures for the agent to use thatfarerdifrom the beliefset
construct preided, and you may ant to include methods to poseats when certain
situations arise. &u will certainly want to debPne constructors and destructors so that
individual agentscanbe createcanddestryed. Notethatat leastoneconstructorffor theagent
must be debned.

Whendebninganagent'snethodstheusermaywishto usesomeof thebasemethodghatthe
Agent class pnades. Since all agentstend theagent class, these methods arevays
available. Typically, they implement useful b level functionality such as:

¥ constructing an agent instance;
¥ terminating an agent;

¥ posting aneent (only those identibed usingyists event  OF #sends event
declaration);

sending messages to other agents;
replying to messages from other agents;

specifying whichtimer the agent will use; and

K K KK

determining the agent's name on tA€HK network.

Agents also hae a data member that alle you to specify themer (clock) that the agent
uses to measure the passage of time.

Furthermore, if ay of the agent's plans require it to implement a particular adeyfall the
methods specibed by this inré must be included among the agent's methods and be fully
implemented.

Note: Personalisedgent sub-classes can be debned xtgrding from othengent classes
that hae been debned. It is not necessaryterel directly from the baseent class.
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Agent Construction
To construct an agent, follothe conwention for constructors used invdaAn example of
agent construction is sivo belaw:
agent ExampleAgent extends Agent
{
/I #-statements
/I data members
ExampleAgent (String name)
super(name);

}
}

Agent Termination

To terminateanagentusetheAgent basemethodinish() . Whenthismethodis executedall
event processing within the agent terminates immediately and the agent vedefnoon the
JACK runtimenetwork. Actual removal of theagentandthefreeingof its allocatedmemoryis
left to the Jaa garbage collector

void postEvent(Event e )

Thepostevent) method is used by the agent to post\a eeent. It can be used to post all
types of gents.
The prototype for this method is st belav:

public void postEvent ( Event event _name );

whereevent_name is the name of thevent to be posted. Note that to use this method:
¥ the eent being posted mustvyealready been constructed; and

¥ thiseventmusthave beenincludedamongthe eventsthatthis agentcanhandle(by means
of a#handles event  declaration)

An agent gecutes a separate task to handle postedte. Hence, thgostevent)  method
does not return a resulyyen if the agent cannot handle thvemt (e.g. if none of its plans are
relevant or applicable).

Theeventis handledasyndironouslyby theagent Notethatthisis alsotrueif theeventposted
is agoalevent.Normally goaleventsarehandledsynchronouslyn separatsubtask$ut when
posted using this method, thare treated and handled asynchronously as nokeatse

Messageventsshouldnotbepostedn thisway:. If they are,they will appeamsinternalevents
and therom member will be set to null.
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boolean postEventAndWait(Event e)

This base method is similar to th&tevent() method, gcept that instead of posting the
event asynchronouslyt is postedsyntironously The agent stillxecutes thewvent as a
separate taskubthe calling method mustait until this task has been completed before
continuing. The prototype for this method is whdelav:

public boolean postEventAndWait ( Event event_name );

Themethodreturnsa boolearresultdependingpn whetherthetaskthatthe agentperformsto
handle the went succeeds (true) ails (false).

Note: Unlike mostotheragentmethodsthis methodmustnot be calledfrom arny of anagents
tasks.It canonly beusedfrom methodsusedby normalJara programghatareintegratedwith
the ACK application.

void send(String s, MessageEvent e)

This method is used to send messagességeEvent S Or BDIMessageEvent Sto other agents.
The prototype for this method isvgn belov:

public void send (String name, MessageEvent message)

It takes two aguments:

¥ thename of the destination agent, and

¥ aMessageEvent to send to this agent.

Theagentamecaneitherbein short(agent ) or full (agent @ortal ) form. Theshorthnameis
simply the name thatas specibed in the constructor of the agent. If a short agent name is
passedthe messageventwill only reachtheagentif it is runningwithin the sameprocessas

the agent that sends the message. If a fully-qualiped name is passed, on the other hand, the
message will reach the destination agent if it is runniygvhare on the same DCI nedvk.

void reply(MessageEvent g, MessageEvent r)

This methodis usedto sendmessagegviessageEvent SOr BDIMessageEvent S) backto anagent
from which a preious message originated.

If the agent has recad a message and performed a task in response to this message, one of
thestepsn the planthatrespondgo this messagenaybeto sendanothermessag®ackto the
originating agent in the form of a replyhis may be to conbPrm that the task has been
completed.

The prototype for this method isvgn belov:

public void reply ( MessageEvent query , MessageEvent response )
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Unlike thesend() method, theeply) method does not require specibcation of the
destinatioragentasanexplicit inputargument.Thisis becaus¢heagentalreadyknowswhich
agent sent the original message. The sender's address is specibed in the original message
event'sfrom member

String name()

Thismethodis usedto retrieve theagent'sull name whichincludesits procesgortalname.t
returns the name assaing

The name returned consists obta@omponents:

¥ the agent's name as it is knolocally within the process; and

¥ the portal name assigned to the current process.

For example,supposanagentcalledkermit is runningin a processwhich hasbeenassigned

a portal nameesameStreet . The nhame returned by this methoduld be
kermit@sesameStreet

Timer timer

This data member specibes which timer (clolo& agent will use to measure the passage of
time. ACK includes a number of dérentTimer classes to ge programmers more control
over hav agents respond to the passage of time in a program.

The dePnition of this member isvgh belav:

Timer timer ;

TheTimer class is ACK specibc. imers can be cagerised as: the real-time clock
(measuringhe passagef time aswould a normalsystemclock); dilatedclocks(enablingthe
agent to manipulate time withfe€t, such asafst forvard, slav motion and pause); and
simulation clockgenabling manual ticking andien greater control than thaferded by
dilated clocks).
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4 Capabilities

4.1 Introduction

Thecapabilityconcepis ameanf structuringreasoningelementof agentsnto clusterghat
implement selected reasoning capabilities. This technique simpliPes agent system design,
allows code reuse, and encapsulation of agent functionality

Capabilities represent functional aspects of an agent that can be plugged in as required. This
capability as componeripproach alls an agent system architect told up a library of
capabilities ger time. These components can then be used to add selected functionality to an
agent.

Additionally, capabilities can be structured so that a number of sub-capabilities can be
combined to praide comple& functionality in a parent capabilitfhis capability can in turn
be added to an agent tovgiit the desired functionality

Capabilities arenlt in a similar fishion to simple agents B constructing them is merely a
matter of declaring theALK Agent Language elements requirede&s, beliefsets, plans,
Java code and other capabilities can all be combined t@ maapability

In this section, the capability concept is described, and capability declaratiorplanessl.
Eachof thespecibat-declarationsmembersandmethodgertainingto capabilitiess listedin
following sub-sections.

4.2 Capability Debnition

A capability is debPned similarly to other typedéconcepts as a code block by tlegvikord
capability . A capability dePnition tads the form shen below:

capability CapabilityType extends  Capability
[implements Interface ]

/I JACK Agent Language Statements specifying

/I the functionality associated with this
/I capability.
}

Each component of this debnition ip&ined in the follaing table:
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Syntax Term Description

capability A JACK Agent Languagedyword used to introduce a
capability debnition.

CapabilityType The name of the dened capability  class.

extends Capability This partof thestatemenplaysthesamerole asin Java

b it indicates that the capability being debned inherits
from a ACK Agent Language base class called
Capability . Thecapability = baseclassmplementsall
theunderlyingmethodghatprovide a capability'score
functionality.

limplements Interface ] | This part of a capability dePnition is optional. When
present, it states that a capabilityplements a given
Java interface Java interbices are classes that consist
of method prototypes without code. When a capability
implementsaninterface,it providescodeto implement
each of these methods.

Table 4-1:Components of a Capability dePnition

In thebodyof eachcapability events beliefsetsplansandothercapabilitieghatpertainto the
functionality pravided by the gien capability are declared vaeentities (i.e. methods and
members) may be declared in capabilities as in a class. Each capability is instantiated with
each agent that contains the correspongiagcapability declaration.

The ACK #-declaratiorstatements used for agents are\ailable for use in capabilities,
except those that refer to task managers. In addition, therevargenéarations that ao
specifying @ents and beliefsets as shared with an enclosing capability

4.3 Capabilities and Interfaces

Theoptionalimplements  Interface  componentn acapabilitydePnitionis importantwhenit
comes to writing portabléALK programs that alle for code re-use. Intea€es proide a
mechanism for agents and capabilities to share plans.

Whenanagentexecutesa plan, this planwill oftencall ordinaryJava methodslt is important
to remembethatwhenthis occurs thesemethodsmustbeavailableto the planthroughhaving
beendeclaredn theagentor oneof thecapabilitiesthatit usesThereforeary capabilitythat
uses this plan must include the debPned methods, or the plan will not be able to run.properly
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The ACK Agent Language alles you to package up these dependencies inteaa Ja
Interface . Any capabilitythatwishesto includethis planmustdeclarethatit implementshis
interface If acapabilityimplementsheinterface it providesall the methodsecessaryo run
the plan.

4.4 Capability Dec larations

A capability should fully describe the functionality it implements W&K Agent Language
declarations. In general, a capability dePnition will require declarations for theifajto

¥ BeliefSets andi®vs which the capability can use and refer to;

Events(both internal andxternal) that the capability handles;

Plansthat the capability carxecute;

Eventsthat the capability can post internally (to be handled by other plans); and

K K K K

Eventsthat the capability sendsgternally to other agents.

These declarations are pided by statements that occur at the Peld or membardéa
capability debnition. By caention, these statements should appear before the debnitions of
ary regular Jaa data members and methods that the capability may contain.

An example capability template slwong someof the declarations that can appear in a
capability appears belo
capability CapabilityType extends  Capability
[implements InterfaceName ]

/I Knowledge bases used by the capability are declared here.

#private data BeliefType belief_name (arg_list );
#exports data BeliefType belief_name (arg_list );
#imports data BeliefType belief_name 0;

/I Plans used by the capability are declared here.
/I Order is important.

#uses plan PlanType ;
/I Events posted, sent and handled are declared here.

#handles event EventType ;

#handles external [ event ] EventType ;
#posts event EventType reference ;
#posts external [ event ] EventType reference ;

#sends event EventType reference
/I Sub-capabilities are declared here.
#has capability CapabilityType reference ;

/I other Data Member and Method definitions

}
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EachJACK AgentLanguagecapabilitydeclaratioris describedn moredetailin thefollowing
sub-sections.

#handles event EventType ;

As for agents, thehandles event  statement declares that there are pleitisn this
capabilitythat handleeents of the gien type. The declaration also implies that thesats
arelocal to the capability and its sub-capabilities, which means that the connection between
posting and handling does not cross the boundary between this capability and its enclosing
capability In other vords, @ents of typeventType that are postedxeernally to this

capability are not handled within this capabjliyd the eents of typeeventType that are

posted within the capability are not visible for the enclosing capalbiliever, the
declaratiordoesnot make theeventtype'invisible'for innercapabilitiesyrather thisis decided

in their dePnitions.

#handles external [event] EventType ;

The#handles external statement declares that there are plans within this capability that
handleeventsof thegiventype,andthatthistypeis sharedwith theenclosingcapability This
means thatvent posting and handlirdpescross the capability boundary uarels. That is,
theexternal keyword declares that thevent in question may be handled by the parent
capability or ag of its sub-capabilities that declare thatthandle this eternal eent, and
thesecapabilitiesplans,if any, contributeto the plansetassembledio handlethis event.Note
that the lkeywordevent is optional.

#posts event EventType reference ;

The#posts event  statement declares that there are plans or code within this capability that
post @ents of the gien type. The declaration also indicates that thesetge are local to the
capability which means that the connection between posting and handling does not cross the
boundary between this capability and its enclosing capalflitsference name is needed

only if the event is to be posted fromvdacode within the capability

#posts external [event] EventType reference ;

The#posts external ~ statementleclareghatthereareplansor codewithin this capabilitythat
post @ents of the gien type, and that thivent type is shared with the enclosing capability
All plans from all capabilities that handle this shareeihe then compete to handle it. Note
that the leywordevent is optional.
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#sends event EventType reference ;

The#sends event  Statement declares that there are plans or code within this capability that
sendeventsof thegiventype.It isimportantto notethateventsarerecevedatagentievel (the
addressable entity), which meangigts cannot bexelicitly directed into a capability of
another agent.

#private data DataType data_name(arg_list) ;

The#private  data StatementleclareshataJavaobjector a JACK beliefsetof typeDataType

is local to the capabilityand is accessible only from within the capability and its sub-
capabilities. Note that the statement results in the instantiation of the beliefset or object using
the specibed constructor

#agent data DataType data_name(arg_list) ;

When a capability debnition includes a statement of this form, it declares a named data,
data_name Of typeDataType . The named data is shared among all agents in the same process
that hae the same type as the agent in which the capability instance is created. If the same
capability type is used by twdifferent agent types, there will be aféient instance of the

named data created for each of the agent types. Although it is not enfgeaedaccess

should be shared, read-only access. As accegsrito data is intended to be read-qrtlye
beliefset or object should be initialised when it is constructed. The prst instance of an agent
class that uses the beliefset or data object, causes it to be constructed.

#global data DataType data_name(arg_list) ;

When a capability debnition includes a statement of this form, it declares a named data,
data_name . Thenameddatais sharedamongall theagentsn the sameprocessAlthoughit is
not enforcedagent access should be shared, read-only access. As acgesslitodata is
intended to be read-onlihe beliefset or object should be initialised when it is constructed.
The brst instance of an agent class that uses the beliefset or data object, causes it to be
constructed.

#exports data DataType data_name(arg_list) ;

The#exports data statementleclareshata Javaobjector a JACK beliefsetof typeDataType

is exported from the capability so that it is accessible from its parent capabilgyxport
statement can also be used to emaldata object or beliefsetadlable at agent \el, and
accessible from other capabilities within the agerglleNote that the statement results in the
instantiation of the beliefset or object using the specibed constructor
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#imports data DataType data_name() ;

The#imports data ~ Statement declares that aadaata object olACK beliefset of type
DataType IS shared with this capability and its enclosing agent or capablbiy thano
instantiation occurs as a result of this statement.

#uses plan PlanType ;

The#uses plan statementeclareghatthis capabilityusesplansof thegiventype.Theusage
is unique for the capability in the sense thareif the same plan type is used in another
capability the plan instancex&nding from each use are wholly distinct. This means that
even if they are used in aay so as to share a handlegm® (e.g. used by wvsibling'
capabilities where the handledeat is eternal in both), the usages within thefeliént
capabilities generate theiwa plan instances independently

#has capability CapabilityType reference ;

The#has capability statement declares use of an inner capabiNibge that the reference
name is required. The inner capability is then accessible through the reference name.

4.5 Capability Member s and Methods

The remaining step in completing the capability debnition is to specify the capability's data
membersandmethodsWhendebninga capability'smethodsit is possibleto usesomeof the
basemethodghatthecapabiity — classprovides.Sinceall capabilitiesextendthe Capability

class, these methods arevays &ailable. If aty of the capability's plans require it to
implement a particular intea€e, all the methods specibed by this iamfmust be included
among the capability's methods and be fully implemented.

Note: capability ~ sub-classesanbedebnedy extendingfrom othercapability  classesnot
just from the baseapability  class.

Once the desired set®fdeclarationdias been added to a capability's debnitiongi#e ,
plan , beliefset ~ andcapability =~ components that the capability requires need to be debned.
Each of these components contains them data members and methods.

Capability Construction

While capabilitiesarenot explicitly constructedy theuser they arebroughtinto beingwhen
the enclosing agent is constructed. yrhan be initialised bywerriding theautorun()
method, described belo
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Capabilities do not ha a name in the same sense that agentautioah be referred to
throughthe chainof referencenameausedin the#has capability ~ StatementsThis reference
name can be retried by calling theostring() method on the&apability  instance in
guestion.

The reference name starts with the agent name thereafter the names used fordrsing
down thecapabilitystructureto theinstancean questionwhereeachnameis separatevith ':'.
Thus, a capability name Bkob@builders:tiling:bathroom_tiling says that this is the
capability instanceathroom_tiling of the capability instanaging  of the agent instance
bob at portal instanceuilders

JACK AgentLanguageentities(i.e. plans,eventsandbeliefsetsthatbelongto capabilitiesare
each instantiated in slightly fiirent ways. These diérences mean that it is notwalys
possible to determine the name of the capability to which the entities betorgafple,
whenaplanis instantiatedit is associateavith anenclosingNameSpace object,whichis either
acCapabilty  object or arngent . This object is accessible through the publké member

_ ns.Event andbeliefset  instances are nokplicitly associated with the enclosing
capability instance. This means that a plan cannot queryeam @ beliefset instance about
which capability thg belong to.

public void postEvent(Event e)

Thepostevent()  methodis usedto posteventswithin capabilitycode.This methodis actually
just a comenient method that refers getAgent().postEvent()

See the discussion of thestevent() method in theAgents section for more details.

public Agent getAgent()

The method is called on a capability instance to return the containing agent, which is
generically typed.

protected void autorun()

Theautorun() method is imoked before the agent is fully constructed. Theoation is at
the end of the construction of the capability after all its sub-capabilitiesiieen fully
constructed. Theutorun method can beverridden in order to pxade some initialisation
when the capability is constructed.
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5 Events
5.1 What are Events?

Eventsmotivateanagentto take action. Therearea numberof eventtypesin JACK, eachwith
different uses. These fifent eent types help model:

Internal stimulib @ents that an agent sends to itself, usually as a resuxeofiing
reasoning methods in plans that an agent has. These intentd are intgral to the
ongoing &ecution of an agent and the reasoning that it uncestak

External stimul® such as messages from other agents, or percepts that an ages#t recei

from its ewironment.

Motivationsb that the agent mayuea such as goals that the agent is committed to
achieving.

Events are the origin of all aciiy within an agent-oriented system. In the absenceerits
anagentsitsidle. Wheneeraneventoccursanagentnitiatesataskto handleit. Thistaskcan
be thought of as a thread of aityf within the agent. The task causes the agent to choose
between the plans it haga@lable, &ecuting a selected plan or plan set (depending on the
event processing model chosen) until it succeedails:. f

If plan execution succeeds, theent that initiated it is said to & succeeded. If plan
execution #ils, there are taoptions. Under normalenthandling, thewent is said to ha
failed after the brst instance of pladre.

Under BDlevent handling, a number of plans can be selectedkémution and these are
attempted in turn, in order to try to ackeesuccessful plarxecution. If the set of chosen
plans is ghausted, thevent is said to hee failed.

Both cases aregarded as successfuent handling.

Thereareanumberof eventclassesn the JACK AgentLanguageeachrepresentinglifferent
types of motration to act. Additionallythere are\eent types @ailable that &cilitate analysis
and debgging of interagent communication. In general, thegergs &ll into two broad
cateories:

¥ Normal eents,and
¥ BDI events.
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5.2 Normal Events

Normal eventsin JACK are analogous tovents in comentional @ent-driven programming.
That is, thg represent transitory occurrences that initiate a single, immediate response from
an agent.

For example,supposéhatanagentis beingprogrammedo play soccerlf theagentrecevesa
messagérom the simulationenvironmenttelling it wheretheball is every secondthis would
be modelled as a normalent. It represents an occurrence that must be acted upon
immediately or not at all. If the agent decides to do somethxegiée a plan instance) and
that plan instanceatfls, it would not mak sense to reconsider an alten&atecause the
information that the agent is acting on issnaut of date.

5.2.1 How an Ag ent handles Normal Events

When a normalwvent is recaied by an agent, the agent initiatedsskto handle it. This task
involvestheagentselectingandexecutingthe brstplanthatis bothrelevantandapplicable to

this event. These tests for rence and applicability are performed on plans in the order that
the#uses plan  statements occur in the agent or capability code.

A plan isrelevantto a gven event if it has &handles event  declaration that matches the
event, and itSelevant() method succeeds whexeeuted.

Note: If no plans are found that are nedat to a particulanent, the gent processing task
fails and the system returns to a state where it is ready to progesth@nincoming eents.

The agent then checks if the nedat plan isapplicablein the current circumstance. It does
this by executing thecontext()  method of the plan. If thentext)  method succeeds, it is
chosen as the plan that the agent widlaute in response to the incominget. If the
context() ~ method &ils, the agenb@mines the nd relevant plan.

Simplecontext()  methods return either true @lge, meaning that a single instance of the

plan is either applicable or not applicable wdger, more comple context() methods may
includecursor expressionandinvolve bindingof logical variables Theseexpressionattempt

to unify a gven epression with tuples in one or more beliefset relatioosekery tuple that
matches, the logicakwviables are bound. Each such match causes a separate plan instance to
be generated.

In thecaseof normaleventprocessinghe brstsuchplaninstancas choserastheplanthatthe
agent will xecute in response to the incominget.

Eachnormaleventis implementedasa JACK AgentLanguageclass Eacheventhasanumber
of base members and methods tovte access to their functionality and data. Each of these
base classes can bdended and unique members and methods addegtse
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5.2.2 Normal Events inthe J ACK Agent Langua ge

The ACK Agent Language normavent classes are listed beland are described in the
following sub-sections:

Event Type Description

Event Base class for alMents in ACK. Posted and
processethsidean agent to Woke plans, that may in
turn post furtherwents.

MessageEvent MessageEvent S are rec&ed by agents fromx¢ernal
sourcedusuallyotheragentsThesearenormallysent
from one agent to another tacilitate interagent
communication.

Table 5-1:JACK normal @ent classes

5.2.2.1 The Event Class

The base class for alents in ACK is theevent class. This class implements all the core
event functionality required by thCK runtime emironment. A normakvent is only eer
generated by processing that occurs within an agent.

Eventsarealwayspostedexplicitly by statementsvithin agentcode.To sayanagentpostsan
event means that avent is constructed and added to the agemtsaent queue tovaait
processing. If an agent is idle, no code is bekggated and an agent cannot post eents.
In this case, an agent can onlydadction if an eternal (i.e MessageEvent ) arrives.

Events are posted:

¥ when an agentxecutes @post statement from within a plan;

¥ whenanagentexecuteitherthepostEvent()  Or postEventAndwait() basemethodfrom
agent code; and

¥ whenanagentmodibes beliefsetrelationfor which a beliefsetmodibcatiorcallbackhas
been debned.

In each case, an instance of thierd is posted using one of theeat'sposting methodsThe
posting method acts as theeat's constructocreating an instance of theemt and making it
available to the agent's task manager
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5.2.2.2 The MessageEvent Class

MessageEvent Srepreseneventsthatareusedto communicatavith otheragentsWheneeran
agent needs to send a question, command or message to another agent, this information is
packaged and sent asiéssageEvent . Instead of representing an internal occurrence that
initiates actvity within the agentMessageEvent S represent aexternal occurencethat

initiates actvity within the agent.

MessageEvent S can also be used as a mechanism twaloagent toxgerience or percee
the ewironment in which it is xecuting. That is, aithing afecting the agent that does not
originate from the agent'swm internal processing should be sent to the agent as a
MessageEvent .

MessageEvent S often represent transient requests that the agent areytavact upon. ¢t
example, if an agent is programmed to playaang such as soccer in a simulation
ervironment, the enronment may send the agemissageEvent S periodically to tell it where
the ball is. Clearlythis is a message that is kelat and applicable only at the moment that it
arrives. It seres to inform the agent about artexnal situation that may concern it. If the
agentis amid-pelderandit is sufPcientlyclose it mayinvoke a planto attempto intercepthe
ball. If it is not close enough it may try toway a designated opponent. Altermaly, if the
agent is a goaldeperit may attempt to mee itself between the ball and the goal.

In eachcasetheagents takingactiononinformationthatis applicableonly at themomentt
which it arrives The agent must decide what to do with the information immediaiedy
once a course of action is chosen the information is discarded.

MessageEvent S are sent to other agents:

¥ when an agentxecutes @send statement from within a plan; or

¥ when an agentxecutes itsend() base method.

Note: Agentsshouldonly executethesend() methodin codeoutsideareasoningnethod.The
@send Statement is meant to be used to send messagesdo other agents from within a
reasoning method.

In order for agents running in tBfent processes to send and ree@nessagevents, the
JACK runtime erironment must pnade a communication infrastructure with message
routing capabilities. This is done using tR&CK DCI network. The ACK DCI network
enablegheestablishmendf portalsbetweerprocesseghroughwhich agentimessagesanbe
directed as needed. Refer to ther-agent Communicationshapter for further details.

Note: All data belds within atessageEvent must be serializable.
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5.2.2.3 The TracedMessageEvent Class

TheTracedMessageEvent  class contains information which enables watgent
communication to be fctively displayed via an Agent Interaction Diagram (refer to the
Tracing and Lgging Manualfor more details on the Agent Interaction Diagram). This
information is nav available within the messageeant classes; consequently
TracedMessageEvent was deprecated iACK version 3.5.

5.3 BDI Events

Belief-Desire-Intention (BDl)events represent a tkfent class ofvent to theevent and
MessageEvent described in the pvéous section.

Oneof theimportantaspect®f theBDI reasoningnodelataconceptualevel is thatit models
goaldirected behaviouin agents, rather than plan-directed étar. That is, an agent
commitsto the desired outcome, not the method chosen tovacihi&Vhile normal eents
representransieninformationthattheagentreactsto (suchasthe changingof adial reading,
or the location of a ball), BDMments allev an agent to pursue long term goals.

When using the BDI reasoning model, an agent does not simply react to incoming
information, lut sets itself a goal which it then tries to agbieRather than distracting an
agent from its goal, incomingents are added to an agents\wisalge base and can subtly
infBuence its behaour.

5.3.1 How an Ag ent handles BDI Events

The ley difference between normalents and BDI eents is hav an agent selects plaf
execution. Wth normal @ents, the agent selects the brst applicable plan instance Y@na gi
event and gecutes that plan instance anly

The handling of BDI eents is more compkeand peverful. An agent can assemble a plan set
for a gven e/ent, apply sophisticated heuristics for plan choice and act intelligently on plan
failure. At least one of the folldng characteristics applies to each type of B@re under

the BDI model:

¥ Meta-level reasonind a technique for writing plans aboutnhto select plans. This can
helpin rePningplanselectiono allow for selectionof themostappropriatglanin agiven
situation.

¥ Reconsidering alternag plans on plareilureP if a course of action (plargils, this
technique allars an agent system to consider other courses of action teathéegoal
that has been set.

¥ Recalculating the applicable plaet D it is possible when acting on plaifufe to
assemble a meplan set whichxxludes aw failed plans.
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Additionally, it is possible to further control BDI behaur by settingoehaviour attrilutes
These attribtes are described later in this chapter

5.3.1.1 Meta-level Reasoning

When handling a BDIwent, meta-leel reasoningllows precise controler hav an agent
chooses planfor executionfrom the setof applicableplans.Wheneerthereis morethanone
applicableplaninstancdor agivenBDI event,aPlanChoice  eventis postedwithin theagent.
By choosing to handle thizent, an agent can implement meteelaeasoning.

If the meta-lerel reasoningplanfails anddoesnot selecta planfor execution,thedefault plan
selection method is woked. This is discussed in more detail in the chapter on meth-le
reasoning.

5.3.1.2 Reconsidering Alternative Plans on Plan F  ailure

When handling BDIeents, an agent will notwhys assume thaaifure of a chosen plan
instance means the goal cannot be aehielnstead, it may reconsider other applicable plans
and try one of them instead.

It is this property that alles agents towid mary of the pitalls of more primitve reasoning
models. Rather than iag 'one shot' at achiang a goal, an agent can try a number of
approaches to solving the problem by attemptingramber of applicable plans.

5.3.1.3 Recalculating the Applicab le Plan Set

This property controls woan agent tads into account the passage of time and changing
circumstances when choosing altenvaglan instances to handle a BDegt after the
previous selected plan haailed. An agent may select an altermafplan in one of the
following ways:

¥ keeptrackof theplaninstanceshatwereinitially applicableandselectanothememberof
this set; or

¥ recomputevhich planinstancesareapplicableandselectonefrom the new set,excluding
plan instances that \a already diled.

If circumstances and the agent's beliefgeind changed, both approaches areedent.
However, if theapplicableplaninstanceslependntheagent'urrentsetof beliefsandthese
beliefs hae changed, the recomputed set of applicable plans mayf&ediffrom the
original set.Thisis especiallyrelevantif theagents usingthe SimpleRRTaskManager , Or if the
failed plan itself changed one or more beliefset tuples tfeatt diie contet calculations of
other releant plans.
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5.3.2 The BDI Events inthe J ACK Agent Langua ge

The ACK Agent Languagevent classes are listed beland are described in the folliong
sub-sections:

Event Type Description

BDIFactEvent Base class for all BDI Eants in ACK. Only posted
internally by an agent for itsam use, bt allovs meta-
level reasoning to occur for plan selection.

BDIMessageEvent BDIMessageEvent Sarerecevedby agentdrom external
sourcedusuallyotheragentsThesearenormallysent
from one agent to another tacilitate interagent
communication. Meta-ieel reasoning can be
performed for plan selection on receipt of thisre
type.

BDIGoalEvent A BDIGoalEvent represents an objeeti that an agent
wishes to achie. Meta-leel reasoning, alternag
plan selection and plan set recalculation are all
available for this gent type.

InferenceGoalEvent An InferenceGoalEvent useSRuleBehavior , which
extendseDIBehavior by processingll applicableplans
(rather than only one of them).

PlanChoice Posted when there is more than one plan to choose
from andoptionallyhandledoy theagento implement
meta-lerel reasoning.

Table 5-2:BDI event classes

5.3.2.1 The BDIFactEvent Class

BDIFactEvent S represent internalvents that arise due to the agentis anternal processing.

The main diference betweenebiFacteEvent and a normatvent is that when there is more
thanoneapplicableplaninstanceor agivenBbDIFactEvent , theagentis ableto performmeta-
level reasoningo determinewhichinstancet shouldexecute A PlanChoice eventis postedo
trigger this meta-Mel reasoning, and if the agent has a plan that can handle it, ikeglite
this plan to determine which applicable plan instance it showicige.

Once the agent has chosen a plan instance to haBoieaéEvent , it will commit to this
plan.
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If theplaninstancesucceedgheBbDIFactEvent succeedandreturnsto theplanthatgenerated
it.

If the plan instancesils, the dedult behaiour is that thebiFactevent  fails and returns
control to the plan that generated HmeFactEvent

BDIFactEvent S are usually posted under the fallog circumstances:

¥ when the agentxecutes apost statement from within a plan,

¥ when the agentxecutes either thgostEvent()  Or postEventAndWait() base method
from agent code outside plaxegution, or

¥ whentheagentmodibesabeliefsetrelationfor which abeliefsetmodibcatiorcallbad has
been debned.

For more information on beliefset modibcation callbacks, refer tBdfiefset Relations
chapter

In each case, an instance of thierd is posted using one of theeat'sposting methodsThe
posting method acts as theeat's constructorcreating an instance of theemt and making it
available to the agent's task manager

The BDI event processing properties supportedbyractevent S by deéult are summarised
in the following table:

BDI Event Property Supported by Default
Allows metalevel reasoning. Yes.

Allows reconsideration of alternagi plans. No.

Recalculates the applicable plan set when No.

reconsidering alternates.

Table 5-3:Default BDI event processing properties, supporte®byFactEvent S

5.3.2.2 The BDIMessageEvent Class

BDIMessageEvent S are the same as normadssageEvent S kut with BDI extensions. The
allow theagentmorescopewvhenreasoningabouthow it shouldrespondo amessageeceved
from another agent or process.

LikeBDIFactEvent S, BDIMessageEvent Sallow theagento performmeta-leel reasoningvhen
morethanoneplaninstancas applicable Thisletstheagentchoosewhich of its availableset
of responses is most appropriate accordinguergcriteria.
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For example, suppose an agent programmed to play as a socceegpet kn a soccer
simulation has three plans that are applicable when defending a penalty B jump to the left,
jumpto theright andstayin the centre Whena penaltyis called(arriving asa messagevent)

all three of these plansonld be applicable.

If themessageventis of classmessageEvent , theagentcanonly selectthe brstplandeclared
in the agent or capabilityfowever, if the messagevent is aBDIMessageEvent , the agent has
theoptionof performingmeta-level reasonindo determinewhich planis best.Thismeta-level
reasoning may takinto accountarious statistics from theagne and past successes of each
approach, then makthe selection accordingly

Oncetheagenthaschoseraplaninstanceto handlea BDIMessageEvent , it will committo this
plan.If theplaninstancesucceedgheBbDiMessageEvent succeedandreturnsto the planthat
generated it.

If the plan instancedils, the dedult behaiour is that thesDiMessageEvent fails and returns
control to the plan that generated HmeMessageEvent .

BDIMessageEvent S can be sent by agents or by otheaJarocesses running within AQK
application. Lile MessageEvent S, the are sent under the follang circumstances:

¥ when an agentxecutes a@send statement from within a plan; or

¥ when an agentxecutes itsend() base method.

Note: Agents should onlyx@cute theend() method from code outside a reasoning method.
Thisis becaus¢he @send statemenis meantto be usedto postmessageventsto otheragents
from within a reasoning method.

In order for agents running in tkfent processes to send and reeenessagevents, the
JACK runtime emironment must pndde a communication infrastructure with message
routing capabilities. This is done using tB&K DCI network. The ACK DCI network
enablegheestablishmendf portalsbetweerprocesseghroughwhich agentmessagesanbe
directed as needed. Refer to theer-agent Communicationshapter for further details.

The BDI event processing properties supportedbiessageEvent S by dedult are
summarised in the follwing table:
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BDI Event Property Supported by Default
Allows metalevel reasoning. Yes.

Allows reconsideration of altermagi plans. No.

Recalculates the applicable plan set when No.

reconsidering alternates.

Table 5-4:Default BDI event processing properties, supportedbyessageEvent S

Like MessageEvent S,BDIMessageEvent S hare amessage member and can be displayed on an
Agent Interaction Diagram. Refer to thieacing and Lgging Manualfor more details on the
Agent Interaction Diagram.

Note: All data Pelds within &DiMessageEvent must be serializable.

5.3.2.3 The BDITracedMessageEvent Class

TheBDITracedMessageEvent ~ class contains information which enables wagent
communication to be ffctively displayed via an Agent Interaction Diagram (refer to the
Tracing and Lgging Manualfor details on the Agent Interaction Diagram. This information
is now available within the messageent classes and consequently the
BDITracedMessageEvent ~was deprecated iACK version 3.5.

5.3.2.4 The BDIGoalEvent Class

BDIGoalEvent S are unlile the other BDIeents described saif TheBDIFactEvent , and
BDIMessageEvent extended gisting normal gents with some of the BDI reasoning
capabilities. Th@biGoalEvent , hawever, is exclusive to the BDI model of agent reasoning.
Unlike the other BDIents, it ofers all the BDI features by dailt.

TheBDIGoalEvent represents goal or objectivethat an agent wishes to achee Therefore,
insteadof representingeactve behaiour, BDIGoalEvent Srepresenpro-actve behaiourin an
agentWhenanagentpostsandhandlesaBDIGoalEvent , it is adoptingagoal.It will thenuse

all thereasoningpowersatits disposabtheability to discardandreconsideplans,theability

to reassess which plans are applicable and the ability to choose between the plans that are
applicable, in order to satisfy that goal.

An exampleof this mightbea pilot agentadoptinga goalto landanaeroplaneThis would be
postednternallyasaBDiGoalEvent . Thisthenbecomesnobjective thattheagentcommitsto
achiezing, andtheagentshouldtry every applicableplanuntil onesucceedsandonly give up
and fil when no more applicable plan instances remain to be tried.
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BDIGoalEvent S usually arise within an agent as a resulixetating speciPcACK Agent

Language statements in a reasoning method. These statements represent the agent posting the
goalfor itself, or choosingo undertale ataskto satisfythegoal. Whenanagentadoptsagoal,

it can do so with the folleing objectves in mind:

¥ achievethe goal,

¥ insistthat the goal is achred, by double-checking that the goal has been met when the
agent Pnished the task,

¥ testwhether the goal can be acled, or
¥ determinea situation in which the goal can be agbi

Each of these objegts is specibed by a separate reasoning method stat@maetndve ,
@insist , @test and@determine ). These reasoning methods are described fully i kues
section.

BDIGoalEvents canalsobepostedandsub-taskdbthey donotarisesolelyfrom thereasoning
method statemen@®achieve , @insist , @test and@determine . However, if they do not arise
from one of these statements, the mode (discussed in the sechamtomembes) will be
set to null.

The BDI event processing properties supportedbyGoalevent s by de&ult are summarised
in the following table:

BDI Event Property Supported by Default
Allows metalevel reasoning. Yes.

Allows reconsideration of alternae plans. Yes.

Re-alculates the applicable plan set when Yes.

reconsidering alternaes.

Table 5-5:Default BDI event processing properties, supportedbiGoalEvent S

5.3.2.5 The InferenceGoalEvent Class

An InferenceGoalEvent  USeSRuleBehavior , Which extendsBDIBehavior by processing all
applicable plans (rather than only one of them). Thebetiais the same aDiBehavior |,
except for the follaving:

¥ When a plan succeeds, instead of completingubetethe plan is added to the 'tried set'
(called 'ailed set' foBDIBehavior ), and the ne applicable plan is processed.

¥ When a plandils, the gent ignores this and continues with thetn@an. This aspect is
tunable by means of a befaur attritute as follevs:
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b to &il the vent with the prstdiling plan, use
#set behavior RuleFailure fail;

b to &il the event if ary of the plansdil, but only after all the applicable plansvedbeen
processed, use

#set behavior RuleFailure delay;
b to ignore plareilure (i.e. the eent alvays succeeds) use

#set behavior RuleFailure ignore;

The deault behaiour is to ignore plandilure (i.e. the @ent alvays succeeds). The
RuleFailure  attribute only applies towents that useuleBehavior  (e.g.
InferenceGoalEvent ).

Thebehaiour of aninferenceGoalEvent IS the sameasBDIBehavior in termsof formingthe
applicable set and in terms of metadeplan choice (although in this case, all plans will be
processed). AmferenceGoalEvent  can be Pne tuned in the sameyvas other BDIents,
usingthebehaiour attributes.Behaviour attributesarediscussedh detaillaterin this chapter
The deé@ultBDIBehavior attribute settings are as foll:

Recover = never ; //this attribute cannot be changed
ApplicableSet = once ;

ApplicableChoice = first
ApplicableExclusion = failed ;

PlanBindings = all ;

OnError = propagate

PostPlanChoice = never ;

The de@ultRuleBehavior  attribute setting is:

RuleFailure = ignore ;

Note that anmnferenceGoalEvent can only be postedoTachiee the same beti@mur when
sending an\ent between agents, th@e behavior RuleBehavior; declaration is added to
an event which hasxended a normal messagest. For example:

public event ExampleEvent extends MessageEvent

{

#use behavior RuleBehavior 0;
#posted as  postingMethod()
.
Note: The applicable plan set only includes the highest ranking plans D not all the plans that

arerelevantandwithin context. As InferenceGoalEvents (andeventsthatuseRuleBehavior )
only calculate the applicable set onceytidl only activate the highest ranking plans.
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5.3.2.6 The PlanChoice Event Class

PlanChoice events are a separate class\a#rg altogetherbut they are included with BDI
eventsbecausehey representhemechanismvherebyanagentperformsmeta-level reasoning
about the handling of BDents.

Unlike the othereventclassesn the JACK AgentLanguagea userwould notexplicitly posta
PlanChoice event by &ecuting a method or a reasoning method statement in a plan. Instead,
PlanChoice events are posted internally by an agent wkiene

¥ an instance of a BDMent arises within the agent, and
¥ there is more than one applicable plan instanadable to the agent to handle thiest.

When this happens, the agent igegi an opportunity to choose which of the applicable plan
instancedt will execute . Thetaskto handlethisPlanchoice eventproceedsik e any othertask
execution in ACK. The agent looks for plan instances that are/a@lieto thisPlanChoice

event and applicable under the current circumstances, selects one ancetheesit. The

plan should kamine the set of applicable plans and select one for the agent to try

Because an agent handlemaacChoice event in the same ay that it handles a normalent,
the processing aflanChoice  events is referred to asetalevel reasoninglt represents
reasoning (taskxecution) that an agent undenrtaknot to do wrk, kut to decide what is the
best approach to doingork.

Plansthatareusedfor meta-level reasoningasopposedo handlingnormalor BDI events,are
distinguished by the follwing JACK Agent Language declarations:
#handles event PlanChoice event_handle ;

#chooses for event eventl event2
#chooses for event ...;

The plan'sthandles event  declaration identibes it as one that handig@schoice events.
SincepPlanChoice eventscannotbedeclaredtheevent handle componentill beassigned
referencdo ary PlanChoice eventthatarises.Thereforeplansthatincludea#handles event
PlanChoice event_handle ; declaratiorwill handleall PlanChoice eventsthatarisewithin the
agent unless further methods for discrimination are supplied.

This discrimination is pnaded by thetchooses for  event declaration. Th#&hooses for
event declaration identibes theeats for which the plan's metas# reasoning is relant.
Therefore, if a meta-l@l reasoning plan includes one or mai®oses for ~ event
declarations, the plan will only be retat for a gienpPlanChoice event if thatPlanChoice
event was caused by one of the listaaiets. That is, the agent will only use this meteelle
planto choosebetweemmultiple planinstancesf thoseplaninstancesreall applicableto the
listed event.

More information on these declarations is supplied irPla@ssection.
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5.3.3 Customising BDI Behaviour with Behaviour Attrib utes

Each BDI &ent type has a dafilt behaiour that determines what happens with respect to
plan reconsideration, plan set recalculation and me&+easoningThis de&ult behaiour
can be modibed by setting thehaviour attrilutesof the eent.

Thew#set behavior ~ declaration is used in BDVent debnitions to debPnew@n agent
processes an instance of thiget when it arises. Options that can be conbgured include
things such as whether the agent will retry theneif an attempted plamifs and whether or
not the agent can reason about which plardatetes in response to theeat.

Not all BDI eventsoffer all thesepropertiedy default. However, eachpropertyis presentvith
oneor moreBDI event.Furthermorethe#set behavior declaratiorcanbeusedto customise
the properties of BDI\ents in each particular application.

Changes to bekaur attritutes for BDI Eents tak two basic forms, as folles;

#set behavior attribute value ;
#set behavior attribute Type ( arg_list );

Thebrstform is themostcommonandis usedto setthebehaiour of existingBDI events.The
second form is used to debPne custom plan chometeto use for meta-reasoning with the
event being debned. Both types are described in the sections that follo

Notethatthe exactbehaiour generatedby settinga particularbehaiour attribute candepend
on the setting of another beMaur attritute. For example, the behéour generated by the
Recover attribute is linked to the setting of thepplicableSet  attribute.

With their defwult values of:

#set behavior Recover repost
#set behavior ApplicableSet new

an event will be reposted on plaaifure and the applicable set will be recomputedafie.
possibly with diferent bindings). Another applicable plan will then be trieg @an
instances already tried arailed will be discarded). Heever, if the ApplicableSet  attribute
had a alue ofonce , the applicable setauld not be recomputed before another plas w
selected.
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#set behavior Recover <value> ;

This attribute canbeaddedo a BDI eventto debPnehow planprocessinghouldactuponplan
failure. Possiblealues are listed in the follng table:

Value Effect

repost The &ent should be reposted aal@ire, or more
preciselyanotherapplicableplanshouldbetried. If no
new applicable plan is found, theent processing
fails. [DEFAULT]

never Event processing shouldif rather than reaer from
plan failure.
always The event should alays be repostedyen when no

new applicable plan is found.

Table 5-6:Possible alues for tharecover attribute

#set behavior ApplicableSet <value> ;

This attributecanbeaddedo aBDI eventto debnéhow to form theapplicablesetduringplan
processing, and in particular with respect to vecng:

Value Effect

new Theapplicablesetshouldbecomputedanev aftereach
plan failure. [DEFRAULT]

once The applicable set is to be computed only once. Or

event failure, the net applicable plan is selected fron
the set computed initially for thevent.

repeat The applicable set is computed initialand then
reinstated whenxdausted. This is designed tork
with theRecover always attributeandallows persistent
checkingof plansin acomputedsetuntil onesucceeds

—

Table 5-7:Possible galues for thespplicableSet  attribute
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#set behavior ApplicableChoice <value> ;

This attribute canbeaddedo aBDI eventto debPnehow anapplicableplanshouldbechosen.
This setting is wverridden by ayp meta-leel reasoning that is in place:

Value Effect

first The brst plan instance generated by#thes plan
declaration in the body of the agent or capability is
chosen. [DERULT]

random A plan is chosen from the applicable set at random

Table 5-8:Possible alues for thezpplicableChoice attribute

#set behavior ApplicableExclusion <value> ;

This attribute can be added to a BDlemt to dePne ho plans areecluded from the
applicable set:

Value Effect

failed Plansthathave failedareexcludedfrom theapplicable
plan set. [DERULT]

none Planfailureis forgottenimmediately sothatplansthat

have failed preiously can be added to the applicable
plan set (if thg are still applicable).

rank All Plan instances with lesser
Planinstancelnfo.getRank() values arexxluded
from the applicable plan set. [DEBLT]

Table 5-9:Possible @lues for thepplicableExclusion attribute

Thetwo default values are;

#set behavior ApplicableExclusion failed
#set behavior ApplicableExclusion rank

Note: If the ApplicableExclusion attributes are set taone, theresetplan eclusion
propertiesareeffectively resetfor this event. After resettingthis property eitherthefailed or
therank property can be seleesily added to further rebPne plan setlasion characteristics.
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#set behavior PlanBindings <value> ;

This attributecanbeaddedo aBDI eventto dePnenow to procesglancontext for generating
multiple plans instances:

Value Effect

all Generate all applicable plan instances before plan
choice. [DERULT]

single Generate one applicable and raitefd instance (if
possible).

first Try thecontext once for aelevantplan type. If that
fails, or if the brst plan instance has been tried before
and kiled, no ne plan instance is generated.

Table 5-10:Possible alues for therlanBindings  attribute

#set behavior OnError <value> ;

This attritute can be added to a BDlemt to debPne oto deal with &ceptions from plans:

Value Effect

propagate Propagtetheerrorup thetaskstackto wheretheevent
was subtastd. [DEFRAULT]

fail Capture the errorut fail the eent processing.

repost Treat the error as plaaifure.

Table 5-11:Possible alues for theonerror attribute
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#set behavior PostPlanChoice <value> ;

This attribute can be added to a BDlemt to debPne under which circumstances the
PlanChoice event should be posted:

Value Effect

never Never post @lanChoice event for the gent being
debned.

always Always post @lanChoice event.

one_applicable Post aplanChoice  event if there is only one plan
instance in the applicable plan set.

multiple_applicable Post aplanChoice  event if there are tav or more plan
instances in the applicable plan set. [DEET]

no_applicable Post aPlanchoice  event if there are no plan instances
in the applicable plan set i.e. it's empty

one_plan Post aPlanChoice  event if there is one rekant plan.

multiple_plan Post aPlanchoice  event if there are tavor more
relevant plans.

no_plan Post aplanChoice  event if there are no refant plans.

Table 5-12:Possible alues for therostPlanChoice  attribute

SettingPostPlanChoice  tonever resets all settings for this attuie. All required attribtes
can then be added.

Note: Severalof theabove valuesmaybeneededo selectthe desirednuance For example,if
you like a plan choice for one or more applicable plan instances, the declaratioinbe as
follows:

#set behavior PostPlanChoice one_applicable ;
#set behavior PostPlanChoice multiple_applicable

#set behavior PlanChoiceEvent MyPlanChoice();

This attritute can be added to a BDlemt to declare that theent type being debned should
useMyPlanChoice Which is constructed inline. The clagglanchoice needs to be dePned
and it needs toxtend clas®lanChoice .
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5.4 Automatic Events

The objectre ofautomatic gentsis to pravide a mechanism for an agent to automatically
post particulareents when certain belief states arise. Automagnts use:

1. A#uses data StatementThisstatemenis addedo aneventdebnitionto provide accesso
the agent's belief structures.

2. A #posted when dePnition. This dePnition is added to aer& debnition to specify the
conditionwhich mustarisefor the eventto be automaticallypostedandoptionally, abody
which will be used as the posting method if and when the condition should arise.

When an agent or capability declares that it handlesemt /hich has aposted when
debnition,jt will automaticallyhave thenecessarpelief monitoringactvated.Thedetailsare
described in the section on th®sted when declaration.

The use of theuses data and#posted when Statements to achie automatic belief
monitoring is illustrated in the folwing example:

event Example extends Event

#uses data ReactorVessels rv;

logical String $vessel;

logical int $x;

#posted when  (rv.get($vessel,$x) && $x.as_int() > 300 ) {
/I Any event initialisation goes here

}
}

Theblock afterthe#posted when conditionis optional.If thereareno eventbeldsthatneedto
be initialized when thevent is actually posted, it can be omitted asshbelov:

#posted when  ( rv.get($vessel,$x) && $x.as_int() > 300 );
The condition is ealuated once initiallyand subsequently wherez a change occurs that
might afect the condition. If the conditiorvaluates to true, thevent is posted with the
logical variables bound as thevere in the condition. If there are multiple bindings, a
separately boundvent will normally be posted for each possible binding. Huegtion
occurs when anvent with that particular binding has already been posted to signify the

condition becoming true and the condition with that binding has not beetsedri the
meantime.

Suppose that in the a®example,rv initially contained the follwing tuples:

("vessell",400) and
("vessel2",500)

then two separatevents would be posted; one witk = 400 and one witlx = 500.

However, if rv initially contained nodcts and theaict
("vessell",400)
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was asserted, anent would be posted withvessel = "vessell" andx = 400. If
("vessel2",500)

was then asserted, anotheert would be posted withvessel = "vessel2" angx = 500.
However, notethatanothereventwith svessel ="vessell'andsx = 400would not be posted
because the condition (witlh = 400) is still true and had ver beendilse in the interening
period.

If the conditionwasmorecomplicatede.g.involvedmorethanonebeliefsetlandtheaddition
of one fict meant that multiple bindings became true, multipénes would be posted.

5.5 Event Debnition

JACK Agent Languagevents not only support the concepts described in the last sectton, b
alsoprovide typesafetywithin agentdepPnitionsThisis becausdothagentsandplansneedto
declare theents that thg handle and the messageets that thg send. As with function
prototypesthis ensureshatary typemismatchesn anevent'sparametersanbedetectedand
Bagged during compilation.

Event debnitions folly one of the formats gen belov:
event EventType extends Event

/I JACK Agent Language statements specifying
/l the event's structure and how the event is
/I posted within the agent.

event EventType extends MessageEvent

/I JACK Agent Language statements specifying
/I the event's structure and how the event is
/I posted to other agents.

event EventType extends BDIFactEvent

/I JACK Agent Language statements specifying
/I the event's structure and how the event is
/I posted within the agent.

}

event EventType extends BDIMessageEvent

/I JACK Agent Language statements specifying
/l the event's structure and how the event is
/I posted to other agents.

}
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event EventType extends BDIGoalEvent

/I JACK Agent Language statements specifying
/I the goal's structure and how the goal is
/I posted within the agent.

event EventType extends InferenceGoalEvent

/I JACK Agent Language statements specifying
/l the goal's structure and how the goal is
/I posted within the agent.

event EventType extends PlanChoice
{
/I JACK Agent Language statements specifying the
/I PlanChoice event structure.
/I Note: you are unlikely to want to declare your own
/I PlanChoice events. You would only do this if you
/ want to extend the meta-level reasoning capabilities
/I supplied with JACK.

}

Each part of these debPnition statementx|dagned in the follaing table:

Syntax Term Description

event JACK Agent Languagedyword that
identibes the statement as aprd
debnition. It must &fays be used to
debne eents.

EventType The name that thevent will have. The
name of an\ent is analogous to the
name of a class inva

extends Event The same as in normalvda Each eent
extends MessageEvent class debned inherits its underlying
extends BDIFactEvent properties from a base class. This base
extends BDIMessageEvent class may beevent , MessageEvent
extends BDIGoalEvent BDIGoalEvent Or InferenceGoalEvent

extends InferenceGoalEvent

Table 5-13:Event component debPnitions

5.6 Event Member s and Methods

The event classes described earlier in this chapter include a number of base members and
methods. These members and methods are described in thengliubsections. In each
case, thewent classes that contain these members and methods are identibed.
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public Agent getAgent()

ThegetAgent() method returns thegent that instantiated thevent or in other wrds, the
agent which is processing theeat.

public String from

Thefrom memberdescribeshelocationof theagenthatoriginally postedheevent. Thiswill
refer to a diferent agent than the one returnedyéygent) unless the agent posted a
message to itself. This member is onlgitable in messagesents used for inteagent
communication, according to the foNng table:

Event Type Member Available
Event No.

MessageEvent Yes.

BDIFactEvent No.
BDIMessageEvent Yes.

BDIGoalEvent No.
InferenceGoalEvent No.

Table 5-14:Availability of thefrom member

Whene&er a messagevent is sent from one agent to anotliee name and address of the
agent that sent it is automatically assigned to this menmher address is a string that
represents both the agent's name angdial at which it is running on the DCI netwk.
Refer to thdnter-agent Communicationshapter for further details.

Agents that recee a messagesent can query thieom member to determine where the
message came from. If ghevant to send a response,tfean do so using th@reply
statement in a reasoning method, orréhg() method in ordinary code. Both of these
constructs automaticallkeact thefrom member from the suppliedent that originated the
interaction.

Becausalll messageventsextendfrom the MessageEvent eventclass,every debPnednessage
event class will include this member
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public String message

This member is\ailable only in messageents, as shwn in the follaving table:

Event Type Member Available
Event No.

MessageEvent Yes.

BDIFactEvent No.
BDIMessageEvent Yes.

BDIGoalEvent No.
InferenceGoalEvent No.

Table 5-15:Availability of themessage member

Themessage member is praided for messagevents so that thyecan be traced using the
Agent Interaction Diagram (if this\CK option is enabled). Whewer writing a posting

method for a messageant, astring

may be assigned to this memHdéso, this tet will be

propagted to the Agent Interaction Diagram, ®aling easy identibcation of the instance of
this messagevent. Refer to th@racing and Lgging Manualfor details on the Agent

Interaction Diagram.

public String mode

This member is\ailable inBDIGoalEvent S only, as illustrated in the folleing table:

Event Type Member Available
Event No.

MessageEvent No.

BDIFactEvent No.
BDIMessageEvent No.

BDIGoalEvent Yes.
InferenceGoalEvent No.

Table 5-16:Availability of themode member
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This member holds &ring  that represents the statement used to posea gistance of a
BDIGoalEvent . By accessing this method, an agent can determigetuwdhhandling a gien
BDIGoalEvent instance. This information is stored in th&le member only whe@achieve ,
@determine , @insist Or @test are used to post ti®IGoalEvent . If it did not arise from one
of these statements, the mode will be setito.

For exkample, suppose an agent thavelsia netwrking system needs to degiinformation
aboutthe stateof the network beforeattemptingto establishanenv connectionWhenit wants
to connect to a mesystem, it bPrst postsemiGoalEvent USING a@test Sstatement. Assuming
the connection is successful, the ageoth post @DiGoalEvent using the@achieve
statement.

The plan that handles thisent can query thevent'smode member to determine if the agent
wants the connection tested or whether a connection should be established. In each instance
thestrings"test"and"achieve" would be storedin themode memberespectiely. In eachcase,

the plan's processingowld need to be dérent.

The strings for eacBDIGoalEvent posting mode aregen in the folleving table:

BDIGoalEvent Posted by mode
@achieve achieve
@insist insist
@test test
@determine determine

Table 5-17:Posting modes

Cursor replied()

This method indicates whether the agent hasvedeily replies to a gien messagevent. It
returns a triggered cursavhich will test whether the @&n messagevent's reply queue is
empty

A messageventcanhave any numberof pendingreplies.A replyis alsoamessagevent,but
it must hae been sent usingrély() method or amreply Statement.

If the agent has recaid at least one reply to timessageEvent that you call this method on,
the cursor statement will returine when tested.

If the agent has yet to regeia reply to th&lessageEvent that this method as called on, the
cursor statement will returaise  when tested.
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Becausehecursoris triggered,t canbeusedin a@wait_for Statemento make theagentwait
for replies before continuing with avgin task. Doing this pxades the option of
implementing synchronous intagent messaging, rather than thead&fasynchronous
method. After sending a messager to another agent, a reasoning method care rtinak
task wait on the returned triggered cursefectively blocking it until such a reply aves.

This method is only praded on messageents as shen in the follaving table:

Event Type Method Available
Event No.

MessageEvent Yes.

BDIFactEvent No.
BDIMessageEvent Yes.

BDIGoalEvent No.
InferenceGoalEvent No.

Table 5-18:Availability of replied method

MessageEvent getReply()

This method complements thglied() method described abe. It allovs retrieval of a
reference to &lessageEvent that has been sent as a reply toMbsageEvent that it is called
on.

When this method is called, it returns the prst reply in the reply queuejingnitdrom the
gueue at the same time. If there are no messagsain the reply queue, it thwe anerror .
This method is only praded on messagerents as per the folldng table:

Event Type Method Available
Event No.

MessageEvent Yes.

BDIFactEvent No.
BDIMessageEvent Yes.

BDIGoalEvent No.

InferenceGoal No.

Table 5-19:Availability of thegetReply method

Agent Manual

Release 5.3

10-June-05 85
Copyright © 1999-2011, Agent Oriented Software Pty. Ltd.



Events

5.7 Event Dec larations

Events hae a small number oALK Agent Language specibc constructs at the peld or
member lgel. These constructs are described in theviolig subsections.

#posted as  methodName( parameters )

This is one of thewent'sposting methodsA posting method describesviathe eent can be
constructed and posted or sent.

An event'spostingmethodmustbeusedwhene&er aninstanceof theeventneeddo becreated.
This is normally when agent or beliefset cogeaaites th@ost) method, or a plan uses the
@post Or @subtask Statements. The posting method descrilvesy¢hing that the agent needs
to do to construct an instance of tvermt.

A posting methodleclaration is as folles:

#posted as  methodName ( parameters )

{
/I Method Body
}

Each part of this declaration is described in the ¥ahg table:

Component Meaning

#posted as Indicates that anvent's posting method is being
debned. All posting method dePnitions must be
identibed in this ay.

MethodName The name by which the posting method is identibed.
When the agent posts aveet, it uses this name to
identify the posting method to be used.

( parameters ) Identibes the number and type of parameters that this
posting method requires in order to construct and post
the event.

Method Body Java code that is used to construct therg.

Table 5-20:Posting method declaration components
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An example @ent debnition including a posting methisdyven belov:

/I An example event definition to be used with a

/I prospecting agent. The agent models a prospector who
/I travels around looking for treasure. This event is

Il posted whenever some treasure is found (presumably so
/I that the agent will execute a plan to retrieve it).

event FoundTreasureEvent extends Event

{

int latitude;
int longitude;
int value;

#posted as  foundTreasure (int lat, int Itd, int val)

latitude = lat;
longitude = Itd;
value = value;

}
}

In this ekample, the posting method's nameigdTreasure . Whener the agent behes it
has found some treasure whileeuting its n methods, it can use th@ndTreasure
posting method to createraundTreasureEvent ~ Which it can post or send to initiate a
response.

ThefoundTreasure  posting method requires thregaments if theeent is to be posted
successfullyThese are the treasure’s latitude, longitude ahevAll that the posting
method's body does is populate thierg's data members with this information so that it will
be included in the postedent.

An event may hae as may posting methods as yowawt. You may use diérent posting
methods when instances of theet should taé a diferent form under diérent
circumstances. In particularou may vant to implement multiple posting methods using the
idea of apolymorphic classvhich allovs you to use the same posting method name while
debning diferent \ersions of the posting method forfdilent aguments.

For example,suppose@nagenthatkeepdrackof aracingleaderboardietsmessagesentto it
by anotheragentwheneer eachracercompletes lap. This messagenaytake two forms:one
when the racers kia completed a lap during the race, and another when the racers ha
completedhepbnallap. In eachcasethe messagenaycorvey differentinformationaboutthe
racer The agents can use the same messagge ®r each situationub a diferent posting
method to propaage the eent instance with the required information in each case.

Just as you carxeend the basevent classes you can alsgtend your @vn event debnitions.
Youmaychoosdo dePneggenericeventtypesandthenextendthemto morespecibaasesFor
example, a generieoundTreasureEvent  Mmight be used as the base class for a
FoundDiamondEvent and aFoundGoldEvent ). When you choose to do this, you should only
debne posting methods for the outermost (leafheclasses.
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You may wish tox@end your avn event classes if, fon@mple, you require:

¥ improved ebcieng in terms of plan selection (theents are more specibc),
¥ different behaiours (usingsset behavior ),

¥ additional members.

#uses data  DataType data name

The#uses data  statement in anvent depbnition has the folleng form:

#uses data  DataType data name ;

where theDataTypeanddata_namematch the data or beliefset declaration in the enclosing
capability or agent. This statement is added tovantedePnition to prade access to the
enclosing capability or agent's belief structures.

#posted when ( condition ) optional_method_body

The#posted when  statement has the follang form:
#posted when ( condition ){ body }

where theondition  is a logical condition of the same form as a condition f@wait_for
statement . In particulay it must be a triggered condition, i.e. include conjuncts that are
triggered, such as beliefset cursors etc.

Note that thelapsed() andafter() methods are plan methods and thus wail@ble for
eventsbif thereis arequiremenfor issuingaregularrecurrenteventstreamtheuseof aplan
is recommended.

Thebodyaftertheconditionis optionalandconsistof ary initialisationthatshouldbedoneif
and when thewent is posted. The body is the same as that of a normal posting method
declaredusing#posted as. If noinitialisationis neededtheentirebody(includingthebraces)
may be omitted.

If an event dePnition includes#posted when  statement, the compiler deals with logical
variables in theent by preiding a logical emironment in which to ealuate the condition,
and later preiding nev logical ewvironments and boundhviables for the automatizents
being posted.

An event debnition may includesral#posted when and ag number of#posted as
statements just likary other @ent. The former will then issue automatieets according to
their conditions, and the lattelowid be used»actly as before.
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#set transport format

The #set transport statement is used to signal which transport format is to be used for
messagewents. It has the folleing form:

#set transport format

whereformat is eitherjacob orjava . Sincereleaset.1,thedefaultformatis jacob . Although
jacob is generally more efcient for transport, there are some thingsjtaeti does not
support(e.g.arrays)In suchcasesjava formatshouldbespecibedisingthe#set transport
declaration,

If the #set transport statement is used to spegiya format, the eent is compiled to use
Java serialization.

jacob format pravides support for transport in binatgxt or XML style. The dedult style
with jacob format is binarylt is possible to specify the style processwide by setting the
propertyJACOB.OutputType t0 Oone Of(ascii,binary,xml)

5.8 Posting and Sending Events

In JACK, posting methods create instances of tlents to be posted or sent. These instances
are then praded as aguments to the reasoning statements or methods which are responsible
for their posting or sending (esgpst() , send() , @post ...). The gent's posting methods are
accessethroughtheeventreferencgrovidedin the#sends eventor #posts eventdeclaration.

Note that there is only origends or#posts event declaration for a gen eent type in an

agent or plan. Eant instances are created in an agent or plan by usingeahgseposting
method(s). The process is illustrated belo

#sends event  MessageEventType mef;
/I create event
MessageEventType me = mef.postingMethod1(argl, arg2);

/I send the event
send (destinationl, me);

/I create and send another event
send (destination2, mef.postingMethod2(arg3, arg4, arg5));
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6 Inter-agent Comm unications

6.1 Introduction

JACK provides a runtime netarking ervironment on which dferent agent processes can
operateAgentscanaddressnessagefviessageEvent S,andBDIMessageEvent S)to oneanother
by specifying the name of the destination agent and, if applicable, its portal and host. The
JACK runtime netwrk then taks care of routing this message to its desired destination.

6.2 Local Comm unication

Not all agents need to run in independ&@HK processes. Often more than one agent will
sharethe sameprocessWhenthis is thecasetheroutingof messagebetweerthemis trivial.

All that the source agent needs to wne the destination agent's name to send the message
accordingly

For agents to communicate with one anatkie folloving requirements must be met:

¥ The agents must kmoone another's name.

Strictly, this is only required by the agent that sends the mesgage kecause when
messageventsarrive they containthe nameof the sendingagentin thefrom datamember

¥ The source agent needs to be able to send a message e

This is achiged by including &sends event  declaration in the agent's debnition for the
required class of messageeat. Note that the messageset must also he been debned.

The source agent must then include code to send the messagdtecan do this by
calling thesend method from code outside a reasoning method, a@hed statement
from within a reasoning method.

¥ The destination agent needs to be able to handle this message e

This is achiged by including &handles event ~ declaration for this messageeet in the
destination agent's agent debnitioa.nRndle thiswent correctlythe destination agent
mustalsoincludeatleastoneplanwith thesamethandles event declarationanddeclare
that it uses this plan via#ases plan  declaration.

6.3 Remote Comm unication

When agents are running in separate processesAU dommunications layer needs to be
used to allav these agents to communicate. This communications layerwmka®the DCI
network.
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TheDCI network is layeredin suchaway thatdifferentunderlyingtransporimechanismsan
be accommodated. By deflt, ACK uses the UDP transport protocol whichvaitable on
existing TCP/IP netwrks. This protocol isast lut connectionless and it does not guarantee
delivery, so ACK provides a thin layeraer UDP which preides reliable peeto-peer
communications.

Note: No call to ay networking code is made unless a connection is actually requested or
made possible (by specifying axpédicit port number for the local portalfhis means that
machines with no netvking installed will still be able to usACK locally.

When agents in remote processes need to be able to communicate, the processes need to be
told how to communicatavith oneanotherEachprocessasits own portal andtheseconnect

to eachotherto provide acommunication$ink for theagentsn eachprocessA pairof portals
canbeconnecteaxplicitly, or aname-sergr canbeusedsothatportalscanconneconthe Ry

as needed.

Thefull nameof anagenttakestheform agent @ortal , whereagent refersto thenamegiven

to anagenton creationandportal  refersto thenamedportalassignedo the processn which

the agent is running. The process may be running on a remote host or the local machine. T
avoid ambiguity it is recommended that the full name of an agent be used at all times when
sending messages.

Theeasiestvayto setup a DCI network is to designateneof the processeasa nameserver
This simply means that wherex an agent tries to send a message to an agent at amvankno
portal, the agent will query the name-servo try to locate the portal. If the name-sgrv
knows about the unkmwen portal, a connection to it is silently established. Otherwise, the
message will be undeérable and the send request walil f

If there is no designated name-s&nall connections must be@icitly requested. An
explicit connection request must be made by one (and only one) ofdh@ deesses
comprising each connection.

Processes automaticallgdp their name-seey(s) informed of n@ connections that tlye
make. When a process makan initial connection to a name-sgrthe name-seer will
updateits list of known addressesl his canbeusedto implementarobustnetwork containing
two or more name-segvs so that no information is lost if one name-segoes dan and
subsequently comes upaag.

If a process»ats for ary reason, it can be restarted and communication will resume from the
restart time. Ay messages sent while the procesas wot running will be lost.
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6.3.1 DCI from the Command-line
Portals name-semrsand connectionsan be established on the command linevigeal that
a call has been made to t#eCK initialisation method:
aos.jack.Kernel.init (String(] args )
The simplestxample is connecting wprocesses so that agents in each of them can

communicate with each oth&uppose one of them is callggkaker and the other is called
Listener . To connect them using a name-sgrthe two processes guld be run as folles:

java Listener " - dci.new:listener=xxxx
java Speaker " - dci.new:speaker  "" - dci.ns:xxxx

The brst process creates a portal caeger bound to UDP pontxxx .

The second process creates a portal cabedter . It did not specify a particular port so a
random port will be allocated for it. It also specibes a namessrvit will connect to the
name-sergr portal immediately

Note: If the processes were running onfelient machines, the UDP port could/@deen
specibPe@shost : xxxx insteadof justxxxx . Wheneerthehostis omittedin thisway, thelocal
host is assumed.

To connect the to processes using arpdicit connection, the tav processes auld be run as
follows:

java Listener " - dci.new:listener=xxxx
java Speaker " - dci.new:speaker """ -dci.con:speaker- >listener=xxxx

As in the name-seer example, theistener  portal did not bother to choose a specibc UDP
port because thereas no need. Hwever, thelistener  portal had to specify a particular port
S0 thatspeaker would knav where to connect to.

Note: When connectingxlicitly in this way, only one of the processes initiates the
connection. Once connected, the communications path is bidirectional and completely
symmetrical. Ay unsuccessful connection attempts will timeout in 30 seconds ayltef

An application can create a portal without the use ofdliew command line option. By
defaultthe portalassociateavith anapplicationhasnamevportal , hostlocalhost , andaport
number that is the neavailable port. Havever, if the Jaa propertiegack.portal.name ,
jack.portal.host Or jack.portal.port are set, then thesalues will be used instead. This
means that if the portal is being created solely for tracing purposes, (refefltadimg and
Logging Manual), thenthereis no needto includeaninit(args) callin themain() methodof
the application.
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6.3.2 DCI Command Line Summar y

Argument Purpose

-dci.new: A=host : port Creates a ve portal calleda for this process. The
host andport are optional.

-dci.ns:  host : port The gwven location fost andport ) is designated as a

name-sergr. Thehost part is optional.

-dci.con: A->B=host : port | The local portal namedrequests a connection to the
portal namea which can be found at thevgn
location fost andport ). Thehost part is optional.

- dci.timeout=  seconds This changes the dailt connection timeout from 15
seconds to the specibealve. Use a timeout of O to
wait indepnitely

Table 6-1:DCI command line summary

6.3.3 DCI in Code

The abee DCI command line functionality can also be aebékin the ACK code through
the following static methods in the classs.jack.jak.core.Dci

void create(String name, String desc)

Thecreate methodcorrespondso the-dcinew commandine argument.This methodneeds
to be called before the brst agent is creaigek is the name of the portal, anesc is the
description string that folles the '=' sign on a command line.

void connect(String Iname, String rname, String rdesc )

Theconnect method corresponds to theci.con:P1-  >P2=hostport ~command line
argument. This method can be called at ame to establish a connectiofame is the local
portal's namepame is the remote portal's name, atebc is the description string that
follows the '=' sign on the command line.

void nameserver(String rdesc )

Thenameserver methodcorrespond#o the- dci.ns:host:port commandine argument.This
methodcanbecalledatary timeto establishanew, additionalnamesenerto use.rdesc isthe
name serer specibcation string that folls the “dci.ns: " on the command line.
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void setTimeout (int  seconds )

ThesetTimeout method corresponds to theci.timeout ~ command line gument. This
methodcanbe calledat arny time to changethetimeoutperiodfor the next connectiorrequest.

Note that all of the alv@ methodseeptsetTimeout()  thron aDciException

In addition,thefollowing staticmethodsareavailableto determinevhethera particularagent
is running and accessible on the DCI ratw

boolean pingOk  (String agent )

This form of the ping methodperformsoneping only anddoesnot attemptany connectionlt
doesnotdistinguishbetweerdifferenttypesof failureandsimply returnstrue’on successnd
‘false’ on ayp kind of failure.

int ping (String agent )

This form of the ping method performs one ping only and does not atteynpbmection.
This method times-out after 30 seconds. The possible regiuas/are described in the table
at the end of this section.

boolean multiPingOk (String agent )

With this version ofmuliiPingok , if the gven portal is not connectedtta nameseesr is
presentthenaconnectiorattemptis madebeforethe pingis attemptedOnepingis attempted
and if it is unsuccessful, more pings are attempted at alseov 1 second for a totalaing
period of 30 seconds. It returns 'true’ alsé' for success oaifure.

boolean multiPingOk (String agent , int timeout , int interval )

This version ofmultiPingOk IS like multiPingOk(String) but it allows the timeout and
interval to be specibed.

int multiPing (String agent , int timeout , int interval )

This version ofmultiPingOok IS like multiPingOk(String) but it allows the timeout and
interval to be specibeglusit returnsthe samevaluesasping(String) whicharedescribedn
the table at the end of this section.
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The possible returnalues from the methods returniing are described in the follang
table:

Return value Meaning

Dci.PING_NOT_READY There is no portal present in the current process.
Dci.PING_UNKNOWN_PORTAL The gwven portal is not connected.
Dci.PING_UNKNOWN_NAME | The gven name is not kmen at the gren portal.
Dci.PING_OK The gven name at the gen portal responded.

Table 6-2:Return alues fromping andmultiPing

These alues are debned éns.dci.Portal
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7 Plans
7.1 What is a Plan?

Theplan classdescribes a sequence of actions that an agent cawkedn anent occurs.
Whenever an gent is posted and an agent adopts a task to handle it, the brst thing the agent
does is try to bPnd a plan to handle therd.

Planscanbethoughtof aspagedrom a proceduresnanualor evenasbeinglike methodsand
functions from more carentional programming languages. Jtdescribe, inplicit detail,
exactly what an agent should do wheneegie/ent occurs. Equipped with a set of plans, an
agenthasa setof skills andproceduraknowledgethatit candrav uponasrequired Whenthe
event that a plan addresses occurs, the agentxeante this plan to handle it.

Each plan is capable of handling a singlerg. The eent it can handle is identibed by the
plan's#handles event  declaration. When an instance of ey eent arises, the agent may
execute one of the plans that declarg/thandle this eent.

An agent may further discriminate between plans that declarénéimelle an\eent by
determining whether a plantiglevant It does this by»ecuting theelevant)  method of
each plan. If plans do not specifyevant()  method, the are releant for all instances of
thatevent.Whenpresenttherelevant)  methodetsa planspecifyexactly which instanceof
a gven event it is releant for

Once the relant plan(s) hee been identibed, the agent determines which of these are
applicable It does this byxecuting the plansontext) method. The conk method is a
JACK Agent Languagéngical expressionthat can bind thealues of the planiegical
membes. For every possible set of bindings, a separate applicable instance of the plan is
generated.

Whentheagenthasfoundall applicablenstance®f eachrelevantplan, it selectoneof these
to execute If theeventis aBDI event,thismaycauseaPlanChoice eventto bepostedwhich
may initiate some metayel reasoningvithin the agent to select the most appropriate plan
instance. Refer to tHdetal evel Reasoninghapter for more details on metadéreasoning.

When the agentxecutes a plan, it starts byeeuting the plan’sody() method. The body
method is a special kind of method in tA&€K Agent Language calledraasoning method
Reasoning methodse quite diierent from ordinary methods inv@g as thg are bound by
extralogical rulesandconditions Eachstatemenin areasoningnethodis treatedasalogical
statement that can either succeedadr f

Failure of a plan statement will cause tagy() method to &il unless the plan specibcally
allows for this possibilitylf execution proceeds to the end of thhey() method, theody()
method succeeds.
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Thebody() methodcancall otherreasoningnethodsasit executesThesereasoningnethods
must be declared in the plan using #h@soning method  declaration. Thehelp break
comple processinglown into smallercomponentsindmake plansbothsimplerto understand
and more scalable.

All reasoning methods can includeCK Agent Languageeasoning method statements
These statements are identiPed by a preceglsygbol, and describe logical bef@ur that
the reasoning method should adhere to. If a reasoning method statement is violated the
reasoning method alsails. Reasoning methodgexute asinite State Makines(FSMs).

7.2 Finite State Mac hines

Finite State Makines(FSMs) are a standard concept in computer science. déscribe
executionengineghatrepresentalculationsandstatechangesn atomic,indivisible stepsin
a bnitestatemachine executionmaybe suspendedr switched but only at designategboints.
Eachstepin the executionis guaranteedo be atomic,andoncestartedwill notbeinterrupted
until it is complete. These atomic steps are normally quite snudlhdnetheless the atomic
nature of each step is assured.

Finite State Makine statement®r FSM statements) are signibcant in th€K Agent
Language becausevdais a multi-threaded language where switching betweecuéon
threads is normally the responsibility of the programmbe Jaa execution engine does not
guarantee safe points at which it will switcteeution threads, so it is up to theada
programmer to implement object locking ang ather concurrenccontrols which may be
required.

With FSM statements, ever, multi-threading is tadén care of by theATK kernel. Each
statement isxecuted in a series of atomic steps, between which the agent can switch to other
executionthreadssafely All reasoningnethodsandtaskexecutionsn JACK areFSMs,asare
statements thatxecute subtasks synchronously with the parent task (su@buatssk ,

@achieve , @insist , @test and@determine ). This ensures that the statementy tt@ntain

executein safe atomicsteps.Thesestepsarenotalwayswholestatementssometimessingle
statement may consist of multiple component steps.

Note: Because¢hreadingn FSMsis handledby the JACK kernel,no programmeievel multi-
threading should be performed in an FSM statement. Taugdwnot only be superf3uousytb
may also hamper theksfieng of the underlying &rnel multi-threading.
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7.3 Plan DePnition

The minimal format for the debnition of a plan igegi belov:
plan PlanName extends Plan
#handles event EventType event_ref
/I Plan method definitions and JACK Agent Language
Il #-statements describing relationships to
/I other components, reasoning methods, etc.
body ()

/I The plan body. This describes the actual steps
/I an agent performs when it executes this plan.

}

Each component of this debnition ip&ined in the follaing table:

Component Description

plan A JACK Agent Languagedyword used to introduce a
plan dePnition.

PlanType The plan's name.

extends Plan Plays the same role as irvda it indicates that the

plan being debPned inherits fromACK Agent
Language base class callegh . Therlan base class
implementgheplan'sbhasemethodsandtheunderlying
functionalityto supportthe plan‘scorebehaiour, such
as reasoning methods and reasoning method
statements.

#handles event() Specibesheeventtypethatthis planhandlesTheplan
may place further constraints on its applicability via
relevant)  andcontext() methods.

body() Describes the actualosk done by an agent when the
plan is eecuted. It is the plan's topvkd reasoning
method: if it succeeds, the plan succeeds andafig, f
the plan &ils.

Table 7-1:Components of a Plan dePnition

7.4 Plan Member s and Methods

Like agents andvents, plans can include normavdanembers and methods. The user may
choose to add these to implement certaivtlievel functionalities.
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Some members and methods are supplied automaticalyCiK.JThese members and
methods enable the user to:

identify which agent a plan belongs to,
determine when a planiislevant,

determine when a plan &pplicable

implement the core functionality of the plan, and

K K K K K

debPne properties that an instance of a plan has to assist in vett@dsoning.

Each of these members and methods are summarised in therfgltable and are described
in more detail bela:

Method Purpose
Agent getAgent() Identibes the agent which instantiated the plan.
Using the#uses agent implementing declaration and

the#uses interface declarationgnablesiplan class
to be shared between agents.

relevant() Determines whether the plan is reat to a particular
kind of event.

context() Determines whether the plan is applicable to a
particular @ent occurrence.

body() Describesvhatthe agentmustdo whenit executeghe

plan. It is the plan's topatel reasoning method and
must alvays be present.

getinstancelnfo() Allows details to bexdéracted on ayproperties that
have been debned for a plan instance. These property
details can be compared in metaelereasoning plans
to determine which instance tgezute.

after() These methods create cursors that become true
afterMillis() immediately after a specibed time.

elapsed() These methods create cursors that become true
elapsedMillis() immediately after a specibed time period has elapsed.

Table 7-2:Plan methods

Agent getAgent()

getAgent()  can be used gwhere within a plan to access the instantiating agent. It can be
used within a plan to access the ageintts member and theame() method. It can also be
used to access useebned agent methods and members.
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Note thatgetAgent() has a return type @bent . An explicit cast is then required to pride
accesso userdebnedigentmethodsandmembersA preferredalternatveto getAgent() isto

use thetuses interface Interface reference declaration which prades access to the
enclosing agent with the correct type cast. This is described in more detail in the section on
plan declarations in this chapter

relevant( EventType )

Relesanceis the prst Plter that the agent applies when determining which pleaciate

when a gren e/ent occurs. @ be releant, the plan must declare that it is capable of handling
thekind of eventthathasarisen(via the#handles event declarationandthatit is relevantto

the eent instance (via thelevant)  method).

Not all plans hee arelevant)  method. When present, it pides the agent with a Plter to
exclude plans that will debPnitely not be able to handle Weate For example, if the plan is
only relevant when certain parameters are passed, or when some parameateseaioc
values, this can be tested by thievant)  method. If the eent is not one that the plan can
handle, the agent can put it aside immediafEherelevant() method prueides a Pner
granularity for determining rek@ance than just the distinction betweeems. It can actually
allow the agent to hee plans to discriminate between instances of the saemt @hen that
event has dierent parameters types, orfdient \alues for a gien parameter

Therelevant)  method alays tales the follaving form:
static boolean relevant ( EventType event ref )

/I Code to determine if the plan is
/l relevant to this event.

}

That is, it must avays be a static boolean method. If this method returns true, the plan is
relevant to the eent. If not, the plan is not relent to the eent.

The body of theelevant()  method can perform gRlava processing you ant. Usually
however, it will test one or more of thevent's members to mala decision.

For example, suppose a prospecting agent thaelsaaround looking for treasure has a plan
that describes loto call in a helicopter to pick up some treasure it has found. Suppose also
thattheagentincludesaFoundTreasureEvent ~ Whichis generateavhentreasures discovered.

If the helicopter costs $500 to call in, the plaouwd only be releant if the treasure found is
worth more than $500. Theevant() method can check thale of the

FoundTreasureEvent 'Sval Peld and if it is greater than $500, retoRUE

Agent Manual
Release 5.3

10-June-05 101

Copyright © 1999-2011, Agent Oriented Software Pty. Ltd.



Plans

Using arelevant)  method in this \&y, the agent can Plter out those plans ivkad won't
want to eecute before proceeding with the applicability calculations described in the
following sub-section. yipically, these applicability calculations are more resource-intensi
so well-thought outelevant)  methods can impx@ the computational etieny of the
application.

Therelevant)  method is especially useful if amemt has more than one posting method. If
differentpostingmethodssetdifferentpropertiesandprovide differentnumberof parameters,
this method can be used to catch instances olvdr@ posted by one posting method and not
the others.

For example, if an agentdeps track of racers, and this agent postvemntevheneer a racer
completes a lap, thevent may tak two forms. One form may represent the completion of a

lap during the race, whereas the other may represent the completion of the Pnal lap at the end
of the race. If the plan is to compose a bnal leaderboard, this plan will onlyuantekden
thebnallapis complete notfor theintermediatdaps.By testingthe parametersuppliedwith

each lap instancersent, the plan can identify the@ent for which it is releant.

context()

The cont&t method is the ne blter that the agent applies when determining which plan to
execute when anvent occurs. The contemethod usually contains a logical condition that
tests one or more of the agent's beliefset relations and/or data membersy respaants, it
represents the core of the agent's simulated rationavibehdecause it tas into account
thecurrent citumstancegidentibed by the currentilues of respeste members and data
structures), and the agemirrent belief{represented by its beliefset relations), and uses this
information to select a plan instance thapglicableto the current conditions.

Theplaninstances acopy of the planwith particularvaluesfor its membersThesemembers
may include ordinary Ja members and speclabical membes. Instead of being assigned
valueslike normalJaramemberslogicalmembersareboundto particularvaluesby a process
of unibcation (attempting to match them with othenknar partially knavn values). The
semantic behaour of logical methods is quite f#frent to that of Ja methods; therefore,
logical methods include specib&QK Agent Language statements angressions to
manipulate them and theiales.

Thecontext()  method alays tales the folleving form:

context ()

/I Logical condition to determine which plan instances
/[ are applicable.

That is, it does not takary aiguments and its body isvedys a singleAICK Agent Language
logical expressionLogical expressiongarestatementsonsistingof boolearmemberslogical
members and beliefset cursapesssions.
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When @aluating theontext()  method, the agent will consider all possible altemeatifor
every set of elues that can satisfy thentext) method, a separate instance of the plan will
be generated andailable for &ecution. Br example, a contd method that has 5 possible
bindings will cause 5 separate plan instances to be produced.

This is like a shopping agent being told toyla piece of fruit. If a shop sells apples, oranges
and bananasuging ary one of these will handle thisent. The agent auld hare three
instance®f thefruit-buying planavailable:oneto buy anapple,oneto buy anorangeandone

to buy abananaTheplaninstancechoserdepend®ntheeventmodelbeingused(referto the
Eventssection for details). The agent willleaachieed its objectre if the chosen plan
instance succeeds.

body()

Thebody() methodis themainreasoningnethodin aplanandis executedvheneeraplanis
executed. Theody() method is analogous to thein() method in Jea in that it represents
the starting point in a plan'secution.

Because a plan's body is a reasoning methodketsuéon structure is not the same as for an
ordinary Jaa method. Firstlyit can contain a number cACK Agent Language statements
thatcanonly appeaiin reasoningnethodsThesestatementareall precededy the @symbol
and are described in tiReasoning Method Statemeséction bela.

Secondlyreasoningnethodsarelik e 'big logical expressionsin thatwhenthe agentexecutes
them,it is constantlythinking'is thistrue?' Eachstatemenin thebody() methodis, therefore,
treated as a boolearmession, and each semicolon between statements as an AND
connectarThebody() method is true (succeeds) if, and only ¥eeution reaches the end. If
ary statementdils, thebody() method terminates immediately ardd.

For example, if a plan'sody() method can be brek davn as follavs:
body ()

statement A
statement B
statement C
statement D

}

This method will only succeedsdfatement A andstatementB ~ and statementC  and
statement  Dsucceedlf statement B wasto fail, for example theagentwould stopexecuting
thebody() method at this point and the plan instanceil fail (meaning that, in this case,
statement C ~ andstatementD  are nger attempted).
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It is not necessary fowvery statement in the reasoning method to succeed for the method to
succeed. Only the entire booleapression represented by each statement needs to be true.
For example, if the reasoning method contains the block:
if ( conditon A )
statement B

else
statement C

If condition A fails, thebody() method will not &il because there is an altermatexecution
path to follov b thesise clause. Havever, if B or c fail, the plan still dils.

Planinstancelnfo getinstancelnfo()

This callback is used to retvie information about the instance of a plan that it is called on. It
has been praded for use in metasdel reasoning plans, so that when the agemtaed with
multiple applicableplaninstancesit canusetheinformationreturnedo helpchoosebetween
them.

By default, this callback is undebPned. When a plan is written to handle avBbt fer the
agent to be able to perform metadereasoning with, this method should be re-implemented
to provide the meta-Mel reasoning plan with information that it can use toerthle decision.

For example, consider a soccer playing agent that has a number of plans which describe peld
tactics it can use. Each of these plans mighé laen aggression property added to them for
meta-leel reasoning purposes. Thaaywwhen more than one of these beld tactic plans are
applicable, the agent's metaséplan to choose between them can select the plan instance
with the highest aggression rating.

Cursor after(double t), afterMillis(long t)

These methods create cursors that become true immediately after a specihedp@unidres
the time as measured byenttimer . The time is specibed in secondsdiar() and in
milliseconds forafterMillis() . Note that their gument types are not the same. If the user
needs to use a timer other thaanttimer , variants of both methodsist which accept a
second ayjument of typeos.util.timer.Timer

These methods are commonly used witlimit for statements, as illustrated by the
following plan fragment:

/Iwait until half past the hour

long now = agent.timer.getTime();
long t = now / 3600000; // convert to hours (truncated)

t *= 3600000; /I convert back to millis (on the
/l'last hour)

t += 30*60000; I/l add the after-the-hour offset

if (t<now)

t += 3600000; /I Adjust to the next hour if necessary
@wait_for (afterMillis(t));
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Cursor elapsed(double t), elapsedMillis(long t)

These methods create cursors that become true immediately after a specibed time period has
elapsedt specibes the time period as measureshby.iimer . The time period is specibed

in secondsgor elapsed() andin millisecondsfor elapsedmillis() Pnotethattheirargument

types are not the same. If the user needs to use a timer othegethamer , variants of

both these methodsist which accept a secondyament of typeos.util.timer. Timer

These methods are commonly used withimit for statements, as illustrated by the
following plan fragment:

/wait for 10 minutes to pass

@wait_for (elapsed(10.0*60));

7.5 Plan Declarations

#chooses for event Eventl Event2 ...

Whena plancontainsoneor more#chooses for event declarationsthis meanghattheplan
is usedfor meta-evel reasoning Insteadof describingvhattheagentshoulddoto achieve an
end, it describes kothe agent should choose between a number of applicable plan instances.

Meta-level reasoning describes the ability that an agent has to choose between applicable
plans for a gien BDI event. Normally when more than one plan instance is applicable for a
given &ent, the agent just chooses one at randonerer, with meta-leel reasoning the
agent can be more discerning. Instead of choosing an applicable plan instance to try at
random, the agent carvimke a plan to makthis decision in a specibc, deterministayw

Plans that do this are kwa asmetalevel plans

Each component of th&hooses for event declaration is described in the fallmg table:

Component Meaning

#chooses for event Identibes the declaration agdhooses for  event
declaration.

eventl event2 ... Lists the BDI @ents that the plan can choose for
between multiple applicable plan instances.

Table 7-3:Components of th&chooses for event declaration
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The#chooses for event declaration applies only to metax# plans When present, it
identibpes the BDI\eents that the metadel plan is able to choose between. This is necessary
because metasel plans must all handle the intermainchoice event. The all contain the
following #handles event  declaration:

#handles event PlanChoice event_handle ;
This declares that the agent handlesrmchoice event. 1o narrav down the range of
PlanChoicesventsthatthe plancanhandle useoneor more#chooses for event declaration.

Only thoserlanChoice  eventsthatapplyto oneof thelistedBDI eventswill behandledby the
meta-level plan.

For example, suppose a plan debnition contains thewollp declarations:

plan ChooseFieldStrategy extends Plan

#handles event PlanChoice ev;
#chooses for ~ BDIMidfieldPlay BDICornerPlay BDIKickoff;

/I Other declarations and reasoning method definitions

}

This identibes thehooseFieldStrategy plan as a metavel reasoning plan for the BDI
events:BDIMidFieldPlay , BDICornerPlay andBDIKickoff
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#handles event EventType reference

Most#-declarations are optional in a plan dePnitiart,the#handles event ~ declaration is
mandatorylt specibes thevent that the plan handles. Wheeean instance of thivent
occurstheagentwill considerthis planasa candidateesponseUnlessthe plan'srelevant ()
method says otherwise, the agent will assume that this planvantete the eent.

Hence, without &handles event ~ declaration, a planeuld never be @ecuted by an agent.
Regardless of thewent that arose, the agenbwd never deem the plan to be redmt.

Eachplandebnitionrmusthave exactly one#handles event declarationlt is notpossiblefor a
single plan to be able to handle more than one kingeftelf this situation can arise in the
model,multiple copiesof theplanwill needto bedebPnedeachspecifyingoneof theeventsas
its relevant event.

The#handles event  declaration tags the folleving form:

#handles event EventType reference

Each component in this declaration is described in thenitptable:

Component Meaning

#handles event Identibes the declaration as being of eenge that the
plan can handle.

EventType The type of gent that the plan can handle. TR&CK

runtime ensures that amagent which uses this plan
alsoincludesa#handles event declaratioridentifying
the sameent type.

An agentcanonly handleaneventif it hasaplanto do
so.Equally aplanis only ever of useto anagentf the
agent declares that it handles therg handled by the
plan.

reference The name, or handle, that will be used to identify the
event in the plan. When grof the plan's reasoning
methodsvantsto acces®neof theevent'smemberor
methods, it uses thivent reference.

Table 7-4:Components of thehandles event  declaration
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#posts event EventType reference

The#posts event ~ Statement declares that the plan is able to pesite of this type when
executed Thismaybein thebody() method,or oneof theotherreasoningnethodsNotethat
the plandoesnot have to postthis eventeverytimeit is executedjt merelyhasthe capacityto
do so.

Not all events must be declared with th®sts event  statement B only those that the agent
postsinter nally. Eventsthattheagentpostsexternallymustbeexplicitly declaredoo, but this
is done using thesends event ~ Statement instead.

A #posts event  declaration tads the folleving form:

#posts event EventType reference

Each component isxplained in the follaving table:

Component Meaning

#posts event Identibes a (goal)vent declaration. When an agent
executes this plan, it may causeests to be posted
which it will have to handle.

EventType Identibes the type ofvent that can be posted.
EventType Must be included in the agent&pt
dePbnitions.

reference The name, or handle, used to identify tkierg in the

plan.Theplancanusethis handleto accessheevent's
members and methods.

Table 7-5:Components in theposts event  declaration

The#posts event  declaration is similar to a function prototype in €cfinically it is
redundant since the agent that the plan belongs to has already declaredsafthe ean
handleusingits own #handles event Statementd-dowever, explicitly declaringtheeventsthat

a plan posts ensures a correspondence betweevethts éhat an agent's plans can post and
the events that it can handle. There should bevemes posted by the plan that the agent
cannot handle.

By explicitly declaring handledwents at both the agent and the plarelethe compiler can
check that there are no 'danglingets' that the agent will ignore. This is in line with the
explicit dePnitions in modern programming languages and helps protect programmers from
runtime problems that are hard to locate.
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#posts event  declarations identify the normalents and goalvents that an agent posts.
Messageventsthatthe plancanpostaredeclaredusingthe#sends event constructdescribed
below.

#sends event MessageEventType reference

The#sends event  declaration is just I the#posts event  declaration, xcept that it
identiPes messageents that the plan can send to other agents. A plan canxaalyte
statements that send thesers to other agents if the plan's debnition includesnas
event declaration for that kind ofvent.

A #sends event  declaration tags the folleving form:

#sends event MessageEventType reference

Each component ixplained in the follaving table:

Component Meaning

#sends event IdentibPes a messageeat declaration. When an agent
executes this plan, it may cause a messagptdo be
posted.

MessageEventType IdentiPeghetype of messageventthatcanbeposted.

MessageEventType event must be included in the
agent's gent debnitions.

reference The name, or handle, used to identify tkiere in the
plan.Theplancanusethis handleto accessheevent's
members and methods.

Table 7-6:Components in theésends event  declaration

The#sends event  declaration is similar to a function prototype in C. It specibes at the outset
the range of messageeats that the plan can post. Only thogents specibPed isends
event declarations can be posted by statements in the plan.

The adantages of thesends event  declaration are the same as those of function prototypes
in C: they explicitly identify theeventsthatthe plancanpostandhencemake theplaneasieito
port to other agents and alldor compiler checking that can reduce programmer .error
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#uses data  DataType reference

The#uses data StatementdentiPeghoseobjectsor beliefsetrelationsthataplanusegeither
to read or to modify). @ be accessed thisay from within a plan, the ya object or beliefset
relation must hee been declared in the enclosing agent or capability

A #uses data  Statement tads the folleving form:

#uses data  DataType reference

Each item in the dePnition is described in the foihy table:

Component Meaning

#uses data IdentiPesadataobjector beliefsetrelationthattheplan
can use.

DataType Identibes the type of the us#ebned data structure or
beliefset relation that the plan can access.

reference Thenamethatthedataobjector relationwill beknown
by in the plan.

Table 7-7:Components in theuses data  declaration

For more information on beliefset relations anavhiio use them, refer to tigeliefset
Relationschapter

#reads data DataType reference

The#reads data  declaration indicates to the user that the d#bject or ACK beliefset of
typeDataType iS to be accessed within the plan. TheaJabject or beliefset mustvabeen
declaredn theenclosingagentor capability Notethatthereadonly constrainis notenforced
by ACK.

A #reads data  declaration taés the folleving form:

#reads data DataType reference

Each item in the debnition is described in the fwihg table:
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Component Meaning

#reads data Identibes aAICK beliefset or usedebned data
structure that the plan can access.

DataType Identibes the type of the beliefset relation or the-user

debned data structure that the plan can access. The
relation or object of this type mustueabeen declared
in the enclosing agent or capability

reference The name that the data object or beliefset relation will
be knavn by in the plan.

Table 7-8:Components in théeads data  declaration

For more information on beliefset relations anaviio use them, refer to tigeliefset
Relationschapter

#modifies data DataType reference

The#modifies data ~ statement indicates to the user thatva &dbject or ACK beliefset of
type DataTypeis to be modibed within the plan. The object or beliefset must lheen
declared in the enclosing agent or capability

A #modifies data ~ Statement tags the follaving form:

#modifies data DataType reference

Each item in the debPnition is described in the fwihg table:

Component Meaning

#modifies data Identibpesadataobjector beliefsetrelationthattheplan
can modify

DataType Identibes the type of the us#ebned data structure or
beliefset relation that the plan can access.

reference Thenamethatthedataobjector relationwill beknown
by in the plan.

Table 7-9:Components in themodifies data ~ declaration

For more information on beliefset relations aneviio use them, refer to tigeliefset
Relationschapter
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#uses agent implementing Interface reference

Thisdeclarationdentibesa particularJavainterfacethatthe planrequireswhenit is executed.
Some plans rely on certain methods to bevigied by the agent in which thare used. &1
thisreason,JACK normallyonly allows plansto beusedin theagentfor whichthey have been
debned.

The#uses agent implementing declaration gets around this by allog the plan's required
methods to be described by aaanterfice. Ary agent that implements this intece must

provide implementations for these methods and as a result will be able to adequately support
the plan.

Note: Agent sub-classes can be debned xtgrding from othengent classeshat hae been
debned. It is not necessary end only from the basgent class.

This declaration tads the folleving form:

#uses agent implementing Interface reference

whereinterface  isthenameof the Javainterfacethatcontainghemethodshis planrequires,
andreference  is the plan's handle on this intecé. Theeference handle allavs the plan to
invoke methodghroughtheinterface.Thereference becomes memberof theplanreferring
to the agent, it only of the gren interfice type.

When a plan dePnition includeg@es agent implementing declaration, it can be used in
ary agent that claims to implement this ingeré. This claim is made in the agent debnition
headerFor example, a plan that includes the feliog declaration:

#uses agent implementing WorldInterface world;
can be included in an agent whose dePnition is/shmelav:
agent World extends Agent implements Worldinterface

/I Agent definition

#uses interface Interface reference

This declares that one of the enclosing capabilities (or the enclosing agent) implements
Interface . Note that this declaration supersedes:tiaes agent implementing declaration
for most purposes.

The declaration tads the folleving form:

#uses interface Interface reference
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whereinterface  isthenameof the Javainterfacethatcontainghemethodshis planrequires,
andreference  is theplan'shandleonthisinterface.Notethataclasscanalsobeconsideredo

be an interdice, so thahterface  can be the actual name ofapability  class or amgent
class.

For example, gven an agent:

agent HelloWorld extends Agent
{
#handles event SayHello;
#uses plan  HelloPlan;
int'counter;
public void hello()
/lJava code
}
}

theHelloPlan  can include the declaration

#uses interface HelloWorld self ;

This gies the plan access to theloworld members and methods as illustrated in the
following code fragment:

plan HelloPlan extends Plan

#handles event SayHello sh;

' #uses interface HelloWorld self;

body()

System.out.println(self.count);
self.hello();
}

#reasoning method name(parameters) <body>

The plan'sody() method is the main method in a plan. It describes all the actions that the
agent performs when this plan ieeuted. A plan'sody() method is unlik normal Jea
methods in that it is easoning methodHowever, thebody() method is not the only
reasoningnethodthata planmaycontain.As with otherstructuregorogramminganguagest

is sometimes easier to split functionality into separate methods. Similaslpossible for a
plan to include other reasoning methods, which the mwai) method can call as needed.
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Each reasoning method that a plan contaigsie thebody() reasoning method must be
debned using theeasoning method ~ statement. The syntax for these dePnitions ig/shio
the folloving code:

#reasoning method name( parameters )

/I body of reasoning method. This can contain a mixture
/I of Java code and JACK Agent Language @-statements

}

Each of the components of this debPnition aq@agned belav.

Component Meaning
#reasoning method Introduces the depPnition of a plan's reasoning method.
name Thenameusedto identify themethod Otherreasoning
methods in the plan carnvioke this method by name.
parameters A list of thereasoningnethod'parametersThesyntax
and semantics are the same as for parameter lists |n
normal Jaa.

Table 7-10:Components of a reasoning method dePnition

Reasoning methods do notaa return type l& normal Jea methods. Instead, theither
succeear fail. Thisis determinedy the executionpaththroughthereasoningnethod When
theagentexecutesareasoningnethod,t treatsevery statemenor block asa separatstepthat

must be completed successfully if the reasoning method itself is to be completed successfully

Therefore, if the agent succeeds xe@uting a statement or block, it will proceed to thet ne
statement or block in the reasoning methodwvé&ler, if it fails, it will assume that the
reasoning method can no longer be completed successfully and therefoad.will f

Of course, this does not mean thatry single conditional test must succeed for the agent to
continueexecutingthereasoningnethod For example jf thereasoningnethodcontainsanit

then .. else construciandtheif conditionfails,it canstill executetheelse clauseand
continue. Havever, if theif condition succeeded and then one of the statementstiteihe
block failed, the agent auld still abandon the reasoning method as unsuccessful.

If the agent reaches the end of a reasoning method witkeciiteng ag statements thaai,
thereasoningnethodsucceeddOtherwisejt fails. Thisis analogouso a humanperforminga
task that requires the completion oveeal steps. If anstep &ils, the task can no longer be
completed, bt if all steps succeeds, the task succeeds.

ReasoningnethodsanincludespeciallACK AgentLanguagesonstructknown asreasoning
method statementReasoning method statements control aspectswth®reasoning
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method runs, andkecute ag agent-specibc awtties that the plan has to perform (such as
sending messages to other agents, postiegtg, or ensuring that the plan ieeuted only
while a gven maintenance condition continues to be trelKIAgent Language reasoning
method statements i@ with an@character

Reasoningnethodsxecuteaspnitestatemadines Finite statemachinesiePneanexecution
model where each step is atomic and tkexetion can be paused only between these steps.

#reasoning method pass() <body>

Thepass() reasoning method is a special reasoning method that may be included in a plan.
Unlike otherreasoningnethodsijt shouldnot be calledexplicitly by otherreasoningnethods

in theplan.Insteadjt is executedaftertheplan'sbody() methodhassucceededyut beforethis
success is reported back to the task in which the plan is begogted. Therefore, it can be
used to describe grpost-processing or 'cleaning up' that may be required after the plan has
succeeded.

Thepass() reasoning method is debPned using the ¥ahg format:
#reasoning method pass 0

/I Post-processing and cleanup steps for when the
/I plan has succeeded.

Thepass() reasoning method can only be called by the tasktgion infrastructure.
Furthermoreits succes®r failurehasno effect on the plansoutcome For example,if theplan
succeedsut thepass() method &ils, the plan still succeeds.

Thepass() reasoningnethodis executedf andonly if theplansucceeddf theuserwantsto
perform post-processing for a plan thaitd, they should use theil)  reasoning method
described belw.

#reasoning method fail() <body>

Thisreasoningnethodcomplementshepass() reasoningnethodLikethepass() reasoning
method, it should not be called from other reasoning methats)dtead must be called by
the underlying ACK task &ecution engine. Thiail)  reasoning method is called if, and
only if, the plan it appears imifs. Like thepass() reasoning method, it can be used to
perform ay post-processing or cleanup attes that might be required.

Thefail)  reasoning method is dePned using the falg format:

#reasoning method fail 0

/I Post-processing and cleanup steps to be performed
/I if the plan fails.

}
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7.6 Reasoning Method Statements (@-Statements)

As hasbeendescribedearlier reasoningnethodsaredifferentfrom normalJava methodsn a
number of vays. One of these is that yhean include a number of speciAlCK Agent

Language statements. These statements are all precededbynalbol and describe specibc
logical guards or logical actions that the agent should perform within the reasoning method.
The reasoning method statements are:

¥ @wait_for(parameters)
@action(parameters) <body>
@maintain(parameters)
@post(parameters)
@reply(parameters)
@send(parameters)
@subtask(parameters)
@sleep(parameters)
@achieve(parameters)
@insist(parameters)
@test(parameters)

@determine(parameters)

K K K K K K K K K K K K

@parallel(parameters) <body>

Each of these reasoning method statements is describ&d belo

@wait_for( parameters )

The @wait_for expression controls the temporaM3through a reasoning method. When the
agent gecutes a@wait_for expression, it causes the plan taitwntil a gven logical

condition becomes true before continuing. That is, the agaitg for the condition to be
satisped and then continues.

The @wait_for expression is a Finite State Machine (FSM)

An @wait_for expression ta&s one of the follwing three forms:
@wait_for ( Cursor wait_condition );

@wait_for ( Cursor wait_condition , Cursor sentinel_condition );
@wait_for ( Cursor wait_condition , double timeout );

Each component of this statement is described in theniokptable:
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Component Meaning
@wait_for Introduces @wait_for Statement.
wait_condition The wait condition specibes the logical condition that

theagentmustwait for beforecontinuingtheplan.The
logical condition can be RIACK Agent Language
cursor statemenA cursor is an logical epression
whose truth &lue can changever time.

An example is a statement that performs a beliefset
guery and then tests the result b as the tuples in the
agent's beliefset can change while other tasks are
performed. Although the query can be satisbed or not
at one moment, this doesn't necessarily mean that |
will be the net.

sentinel_condition ThesentinelconditionspecibPes guardonthewait BDa
condition that represents a timeout for the agent's
waiting opportunity If the sentinel condition is
satisped before theaw condition, the agent has run
out of waiting time and thereforeait statement has
failed. If the vait condition is satisbed before the
sentinel condition, heever, the@wait_for Sstatement
succeeds.

The sentinel condition is optional. When absent, the
agent is free to wit for as long as necessary for the
wait condition to be satisbed.

timeout The timeout specibes a guard on tlzt® a deadline
that marks when the agent can no longait wntil the
wait_condition is true. The timeout is a double
precisionrealnumberthatrepresentghewait periodin
seconds.

The timeout is chedd like a stop-watch from the
moment theawait_for condition is Prst tested. If this
time period elapses without thaitvcondition haing
becomedrue,the@wait for statementails. Otherwise,
it succeeds.

Thetimeoutis optional. Whenabsenttheagenthasno
waiting deadline and canait as long as is necessary

—+

D

Table 7-11:Components of th@wait_for statement

Each form of theawait_for statement, and hoit is executed, is described in the follong
sub-sections.
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@wait_for( wait_condition )

This is an unguardedait. The agent will stopxecuting the current task andhivfor as long
asis necessarfor thewait_condition to besatisbedlf theconditionis alreadytruetheagent
continues, unhindered, through the reasoning method. Aiession alays succeeds b it
succeeds when theit_condition is satisbed.

Note: Because this form of thewait_for statement is unguarded, a poorly formed
wait_condition could inPnitely suspend th&ezution of the plan.

This will not hamper the progress of the agent becauseahe&andition must be a triggered
cursot Triggeredcursorsarenot checledusinga busy-wait loop. Insteadthey areonly tested
when the agent performs a modibcation action on one of the cursor's relations.

This expression neer fails. If thewait_condition is never met, the agent justaits for it
indePnitely (or until one of the circumstances described\batses). Note that this does not
mean that the agent as a whole comes to a standstill. Sincaitimguask is suspended, the
agent will be able to proceed withyaother tasks that are aat, and undertaknev tasks as
new asynchronousvents arme.

In the JACK runtimeernvironment,satisfyingthewait conditionis nottheonly wayto 'break’a
@wait_for statementAlthoughsatisfyingthewait conditionis theway a @wait_for Statement
is meant to be bra, it will also be bro&n under the foling circumstances.

¥ An exception is raised by theai condition.

This may happen if a change is made that triggers the retesting of a epressmn in
thewait condition.If theretestraisesanexception thatexceptionwill breakthe @wait_for
statement.

¥ There is a maintenance condition violation in a parent task.

Thismayhappenf theagents executingthe @wait_for statemenin aplanthatis running
in a@maintain  Statement's subtask.

If the @maintain  Statement's maintenance condition is violated while the ageaitiagy
the entire subtask will be aborted, and tlatwwill terminate.

@wait_for( wait_condition , sentinel_condition )

This form of the wait condition tells the agent to do the feliog: "wait for wait_condition

to become true untéentinel_condition becomes true". Both theit_condition and the
sentinel_condition can be apform of triggered cursor

This expression succeeds when thg_condition is satisbed before the

sentinel_condition . In fact, it succeeds the moment that_condition becomes true.
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Note: This form of theawait_for expression may still be vulnerable to indepPnitatayif
neither thewait_condition NOr sentinel_condition are @er satisbed.

This expressiorfails whensentinel_condition is satispedeforewait_conditon . In fact,it
fails the moment thagntinel_condition becomes true.

@wait_for( wait_condition , timeout )

This form of @wait_for expression tells the agent to do the fallog: "wait for

wait_condition to become true faimeout seconds". This is as though the agentaging

while the stopwtch runs. The timeout period islauble pecision eal number that specibes

the timeout period isecondsThe granularity of this time period, Wever, is to the nearest
millisecond When the agentxecutes this statement, the stepeh starts ticking. If the

wait_condition is satisbed before the timeout is reached, the statement succeeds; otherwise,
it fails.

This epressions succeeds whedit_condition Is satisped before thigmeout period has
passed. It succeeds the moment dhaatcondition becomes true. lafls when thaimeout
period has passed withouit_condition having been satisbed. kifs the moment the
timeout  period &pires.

Unlike otherformsof the @wait_for expressionthis expressiorwill never puttheagentin an
indepPnite vait because the timeout camvalys &pire.

@action( parameters ) <body>
The@action statements acompactvay of writing in-line actioncursorsbthesearediscussed
in theCursors section in this chaptefhe@action statement has mforms:

@action (){ <body> };

and

@action (thread _pool ){ <body> };

wherebody is thesetof statement$or the'action'methodof aninline anorymousextensionof
aos.jack.util.cursor.Action , and the optionahread_pool algument specibes a thread
poolto beusedinsteadof theagent'shreadpool. If nothreadpoolis given,theagent'shread
pool is usedThreadpool is discussed iAppendix B: Utilities

The @action statement is translated int@avait_for Sstatement with an action cursor
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@maintain( logical condition , event )

Like the@subtask statement, th@maintain Statement posts anent to be handled
synchronously in the samgezution thread. The current plan is suspended while the agent
handleghis eventin aseparatsubtaskHowever, aswell asspecifyinganeventto behandled,
the @maintain statement also specibes a logical condition which is to be maintained for the
entire duration of the subtaskecution. If the condition is violated duringezution of the
subtask the statemertils. As one wuld expect, if the condition isalse when thevent is
posted, the statement willif immediately

A @maintain Statement tads the folleving form:

@maintain ( logical_condition , event );

Note: The second gument in ar@maintain - Statement actually refers to the subtask which
arises from the synchronous handlingwaht , and is therefore of tygesm(refer to theFSM
Statementsectionin this chapteirfor detailsaboutFSMs).Consequentlythesecondargument
can be ay expression of typ&sm such as a reasoning method.

Each component of this statementxplained in the follaving table:

Component Meaning
@maintain Identibes the statement as beingraaintain
statement.
Cursor Specibes a logical condition that must be continually
logical_condition true while the subtask is being performed. The agent

waits until aly change to the condition'sgaments is
made, and on this trigger tests the condition to see
whethert is still true. Thelogical conditionis a cursor
expression.

Event event Theeventthatis postedby the @maintain - statementlt
can be apEvent OrBDIGoalEvent , but will always be
handled synchronously by the agent.

Table 7-12:Components of th@maintain statement

Note: The instance of thevent to be posted will wa been created byvoking a posting
method on the reference that is declared in the assoepated or#sends statement. This
was described in the section on posting/sendiegts in theEventschapter
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Termination of the subtask will occur either because:

¥ the subtask has completedeeution without a maintenance violatiorvhrey occurred. In
this situation, theg@maintain statement will succeed aaif depending on the success or
failure of the subtask.

¥ a maintenance violation has occurred while the subtasteaigng. In this case, the
@maintain  Statement will &il and the subtask wilbfl.

Note: The subtask may instde further asynchronous and synchronousigctiAny
asynchronouactvity is treatedasindependenof theoriginal subtaskandis notterminatedf
amaintenanceiolation occurs However furthersynchronousctvity is consideredo bepart
of theoriginal subtaskandall subtasksn the processinghainatthetime of theviolation will
be terminated.

A maintenance violation is l&an &ception and will not imoke ary fail() methods. If some
cleanup action is required when a maintenance violation occurs, it can besddhyje
explicitly catching thevaintenanceViolation exception within a plan. This is sivo belaw.
Note that if this gception is caught, imust be rethravn so that it canwventually reach the
@maintain exception handlerThe statement will therail (as it should).

try
I/ code
catch ( MaintenanceViolation e)

/I cleanup
throw e;

}
@post( event )

The @post statement is used to post arert from within a plan. The statement accesses the
eventposting metho@nd uses it to post amenstance of thewent for the agent to handle.

The &ent is posted asynchronously to be handled bywatask that isxecuted in a ne and
independent taskxecution thread. Hence this statememtagls succeeds, because once the
eventhasbeenpostedtheplancontinuegprocessingevenif theeventis nothandledbecause
therearenorelevantor applicableplans),or theagentattemptgo handleit but fails, the @post
statement still succeeds.

A @post statement tads the folleving form:
@post ( event );

Each component of this statement is described in theviokiptable:
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Component

Meaning

@post

Event event

Identibes this as @post statement.
The event to be posted. Thizent must hee:

¥ Dbeen debned as described in the se&imnt
Debnition

¥ Dbeen included in this plan's set#pbsts event
declarations; and

¥ been included in thehandles event  declarations
of ary agent that uses this plan (i.e. that claims to
use this plan with guses plan  declaration).

Table 7-13:Components of th@post statement

Theplanmustuseoneof theevent'spostingmethoddo createtheeventto bepostedThiswas
described in the section on posting/sendivenés in theEventschapter

Provided all these conditions are met, a plan can post an instancevarmsing thepost
statement. Thevent instance is created using the parameters passed t@ti's posting

method.
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@reply( original_event , reply_event )

The@reply statemenis usedby anagentto reply to amessageventthatit hasrecevedfrom
another agent. It replies to the sending agent with a mesgagfef@ssageEvent Or
BDIMessageEvent ) which arrves as a data object on the reply queue of the original message
event in the sending agent. This means the message that is sent back usi@eply does

not trigger a n& task or plan.

Messagings normallyinitiatedwith @sendandthereafter@sendor @reply areusedaccording
to protocol.

A @reply statement tads the folleving form:

@reply ( original_event , reply_event );

Each component of this statement is described in theviolptable:

Component Meaning

@reply Identibes the statement a@eaply Statement.
original_event ThemessageEvent that is being replied to.
reply_event ThemessageEvent that is being sent as a reply

Table 7-14:Components of th@reply statement
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An example irvolving the updating of a GUI is presented belo

/I Note the 2 methods from MessageEvent that are used
/l'in the example:
/

1 replied () which is a boolean cursor method that
/I becomes true when there is an unread reply to the event

1 getReply () which returns the first unread reply to
/I the event

/I The sender's plan (GUl.plan)
plan GUI extends Plan

#handles event CommandString cse;

#sends event  UserRequest ure;
/I note the absence of a #handles Response declaration

body ()
{

/I the user has entered a command (available in cse) -
/I send it to the command handler agent for processing.

UserRequest ur = ure.postingMethod(...);
@send"CommandHandler”,ur);
@wait_for (ur. replied ());

Response r = (Response) ur. getReply ();

// now update the GUI ...
}

/I The receiver's plan (ProcessCommand.plan)
plan ProcessCommand extends Plan

#handles event UserRequest ure;
#sends event  Response re;

body ()
Il process command

/I send response
@reply (ure,re.response(...));

}
}

@send(agent_name , message _event )

The @send statemenis usedto senda messageventto anotheragentfrom within areasoning
method. Lile the@post statement, th@send statement uses one of the messageats ovn
postingmethoddo createtheinstanceof theeventto besent.Thiswasdescribedn thesection
on posting/sendingvents in the pngous chapter
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A @send statement tads the folleving form:

@send( agent_name , message_event );

Each component of this statement is described in theviokiptable:

Component Meaning
@send Identibes the statement a@gend statement.
String  agent_name The name of the agent to send this messagat ¢o.

Theagent'snameis specibedsastring.Routingof the
event to the agent will be handled BYCK's
underlying netwrk layer

Event message_event The messagevent to send. This messagert must
have:
¥ Dbeen debned as described inEventssection;

¥ Dbeen included in this plan's set#eénds event
declarations;

¥ been included in thehandles event ~ declarations
of ary agent that uses this plan (i.e. that contains a
#uses plan  declaration for this plan).

Table 7-15:Components of th@send statement

To be able to send anent, the plan must kmothe name of the agent to send it to.d.tke
@post Statement, th@send statement alays succeeds. This is because the message is
sentasynchronouslgndoncethe agenthassentit off, it immediatelycontinuesexecutingthe
plan. Hav the messagevent is handled by the destination agent is nactot

@subtask( event )

The @subtask statement is similar to th@post statement,>eept that instead of posting an
event in the normal (asynchronousyyit posts the wentsyndironously Instead of being
handled in a separate task amdaution thread, arvent posted with th@subtask statement
is handled as subtaskof the current task.

The @subtask statementloesnot createa new executionthreadwithin theagentasis thecase
with normaleventposting.Insteadjt suspendghe currentplanandadoptsataskto handlethe
event within the samexecution thread. Th@subtask Statement then succeeds aits
depending on whether the posteemr succeeds oalils.
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A subtask is handledkactly like a normal task. That is, the agent posts teatebnds all
relevantplansandall applicableplaninstancesthenexecutegheseplaninstancesintil oneof
them succeeds or it runs out of altervedi The only dierence is that the suspended plan
waits for this result to be returned, whereupon@hkebtask either succeeds oaifs.

A @subtask statement tads the folleving form:
@subtask ( event );

Each component of this statement is described in theniokptable:

Component Meaning
@subtask Identibes this as @subtask Statement.
Event event The name of thevent to &ecuted in the subtask. This

event must hee:
¥ Dbeen debned as described inEventssection;

¥ been included in this plan's set#pbsts event
declarations; and

¥ been included in thehandles event  declarations
of ary agent that uses this plan (i.e. that claims to
use this plan with auses plan  declaration).

Table 7-16:Components of th@subtask statement

Note that the instance of theemt to be gecuted as a subtask will\ebeen created by
invoking apostingmethodon thereferencehatis declaredn theassociate@posts Or #sends
statementThis wasdescribedn the sectionon posting/sendingventsin the previouschapter

The @subtask statement can be used to mglan code more portable and manageable. It
allows agentdo re-useentireplans(or evenplansets)oy calling themfrom within otherplans.
The other plan can post the plan'gication @ent as a@subtask , and tak further action
based on whether this subtask succeedasilst Because the subtask is handled in the same
taskexecutionthreadthe @subtask statemengivesJACK themeandor functionalabstraction

in plans.

A @subtask Statement succeeds when thierd that it posts is handled successfully in the
subtasklf theagentcanexecutea planthathandleghis eventsuccessfullythesubtaskwill be
successful. The statemeatl$ when thewent that it posts is not handled successfully by the
subtask. This may be because novaai¢ plans are found, no applicable plan instances are
found, or all applicable plan instances that are foaiid f
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@sleep ( timeout )

The @sleep statement, lig the@wait_for statement, is used to control the temporaV Bba
plan. The@sleep statement isdr more straightforard, havever: it merely tells the agent to
wait for a designated period before continuing.

A @sleep statement tads the folleving form:
@sleep (double  timeout );
Thetimeout is speciPedsadoubleandrepresenttheperiodof time thattheagentmustwait

(sleep)beforecontinuingwith theplan.Thetimeout ~ periodis specibedn ticks ontheagent's
clock. The actual length of time depends onrtitwer that the agent is using.

If the timer is a real-time clock, the timeout period represents a sleep pesecbmdswith
millisecondgranularity If thetimeris adilatedor simulationclock, it representthenumberof
clock ticks on that timer

For example, theasleep statement;
@sleep (6.789);
means that the enclosing plan is suspended for 6789 ticks om¢heassigned to the timer

member of the calling agentoFa real-time clock this is 6789 ticks at one millisecond per
tick, or 6 seconds, 789 milliseconds.

Note: @sleep only causes the current task to sleepy Ather tasks that the agent is currently
executing proceed as normal.

A @sleep statement succeeds when the time period Xg@isegl. In other wrds, the@sleep
statement alays succeeds D itvesr fails.

@achieve( condition , goal event )

The@achieve Statemenis oneof four postingstatementthatcanbeusedon goal eventsonly.
The other three am@test , @insist and@determine , all of which test a logical condition and,
depending on its result, post a goad in a diferent vway.

The @achieve statement is used to model the situation where an ageneis @sichieve a
goal. The agent is gen agoal to achiee, and aonditionto determine whether gm@ction
needs to be tah (i.e. whether the goal has already been aetl)e

When the agentxecutes amachieve Statement, it tests the condition.

¥ If theconditionis true, theagentbelievesthatthe goalhasalreadybeenachiezedandwill
do nothing. The@achieve statemensucceedsnd the agent goes on with theine
statement in the plan.
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¥ If theconditionis falsg theagentbelievesthatit mustdo somethingo achieve thegoal. It
suspendshecurrentplanandstartsexecutinga subtasko achieve it. Thegoalis supplied
asagoalevent,andachieving it amountgo handlingthegoaleventin a subtaskexecution.

Becausesubtaskarehandledsynchronouslythe parentplanwaitsuntil the subtaskhaseither
succeeded omfled before continuing. The successalufre of the subtask determines the
success ordilure of the@achieve statement.

An @achieve Statement tads the folleving form:

@achieve ( condition , goal_event );

Each component isxplained in the follaing table:

Component Meaning

@achieve Introduces am®achieve statement , which asks
theagento testa conditionandif it is nottrue,to
handle a goahent.

Cursor condition The logical condition that the agent tests before
determining whether gthing needs to be

achieved. If this condition is true, the agent
assumes that the goal has already been\athie
and does nothing. Otherwise, it handles the goal
event in a subtaskxecution.

BDIGoalEvent goal_event The goal gent describing the goal that the agent
must try to achiee.

Table 7-17:Components of th@achieve statement

Note that the instance of theemt to be posted will va been created byvioking a posting
method on the reference that is declared in the assoepated or#sends statement. This
was described in the section on posting/sendiegts in the pngous chapter

An @achieve statement succeeds when eitherctheiton is true, or when theéondition  is
false lut the subtask to handle theal_event succeeds. liils when theondition  is false
and the subtask to handjeal_event fails.

@insist( condition , goal _event )

The@insist statement is similar to th@achieve Statement, it places a greater emphasis on
ensuring that the goal is handled propefjth the @achieve statement, the agent assumes it

has handled the goal if it successfully performs the subtask. No check is made of the success
condition to ensure that this is the case: it is assumed.
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This assumption is reasonable and it is a general assumption madentdnandling in
JACK. In fact, the successful handling of areet isdePneds the location and successful
execution of an applicable plan. All task (and subtagkkretions succeed as soon as an
applicableplanis completedHowever, the @insist  statemenallows theagentto addanextra
step D to 'maksure’ that the goal has been agtile

It does this bye-esting the given conditicaifter each successful subtagkaution. If the
conditionis true,the @insist statemensucceedandtheagentwill continuethroughtheplan.
If it fails, however, theagentwill attemptto re-executethesubtask(i.e. try to achieve thegoal
again). If the subtaskails, the@insist statementdils. Otherwise, the agent repeats the
process by checking the conditioraay

Hence, am@insist statement may wolve multiple subtaskx@cutions. Each time the same
goaleventis postedThatis, theagents insistingthatthegoalhasbeenachievedasdebnedy
the success conditionvgn in the@insist statement. If this goal has not been actue the
@insist  statementdils.

An @insist statement tads the folleving form:

@insist ( condition , goal_event );

Each component ixplained in the follaving table:

Component Meaning

@insist Introduces aminsist statement, which
repeatedly tries to achie a goal until the gen
success condition holds true.

Cursor condition Thelogical conditionthattheagentusego debne
the goal's successful achment. It is tested
before each subtaskexution. If true, the goal
hasbeenachieredandno morework needgo be
done.Otherwisetheagentmusttry to handlethe
goal esent once more.

BDIGoalEvent goal_event The goal gent describing the goal that the agent
must achiee.

Table 7-18:Components of th@insist statement

Note that the instance of theemt to be posted will wa been created byvioking a posting
method on the reference that is declared in the assoejated or #sends statement. This
was described in the section on posting/sendiegts in the pnaous chapter
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An @insist statement succeeds when thaliton IS true. This can be when tlagnsist
condition is brstxecuted (i.e. before grsubtasks ha been performed) or afteryan
successful subtaskecution of theyoal_event . It fails when ap subtask gecution of the
goal_event fails.

@test( test _condition , goal event )

The @test statement tells the agent to determine whether a logical condition
(test_condition ) is true or &lse. It is similar to th@achieve Statement,xxept that in this
case the logical condition is important.

If the test_condition Is true, theatest statement succeeds and it performs a unibcation
agpinst theest_condition

If the test_condition is false, theatest statementdils and there is no unibcation.

Thegoaleventcomesn to play whenthelogical conditionis neithertrue nor false,but rather
is unknownNot all logical conditionscanbe unknovn in JACK AgentLanguagebonly those
that follov Open Wrld semanticsTherefore, if a logicalxression consisting of ordinary
boolean alues and Closed t¥d relations is tested, th@test statement will abays succeed
or fail based on the logicakpression's truthatluation and thetest statement's goalent
will never be posted. Thus, it is only when OpearlM relations are wolved that the
possibility of goal handling may arise.

When an Open Wfld relation is inolved and theest_condition is unknavn, the
goal_event Will be posted. Thewent is then responsible for doingyamibcation that is
requiredasthe @test statemenwill do nothingwhenthe goalhasbnished=xecutingbit will
simply succeed omil based on the success alldre of the goal. Th@test statement does
not check whether or not thet_condition is true if the goal succeeds.

A @test statement tads the folleving form:

@test ( test_condition , goal_event );

Each component ixplained in the follaving table:
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Component Meaning

@test Introduces atest statement, which tests a
condition and succeeds @il accordinglylf it
cannot galuate the condition, itxecutes a
subtask to try and bnd the answer

Cursor test_condition The logical condition that the agent is being
asled to test. If the agent can determine whether
it is trueor falsefrom its own dataandbeliefs,no

further work needs to be done. Otherwise, the
agent must adopt a goal subtask to bnd the truth
valuation.

BDIGoalEvent goal_event A goal esent describing the goal to bPnd out the
condition's truth. It will only bexecuted if the
agentcannotdeterminghecondition'struth from
its ovn set of beliefs.

Table 7-19:Components of th@test statement

Note that the instance of theal_event to be posted will hae been created byvioking a
postingmethodon thereferencehatis declaredn theassociatedposts or #sends Statement.
This was described in the section on posting/sendiegts in the prgous chapter

The @test statement can be thought of as modelling what a humaidwio when asid to

test something. First, thevould consult theirwn knovledge (beliefs) to Pnd the answiér
this uncweers nothing, action auld be takn to bPnd out the answdihe@test works in the

same vay D the agent pbrst tests the logical condition (oftemsigits evn beliefset). If this
does not wrk, it starts trying to achve a goal to bPnd the answer

An @test Statement succeeds when #%e condition is true, or theest_condition is
unknavn but thegoalto Pndits truth (goal_event ) succeedsi.e. the subtaskhathandleghis
goal succeeds). lafls when theest_condition is false, or theest_condition is false and
the goal to Pnd out its truthobl_event ) falls.

@determine( binding_condition , goal event )

The @determine statement tells the agent to try and Pnd a logical binding for whickea gi
BDIGoalEvent Will succeed. It does this by Pnding all possible setalfes that satisfy the
logical condition, then posting the goa&keat for each in turn until one of them succeeds.
When the goalvent succeeds for a particular set of bindings@he&ermine statement
succeeds and thables for these bindings are committed. Gletermine statement will
return (bind) the logical members in the logical condition with thedeeg that caused the
goal event to be satisbed.
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In a way, it is the opposite of the other thiB®GoalEvent posting statementgachieve ,
@insist and@test . Insteadof testingalogical conditionandpostinga goaleventwhenit fails
oris unknown, the @determine Statemenpostsa goaleventfor known values.Theagentis not
trying to add to its kneledge base. Rathdt is trying to determine which of the possible
candidates in its kmdedge base all@ it to achiee the goal that it wishes to actee

The @determine statement's logical condition is designed for use with a beliefset ciirsor
iterateshroughtheresultsthatthe beliefsetcursorreturns testingthesereturnedvalues,until
one set of &lues satisbes the logical condition. In otherds, the agent is being &skto
"determine a situation under which theen goal can be aclwied". The@determine
statement iteratesver the beliefset cursatesting and discarding possible bindings for its
logical members, until all set Y@ been found that satisfy the condition. Once this set of
bindings has been found, the agent posisi@alEvent , synchronouslyfor each binding in
turn. This causes a subtask to keaaited for each binding, one after the qthetil one
succeeds.

If a subtask succeeds, taeetermine Statement succeeds and no more bindings are tried. It
commits the current set of bindings and discards the rest. Otherwise, the agetheaket

set of bindings that satisbed the logical condition and attempts the goal Huerefore, the
@determine Statement succeeds if, and only if, the goal can be met for at least one of the sets
of bindings returned by the logical condition.

A @determine statement tads the folleving form:

@determine ( binding_condition , goal event );

Each component isxplained in the follaving table:

Component Meaning

@determine Introduces a@determine Statement, which

iterates through all possiblales that satisfy a
logical condition until a goal subtask using these
values succeeds.

Cursor binding_condition The logical condition that the agent uses to bnd
values. Ier each set of bindings that satisfy this
condition, the agent posts a goatet.

BDIGoalEvent goal_event The goal gent that the agenkecutes for each
set of \alues that satisfy the binding condition.
When this goaleent succeeds, th@determine
statement succeeds.

Table 7-20:Components of th@determine Statement
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Note that the instance of theemt to be posted will wa been created byvioking a posting
method on the reference that is declared in the assoepated or#sends statement. This
was described in the section on posting/sendiegts in the pnaous chapter

The @determine Statement has been designed specibcallyt& with beliefset relations in
thebinding_condition , iterating oer the relation's tuples until it Pnds ones that might meet
thegoal.However, it determinesll possiblebindingsbeforethe Prstgoaleventis postedThis
means that if the subtask changeg mples that are used in the logical condition whilg the
areprocessingthiswill notaffectthe @determine statementif thesubtaslgoesonandfails, it

will postnext goalwith the next setof bindingsfrom its list. It will notre-evaluatethelogical
condition and Pnd that the set of tuplegehehanged.

An @determine Statement succeeds when ¢hal_event is successfully handled for a set of
bindingsprovided by binding_condition . Thestatemensucceedassoonasthe prstbinding
is successfullyhandled®no morebindingsaretested |t failswhenno bindingsarefoundthat
satisfybinding_condition , or the handling ofoal_event fails for all bindings found.

@parallel( parameters ) <body>

The @parallel  statement alls concurrent sub-tasking of a set of statements within
reasoning methods. Tlaparallel Statement suspendseeution of the calling plan while all
enclosed statements apeeuted in parallel.

The@parallel  statement is used in a plan as a program control structure to sub-task goals in
parallel, or more preciselyo progress on seral branches of agtty in the plan in parallel.

The success oailure of the statement depends on the successeaiamdd of the parallel
branchesnvolved. TheprogrammespecibPesvhetherall branchesieedto succeear whether

it is sufbcientthatatleastonebranchsucceedThe programmenlsospecibPesvhetherto wait

for all branches to complete before the statement completes, or whether to complete the
statemenassoonaspossibleg(e.g.with theprstsuccessfubranch|f thesuccessf onebranch

is subcient).

The @parallel  statement pnades a ery paverful mechanism fongressing plans. The

implied task synchronisation reduces thferefof programming coordinated agty, in

particular while focusing on the "success paths". Regoprocedures, continggnplanning

and their dict on coordination, require careful design and use of the task control statements
available in ACK.

The form of theaparallel statement is as follgs:
@parallel ( arguments ) {

branch_1 ;
branch_2 ;

branch_n ;
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The@parallel  statement wrks like a control structure where the statemeidsch 1
branch_2 , etc. are xecuted as parallel tasks, while @garallel statement itself aits until
its terminationconditionholds.A branchis eitherasinglestatemenbr acompoundstatement.
Branches may be labelled. Hhieave the same form as avddabelled statement.

The mandatory guments to theéparallel  statement specify success condition, termination
condition, and he termination is notibed. An optional fourtrgament is allwed, which is
an object through which theecution of the parallel statement can be monitored.

¥ Thesuccess condition attrilnite specibes when th@parallel  statement as a whole
succeeds. Theaviants are:

D ParallelFsSM.ALL . The@parallel  statement succeeds when all parallel branches ha
terminated successfullyThis can be viged as a parallel AND statement, because all
branches must succeed. Furilire@parallel  statementdils immediately with the
prst branchdilure, and all ongoing branches are then notiPed accordingly

D ParallelFSM.LAST . The@parallel statement succeeds when all the parallel branches
have terminated successfullowever, failure is postponed until all branchev@a
terminated.

D ParallelFSM.FIRST . The@parallel statement succeeds as soon gsoae of the
parallel branches succeeds, and all ongoing branches are then notibPed accordingly
This can be vieed as a parallel OR statement with (temporal) short circuiting.

P ParallelFSM.ANY . The@parallel statement succeeds if one of the branches succeed,
but does not terminate until all brancheséterminated.

¥ Thetermination condition attrib ute is a triggered condition which will terminate the
@parallel  statement if it becomes true. Ongoing parallel branches are then notibed and
treated asdiled, and th@parallel  statementdils.

The termination condition can beyatniggered &pression inACK and may in particular
be afected by some of the branchesr khstance, a branch may neak change to a team
belief that could trigger the condition that terminatesaheallel statement.

Notethatif false is usedin placeof aterminationcondition,thenthis abortmechanisms
effectively turned oft

¥ Thenotibcation exception attritute provides programming control of aobranches are
notibed about termination. Tlhetification exception is a user debPned/daxception
object.This exceptionis thrown to active brancheshatareexecutingin parallelif they are
required to terminate (i.e. if the termination condition is encountered). The termination
takeseffectimmediatelyfor the @parallel  statementThebranchesrethereaftemnotibed
by using the gien exception. If there is no termination condition, then thkig of null is
used. If there is a termination condition, then tkeeption object must be prialed.
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¥ Theoptional monitor attrib ute must, if gven, be an instance of classallelMonitor

Through this object, the paralletexzution can be monitored and controlled, as illustrated

by the follaving code outline:

ParalleIMonitor p=new ParallelMonitor 0;

@parallel (..., p) {
reasoning_method1(....);
XXX: reasoning_method?2(....);

{
@wait_for (elapsed(1000));
p.throwTo("xxx", new Exception("Check point"));

With a ParallelMonitor object,theteamplarcaninspectthe processingf parallelbranches,
and as in thexample, thrav exceptions to branches selected by label or byxinde

The ParallelMonitor object gven to a@parallel  statement becomes a handle for that
statement, which can be probedasling termination and/or success of thevittlial
branches. It can also be used to add branche@paralel statement dynamically through
theaddTask(FsM) method. Theesmargument is anwent or a reasoning method in the plan.
The following code ®&tract is an illustration of v this may be used.

ParalleIMonitor p=new ParallelMonitor 0;

@parallel (...,p){
/I some definite parallel branches

/I This branch generates more parallel branches
for (inti=0; i < 42; i++)
p. addTask ( cleverness(i) );
}

#reasoning method cleverness(inti) { ... }

The code abae would create 42 instances of th&erness(int) reasoning method, with
different input agument, and add theixecutions to the parallel statement monitoreg by
The @parallel  statement will then not complete until all the branches lsampleted.

In addition, parallel branches can be referred tdabals If a branch is a labelled statement,

the program can refer to that statement using the label as a string. The earlier code outline is

an illustration of this, where the branch labeled is thravn an eception after 1000
seconds.
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Branchesanalsobereferredto by index, whereQ is the brstbranch,1 thesecondranch etc.
Dynamically added branches are numbered contiguously after the debnite branches, and the
addTask(FSM) methodalsoreturnstheindex for thebranchadded TheParallelMonitor class

is documented in section on tRaralleIMonitor Base Class

Exception Handling within the P arallel Ex ecution Model

Exception handling within the paralletecution model is designed to strictly falldhe Jaa
model for &ceptions. That is, a branch may tran exception, and if not caught, the
exception is propaagted upvards in the calling stack. When theception reaches the
@parallel  Statement, it causes a notibcation tp @mgoing branch before th&eeption
propagtes out of th@parallel statement.

A branch may catchxeeptions, as in the folang example:

@parallel  (...) {
try { reasoning_method1(...) }

catch (..) {...}
finally {...}

try { @test(...) }
catch (...) {...}

finally {...}
h
In thisexample therearetwo parallelbrancheshateachcontainatry- catch- finally  block.
If, for instance, anx@eption is thravn within the reasoning_method1l, the parallel sub-
statement may catch thatoeption and succeedydrow without propagting the &ception.

The ParalleIMonitor Class

A ParallelMonitor object enables the tasks associated widlpaallel Statement to be
explicitly monitored and controlled he aos.extension.parallel.ParallelMonitor class
implements the follwing interface:

public int addTask (FSM)
I

/I Adds a new branch to the @parallel statement. FSM
/l'is either a reasoning method or an event. It returns the
/I index to the new branch. The first branch in the @parallel

/I statement has an index of 0.

public  Cursor finished 0

1l

/I A triggered Cursor for checking that the @parallel
/I statement has finished.

1

public  Cursor changed ()

1l

/I A triggered Cursor for reacting to state changes in the execution
/I of the @parallel  statement, e.g. when branches finish.

1
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public  boolean hasFinished 0
I

/I Tests whether the @parallel  statement has finished or not.

1

public int getStatus ()

Il

/I Returns the current execution status of the @parallel

/I statement.
1

public int nTasks ()
1

/I Returns the total number of parallel branches.
I

public int getStatus  (String n)

Il

/I Returns the execution status of a labelled branch.
i

public int getStatus (int n)
I

/I Returns the execution status of a branch by index.
1

public Throwable getException  (String n)

Il

/I Returns the exception, if any, thrown to a labelled branch.
I

public Throwable getException  (int n)
I
/I Returns the exception, if any, thrown to a branch

/l identified by index.
I

public int findTaskindex  (String name)
I
/I Returns the index for a labelled branch.

public void throwTo (String name, Throwable t)
1

/I Throws an exception to a labelled branch.

1

public void throwTo (int n, Throwable t)
1

/I Throws an exception to a branch identified by index.
I

7.7 Cursors

In relationaldatabases querycanreturnmultiple tuplesin theform of aresultset;accesso
the elements of this set is thenyaded through &ursor. In ACK, these concepts Y been
extended to praide cursors which not only operate in theational mannerdi can also
operate on the temporaltaution of a queryThe latter type of cursor is typically used in
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JACK applications to determine when a particular condition (such as the clock reaching a
specibed time) becomes true. Cursors whickigeothis additional capability withirACK

are implemented d@siggered cusors. Triggered cursors are not checkusing a bisy-wait

loop Brather they areonly testedvhentheagentperformsa modibcatioractionon oneof the
cursor's relations.

All JACK cursors hee anext() method which prades access to thexteelement in the
resultset.As onewould expect,theexactbehaiour of thenext) methodis cursordependent.
A brief description of each cursor and the hebiar of itsnext() method is gien belov:

Time cusors b test a gen \alue aginst an internal cloc&nd return true oafse
dependingon whetherthetime periodhaselapsedCall to next() checkto seeif theclock
has reached the specibed time.

Again cusors b return true at gelar time interals after inocation. In between these
times, thg return ailse. The brst call teext() (and the brst call taext() after true is
returned)causeshenext triggerpointto beset.All othercallstonext) checkto seeif the
trigger point has been reached.

Change cusors B monitor ambservable  0Object and return true when the object has
changedts stateandsatisbPes particularcondition.Otherwise falseis returned.The brst
call tonext() (which can occur immediately after construction if the appropriate
constructor \&s irvoked) returns true olfse depending on the cursessdition()
method.next() is then called whewer the object being obs@&d notibPes that a change
has occurred and the cursor is tested usingotta@ion() method.

Actioncursors Bareusedto initiate long-runninglava methodsrom plans,andto testfor
their completion. The brst call text() starts the action method; subsequent calls check
the completion status.

RepeatAction cwors b are used to repeatedieeute an action. The brst callnkext()
starts the action method; subsequent calls check the completion status. The call after true
is returned causes the action to be repeated.

Beliefset cusors D query a beliefset relation, attempting to Pnd a tuple that matches the
given pattern. When brst calle@xt() uniPes the cursor's logical member(s) to the prst
valuesthatsatisfythe cursorquery Onsubsequentallsit rolls backthelastunibcationof

the cursor's logical members and then attempts to re-bind them.

Enumeation cusors B iterate wer ajava.util. Enumeration . True is returned while
elements arevailable in the enumeratioralse is returned when the end of the
enumeration is reached. Succesgialls tonext() unify the cursor's logical member to
successie elements in the enumeration.

Array cuisors b are non-triggered cursors which can be used to bind logreables to
the \alues of an arraysuccesse calls tonext() provide one binding at a time until the
array is &hausted.

AgentManual
Release5.3

138 10-June-05

Copyright © 1999-2011, Agent Oriented Software Pty. Ltd.



Plans

In all cases, the cursor may return dedént truth alue each time it is tested.

In situationswherethe cursorcanresultin the binding of logical variables(asin beliefsetand
enumeration cursors) the current binding is madéable by ivokingnext() on the cursor
Within #reasoning methodghe.next() isimplicit whenaconditionor sub-conditiorof type
Cursor Occurs as either:

¥ atop leel condition statement, or
¥ the condition part of a composite statement.

Composite statements whichveacondition parts are:
¥ the Jaaif , while ,do andfor statements; and
¥ the ACK @achieve , @insist , @test , @determine , @wait_for and@maintain Statements.

Note thatnext() isnotimplicit in cursor valued right-hand sidexpressions of assignment
statements.

Each of the abee cursor types is described in more detail in theviolig sub-sections.

7.7.1 Time Cursors and Again Cur sors

Time cursors are used for simulation purposes, andd&anternal timing dcilities for
simulationmeasuremerandsynchronisation]JACK providesbothreal-timecursorsaswell as
dilated clockcursors. ime cursors can useraaltime clo&, which synchronises the agent
with real-time systems; dilated clok for simulated time increments that can be altered as
required (eflectively providing slov-motion, fast-forward, incremental steps, etc.); or a
simulationclodk, which canbeticked manuallyto provide evenmorecontroloverthepassage
of time in a simulation amronment. Each kind of clock is packaged imrger class.

A time cursor has the folang constructor:

TimeCursor( long time , Timer clock )

The parameters are described belo

Parameter Meaning

time The time to be tested aipst the designatetimer
clock.

clock The clock that the time gen abeoe is tested anst.

Table 7-21:The parameters in th@meCursor constructor
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A time cursorbecomedruewhentime hasbeenreachedntheclock , i.e.if theclock timeis

at or past the designatede . It becomesdlse whenime has not yet been reached on the
clock . Hence, the time cursor is éla stopwatch for the agent. It imfse as long as there is
still time to go (the designated time has not been reached) and then truarditeime
cursors are useful for causing the agent to synchronise with other agents or objects in a
simulation program.

Like time cursorsagain cursorsareusedfor simulationpurposesandprovide internaltiming
facilitiesfor simulationmeasuremergndsynchronisationAs with time cursorsagain cursors
can use a range of thfent clocks.

An again cursor has the folldng constructor:

Again( long interval , Timer clock )

Each parameter is described velo

Parameter Meaning

interval The intenal between successi triggerings of the
cursor

clock The clock that is used for determining whether or not
triggering should occur

Table 7-22:The parameters in thain cursor constructor

An again cursor becomes true when thatn@erval  has been reached on dnek . It
becomesdlse when the m¢interval  has not yet been reached ondiaex . Again cursors

are useful for causing the agent to synchronise with other agents or objects in a simulation
program. Ier an é&ample which uses an aig cursoyrefer toExample 2n theViews chapter

With both time and agn cursors, anclock of the ACK Timer class can be used in a cursor
statementin JACK, the folloving timer members are pridled for agents to use:

¥  aos.util.timer.RTClock.timer

¥ aos.jack.jak.core.Jak.timer

¥ aos.jack.jak.agent.Agent.timer

These timer members are assigned a particular clock, which describ@mbas
manipulated. These clocks are listed belo

¥ aos.util.timer.RTClock

¥  aos.jack.jak.util.timer.DilatedClock

¥  aos.jack.jak.util.timer.SimClock
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EachTimer member andlock class is described in the folMng sub-sections.

aos.util.timer.RTClock.timer

ThisTimer member is theACK universal realtime clo&. Since it isstatic , there is only a
single cop of it which is aailable to all agents. It is initialised from the operating system's
real-time clock, and measures the current system time when tested.

ThisTimer ticksin millisecondsHence whentestingit with alonginteger, thisintegershould
be a measurement of system timpressed in a unit of milliseconds.

ThisTimer provides a base meth@diTime() . When called, this method will return the
clock's current time. Because this timer measures system tingetihe() method will
return the same result as the normab3astem.currentTimeMillis() system method.

aos.jack.jak.core.Jak.timer

ThisTimer member is theAICK relative ealtime clo. It is initialised from the unersal
real-timeclock, but canberesetby any agentin theapplicationasrequiredto startmeasuring
time from a specibPed momenbrFexample, in a soccer playing multi-agent system, you
might use a relate real-time clock to measure match time. diNd be reset at kickf, and
again at half time.

Like the unersal real-time clock, thismer isstatic and hence common to all agents and
objects throughout the application.

aos.jack.jak.agent.Agent.timer

Thisis aprivaterealtimeclock for aspecibPagentlt is initialisedfrom therelative real-time
clock, kut can be reset if required.

aos.util.timer.RTClock

ThisistheJACK realtimeclodk class It measuresimein millisecondsijs initialisedfrom the
operating system's clock and suppliesgdi@me() method for reading its currendliue.

aos.jack.jak.util.timer.DilatedClock

This is the ACK dilated clo& class. When @imer is dePned to be of this class, it betsa
like a dilated clockA dilated clock is like a console on a video recorder: it canvaliione to
passatnormalpace butit canalsoslow down, speedup or pausdimeif requiredlt is calleda
dilatedclock becauselowving dowvn andspeedingup the clock canbethoughtof asredePning
the length of each tick.

ThenbilatedClock  class proides two constructor methods:

DilatedClock( double dilation , Timer t)
DilatedClock( String name, double dilation , Timer t)
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Each parameter ixplained in the follwing table:

Parameter Meaning

dilation Specibes the dilatiom¢tor (or time between ticks). A
dilation factor of:

¥ 1 isreal-time,

¥ >1is fast motion,

¥ <1 is slav motion, and
¥

0 is stopped time. The dilatioadtor can be
thoughtof asamultiplier. For example whensetat
2 the clock will run twice asakt as a real-time
clock.

t Thisis theTimer thatwill beusedto specifythis clock.
The timer will determine whether the clock is the
universal clock, a relate real time cloclor a prvate
clock for use by the agent only

name This parameter alles a name to be prvimled for the
clock instance that is constructed. When absent, th
clock is gven a dedult name.

D

Table 7-23:The parameters in thmatedClock  constructor

The ACK dilated clock class also prades a base method to change the dilatamok as
well as a base method to read the current time. These methods are listed belo

getTime() B returns the clock's current time.

setDilation (double dilaton ) P sets the clock's dilatioadtor to the ne value
specibed. This ales agents to manipulate the clock ag/then.

aos.jack.jak.util.timer.SimClock

This is the ACK simulation clok class. This clock has been yiged for specibc simulation
purposes whereven greater time manipulation is required than ivided with the ACK
dilated clo& class. Unlile the dilated clock, the simulation clock is #dkmanually

ThesimClock class preides two constructors:

SimClock()
SimClock( String name)

The second constructor alls you to specify a name for thewlg created clock instance,
while the prst allocates thewmelock a dedult name.
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As well asgetTime() to readtheclock'scurrenttime value,thesimulationclock providestwo
methods for the agent to manage the passage of time. These methods are listed belo

setTime (long t) B used to reset the time to a specadtaes

adjustTime (long delta ) B used to add delta ticks to the clock.

Hencetheagentis notconstrainedo incrementheclock by asingletick: any numberof ticks
can be applied at once.

7.7.2 Change Cursors

Change cursors are used to obs@iwa.util. Observable objects. A change cursor is
intended to be used in @wait_for statement to block condition testing until the cursor
returns true. This occurs when the object being obslemetibes that a change has occurred
and the cursor'sndition() method galuates to true. Programmers caxedep their ovn
customised change cursors byemdingaos.jack.util.cursor.Change

A change cursor has oxconstructors:

Change( java.util.Observable observable , boolean flag )
and
Change( java.util.Observable observable )

The parameters are described in the Waithg table:

Parameter Meaning
observable The object to be obsexu.
flag Specibesvhetherthecursorconditionwill betestedon

thebrstaccesso thecursor If theRagis setto true,the
value of the condition will be returned; if it ialée,
then flse will be returned. Constructing the cursor
with a false 3ag in @wait_for statement will cause
the @wait_for statement to it until the condition is
triggered gen if the condition is initially true.

Table 7-24:The parameters in th@hange cursor constructor

Note: For efpcieny reasonsAICK usesaos.util. Watchable internally (rather than
java.util.Observable ) as the base class for its obsdiles B additional constructors are
therefore wailable which accept an obsable of typewatchable
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A change cursor becomes true when the object being @aseotibes that a change has
occurred and the cursotsndition() method returns true. The deft implementation of
condition IS to avays return true D if this behaur is inappropriate for agen application,

the programmer muskt&end thechange class and\eerride thecondition() method. It may

also become true if testing of the cursor immediately after construction has been enabled.

The following two examples illustrate the use of the change cursor:

Example 1: Monitoring data in a Ja va class

In this xample, the agent is required to monitor the progress of a chemical reaction and
determinevhenthereactionis completelt is assumedhatthereactionvariablesaresampled
on a rgular basis, and that the current reading/@lable in an instance of tlReading class
(which extends Observable ). TheReactionCursor  class oerrides theondition() method

in the base clasads.jack.util.cursor.Change ), incorporating the code to test whether or
not the reaction is complete. The monitoring plan could then be similar to theifglio

public plan MonitorReaction extends Plan

body ()
r = new Reading();
/lcode to start the reaction
/I now wait for completion - sampling is external

/I to this plan
@wait_for (new ReactionCursor(r,false,7.0));
}

}

TheReactionCursor  class angkeading class vould be similar to the follwing:

public class ReactionCursor extends Change

Reading reading;
double endpH;

public ReactionCursor(Reading r,boolean test,double pH)

super(r,test);
reading =r;
endpH = pH;

public boolean condition()

if (reading.pH() < endpH)
return true;
return false;
}
}
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import java.util.Observable;
public class Reading extends Observable

{
public long time;
public double pH;

public Reading()
{

}
public void log(long p1,double p2)

if (Math.abs(pH-p2) > 0.05)
{

time = p1;

pH = p2;
setChanged();
notifyObservers();

}

Example 2: Monitoring data in a beliefset

Since beliefsetsxtendaos.util. Watchable they can be used as the obsdle in a change
cursor In the follaving example jigs is a beliefset which maintains the current status of the
jigs in an assembly cell. Thdocatedig ~ plan has the responsibility of assigning a jig to an
incomingpart. The planteststo seeif ajig is available(busyJig() ) whene&erachangeoccurs

in jig status.Theavailability testinvolvesdeterminingwvhetherthejig is in useby anothempart
and, if it is not, whether it is in the loading position for the cell.

plan Allocatedig extends Plan

{
#uses data  Jigs jigs; // Jigs is a JACK beliefset

body ()

while ( busyJig() )

@wait_for ( new Change( jigs, false));
/I get here if a jig is available
/I allocation code goes here

#reasoning method busyJig()
/I code to test if the jigs are busy

/I it fails if a jig is in the correct position
/I and is empty
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7.7.3 Action Cur sors and RepeatAction Cur sors

If thereis aneedto includeanactionwithin aplanthatmaytake alongtimeto completg(such
asanexternaldatabaseacces®r a computationallyintensve calculation) the useof anaction
Cursor (aos.jack.util.cursor.Action ) is recommended. The programmgteads the
aos.jack.util.cursor.Action class, werriding itsaction() method with one that
incorporates code that performs the time-consuming action. Theefseed cursor can then
be incorporated in a@wait_for statement within a plan. When taevait_for statement is
executed, the action is performed in a separate thread and thegismmtil the cursor
returns true, indicating that the action is complete.

Note: Thereis an@action reasoningstatementvhich providesamorecompactvay of writing
in-line action cursors.

As an eample, suppose that an application required a robot to perform a pick and place
action.Onecouldencapsulatéheactionwithin anactioncursorandperformtheactionwithin
an@wait_for Sstatement using code éikhe follaving:

import aos.jack.util.cursor.* ;
public plan PickAndPlace extends Plan
/I a move event specifies part type, pick location and

Il place location
#handles event Move m;

class MoveAction extends Action
{
int part; /I part type
int from; /I pick location
int to; Il place location
MoveAction(int part,int from, int to)
{
part = p;
from = p1;
to = p2;

protected void action()

/I code to pick and place the part

body ()

Cursor ¢ = new MoveAction(m.part,m.from,m.to);

/laction starts the first time completion is queried

AgentManual
Release5.3
146 10-June-05

Copyright © 1999-2011, Agent Oriented Software Pty. Ltd.



Plans

@wait_for (c);

}
}

Another ekample of the usage of Action cursors can be fouritkample 2n theViews
chapter

Note: If any plan step within a reasoning method (eagy() ) takes more than 2 time slices
(200ms) to complete, the follang message will be displayed (with details about the agent
and plan imolved):

New Executor spawned due to plan step taking too long

This mightbetheresultof a programmingerror (e.g.acall to Javacodewhich never returns),

or it might be a lgitimate piece of code that just &=ka long time tox@cute. The message
indicateghatthe JACK kernelhasdissociatedtself from thethreadthatis takingtoolongand
has started a methread in its place for the continued processing of the other agents. If the
code @ecuting on the original threadaex Pnishes, the thread terminates and normal plan
processing continues on theanthread. If the messageaw not caused by a programming
error it is indicatve of sub-optimal use oALK and should bevaided. One could either
incorporatehe offendingcodeinto anactioncursorwhichis thenusedto triggera @wait_for
statement, or directly into a@action Statement.

The repeat action cursprovides a capability for repeatedly performing the same action. It is
created in the sameay as the action cursaxcept that we create a class whigteeds
RepeatAction  (rather thamction ). The user pnades a constructor ardton() method as
before. If we require the action to be performed gtilag intenals, the desired fefct can be
achieved by coupling an an cursor with a repeat action cursor

7.7.4 Beliefset Cur sors

Thebeliefsetcursorstatements usedto querybeliefsetrelations.This is donemostoftenin a
plan'scontext)  method and in reasoning method statements thattébgical condition,
such as@wait_for , @maintain , @achieve , @test , @insist and@determine .

Beliefset cursor statements use unbound logical menb@erform a pattern-match search
over the relation's tuples. If griuples can be unibed with this pattern the beliefset cursor
returns true.

Beliefset cursors and their bet@ur are bestxplained by means of axample. Suppose a
beliefset relation is debPned for a political commentary agent that describes the ministers in
politics. This relation might be debPned asvghan the follaving code:
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beliefset Politician extends OpenWorld

#key field String name;
#value field String party;

#value field String portfolio;
#indexed query
who( logical  String name,String party, logical  String port);

/I other #indexed and/or #linear query definitions

}

Suppose that an agent neakuse of this beliefset relation byvhng the folloving declaration
included in its dePnition:

#private data Politician politician();

The agent ne has a pwuate relation callegolitician() of typepolitician . Suppose that
the agent's current tuples for this relation are agshio the follaving table:

name party portfolio

Mr Important | Sensible Brty | Prime Minister
Ms Action Sensible Brty | Minister for Sport
Mr Knockout | Silly Party Minister for Sport

Table 7-25:Tuples stored in the Politician beliefset

If the agent has tavunbound String logical members calleéhe andportfolio  , it could
guery this relation using the beliefset cursor statememtrsiothe follaving code.

politician.who(name, "Sensible Party", portfolio)

The beliefset cursor uses the appropriatg) query method for the relation based on the
parameters. In thexample abwe there is only oneho(...) query method debned.

Unbound logical ariables are used astputparameters for a quergound logical ariables
are still treated agutputparametersui they can only match the already bouralue.

Note: JACK considerdogical membergo be a completelydifferenttypeto normalmembers,
sopassinglogicalmembemvhereanormalparameters expectedwill causeatypemismatch
error. All logical variables are caerted to the typeos.jack.jak.logic.Variable

When the abee expression isealuated, the agent looks through each tuple and attempts to
match it with the pattern pvaded by unifying the logical members.

¥ If a matding tuple is foundthe logical members abmundto this tuple's &lues and the
beliefset cursor statement retutnge.
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¥ If no matding tuple can be foundhe logical members remaimboundand the beliefset
cursor statement returfelse

In this exkample, the Prst tuple will match the patternyited whemame is bound to "Mr
Important"andportfolio  is boundto "PrimeMinister". ThepartybPeldmatcheghatspecibed
in thepatternsobindingthelogicalmembersn thisway will provide anexactmatchwith the
relation's prst tuple. Hence, texuted under these circumstances, the beliefset cursor
expressionwill return true, and the logical members will be bound to their designateesv

Hence, a beliefset cursor appears wagks return the brst matching tuple in the relation.
However, when it appears in a composite logicgbression subsequent tests may reject the
prsttuplereturnedandtheagenimayhave to back-trackandbind with thenext matchingtuple
instead. This is discussed in more detail inGloenposite Lgical Expessionssection in this
chapter

7.7.5 Enumeration Cur sors

Enumeration cursors iteratgay ajava.util. Enumeration . True is returned while elements
are &ailable in the enumeratioralte is returned when the end of the enumeration is reached.

An enumeration cursor has the follmg constructor:

EnumerationCursor( _ _ _
java.util. Enumeration enumeration , Variable variable )

The parameters are described in the Withg table:

Parameter Meaning

enumeration The enumeration to be iterated through.

variable A logical variablewhichwill beboundto eachelement
of the enumeration in turn.

Table 7-26:The parameters in ttEumerationCursor  constructor

An enumeration cursor becomes true while there are more elements to be boundlaed is f
otherwise.

Thecursor'siext() methodcallsbindvalues() — with the currentelementasits agument.The
defaultimplementatiorof bindvalue() IS to returntruewith no bindingtakingplace.ln most
situations this is not the desired beloar and the user musktend
aos.jack.util.cursor.EnumerationCursor and oerridebindvalues() . An example is
shavn in the follaving code.
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public class CertainTypeEnumeration extends EnumerationCursor
Variable variable; // logical CertainType $v;
public CertainTypeEnumeration(Elements e, Variable Xx)
super( e, x);

variable = x;

}

public bindValues(Object element)
if ( element instanceof CertainType )

return variable.unify( (CertainType) element );
return false;

}
7.7.6 Array Cursors

aos.jack.util.cursor.ArrayCursor Is a non-triggered cursor which can be used to bind
logical variablego thevaluesof anarray Successie callstonext() providesonebindingata
time until the array isx@austed.

An ArrayCursor  has tvo constructors:
public ArrayCursor(Object[] array, Variable var)

and

public ArrayCursor(Object[] array, Variable var, int start, int end)

Thelatteris for iteratingthroughthe subarraywhich startsatindex start  andendswith index
(end- 1) .

The parameters are described in the Withg table:

Parameter Meaning

array The array to be iterated through.

var A logical variablewhichwill beboundto eachelement
of the array in turn.

start Specibes the start of ggren in the array of interest.

end Specibes the end of aien in the array of interest.

Table 7-27:The parameters in therayCursor ~ constructor

TheArrayCursor  is particularly useful for use within a corteondition in a plan. ér
example:
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plan X extends Plan {
#handles event interestedParties ev;

logical String party;
context ()

new ArrayCursor(ev.parties, party);

body ()
System.out.printin(party.as_string());
}

In this caseaplaninstances generatedor eachelemenin ev.parties , with party boundto
that element.

7.8 Plan Programming Guide

This sectiongivessomeadviceon how to write the plansthatagentswill use.lt presentsome
typical plan templates that can be used as a starting point,\asdsgime advice on
abstracting agent tasks into a set of related plans.

7.8.1 Plan Debnition T emplates

This sectionprovidestypical plantemplategor bothnormalplansandmeta-level plans.Since
the fundamental purpose of metadeplans is distinct from that of normal plans, their
templates are slightly dérent.
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7.8.1.1 Normal Plan T emplate

A template to use for debning normal plans vegibelov.
plan PlanType extends Plan
/I A declaration of the event that the plan handles
#handles event EventType reference ;
static boolean relevant  ( EventType reference )

/I code to determine whether the plan is relevant
/l to an instance of the above event.

}

context ()

/l'logical condition to test applicability

/I Declarations of any events that the plan may post
#posts event Eventl handlel ;
#sends event  MessageEventl messagehandlel

/I Declarations of any beliefset relations that the
/[ agent uses.

#reads data Relationl1 relation_namel ;
#modifies data Relation2 relation_name2 ;

/I Declaration of the interface that any agent which

/I uses this plan must implement. This is optional and

/I only applies if the plan will be shared between

/I different agents.
#uses agent implementing InterfaceType InterfaceName ;
#uses interface InterfaceType InterfaceName ;

/I Declarations of all the reasoning methods that the
/I agent can execute when performing this plan.

#reasoning method methodName ( parameters )

/I Code for the agent to perform.

}
body ()

/I The plan body. This is the main reasoning
/l method that the agent runs when it
/I executes an instance of this plan.
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7.8.1.2 Meta-level Plan T emplate

A template to use for debning metadeplans is gien belov.

plan PlanType extends Plan

/I A declaration that this plan handles the PlanChoice
/I event (and therefore is a meta-level plan) along with
/I a declaration of the BDI events that this meta-level
/I plan should be used to choose applicable plan

/I Instances for.

#handles event PlanChoice event_handle ;

#chooses for event eventl event2 event3 ...
#chooses for event eventn eventn+1 ...
static boolean relevant ( EventType reference )

/I code to determine whether the plan is relevant
/l to an instance of the above event.

}

context ()

/l'logical condition to test applicability

/I Declarations of any events that the plan may post.

#posts event Eventl handlel ;
#sends event MessageEventl messagehandlel

/I Declarations of any beliefset relations that the
/[ agent uses.

#reads data Relationl relation_namel ;
#modifies data Relation2 relation_name2 ;

/I Declaration of the interface that any agent which
/I uses this plan must implement. This is optional and
/I only applies if the plan will be shared between
/I different agents.
#uses agent implementing InterfaceType InterfaceName

/I Declarations of all the reasoning methods that the
/I agent can execute when performing this plan.

#reasoning method MethodName ( parameters )

/I Code for the agent to perform.

}
body ()

/I The plan body. This is the main reasoning
/I method that the agent runs when it
/I executes an instance of this meta-level plan.
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/I This reasoning method should reference the
/I event handle, as it has the applicable set.

}
}

7.8.2 Functional Abstraction

Of all JACK structurestheplanis usuallythemostcomplex. As well asincludinga numberof
#-declarationsit will also frequently contain a number of reasoning methodspress its
functionality Themainbody() reasoningnethodwill alwaysbepresentputif theactionsthat
theagentmusttake whenit executegheplanarereasonablyomple, they maybeabstracted
into other reasoning methods, or other entire plans which the agent can call with BDI
statements o@subtask Statements.

In most cases, you should abstract a plan into separate reasoning methodgpvagsh e
subtasks that the agent needs to perform wkecuéing the plan'sody() . You should only
abstract it into entirely separate plans (to be called bgthetask statement) when:

¥ these plans alreadyist and can be reused; or

¥ the subtask requires the agent to perforrfeiht sequences of actions, depending on the
agent's circumstances.

In this case, the subtask is really bett@ressed as arvent. The diferent approaches to
handling it can then bexpressed in dierent sub-plans, which the agent can choose between
at run time by their respeeéi contet conditions.

7.8.3 Logical Statements

Most of the core dierences betwee®ACK Agent Language semantics and those of ordinary
Javainvolve theway logical statementareusedandinterpretedin Java, boolearmethodsare
justlike normalmethodghathapperto returnaboolearresult.In the JACK AgentLanguage,
however, the logical gpressions hold more meaning.

Some of the dierences betwee®CK Agent Language logicakpressions and gailar
boolean gpressions are listed b&lo

¥ JACK AgentLanguagdogical expressionganfollow eitheranOpenWorld semantic®r a
Closed Wirld semantics.

OpenWorld semanticsnodelsrealworld' knowledge.It allowsfor threetruth statesTrue,
FalseandUnknown The deéult value is Unknan: unless you hee found out that
something is eitherrlie or False, you knev nothing about it.

Closed Vrld logic follows the more pure boolean logic. It assumes tetyéhing is
known, and can either beUe or False. The delult is False: unless you ka found out
that something isrlie, you assume that it ialBe.
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In particular applications it may be appropriate to model some agent beliefsets using
Closed Wrld semantics and other agent beliefsets using Opeld\&emantics.

¥ WhenanunguardedACK AgentLanguagédogical expressiorfailsin areasoningnethod,
it causes the reasoning methodaib. f

Reasoning methods are essentially sequences of statements that an agent must perform
when &ecuting a plan. The plan's body is a reasoning method, which can in turn contain
other reasoning methods. Wheeea logical statement of afiorm is executed in a

reasoning method, it will cause the reasoning methaodiltd there is no alternate for

the agent to try

For example, if a reasoning method containsfamwondition without arlse clause and
theif condition fils, the reasoning method it appearsaitsf If there is arise clause,
however, the agent has sombere to proceed and so the reasoning method doesailnot f
the reasoning method onlgifs when the agent is left with no altermatto try

Logical statements are important /RCK. They are used to determine which instances of a
planareapplicable andto determinghesuccessindfailure of theseplansandtheirrespectre
components.

Although logical statements are common to ynprogramming languages, some unique and
important properties should be mentioned witlard to their use inAICK.

7.8.3.1 Components of a Logical Statement

The components from which logical statementA@K can be hilt are listed belw.
¥ Logical constants, booleamtues and boolearxgressions.

These constitute logicakpressions in most other programming languages. A single
boolean member can be thought of aswéalrlogical expression that is true oalse
depending on itsalue.

Thisboolearmembercanbeincludedin boolearexpressionsvith otherboolearmembers
andlogical constantsWhendone thelogical expressiorformedis true or falsedepending
on the alues of each memhearach logical constant and the connediused between
them. The normal rules of boolean algebra are applied.

For example, if an object includes bamembers, A and B, the right-hand side of the
following Java statement:

answer = A && B;
is an éample of a logical>gression.

¥ A beliefset cursorngression, and booleamm@essions containing beliefset cursor
expressions.
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Beliefset cursorare logical gpressions that are used specibcally to query beliefset
relations. The are called cursors because their béha is analogous to cursors in
databas@uerylanguagesA beliefsetcursortakesa patterninvolving atleastoneunbound
logical member and a beliefset relation. It then attempts to unify this pattern with the
relation's tuples.

Unibcation ivolves the agent trying to match each tuple with the pattern whgre an
unbound logical member is a 'wild card'. If the agent can match a tuple, it temporarily
unibpesthe pattern'dogical member(s}o its values.Often,theboundvariablewill thenbe
testedor usedin someway (for example,in a @determine Statemenit is usedin a subtask
execution). If it is used successfully and the unibcation succeeds, the logical member(s)
are bound to thealues that thewere matched with. Once bound,tfleannot be

unbound. Hwever, if the cursor is being used in axpeession which can roll-back to

before the binding took place (such as a determine statement can when the subtask
execution #ils), this 'frees' the logical member(s) so that another binding can be found.

¥ All other cursor gpressions.

All othercursorsarelogical expressionandcanbeusedin compositdogical expressions.
For more details refer to the section on cursors in this chapter

¥ aFinite StateMachine FSM) statement.

FSM statementareJACK statementghattheruntimeengineexecutesn athreadsafevay
by atomic steps. Tlyecan occur as logical statementg bot in compound statements.

7.8.4 Logical Member s

Logical members can be included iryaACK Agent Language dePnitionybhare specibc
support in plans. Most often, thare used in a plantsntext() method or reasoning
methods. Logical members bring elements of logic programmingG&.J

Logical members follw the semantic bekeour of variables from logic programming
languages such as Prolog. That isytaee not place-holders for assignediues like normal
Javra members: rathethey represent a specipajttpossibly unknen, value. Conceptually
themurdererin a classicmurdermysterycanberepresentetdy alogical variable.Thatis, the
murderer is a specibc personf the detectie may not kne this person. As the deteati
investicates, he or she attempts to matcw eeidence with what he or she already Wso
about the murderer in order to uneo the murderer's identity

Theprocesf investigationthatthedetectve in theaborve examplegoesthroughis analogous
to the vay that an agent uses logical members. Instead of assigiueg\to them, the agent
attempt to unceer their \alue through a process kmo asunibcation Unibcation inolves
attemptingto matchthelogicalmembemwith aknown pattern.Thelogical membertherefore,
behaes like a 'wild card' in this pattern matchingeecise. If it is possible to bPnd alue for
the wild card to mad it match the pattern, the agent will treat this as a possihle for the
logical memberlt will bind the logical ariable to this a&lue.
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Thereforeanunboundogicalmembelis amembemwhosevalueis still unknavn to theagent,
whereas a bound logical member is a member whalse \as been determined.

A logical member is debPned with the plan's other members. Their dePnigsthak
following form:

logical Type name;

Each component of this debnition is described in theviolig table:

Component Meaning

logical Identibeghismembermasalogicalmemberasopposed
to a normal J&a member

Type IdentiPeghetype of this logical memberUnlike logic
programming languages where an unbound logical
variable can representyhing, ACK Agent
Language logical members are typed. When unbound
their value is still unknan, but the agent does kno
that whateer the walue is, it will be of the designated
type.

A logical member's type can be an objecy, scalar
type(int , float Orboolean ) Or aString

name The logical member's name, used to identify it during
plan eecution.

Table 7-28:Components of a logical type debnition

Once bound, a logical memberawe cannot be changed. Returning to the murder mystery
example, this is equalent to unceering the murdereOnce the murderer has been
uncovered, the murderer is kwo. This cannot change.

Logical variablesareobjectsthat,whenbound,requirethe useof anaccessoto gain accesso
the \alues thg represent. Thevailable accessors are:

boolean as_boolean()

char as_char()

byte as_byte()

short as_short()

int as_int()

long as_long()

float as_float()

double as_double()
java.lang.Object as_object()
java.lang.String as_string();

Each of these will thmw aLogicalException if the user tries to determine thalwe of an
unbound logical ariable.

Agent Manual
Release 5.3

10-June-05 157

Copyright © 1999-2011, Agent Oriented Software Pty. Ltd.



Plans

Unibcationis a boolean method of the logical mem€fdris method can be called directly
from within a reasoning method if required.

If alogicalvariableis unboundt canbeboundusingunify() . For example,alogicalmember
of type intger can be dePned and then unibed with #higev3' in a reasoning method as
showvn belaw.

logical intx;

x.unify(3);

This is like assigning a member thalwe '3', &cept that once unibed, thalve cannot be
changed. In this casexfwas unbound beforseunify(3) , unify()  would returnirue . If x
was already bound and you usedy to attempt to bind it agn, it would returnwrue if you
attempted to bind it to its currendlue andalse otherwise.

The preious xample shars the simplest form of unibcation B where the agent simply
designateavalue.ln themurdermysteryexample,it would belik e thedetectve decidingthat
Colonel Mustard is the murderer (presumably after somée8a deduction). Sometimes,
however, logicalmembersareusedin waysthataremorecomple<. Theagentmaynotsimply
beableto bindthememberto a particularvalue.Insteadjt mayattemptto bind themembeito

a possible &lue, then perform some test to see whetherahevs suitable. This can be
thought of as testing theypothesighat the logical member'sle has been bound correctly

For example, consider @determine statement in the conteof the murder mysteryxample
(the detectie agent is trying to determine the identity of the killer). The deteatiay Pnd
thatthevictim wasshotandhenceconcludethatthe murderethadaccesso agun.If thereare
only three people who had access to a gun, the detecty lypothesize that one of these
people is the murdereFhis will be follaved by further imestication that will preve whether
this is the case. If it is, the killer has been wered. Otherwise, the deteaiwill repeat the
process with the second candidate.

In a@determine statement, this auld correspond to there being three tuples that satisfy the
statement's logical condition. The agent temporarily binds the condition's logizddle to

the prsttupleandthenpostsaneventusingthis tuple'svalues.The agentcommitsthe binding

if this succeeds; otherwise, the bindingaled badk and the ne& tuple's alues are bound.
Rolling back is just like the detectie bPnding out that hisybothesis is wrong and hence
withdrawing the accusation of guilt.

Roll-backis theonly way thatthe binding of alogical membercanbe‘'undone'lt only occurs
when the logical member is used iowsor and when this cursor appears in a composite
logical expression, or a compound statement such a@tlermine Statement.
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7.8.5 Composite Logical Expressions

Individual logical statements iACK can be combined using the standard boolean
connectves &ailable in Jaa (&&, || 'and!' representing the logical conneetsANg OrRand
NOTrespecirely).

Whenalogical expressions usedthe agentalwaysevaluatest in a short<ircuit, left to right
manner That is, the agent will starv&uating the logicalx@ression from the left-most
statement and will stopraluating as soon as it has found enough information to determine
whether the xpression igrue or false

For example,supposehebeliefsetrelationdescribedn theexamplefrom theprevioussection
is used in the follving logical expression (whereame andportfolio ~ are unbound logical
members of typstring ):

politician.who(name, "Silly Party", portfolio)
&& portfolio.as_string().equals("Minister for Sport");

Evaluation is performed left to right, so that the agent prst looks pdiitfeen relation's
tuples to unify the query pattern with each tuple. The brst and second tuples deereot ha
party Peldthatmatcheghe"Silly Party" string,howeverthethird onedoes.Hence theagent
bindsname to "Mr. Knockout" andportfolio  to "Minister for Sport”, and the beliefset cursor
returnstrue.

The agent n@ moves onto the seconaression, which compares thalwe ofPortfolio
with thestring , "Minister for Sport". This matches, so the logicgbeession is true.

As well as returningrue, the logical gpression has bound the logical membense and
portfolio  to valuesthatsatisfythe statementlf this expressiorwereto appeain acontext()
method, it could lead to an applicable plan instance. In that case, the logical memibddrs w
capture the conxt in which the plan was applicable.

Now consider a logicabgression of the folling form instead:

politician.who("Fred", "Silly Party", portfolio)
&& portfolio.as_string().equals("Minister for Sport")

Again, the agent starts with the left-most beliefset cursor and attempts to unify it with the
relation'stuples.However, thereis no tuplewhosenamebeldmatcheghe"Fred" string,sothe
portfolio member will remain unbound and the beliefset cursor will rétise

Thelogical expressioris of theform A && B, soif Ais falsethereis noway thattheexpression
will be true. Therefore, the agent does not test the second compajidéva(uation is also
short-circuiting, so the agent considers the logigptession to bealse immediatelyit is
importantthattheagentdoesnottry to evaluatethecomparisorstatemenatthis pointbecause
the portfolio member is still unbound. Arattempt to read itsalue will throwv a
LogicalException exception.
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Finally, consider a third logicalkpression as sk belav:

politician.who (name, "Sensible Party", portfolio)
&& portfolio.as_string().equals("Minister for Sport™)

In this logical epression, the beliefset cursor can unify with the prst tuple:

("Mr. Important”, "Sensible Party”, "Prime Minister")

Thename andportfolio  members are bound in the samayvas before, i when the second
conjunctis testedportfolio  'svalue"PrimeMinister” doesnotmatchtheexpectedstring. The
evaluation will back-track to the prsus conjunct and try to choose awleinding forname
andportfolio . In our example,name will become bound to "Ms. Actionpprtfolio  will be
bound to "Minister for Sport" and the query will return true. The entire logkmakssion
succeeds, with the logical members bound asvistio

name = "Ms. Action"
portfolio = "Minister for Sport"
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8 Meta-Level Reasoning

In orderfor aneventto be processedy anagenttheagentmustdeterminevhich plan(if ary)
should handle thevent.

Note: Eachplanis capableof handlingonly asingleeventtypewhichis specibedy theplan's
#handles event  declaration. Havever, it is possible that there is more than one plan capable
of handling a particulanent type. As will be discussed latéris also possible for multiple
plan instances to be generated from a single plan.

To decide which of the plans are applicabfeCK employs the follaving steps:
1. Identify the plans whichandlethe eent type.

2. Usetherelevant)  methodto eliminateplanson the basisof the dataassociatedvith the
particular &ent instance.

3. Usethecontext) methodto generatglaninstancesvhichareconsistentvith theagent's
current beliefs.

The last step results in what is kvroas the applicable plan set. Elements in the applicable
plansetareorderedaccordingo theorderin whichtheir correspondinglansweredeclared®
this ordering is callegrominenceThis ordering can beverridden by a process called
precedencewhere a ranking is pvaded for each entry via thetinstancelnfo() method.

Having generatedheapplicableplansetfor anevent,oneentrymustbechoserfor subsequent
execution.Normally JACK will performthisselectionchoosingeitherthebrstentryin theset,
or choosing one at random. Theet mechanism used is tunable via héhar attributes
associateavith theevent(thisis discussedh detailin the sectionCustomising@@DI Behaviour
with BehaviourAttributesin the Eventschapter) Notethatwhena choiceis beingmade only
the highest precedence entries are considered. If&ém is a BDI gent and there is more
thanoneentryin theapplicableplanset,aplanChoice eventis postedIf plansareprovidedto
handle this eent (referred to asetalevel plang, the applicable set can be interated and
the entry deemed most appropriate for the current situation selected. hiotéhat)the
available choices are restricted to the highest precedence entries b there may be additional
entries of laver precedence ubthey will be considered only when all entries of higher
precedence & been ehausted.
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8.1 Applicab le Set Generation
8.1.1 Handling the Event T ype

Most#- declarations are optional in a plan dePnitiart,the#handles event  declaration is
mandatorylt specibes for whichvent type the plan type may be relat. Wheneer an
instanceof this eventoccurstheagentwill considetrthis planasa potentialcandidateUnless
the plan'selevant() method indicates otherwise, the agent will assume that this plan is
relevant to the eent.

The#handles event  declaration tads the folleving form:

#handles event EventType event ref ;

event_ref is a/ailable within the plan to reference theert being handled and its data belds.

8.1.2 Relevance

To berelevantto a gven eent instance:

a) a plan must declare that it handles thent type that has arisen througkhandles
event declaration; and

b) if arelevant)  method is present, ale oftrue must be returned.
If aplandoesnothavearelevant)  methodtheplanis relevantfor all instance®f theevent.

In the followving example, theelevant() method ensures that the plan is only considered if
there is a colour specibed in towur data member of thesint  event.

public plan PaintSpecifiedCurrentColour extends Plan
#handles event Paint ev;

static boolean
relevant {Paint ev}

return ev.colour != null && ev.colour.length()>0;

/I context method, discussed below.
body ()

/I As appropriate to the plan
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8.1.3 Applicability

Thecontext)  method preides the net level of 'Pltering’ afterelevant) . If a plan is
relevantto a particularevent,thecontext) methoddeterminesvhethertheplanis applicable
given the agent's current beliefs.

Thecontext) method does not takary aguments and its body isvedys a singleAICK
AgentLanguagdogical expression. Logical expressiongrecomposeaf boolearmembers,
logical members and beliefset cursgpeessionswhich can, in general, bind to multiple
values. Whenwaluating thecontext()  method, the agent will consider all possible
alternatves. for every possible set ofalues that satisfy thentext) method, a separate
entry will be created in the applicable plan set.

In thefollowing example thecontext)  methodensureshattheplanis only applicablaf the
Paint event requests a specibc colour that is the same as the agent'spauceiiur

public plan PaintSpecifiedCurrentColour extends Plan
#handles event Paint ev;

static boolean
relevant (Paint ev)

/I As appropriate to the plan

#uses interface Robot self;
context ()

self.paintColour.equals(ev.colour);

body ()

/I As appropriate to the plan
}

In thefollowing plan,thecontext)  methodqueriesaBOM (Bill of Materials)beliefsetusing
getSubcomponent() . The plan will only be applicable if thetSubcomponent()  query can
Pnd a tuple with ady of component in the beliefset. Note that it is quite normal for a
componento have morethanonesub-componer®if thisis thecase entriescorrespondingo
ead sub-component will be added to the applicable plan set.
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public plan FindSubcomponentPlan extends Plan
#handles event FindSubcomponent fsc;

static boolean
relevant (FindSubcomponent fsc)

/I As appropriate to the plan

#reads data BOM bom;
context ()

bom.getSubcomponent(fsc.component, sc);

body ()
/I As appropriate to the plan
}

As usual, only one plan instance will be attempted, and a second one is only tried if the pbrst
one fils.

8.1.4 Prominence

In the absence of precedence, the order in which plans appear in an agent or capability (the
orderof the#uses plan declarationsyieterminesheorderin whichthecorrespondingntries
appear in the applicable plan set.

For example, the agent belouses tw plans. Prominence dictates that entries arising from

PaintSpecifiedCurrentColour will appear in the applicable plan set before entries arising
from PaintAnyColour

public agent Robot extends Agent
{

#handles event Paint;

#uses plan  PaintSpecifiedCurrentColour;
#uses plan  PaintAnyColour;

}

Note that inner capabilities are more prominent than plans.
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8.1.5 Precedence

Precedence is the second means of ordering entries in the applicable plan set. If a
getinstancelnfo() method is preided in a plan when the entry for the applicable plan set is
beinggeneratedthe getinstancelnfo() methodwill becalled.getinstancelnfo() returnsa
Planinstancelnfo object. Therlaninstancelnfo class has the foMaing members and
methods:

Name Description

public static final An array ofPlaninstancelnfo objects

Planinstancelnfo def[] pre-constructed for ranks 0 B 9.

public  Planinstancelnfo(int) For constructing an object with avgn
rank.

public int rank The rank.

public int getRank() Returns the rank.

Table 8-1:Planinstancelnfo class members and methods

Note that a data member igdable for holding a rank B the entries in the applicable plan set
areorderedaccordingo rank.In orderto simplify therankingprocessanarrayof predebned
Planinstancelnfo objects(def] ) is provided.Thearrayindex correspondso therankbOis

the lavest rank and 9 is the highest ran&r Example, the follving plan will have a rank of

4:

public plan PaintSpecifiedCurrentColour extends Plan

#handles event Paint ev;

public Planinstancelnfo getinstancelnfo()

return Planinstancelnfo.def[4] ;

}
;o
If a second plan is nointroduced:
public plan PaintAnyColour extends Plan

#handles event Paint ev;

public Planinstancelnfo getinstancelnfo()

return Planinstancelnfo.def[5]

}
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then entries arising from thraintAnyColour  plan will alays precede those arising from the

PaintSpecifiedCurrentColour plan re@ardless of their prominence.
Note thatgetinstancelnfo() is executed afteead binding of thecontext () method. Thus
thecurrentbindingis availableto getinstancelnfo() andcanbeusedin determiningherank

to be returned, as sia in the follaving example:

public plan DoSomething extends Plan

#handles event SomeEvent ev;

#reads data  Order order;
// BeliefSet "Order order(tag,precedence)" has tuples
/I of the form:
I
/I <"important",8>, <"normal",5>, <"background", 3>
/l and the incoming event includes a tag to match.

logical int precedence;

context()
i order.get( ev.tag, precedence );
public Planinstancelnfo getinstancelnfo 0
{ try
{ return Planinstancelnfo.def [ precedence.as_int() ];
catch ( LogicException ex)
return Planinstancelnfo.def [5];
| }
}
Whencontext()  results in multiple bindings (as could occur in the earlier BQéple),
getinstancelnfo() IS executed afteead binding. Thus, each entry added to the applicable

plan set could be assigned deliént ranking.

8.2 The Applicab le Plan Set

The applicable plan set is used to determine which plan instance of those applicable to the
event under current consideration should heceted. A plan instance is debned by:

¥ the plan type instance which is handling tlaerg instance in question, and
¥ a binding of logical ariables arising fromx@cution of theontext)  method.

Note that multiple plan instances may arise from a single plan type instance.
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In order to &cilitate reasoning about plan instano®€K provides thesignature  class. It
providesarepresentatiowhich enablegplaninstanceso beuniquelyidentibedandefbciently
compared for logical equalence. Note that a signature does not contain a reference to the
actual plan type instance D rathiekeeps all the information needed for re-establishing the
plan instance.

Thesignature  class prueides the folloving methods for use by the programmer:

Name Description
public  Event getEvent() Returns the originatingvent.
public  Planinstancelnfo getinfo() Returns therlaninstancelnfo object

associated with this signature.

public  Plan getPlan() Returns a 'planaictory’ which can be
used to determine the type of the plan
concernedandto accesshelogical plan
variables associated with the plan.

Table 8-2:signature  class methods

One can gin access to th@anlinstancelnfo object that \as returned by the plan's
getinstancelnfo() method via the@etinfo) method.

TheApplicableSet  class &tends thesignatureList class and one can therefore access the
applicable plan set using the fallimg methods:

Name Description

public  Signature first() Returns the brst signature in the list.
public  Signature last() Returns the last signature in the list.
public  Signature  next(Signature) Returns the signature in the list after the

onegiven,or null if theonegivenis the
last signature.

public ~ Signature  prev(Signature) Returns the signature in the list before
theonegiven,or null  if thatgivenisthe
prst signature.

public int size() Returns the number of signatures in the
list.

Table 8-3:Methods to access the applicable plan set
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Thus, gven a reference to the applicable plan set fovanteone can iterate through the
Signature  Objects, inspect their correspondmighinstancelinfo objects and decide which
signature is most appropriate for the current situation. Note that the applicable set only
contains the highest precedence signaturew/& lorecedence signatures become 'visible'
only after all higher precedence signaturegehaeen used andifed.

If one is going to xeplicitly select a signature, additional informatiogasding the plan
instances will imariably be required. This can be piged by etending the

Planinstancelnfo base class and then creating a suitaftenstanceinfo instance in the
getinstancelnfo() method.

8.3 Choosing a Plan Instance

With normal @ents, the agent selects an entry from the applicable plan set f@naagint
andexecutenly the planinstanceassociateavith thatentry As notedearlief themechanism
used for selection (pick the brst entry in the list or a pick an entry at random) is tunable via
behaiour attritutes associated with theemt.

With BDI events,if theapplicableplansetcontainanorethanoneentry, apPlanChoice  eventis
postedPlanChoiceevents are described in detail eldere; for the purposes of this
discussion note that thanchoice class allavs access to the follang data members:

Name Description

public  Event event Holdstheobjectlevel eventinstancehat
caused the plan choiceemnt.

public  ApplicableSet applicable Holds information about the current set
of applicable plan instances.

public  FailureSet failure Holds information about the current set
of failed plan instances.

public  Signature chosen Assigned by the plan choice handling
plan.

Table 8-4:planChoice class data members

If the user has praded meta-leel plans to handle trmanchoice event, one uses the

PlanChoice ~data members to reason about the applicable plan set and to determine which is
the most appropriate plan instance in the current situation. This process is calledreleta-le
reasoning.

A meta-level plan is debned thandle thepPlanChoice event. It may further include one or
more#chooses for  statements to constrain to which objestelesvents the plan is rekant.
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This is discussed in more detail in the sectio®Plam Declaationsin thePlanschapterThe
plan will also access the data members of the partiealarhoice event instance.

These features are illustrated in the foilog simple @ample which prints "Hello \Wld" in
differentlanguagestEachlanguages identibPedoy a number(1 for English,2 for Swedish...)

and each plaghandle s an gent of typeTransEvent . This eent has a single data member
which containgherequestedanguagenumber Thecodefor TransEvent is notlistedbut note
that itmustextendBDIGoalEvent . Meta-level reasoning is used to select the appropriate plan
instance. Note that thisxample is for pedagogical purposes only b there are much simpler
ways to achiee the same result.

public class LanguageType extends Planinstancelnfo
public int language;
public LanguageType(int i)

super(5); /I'5 is the default precedence
language = i;
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plan TranslPlan extends Plan
#handles event TransEvent ev;
public Planinstancelnfo getinstancelnfo()

return new LanguageType(1);

}
body()

System.out.printin("Hello World");

plan Trans2Plan extends Plan
#handles event TransEvent ev;
public Planinstancelnfo getinstancelnfo()

return new LanguageType(2);

body()

System.out.printin("Tjena Moss");

plan ChooselLanguage extends Plan

#handles event PlanChoice ev;
#chooses for event TransEvent;
body()

TransEvent te = (TransEvent) ev.event;

for ( Signature s = ev.applicable.first();
s!=null;
s = ev.applicable.next( s )

if ( s.getinfo() instanceof LanguageType )

LanguageType p = (LanguageType) s.getinfo();
if ( p.language ==te.n)

ev.chosen = s;
return true;
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O Beliefset Relations

9.1 Introduction

Beliefsets are used iACK to maintain an agent's beliefs about thoeld:

An agent'deliefsetcanbe storedaseitheranopenworld or acClosedworld class.Thebeliefset
represents these beliefs itPst oder, tuplebasedrelationalmodel. The logical consistenc
of the beliefscontainedn the beliefsetis automaticallymaintainedHence for example,if an
agent adds a belief that contradicts a belief it already has, the beliefset detects this and
automatically remees the old belief.

The beliefset is not the onlyay that an agent can represent information. Agents can also
include ordinary data members and other data structures tleabéan implemented invia
However, the adantage of using a beliefsetey normal Jza data structures is that beliefsets
have been designed specibcally torlwwithin the agent-oriented programming paradigm.
Therefore, it is fully intgrated with the othel ALK Agent Language classes, andvdes
facilities not a&ailable with other data storage techniques. In partical®&CK beliefset
provides:

¥ Automatic maintenance d¢dgical consistencyndkey constaints
¥ EitherOpen Wrld or Closed Wirld logic semantics for maintaining these beliefs.

¥ Theability to posteventsautomaticallywhenchangesremadeto the beliefsetandhence
initiate action within the agent based on a change of beliefs.

¥ The ability to supporbeliefset cusor statementgproviding a distinct tuple that unibes
with the cursor's querykpression each time the cursor attempts to rebind the query (in a
comple logical expression).

Eachbeliefsetclassdebnitionthatanagentusess calledabeliefsetelation. It describesset
of beliefs that the agent mayugain terms obelds When the agentawnts to adopt a me
belief, it specibesalues for each of these belds addsthis belief to the relation. This
creates auplefor the relation. Eery belief that an agent currently has stored irvargi
beliefset relation is represented as a tuple.

Tuples can either kieue or false This models the 'belief' aspect of the tuple. If the tuple is
true, the agent belres that it is a true statement. If it @de, the agent belies that it is a
false statement.df example, an agent may V&a tuple to represent the statement that Mr
Important is Prime Minister and member of the SensibleyRf this tuple is stored as being
true, this indicates that the agent will consider the statement true. If it is stoedskashie
agent will assume that this statementisd.
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The fact that beliefset relations represents their data as beliefs rather than 'absolute truths'
distinguishes them from most other programming storage mechanisms argdagjents to
more realistically ®hibit rational beh@our. Agents do not treat what fh&now as absolute
truth, but ratherasbeliefsthatre3ectwhatthey have learnedor have beentold abouttheworld

to this moment. Lik people, thewill operate on the assumption that these beliefs are true
until more information comes to lightubif something ne is uncwered that contradicts

them, thg will update these beliefs accordingly

9.2 Beliefset DePnition

A beliefset debnition uses a relational model to specify an agentidekiye capacityThis
knowledge capacity isxpressed as a relation that the agent can usetess beliefs with.
Each belief is represented by a specibc sealoleg for each of the relation's belds. The
general format for a beliefset relation's dePnitiomsadne of the tavforms shan belav:

beliefset RelationName extends  ClosedWorld

/I Zero or more #key field declarations.
/I These describe the key attributes of each belief.

/I Zero of more #value field declarations
/I These describe the data attributes of each belief.

}

beliefset RelationName extends  OpenWorld

/I Zero or more #key field declarations.
/I These describe the key attributes of each belief.

/I Zero of more #value field declarations
/I These describe the data attributes of each belief.

}

Each component of this debnition ip&ined in the follaing table:
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Syntax Term Description

beliefset JACK Agent Languagedyword, identibes a beliefset
relation's declaration.

RelationName Used to identify the beliefset relation. Wheeean

t

agent vants to query or modify this relation's tuples,
does so by using this name.

extends ClosedWorld Identibes the beliefset relation a€lased \urld
relation ClosedWorld relationsarerelationsthatstore
true tuples and assumeyatuple not found igalse

extends OpenWorld Identibes the beliefset relation as@pen Virid
relation Open Wrld relations are relations that storé
true andfalsetuplesandassumary tuplenotfoundis
unknown

A4

Table 9-1:Components of a beliefset dePnition

For an agent to be able to use a beliefset, its agent dePnitioubtiénclude a data
declaration. The data declaration describes the type of beliefset required by the agent and
specibes anxéernal namedeliefType ) and an internal nameefiefName ) for the beliefset.
The eternal name of the beliefset maps to a beliefset debnition ble of the same name.

Each of an agent's plans that rakise of a beliefset must contain a declaration specifying
read-onlyor read-writeaccesso thebeliefset.Thisis achiezedby usingeithera#reads data |,
a#modifies data ~ Or a#uses data  plan declaration.

9.2.1 Closed W orld Relations

ClosedwWorld relationsassumehattheagents operatingn aworld whereevery tuplethatthe
relation can epress is stored in the beliefset at all times as being either trakser This
meanghatthereis no querytheagentcanmake for whichit doesnothave ananswelbecause,
theoretically every possibletupleis alwaysrepresenteth the beliefset All thattheagentcan
change is whether it belies the tuple to be true alse.

Of course, most tuple Peldsveaan almost inPnite range dadlues, and hence in practical
terms the beliefset cannot stokery possible tuple. Instead, only those tuples that the agent
believes to be true are stored.Atuple that is not stored, therefore, is assumed talbe.f

In a ClosedWorld relation,addingatupleto the beliefsetcausesheagentto believe whatwas
false to nw be true. Similarlyremaing a tuple causes the agent to haievhat vas true is
now false.
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Closed Viérld relations do not often occur in the realrid, but are still useful in man
applicationsFor example,consideranagenthatplayschesslit needdo know thepositionsof
the pieces on the board. This information could be modelled using Claségtirdlations.

9.2.2 Open World Relations

Open Wrld relations model knledge and beliefs as most people in the realdv
experiencghem:for ary givensetof beliefs,only someof theanswersareknown to theagent.
Some things may be knm to be true, others knm to be &lse and still others unkwnm.

Unlike the Closed \Wld example, therefore, Opendhld relations store both true aralde
tuples. This models the situation where the agent does netwhat something is,ut does
know what it is not. Br example, consider a dete@tiin a classic murder mystefhis
detectve may not kne who the murderer isub may belige that the murderer is debnitely
notMs Scarlet(dueto someprior investication).To ref3ectthis knowledge theagentwill store
the statement, "Ms Scarlet is the murderer"” in the beliefsetadseatfiple D one that is
believed not to be the case.

Because Open @vld relations record both true aralde tuples, antuple that is not stored in
the beliefset is assumed to be unknoThat is, the agent does not knavhether the tuple is
true or not.

Unlike Closed Wirld relations, therefore, Opendid relations dectively work with three
logic valuesirue, falseandunknown

9.3 Beliefset Member s and Methods

Just like the otherAICK Agent Language classes, beliefsetsjg® a number of base
members and methods that you can access. These members and methods are described in the
following subsections.

Beliefset Construction

JACK supports three types of beliefsetsyate, agent and global. Only yaite beliefsets can
be populated by a beliefset constru@od manipulated by plans that use the) and

remove() Methods. Beliefsets that are speciPed in an agent declaration as being agent or
globalareread-only soafterthey arepopulatedoy their constructothey canonly bequeried.

As thedefaultconstructocreateanemptybeliefsetwhentheagentthatusest is instantiated,

it only males sense to use the delt constructor for pvate beliefsets.

A beliefset can be populated with an initial set of tuples by either writing a constructor that
readsherequireddatafrom aPleandexplicitly addingtherecordgo thebeliefsetor by using
JACOB Object Modelling.
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The folloving example shws a beliefset constructor which reads data from a ble and
explicitly adds tuples to the beliefset.

import java.io.*;
import java.text.*;

beliefset Foo extends ClosedWorld

#key field int tag;
#value field double stamp;

#indexed query  get(int t, logical  double s);

static MessageFormat format =
new MessageFormat("(foo {0, number} {1, number))");

Foo(String name)

try

BufferedReader in =
new BufferedReader(new FileReader(name));

for (String line; ((line = in.readLine()) != null); )
try
Object [] data = format.parse(line);
int t = ((Number)data[0]).intValue();
double s = ((Number)data[1]).doubleValue();
add(t, s);

catch (ParseException e) { }

}
catch (IOException e)

System.err.printIn("Problems loading file "+name+".");
catch ( BeliefSetException e)

System.err.printin("Loading of file "+name+" failed.");

}
}

If multiple constructors hee been debned, thaQK kernel determines which beliefset
constructor to use on the basis of the number and typguhents supplied.

An alternatve methodis to initialise tuple objectsusingJACOB ObjectModelling. JACOB is
described in more detail in tdACOB Manual Beliefsets hae aread() method which tags
thenameof a bleasits agument.Theread() methodpopulateghebeliefsetaccordingo the
contents of the Ple which should contain dataAilGOB format.

Beliefsetsalsohave awrite(String flename) methodthatcanbeusedto write thebeliefset
contents in the appropriatAGOB form to the gien bPlename.

Agent Manual
Release 5.3
10-June-05 175

Copyright © 1999-2011, Agent Oriented Software Pty. Ltd.



Beliefset Relations

The following example illustrates he a beliefset can be initialised in thigy

Given the beliefset

public beliefset BookData extends ClosedWorld {
#key field String title;
#key field String author;
#value field double price;

indexed query  get(String t, String a, logical double p);
}

and an agent containing the declaration:
#private data BookData books();

The beliefset could be populated usingrtae) method as illustrated belo
books.read("book.dat");

The data Pleook.dat could contain data similar to the foNng:

<TupleTable
;tuples (
<BookData__Tuple
‘title "Reading is Fun”
:author "Walter Fox"
‘price 23.75
>

<BookData__ Tuple
title "Spelling is Fun"
:author "Walter Fox"
:price 23.75

>

)

>

whereTupleTable is a pre-debned object for the purpose of initialising beliefsets in 8yis w
Also note that in the alve example BookData__Uple has tw underscores.

Note: An openworld beliefsetwould beinitialisedby two consecutie TupleTable 0bjectsihe
prst fortrue  beliefs and the second flatse  beliefs.

In addition, beliefset classesvesa constructor which tak a Plename as amgament and
uses the read method to populate the beliefset.

This means that by declaring the beliefset asvialo
#private data BookData books("book.dat");

the tuples are initialised with the data containeisbéi.dat
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void postEvent(Event e)

BeliefSet modibcation callbacks use this method to pastte when changes are made to a
beliefsetrelation. Thereforewhenregisteringary beliefsetcallbackswith abeliefsetrelation,
the releant e/ents using this method must be posted.

void add( parameters )

Thismethods automaticallygeneratedrom the beliefsetdePnitionPleby the JACK compiler
bthekey andvaluebeldsof therelationbecomeargumentf theadd() methodasillustrated
by the follaving example.

beliefset Foo extends ClosedWorld

#key field int a;
#value field boolean b;

}
This results in the follwing methods being generated in the class

add (int __vO, boolean __ v1);

Thismethodis usedto addtuplesto Foo. It assumethatthetupleto beaddedchasabeliefstate
of true.

add (int _ vO, boolean __v1, BeliefState __d);

This method could also be used to add tuplesdoHowever, given thatrFoo has Closed
World semanticsit is only valid to addtupleswith abelief stateof true. Attemptsto addtuples
with a belief state ofdlse or unknan will result in aBeliefSetException being thravn. If
Foo had been debned toveaOpen Virld semantics, it wuld have been alid to add tuples
with belief states of either true @l$e. Attempts to add tuples with anknownbelief state
into a beliefset with Open 9d semantics will causeBliefSetException to be thravn.

Theadd() methodsallow anagentto addtuplesto ary of its privaterelations put notto any of
its agent or global relations (as these relations cannetthair tuple set changed after
creation).

void remove( parameters )

Thismethodis automaticallygeneratedrom thebeliefsetdepPnitionbleby the JACK compiler
b the ky and \alue belds of the relation becomguanents of theemove() method as
illustrated by the following example.

beliefset Foo extends ClosedWorld

#key field int a;
#value field boolean b;
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This results in the foll@ing methods being generated in the class

remove (int__vO0, boolean __ v1);

This method is used to rem®tuples fronFoo. It assumes that the tuple to be regwhas a
belief state ofrue.

remove (int_ vO0, boolean __ v1, BeliefState __d);

This methodcouldalsobe usedto remove tuplesfrom Foo. GiventhatrFoo hasbeendebnedo
have Closed Wrld semantics, this form of the method should only be used tovestuples
with abelief stateof true. Attemptingto remove tupleswith abelief stateof falseor unknavn
from a beliefset with Closed ®d semantics will result in BeliefSetException being
thrown.

If Foo had been debPned toveaOpen Wirld semantics, it uld hare been alid to remee
tuples with belief states of either true alsk. Attempting to renve tuples with amnknown
belief state from a beliefset with Operokdd semantics will causerggliefSetException to
be thravn.

Theremove() methods alle an agent to renve tuples from ayof its private relations, it
not from ary of its agent or global relations (as these relations canmetthair tuple set
changed after creation).

public int nFacts()

This relation method returns the number of tuples stored in the relation at the time of calling.
This includes all tuple instances thaypitally appear in the relation; therefore, the meaning
and results are ddrent depending on whether the relation fedcan Open \&tld or Closed

World logical model.

For ClosedWorld relations this returnsa countof thenumberof Truetuplesthatarecurrently
stored for this relation.d¥ Open Vrld relations, this returns a count of both the number of
TrueandFalsetuplesthatarecurrentlystoredfor this relation.For example,if arelationstores
tuples to represent statements of, "The tie is blue", "The tie is not green" and "The tie is not
red", callingnFacts() on this relation will return 3: one tuple representing true information
and two tuples representingle information.
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9.4 Beliefset Dec larations

BeliefSet debnitions can include the faliag declarations:
#key field FieldType field_name

#value field FieldType field_name

#indexed query methodName( parameters );

#linear query methodName( parameters );

#complex query methodName( parameters ) < statements >

#function query return- type methodName( parameters )< statements >

#posts event EventType handle ;
#propagates changes [EventType]

Each of these declarations are described in theafmltpsections.

#key field FieldType field_name

This declaration is used to describe a beliefset relatien'példs. Ky belds describe
attributes that uniquely identify the object or entity that the tuple is referring to. Each belief
that is &pressed using a beliefset tuple is a belief abontethingHence, the agent needs
some vay of knaving whether tw tuples refer to theamething or not.

The relation's & belds are used for this purpose. yrdescribe a uniquely identifying
characteristic of the thing that the tuple refers to.

For example, suppose an agent had a beliefset relation to represent bank accounts. When a
tupleis addedo thebeliefsethow doestheagentknow which bankaccountt refersto? How

does it knav whether this n& information contradicts what it already bgks about bank
accounts?

With bankaccouninformation,thisis normallydoneusinganaccounnumber By dePnition,

the account number uniquely identibes\egibank account. Therefore, if the beliefset

already contains a tuple stating that account 54321 contains $100, adding a (true) tuple that
says account 54321 contains $200 contradicts and replaces this belief. Siauldirlg a

tuple that says account 12378 has $200 hasfect @ this tuple, because the agentkso

from its key that this tuple refers to a téfent bank account.

A #key field  declaration tads the folleving form:
#key field FieldType field_name

Each component of this declaration is described in thenfmitptable:
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Component Meaning

#key field Adds a ley beld to the beliefset relationaMes gien
for thisPeldin tupleswill beusedto identify theobject
that the tuple is referring to, and hence to determine
whether this tuple's data clashes with =isteng tuple
and needs to replace it.

FieldType The beld's data type. A beliefset relatior@g kelds
are constrained to be of typeing , ary scalar type

or ary type that implements

aos.jak.beliefset.Immutable . If the type is a user
debned type, the user may needuwernde the
equals() andhashCode() mMethodsof its parentclassb
refer to thgava.util.Hashtable documentation.

field_name Used to identify the dy Peld.

112

Table 9-2:Components of &key field declaration

In thelastexample thebankaccount$iadasinglekey beld.Thisis notnecessarilghecasean

all situationsSometimesrelationmayhave multiple key belds(for examplein arelationthat
describegieographidocation,wherethe key mightrequiretwo key belds:a site'slatitudeand

its longitude).Similarly, arelationmighthave nokey belds Whenarelationhasnokey pelds,

this means that there is onlyeg one object that the relation refers to (hence, it does not need
to be specibed).

Note: When a beliefset relation has neykoelds, this does not necessarily mean that the
beliefset will only @er hold one tuple. If the relation is Opemid, the agent may store
multiple falsetuplesaboutthe object.For example theremaybeonly onewinner. However, if
the agent does not kwonvho the winner isdit knows that it is not Mr Important, adding the
fact that it is not Ms Action will not contradict itgisting belief.

The knoclout of &isting tuples due tody constraints occurs for true tuples o the
example abwe demonstrates, an Operokld beliefset can & maly negative tuples about
something without hang them contradicting one anoth#r fact, if the beliefset contains a
positive tuple and the agent adds gat&e tuple that doesn't contradict it, theottuples will
coexistin thebeliefsetaswell ("Ms Action is theMinisterfor Sport"and"Ms Action is notthe
Prime Minister”, though redundant, do not contradict one another). The aplgagative
tuples will knock out positie ones is if the tavare directly contradictory (foxeample, "Ms
Action is the Minister for Sport" and "Ms Action is not the Minister for Sport").
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#value field FieldType field_name

This declaration is used to specify a relation's data belds.daikdelds, data Pelds do not
identify the object that the tuple is describing. Instead;, tepresent information about this
objectthattheagentneeddo know. To a certainextent,thevaluebeldsarethereasornwhy the
agenthastherelationin the brstplacebbecausét wantsto know thisinformationaboutsome
kind of object.

A #value field declaration taés the folleving form:
#value field FieldType field_name

Each component of this declaration is described in thexfmitptable:

Component Meaning

#value field Adds a alue peld to the beliefset relation. Data
assigned to these belds is used to represenu&sib
about the object of which the agent needs tonsre

FieldType The beld's data type. A beliefset relatior@kie belds
can be of aptype.
fieldName Used to identify thealue Peld.

Table 9-3:Components of avalue field declaration

For example, a bank account'sykbeld is its account numbétowever, the account number
does not praide ary information about the account that an agent walhtvto record. Its
purpose is purely to distinguish one account from anoflner sorts of things that the agent
mightwantto know abouttheaccountareits balancepwner'sname creditlimit, etc. Eachof
there attrilites would be described usinge pelds.

#indexed query methodName( parameters )

Once a beliefset relation has been debPned and tupledvban added to the beliefset, the
agentwill needto accesghis data.lt doessoby performinga queryontherelation.Thereare
two kinds of query that an agent can perform on a relation:

¥ anindexed query(debned by th&ndexed query  declaratior)or

¥ alinear query(debned by th&linear query declaration).

Both these queries produce the same results (search for the tuple(s) concerned). The only
difference is in implementation. Inkkd queries maintain a hash imd# tuples, and can

usually locate them more quicklyhereas linear queries do not maintain anxnthaus the
only way that matching tuples can be found is through a linear search.
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Indexed queries occypslightly more space (which is required for the ijdend are slightly
slower to update tuples (since the irdrust be updated as wellyttare much quiar to

guery in most circumstances. Therefore, unless memory and update speed is at an absolute
premium, you should use indsd queries for allit the smallest of relations (i.e. those that

will hold at least 10 tuples in the beliefset).

When a query is performed and most of the pelds are unibed with unbound lagéatzes,
the agent may not kia enough information to use the imdeffectively. In this case, the
indexed query wuld be just as sl as the linear one.

An indexed query's debnition tak the folleving form:

#indexed query methodName( parameters );

Each component of this debnition is described in theviaiig table:

Component Meaning

#indexed query DebPnes an inded querynamely one thatuids and
maintains an internal hash table irder query
optimisation.

methodName The name of the query

( parameters ) The list of parameters used by the quéiyese

parameters are matched in order with the relation's
tuples. Rrameters that are debPnechasmal membey

areinput palmametes. Parameters that are debned as
logical membes areoutput paametes.

Table 9-4:Components of afindexed query  debPnition

Only the prototypeneeddo bedeclaredor eachindexedquery Theactualqueryclasswill be
a derved class oBeliefSetCursor ~ generated by theACK compiler The inde&ing is done
using only the non-logical parameters.

For example, suppose a beliefset relation is debPned amshelov:
beliefset Politician extends OpenWorld

#key field String name;
#value field String party;
#value field String portfolio;
#indexed query
getPortfolio (String n,String p, logical  String port);

This beliefset relation has an in@e querywhich talesname andparty as input parameters,
and if successful will return the matching tupfeisolio
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A beliefsetrelationmayhave mary querymethodsgachspecifyingdifferentinputandoutput
parameters.

Beliefset queries taka number of parameters which are either dataes (which can either

be literal, normal members or logical members thae lzdready been bound to a specibc
value)or unboundogicalmembersThequeryattemptdo matchthe givenparameteragainst

the relation's tuples, using the unbound logical members as 'wild cards'. If a match can be
found, the logical members are bound to the tupbdises.

It is possibleto overloadthe querymethoddy providing differentparametelists. Whensuch
polymorphic query methods are debned, the compiler will select the dePnition that best
matches the parameters yiced.

For example, consider the folldng beliefset relation depnition:
beliefset Job extends OpenWorld

{

#key field String hame;

#value field String employment;

#indexed query  jobQuery(String n, String e);

#indexed query  jobQuery(String n, logical  String e);

#indexed query  jobQuery( logical  String n, String e);

#indexed query  jobQuery( logical  String n, logical  String e);
}

The same query name has been debned with f@tetit combinations of input and output
parameters. This means thay aombination oktring and logical ariables can be queried.

#linear query methodName( parameters )

The#linear query method is identical to thendexed query  method in all respects, other
than the ey queries search the beliefset for matching tuples#ihieed query  builds an
index that allavs for search speed optimisation while #hear query is more dbcient in
terms of memory usage.

Each component of+inear query is described in the foleing table:
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Component Meaning

#linear query DebPnes a linear query B namely one that the agent
executes by attempting to unify with each tuple in the
beliefset in turn.

methodName The name of the query

( parameters ) This list of parameters must be passed in a query
These parameters are matched in order with the
relation's tuples.

¥ Parametershataredebnedcasnormalmembes are
input pamametes.

¥ Parameters that are debPnedagcal membes are
output paametes.

Table 9-5:Components of ainear query dePnition

In all other respects, linear queries are identical taxiedigueries in terms of hothey are
debned and lothey are used.

#complex query name( parameters ) <body>

Complex queriegprovide awayto combinesimplequerieqasdescribedibove) into oneentity
that can be used in the samayas a simple quer$uppose that there is a beliefset which

contains onlyparent(parent, child) relations and @arent(parent, child) qguery has
already been debPned.gfandparent)  query could be written as folks, avoiding the need
to add specibgrandparent(grandparent, grandchild) relations to the beliefset.
beliefset Ancestors extends OpenWorld
{

#key field String parent ;
#key field String child ;

#indexed query parent( String p, logical  String c);
#indexed query  parent( logical  String p, logical  String c);

#complex query
grandparent( logical  String a, logical  String c)

logical  String b;
return parent(a, b) && parent(b, c);
}

Note: the return alue epression of @omplex query  incurs an implicitnext()  in the same
way as a condition@ression in &reasoning method
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A #complex query  declaration tags the folleving form:

#complex query name( parameters ) < statements >

Each component of this declaration is described in thexfmitptable:

Component Meaning

#complex query Declareghatthefollowing methodis a complex query

name( parameters ) name iS thenameof thequery Parameterganbeof ary
type.

<statements > The code which constitutes the quériie method
body can contain arbitrary\vkcode, bt the method
must return &ursor .

Table 9-6:Components of acomplex query  dePnition

#function query ReturnType name( params) <body>

In JACK, the code for indeed and linear queries is generated automatically B the user only
provides the function prototypes.itV a function query the user pides the entire function
dePbnition so queries can be constructed which use arbitrarydde. A function query can
contain logical member debnitions, so it can be used to query a beliefseAftéhedtities
thatdonotsupportogicalmembersin thefollowing example thefunctionqueriestunction

guery String parent(String b) and#function query int numcChildren( String p )

could be used from within an agent method.
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beliefset Ancestorship extends OpenWorld

{
#key field String parent ;

#key field String child ;

#indexed query parent( logical  String p, String ¢ );
#indexed query parent( logical  String p, logical  String c);

#function query String parent(String b)
logical  String a;

parent(a,b).next();
return a.as_string();

#function query int numChildren( logical  String p)

logical  String child ;
inti=0;
Cursor ¢ = parent(p,child);
while(c.next())
i++;
return i;

#function query int numChildren( String p )

logical  String Ip;

Ip.unify(p);
return numcChildren( Ip );

}
}

Note:

1. There is a requirement for arpdicit .next()  in the function queries. Implicitext()
only occurs inside reasoning methods and in the return statement of axcqoeie

2. For the purposes of methoslerloading, it is important to note that theCK compiler
converts all logical ariables into &riables of typeos.jack.jak.logic.Variable .Soin
the example abwe, no ambiguity a@sts between the mhumchildren()  queries.

A #tunction query declaration taés the folleving form:

#function query ReturnType name( parameters )< statements >

Each component of this declaration is described in thexfmitptable:
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Component Meaning

#function query Declares that the folleing method is a function query

ReturnType Unlike a#complex query , a#function query can
return amy type.

name( parameters ) name iS thenameof thequery Parameterganbeof ary
type.

<statements > The code which constitutes the quériie method
body can contain arbitrary\vicode.

Table 9-7:Components of afunction query dePnition

#posts event EventType handle

Beliefset relations are able to pogepts when changes are made to their tuples. This is done
by postinganeventwithin abeliefsetcallbad. Beliefsetcallbacksaredescribedn moredetail
below, but essentially theare methods that will be called when a particular beliefset change
occurs. This declaration specibes theng types that may be posted from withiy afthe
callbacks debned for this beliefset type.

A #posts event  declaration tads the folleving form:

#posts event EventType handle

Each component of this declaration is described in theafmitptable:

Component Meaning

#posts event Identibes that the beliefset relation can postvante
Typically, the details of when thisrent is posted will
be specibed in a beliefset callback.

EventType The type of gent that this beliefset relation can post
via callbacks.
handle A handle on this\ent, so that thevent's posting

methods can be accessed.

Table 9-8:Components of aposts event  declaration
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#propagates changes [EventType]

#propagates changes marks that a beliefset may be a source beliefset in a team belief
connectionandit providesanimplementatiorof the connectiordynamics sothatchangeso
the beliefset are propated correctlyBelief propagtion is only &ailable when usingAICK
Teams. Refer to theeams Manualor more detalils.

This propagtion includes bltering when thgropagates changes  declaration is used with
an optional gent type. This is discussed in more detail inTis@ms Manual

9.5 Beliefset Callbac ks

A beliefset relation will only post arvent if the specibPcvent-posting callback has been
written. Hence abeliefsetrelationwill only needto include#posts event declarationsf such
callbacks are going to be written. These callbacks are debned in the beliefsetemgesr
OpenWorld andclosedworld . Their prototypes are listed belo

¥ public void addfact(Tuple t, BeliefState is );

This callback is xecuted wheneer an attempt is made &nldaTuple t with theis
BeliefState  into the agent's beliefsetgardless of whether the tuple is already present.

Thepgeliefstate ~ can either beursor. TRUE if the tuple is meant to be true, or
Cursor.FALSE if the tuple is meant to balke (this only applies topenworld relations).

¥  public void newfact(Tuple t, BeliefState is , BeliefState was);

This callback is ¥ecuted whener aTuple t with theBeliefstate  is IS added to the
beliefset.

Thewas BeliefState IS bound to th@eliefState  that the tuple had in the beliefset
previously.

b If the tuple vas not present in grfiorm and the beliefset relationdgsedworld , was
will be Cursor.FALSE .

b If thetuplewasnotpresentn ary form andthebeliefsetrelationis openworld , was will
be Cursor. UNKNOWN.

¥ public void delfact(Tuple t, BeliefState was);

This callback is xecuted whener atuple t with BeliefState  was IS remaed from the
agent's beliefset.

Thewas BeliefState ~ can either beursor. TRUE if the tuple is meant to be true, or
Cursor.FALSE if the tuple is meant to balke (this only applies topenworld relations).

AgentManual
Release5.3
188 10-June-05

Copyright © 1999-2011, Agent Oriented Software Pty. Ltd.



Beliefset Relations

¥ public void endfact (Tuple t, BeliefState was, BeliefState is );

This callback is ecuted whener atuple t with BeliefState  was IS remwed from the
agent'deliefset.Thisremoval cantake placeeitherthroughanexplicit remwe theadding
of its negation or through & constraint knocsuts.

Theis BeliefState IS bound to th@eliefState  that the tuple has after being rerad.
This may becursor.FALSE if the tuple vas ngated or the beliefset relation is
ClosedWorld , Or it may becursor. UNKNOWN if the tuple is remeed completely and the
relation isopenworld .

¥ public void modfact (Tuple t, BeliefState is , Tuple knocked , Tuple negated );

This callback is xecuted just beforemiple t gets added to the relation's beliefset and
changes itgeliefstate  tois . If the change knocks out another tuple duegfo k
constraints, this tuple is assigned to the kedgiarameteirand if the change knocks out
another tuple due to inconsistgri@egation), this tuple is assigned to theyaed
parameter

¥ public void moddb();

This is a catch-all callback. It is called wheeethe state of the beliefset changes due to
anadd() oOrremove() method call.

Note: This is called after the change has been made to the beliefset.

Whenary of thesecallbacksareincludedin abeliefsetrelation'sdebnition,it is imperatve to
declare ap events that the callback posts#tosts event  declarations.
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For example, consider the folldng beliefset depbnition:
beliefset Politician extends OpenWorld

#key field String name;
#value field String party;
#value field String portfolio;

#indexed query
getPortfolio(String n,String p, logical  String port);

#indexed query
getWho( logical  String n,String p,String port);

#posts event  electedEvent electref;
public void newfact( Tuple t, BeliefState is, BeliefState was)

/I Note that Politician__ Tuple contains two underscores
Politician__ Tuple pt = (Politician__Tuple) t;

if (pt.portfolio.equals("Prime Minister"))

/I code to post the elected event. This code will

/I be executed whenever a new prime minister is

/I elected. For example:

postEvent(electref.newElection(pt.name, pt.party,
pt.portfolio));

}
}
}

In this xample, the beliefset relation includes a callback that shoulgdoeiied wheneer a
new prime minister is elected. When axntuple is added to the beliefset whesgfolio

Peld is 'Prime Minister' theewfact) callback is gecuted. Th@ame member will be bound
to thenew primeminister'snameandtheparty membeito thenew primeminister'sparty. It is
up to the callback's author to implementhibe eent should be posted when these
circumstancearise.Becausaneventof typeelectedevent  will bepostedthe#posts event
electedEvent electref declaration is required. Thewfact() callback method can use this
event'selectref  handle to access theemt's posting methods.

9.6 Manipulating Beliefset Relations

Thebeliefsetopenworld andcClosedworld classeprovide two basemethodsor manipulating
the tuples in an agent's beliefset. Thesa@@ , which is for adding information to the
beliefset, andemove() , which is for remwuing information from the beliefset. Each of these
methods are pxaded for both Closed Wfld and Open \&tld relations.

Beliefsetcursorsalsoprovide a basemethodcalledremoveAll)  thatcanbeusedto remove a
set of tuples from an agent's beliefset relation. When called, this methoceseatiduples
from the relation that unify with the beliefset cursor's quepression.
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For example, suppose an agent uses \apeirelation calledolitician() (of type
Politician ). Suppose also that the current set of tuples for this relation arevas ishibe
following table:

Name Party Portfolio

Mr Important Sensible Brty Prime Minister
Ms Action Sensible Brty Minister for Sport
Mr Knockout Silly Party Minister for Sport

Table 9-9:Tuples in the Politician beliefset

If the agent recutes the follving code, this will remee the Prst tw tuples from the agent's
privatepolitician() relation.
logical  String name;

String party;
String portfolio;

party. unify ("Sensible Party");
politician.getWho(name, party, portfolio). removeAll  ();

That is, it will remae all tuples that unify with the parametersyided to the relation'get
who indexed query

One simple \ay to clear a pvate relation for an agent is to use fgoveAl) method on a
beliefset cursorxression with unbound logical members for all query parametars. F
example, to completely clear the aleoagent's politician relation of tuplesgaedless of he
mary it has, an agent couldecute the folloing reasoning method code:

logical  String name;

logical  String party;
logical  String portfolio;

politician.who(name, party, portfolio). removeAll ();

Since @ery tuple in the relation will unify with this querx@ression, eery tuple will be
removed.

9.7 Beliefset Iteration

A JACK beliefsetis neitheranarraynor alist of recordslt is structuredn away thatpermits
efbcient query-based information retad and this is ho it is best used.daccess data
linearly, it may be more appropriate to use waldata structure rather thanfCK beliefset.
Nevertheless, it is sometimes useful to be able to vetadl the tuples from sALCK beliefset.
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A JACK beliefset query returnsarsor and it is possible to iterateer all the matching
tuples using this cursoffor example, suppose we Ve@a plan with:

/lcode that iterates through the beliefset
#reads data  BeliefsetType bel;
logical something X, y, z;
for ( Cursor c = bel.get(x,y,z) ; c.next() ;)

/I process x,y,z with new bindings each time

The logic machinery knes of cursors as objects that canvide bindings for logical
variables and that tigecarry information, so that when thext() method is called on the
cursor it will renav thebindings,if possibleThebprstcalltonext() providestheprstbinding,
thesecondtall providesthe secondvinding,andsoon, until all alternatve bindingshave been
provided,atwhich pointthenext() resetsindingsto theoriginalinput stateandreturnsfalse.

However, note that if the subsequent processing changes the beliefset, or the beliefset is
changed by some other task, th&trgext()  call will result in aBeliefSetException

Note that the code belodoesnot iterate through the beliefset (as one may initiakipeet),
but insteadrepeatedlyperformsthe sameprocessingvhile a certainbeliefsetstateholds. This
is because there is no calliext() on the cursor returned Ibyl.get)  to renev the
bindings:

/lcode that does NOT iterate through the beliefset
logical something X, y, z;
while ( bel.get(x,y,z) )

Il process x,y,z

9.8 Extending the openworia OF cioseaworida  Classes

If you wish to create younven extension of thepenworld Or Closedworld classes themust
be marled asabstract.

It will alsobenecessaryo createa Cursor classfor your extendedclass An exampleis shavn
below:

public abstract class MyOpenWorld
extends aos.jack.jak.beliefset.OpenWorld {

/I Any constructors or methods
I/l you wish to override go here.

public abstract class MyOpenWorldCursor
extends aos.jack.jak.beliefset.OpenWorldCursor {
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/I You need this class whether or not
// you plan to override anything in it.

The ACK compiler will dePne the required abstract methods for each specibc type of
beliefset that you dePne in yo&kQK application.
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10 Views
10.1 Introduction

Theview concept is central ttALK's data modelling capabilitproviding the means to
integrateawide rangeof datasourcesuchasJACK beliefsets,Javadatastructuresandlegacy
systems into theACK framavork. In performing this role, theew type level construct is
used in conjunction withACK query methods (in particular tlieomplex query  and the
#function  query introducedn theBeliefseRelationschapter)andJACK cursorswhichare
described in th@lanschapter

10.2 View Debnition

A view is debPnedasatypelevel constructusingthekeywordview . Thereareno requirements
on base classes or inteces for the vie. (Note that this is diérent from all other type Vel
constructs inACK.)

A view debnition taks the folleving form:

public view ViewType

/I Declarations and Definitions

Note that a vier debnition canx@end ay class and implement amterface.

10.3 View Declarations

A view can contain the folleing declarations:

#uses data  Type ref
#complex query methodName( parameters ) < statements >
#function query ReturnType  methodName( parameters )< statements >

Each of these declarations is described in thevittig sections.

#uses data  Type ref

This is a declaration that this weequires data of typgpe . Type can refer to aAlCK

beliefset or to an arbitrary data type. The reference ma&mis used to refer to the data
instance within this vi@. An actual vigv is bound to an actual data instance at construction
time.
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#complex query methodName( parameters ) <statements>

This enables a compleuery callednethodName to be debPned. Complgueries were
introduced in th@eliefset RelationshapterHowever, note that when used iniaw (as
opposedo abeliefset ), thequerycanbedebPnedo spanmorethanoneJACK beliefsetNote
thatmethodName must return &ursor . The parameters for the query can be gftstpe.

#function query ReturnType methodName( params ) <statements>

This enables a function query calleethodName to be debPned. Function queries were
introduced in théeliefset Relationshapter They enable queries which use arbitraryala
code to be constructed. Urdila comple query a function query can returnyatype. The
parameters for the query can be of &rpe.

#posts event EventType [ reference |

This statement declares arert that an agent can post from within awigsing the
postEvent method.

10.4 Usage

A view doesnot have automatiadd orremove methods. Lik beliefsets, vies must be
declared in the agents and plans that use them. The declaration within the agethetak
following form:

#private data DataType ref(arg_list) ; or

#agent data DataType ref(arg_list) ; or
#global data DataType ref(arg_list) ;

wherebDataType IS the type of data wolved,ref is the reference used within the agent and
arg_list is the list of aguments that must be passed to the constructor

The declaration within a plan te& the folleving form:

#reads data DataTyperef ; or
#modifies data DataType ref

whereDataType IS the type of data wolved andef is the reference to the data.

Views canbe usedin the sameway asJACK beliefsetgbearingin mind the differencesioted
above) and cowversely JACK beliefsets may include&omplex query  and#function query
statements.

The folloving examples illustrate he theview construct can be used.
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Using a vie w to form a quer y spanning m ultiple beliefsets

This example illustrates h@ you can use dew and a#complex query  to formulate a query
that spans tev ACK beliefsets.

In this ekample, you hae two beliefsets, one which records where peopkdind one which
records what credit cards peoplesdaA view could then be generated to obtain information
about credit cards used by people in Melbourne. The associated depbnitions could look as
follows:

//n a file Addresses.bel

public beliefset Addresses extends OpenWorld
#key field PersonID who;
#value field Address where;
#indexed query  get( PersonID p , logical Address a);

#indexed query  get( logical | PersonlD p, Address a);
}

/lIn a file CreditCards.bel
public beliefset CreditCards extends OpenWorld

#key field PersonID who;
#key field CreditCard what;

#indexed query  get

( logical  PersonlID p, logical  CreditCard c);
}
/lIn a file MelbourneCards.view
public view MelbourneCards
{

#uses data  Addresses bel_where;
#uses data  CreditCards bel_card;

#complex query  get(  logical  CreditCard card)
logical  PersonID who;

return bel_where.get( who , new Address("Melbourne") ) &&
bel_card.get( who , card );
}

}

Theview, MelbourneCards , is now availablefor uselike a JACK beliefsetlt is aclassthathas
a constructor taking twaiguments, which correspond to the data it uses in the ordearthe
declared. Havever, the viev does not hae ary automaticadd or remove methods.
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It could be used in the folldng way:
/lIn a file CleverAgent.agent

agent CleverAgent extends Agent

#private data Addresses where();
#private data CreditCards cards();
#private data MelbourneCards
cards_in_melbourne( where , cards );

}
/lIn a file InterestingPlan.plan
plan InterestingPlan extends Plan
#reads data  MelbourneCards cards_in_melbourne;
body ()

logical  CreditCard card ;

/I if nothing in beliefset, wait for it... (just an example)
@wait_for (cards_in_melbourne.get( card ) && ...);
}

}
Using a vie w to integrate an e xternal pr ocess into J ACK

Thefollowing exampleillustrateshow aview canbe usedto integrateanexternalprocessnto
JACK. In thisexample thereis anassemblycell which is controlledby a programcalledsss.
Eachmachinen the cell hasa designatednputaddresandoutputaddressTheinputaddress
provides access to the machine's statasdywthe output address pides access to the
machine's control ard. BBS accepts requests on a UDP sidi either read the contents of
the input address or to set the contents of the output address.

Control of a machine by axternal agent is achied as follevs:

¥ The agent wits until theidle bit in the status wrd maintained bgssis true. The agent
then sets thprogram bits in the control wrd to the desiredalues and thgo bit in the
control word to true to start the desired operation.

¥ When the operation starts, the actual safencontrolling the machine sets ttke bit in
the status wrd maintained bgssto false and then thgo bit in the control wrd to flse.
When the operation is complete, it setsithe bit to true.
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If theinterfaceis wrappedn aview, it is possibleto encapsulatéhelow level socletinterface
into a higher leel functional interfice consisting of the folldng queries:

outputldle(boolean value) b this sets/clears the idle bit.

inputldle(int rate,boolean value) b this polls the idle bitveryrate milliseconds.
A plan which implements the control loop specibedvalzan then be implemented as
follows:
plan DefaultProgramRun extends Plan

#handles event RunProgram ev;
static boolean relevant (RunProgram ev)

return ev.program >=0 && ev.program <= 15;

f#fuses data BBSConnection bbs;
body ()

/I uses bits 4,3,2,1 for program number
bbs.output = ev.program << 1 ;

/I Tell the desired program number + go ahead bit
@wait_for ( bbs.outputldle( true));

/I Wait for the operation to start -- hopefully it hasn't
/I completed already (race condition)
@wait_for ( bbs.inputldle( 100, false ) );

/I Turn the go bit off (the PLC should do this ... )
@wait_for ( bbs.outputldle( false ) );

/I Wait for the operation to complete
@wait_for ( bbs.inputldle( 500, true ) );
}

}

The implementation for the we(BBSConnection ) is given belav. Note the use of
RepeatAction ~andAgain cursors to implement polling. Polling is a stgptevhich should be
avoidedwheneer possibleasit canbe extremelywastefulof CPUtime. In this situation there
was no alternate, hut inspection of the codeveals that:

¥ the read action is performed on a separate thread.
¥ the action is performednly everyrate milliseconds. In between times the read action
thread is in avaiting state.

Consequentlythe impact of polling on the rest of the system is minimised.
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import aos.jack.util.cursor.Action;

import aos.jack.util.cursor.RepeatAction;
import aos.jack.util.cursor.Again;

import aos.util. ThreadPool;

import java.net.DatagramSocket;

import java.net.DatagramPacket;

import java.net.InetAddress;

import java.io.lOException;

import java.net.UnknownHostException;

public

{

view BBSConnection

static String bbs_host = null;

static InetAddress bbs_ip;

static int bbs_port;

static ThreadPool thread_pool = new ThreadPool(1);
static DatagramSocket socket;

public static void setBBS(String host,int port)
throws UnknownHostException

if (bbs_host == null )
{
bbs_host = host;
bbs_ip = InetAddress.getByName( bbs_host );
bbs_port = port;
try
socket = new DatagramSocket();
catch (Exception e)

e.printStackTrace();
System.exit( 1 );

}
}

int input_address = -1;
int output_address = -1;

public int input = 0;
public int output = 0O;

public void setAddresses(int in,int out)
if (input_address ==-1)

input_address = in;
output_address = out;

}

public void write(int value) throws IOException

sendBBS( "IRW, " + output_address + ", " + value );

200
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private void sendBBS(String s) throws IOException

byte [] d = s.getBytes();
DatagramPacket p =

new DatagramPacket(d, d.length, bbs_ip, bbs_port);
socket.send(p);

private final static int SIZE = 4096;

public int read() throws IOException

try
{
sendBBS( "IRR, " + input_address );
byte[] b = new byte[ SIZE ];
DatagramPacket p = new DatagramPacket( b, SIZE );
socket.receive( p );
String s = new String( b, 0, p.getLength() );
int ix = s.lastindexOf("'");
return Integer.parselnt( s.substring(ix + 1) );

}
catch (NumberFormatException e)

e.printStackTrace();
return O;

}
}

public Action writeAction(int value)

return new Write( value );

public Action readAction()
{

}

class Write extends Action

return new Read();

int value;
Write(int v)

value = v;

}
protected void action()
try
write( value );
catch (IOException e)

/I Discarding this as too unlikely to happen.
}
}
}

Agent Manual
Release 5.3
10-June-05 201

Copyright © 1999-2011, Agent Oriented Software Pty. Ltd.



Views

class Read extends RepeatAction
protected void action()
{ try
input = read();
catch (IOException e)
} /I Discarding this as too unlikely to happen.
}

}

[/l inputldle(long,boolean) is a support query to repeatedly
I/l review the input idle bit (bit 0) for a set or reset

Il value.

I
#complex query  inputldle(long rate,boolean set)

return new Again( rate ) && readAction() && isSet( set );

boolean isSet(boolean set)
int bit = input & 1;
return ( bit!=0)? set : Iset ;
I/l outputldle(boolean) is a support query to set or reset the
// output idle bit (bit 0).
1
#complex query  outputldle(boolean set)

output = (output & -2 ) + (set?1:0);
return writeAction( output );
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Appendix A: Jac kBuild

Description

TheJackBuild  utility is aJavaprogramthatinvokesthe JACK compilerandthe Javacompiler
appropriately so as to reitd outdated Ples after editing. The utility acceptgiarents from
thecommandine, from whichit preparegommandinesfor bPrstrunningthe JACK compiler
(if needed for ap JACK Ples), and thereafter thevdacompiler as needed for gnlava bles.
The command line is as folle:

java aos.main.JackBuild flags  sources
Theflags areusedto debPneoperatingparameterfor theJackBuild  utility, while thesources

includes Ples and directories to be visited by the comfilerdirectory is mentioned, the
utility will operate on all bles it recognises in that directory

Extension | Contents Produces| Produced By
x.class Java class ble

X java Java source ble x.class Java compiler
x.agent JACK agent source ble X java JACK compiler
x.plan JACK plan source ble X java JACK compiler
x.event JACK event source ble X java JACK compiler
x.bel JACK beliefset source Ple| x.java JACK compiler
x.cap JACK capability source Pl x.java JACK compiler
X.view JACK view source ble X java JACK compiler
x.api JACOB DDL ble X.java JACOB compiler

Table A-1: File name gtensions

Files are recognised by their Ple namiesions according to the table abpwhich also
shaws the ble dependencies supported by the utifitgddition, the compiler also recognises
a.jack extension. This can be used if it is desirabledegkall ACK source Ples injack

rather than.agent ,*plan etc.

The Rags for theackBuild  utility are as follavs:
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Description

Flag Meaning

-h,- help Provide a list of options andké immediately

- hj Provide a complete list of compiler options andt @nmediately

-V, - version Provides details about thesksion of ACK.

-a Visits all bles/directories (including those that start wjth

-n Checks only; no compiled bles will be generated.

-r Recursvely enters subdirectories looking for code to compile.

- d <dir> Specibes where to put generaigé and.class Ples.

- dc <dir> Specibes where to put generat&ds Ples. This verrides the -d
option for the class bles.

-¢c,- clean Clean up by remong generated Ples.

-q Queries only; outputs a list of the source bles detected.

- X RecognisesAICOB bles (gtension.api andinit_*java ).

- E[xxx.pri] Creates Jack elopment Ewvironment Ples from a set AAGK
source bles. Optionally creates a project fdepfj ) if a name is
specibed.

- P <pkg> Sets the top el package name which will be stripped from the -E
generatedAICK Development Emironment bles.

-f Forces compilation of as matples as possibleyen if errors are
found in sources.

- cp <CLASSPATH>, Set theCLASSPATH.

- classpath

<CLASSPATH>

- wd <dir> Searches the gen directoryrather than the current directory

-i Tellsthecompilerto reporterrorsrelative to theinternallygenerated
code fragments rather than the origirCK code.

- DXxx Property is set and passed on to ea¢dKlcompilation command.

Table A-2: Flags for thesackBuild  utility

Note that ther Rag tells the utility to operate recwely, which means that it will txeerse
ary directoriesmentionecbnthecommandine exhaustvely andincludeall recognisablddles
in the operation. By detfilt, Ples and directoriesdianing with a dot are not loekl at or
traversed. Thea Rag can be used teearride this.

Dependent bles are generated by the respemdmpilers, and will end up in the same
directories as their respeaisources.
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If no sources are mentioned on the command line, the utility will operate on all recognisable
Ples in its current wrking directory

If a source is missing, or rather is neither a Ple nor diredtoeyake utility will abort and
leave the ble system uriatted.

If the - n 3ag is g¥en, the utility will merely analyse and report on what is outdated without
affecting the pble system.

TheJackBuild  utility operates as foll@s:

1. Go through all bles concerned and remdependent bles.

2. If -x was gven, irvoke ACOB compiler on updatedCOB DDL bles {api ).

3. Go through all bles (and directories) that were listed on the command line and collect
updatedIACK andjava bles.If nonewerelistedonthecommandine thecurrentdirectory
is assumed. This is a recwesiprocess ifr was gven.

Invoke the ACK compiler on all updated Ples.

5. Collectall changedlava(*java ) Ples(in therelevantdirectories) Mostof thesewill have
been created by thAQK compiler

6. Invokejavac on all updated Ja Ples.

The- DJAVACARGS=xxxagument can be used to addra aguments to anjavac command
invoked by the ACK compiler

The- DJAVAC=xxx algument can be used to force tR&K compiler to ivoke a diferent
javac command, forx@amplejikes

The- DJIACOBARGS=xxamgument can be used to addra aguments to anJacobBuild
command imoked by the ACK compiler
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Appendix B: Utility Classes

Intr oduction

The ACK distribution includes a number of utility packages. Most of the classes in these
packagesreintendedor internalusebut someareof moregenerablpplicability Thepurpose

of this appendix is to document briel3y those utility classes which may be of égeko J
developers. The utility packages that are included in A@KJdistribution are summarised
below:

Package Contents Comments

aos. util Corvenience classes. | Most are intended for
internal usepathEntry
Properties , Redirector
andThreadPool are
described belw.

aos.util.timer Timer classes. Described in the manual in
the Time Cusors section.

aos.jack.util Corvenience classes. | Intendedfor JACK internal
use.

aos.jack.util.cursor Cursor classes. Described in the manual in
the Cursors section.

aos.jack.util.thread Synchronisation Described belw.

classes.

aos.jack.jak.util Corvenience classes. | Intendedfor JACK internal

use.

Table B-1: Utility packages included in th&CK distribution

Note that in the descriptions that folloit is assumed the user anfiliar with particular Jaa
classes and the basic concepts of synchronisation in a multi-threattedment.

aos.util.PathEntry

PathEntry provides a capability to open bles and to load objects that are inconesATH
To open a ble, use:

static InputStream open(String filename)

To load an object, use either:
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static byte[] loadObject(String filename)
or

static byte[] loadObject(InputStream is)
as appropriate.

aos.util.Properties

Theprroperies  class pruides an alternate interbice to the system properties list. In
particular the loading of user debPned properties is simplibed and properties are returned as
theirintendedyperatherthanasastring (whichmustthenbeconvertedto thedesiredype).

The loading of user debPned properties is agdeavith the folleving method:

synchronized static final void readProperties(String list)

list can be either a UNIX bPlename or a URL.

The folloving methods arevailable for accessing properties:
static final int getintProperty(String propertyName,int defaultValue)

static final long getLongProperty(String propertyName,long defaultValue)

static final double getDoubleProperty(String propertyName,double defaultValue)

static final boolean getBooleanProperty(String propertyName,boolean
defaultValue)

static final String getStringProperty(String propertyName,String defaultValue)

static  final int getBitMapProperty(String propertyName,int defaultValue,String[]
bitNames)

The behwaiour of the abwe methods is selfx@lanatory with the eception of
getBitMapProperty() . The \alue stored with the property can either be argerter a
sequence of bit position names separated by colons. If the name is preceded kaluetbé v
that position is set to 0, otherwise it is set to 1. The position is determined from thefinde
the bit position name in th&Names array

Note: Thejack.run.debug.options property (discussed in thetroductiorchapter) is
specibed as such a bitmap.
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aos.util.Redirector

TheRedirector  class allavs the user to dynamically redirect the standard input, standard
output and standard error for a process. A single method

static void doRedirection()
is provided for this purpose; if gnof the propertiesebug.setinput  , debug.setOutput ~ OF

debug.setError  are set in the system properties list, the appropriate redirection will occur
Theassociatiobetweeroneof thestandardgstreamsandthe bleto beusedfor redirectioncan

be achiged using either a properties bPle anslutil.Properties.readProperties() , by
usingSystem.setProperty() or by using the b option on the command line for the
application.

aos.util. ThreadPool

A ThreadPool IS an object that manages a set of threads that are used to process a queue of
Runnables . The number of threads in the poalies between avger and an upper limit,
which are specibed at construction time. Three constructors ardquo

ThreadPool()  The laver limit and upper limit are both setto 1 b i.e. the thread pool contains
exactly 1 thread.

ThreadPool(int i) The laver limit and upper limit are both setit® i.e. the thread pool
contains gactlyi threads.

ThreadPool(int i,int j) The laver limit is set ta and the upper limit is set to
In order to gecute &runnable object, the method
synchronized void run(Runnable r)

must be inoked by the programmerhis method addsto the queue dtunnables which is
being sered by the threadpool.

aos.jack.util.thread.Semaphore

A Semaphore IS a synchronisation resource which is used to establish mutasien
regions of processing IPALK plans and threads. $emaphore is a binary resource which
plans and threads mayawfor and signal on when théave completed. \Alting entities
gueue up on the semaphore and acquire the semaphore in FIFO order

Thesemaphore class has a single constructor:

Semaphore()
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The semaphore is grabbed initially by the constructing thread (or plan), and must thus be
released by a call tgnal()

Methods are pnaded to grab and release the semaphore:
Cursor planWait()

planwait() ~ returns aursor 0bject to grab the semaphore. This method is calleABKJ
plans, which then us@wait_for to synchronise.

void threadWait()

threadWait() ~ waits(via Object.wait() ) to grabthesemaphorelhismethods calledby Java
threads (notAICK plans) to synchronise on the semaphore.

void signal()
signal()  releases the semaphore to thet m&iting thread or plan.

A program illustrating the use of semaphores iA@K application is preided in the
solutions to the practicakercises. This code can be found in db&practicals/
solutions/practicall/semaphore directory of the ACK distribution tree.

aos.jack.util.thread.TaskJunction

A task junction isasynchronisatiomesourcdor plans.it allowsamonitoringplanto wait
until a group of plans are complete. TiaekJunction  class has a single constructor:

TaskJunction()

The task junction which is constructed is initially idle: that is, there argemugng plans
associated with it.

TheTaskJunction  class preides the folleving methods which enable a plan to attach and
detach from a task junction, and to determine when a task junction becomes idle:

void join()

This method is called by a plan in order to join the task junction.
void leave()

This method is called by a plan in order tovke¢he task junction.

Cursor idle()
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This method returns @ursor object to obse when the task junction becomes idle.

It is sometimesusefulfor ajoinedplanto leave ataskjunctionandthento rejoin atsomelater
datewhena particularconditionis satisPedFor example,in asimulationonemightuseatask
junction to leep track of all plans which are initiated within aegi timestep B when the task
junctionbecomesdle, we thenmove to the next timestep However, it maywell bethatnotall
plans are able complete thexeeution within a single timestep, in which case vemithe
plan to leae the task junction and to then rejoin it when the plan is about to complete
execution. This functionality is pued by the follaving method:

Cursor escape()

escape() returns aursor object that lets a joined plan escape the task junction while in an
@wait_for Statement. Thescape() cursor should be used in conjunction with the actual
condition waited for and the Cursor ensures that the plan rejoins the task junction during the
plan step which mads the actual condition come true.

Cursor escape(Cursor c)

In this \ariant ofescape() a joined plan escapes the task junction only until theraent
cursor (a triggered cursor) becomes true. Tarsant is safe with respect taternal thread
triggering; the task junction is re-joined immediately when the cursor triggers.

aos.jack.util.thread.Monitor

Monitor IS a corvenienceclassfor allowing eventhandlingto bemonitoredvia a primarytask
junction. The Monitor class goes together withth&Monitoring  interface. Thg support
task execution ref3ection so that an agent canvkidether it is bsy or idle with respect to
monitored gents.

The following constructors are prmled:
Monitor(Event e,String tj)

Monitor(Event e,Agent a,String tj)
Monitor(Event e, TaskJunction tj)

Monitor(Event e)
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aos.jack.util.thread.TaskMonitoring

This interfice is to be implemented by an agent in order taigecaccess to a primary task
junction formonitor  objects. It consists of the folang method:

TaskJunction getTaskMonitor()
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A numberof propertiesareprovidedfor customisatiorof theruntimebehaiour of JACK tools
and applications. Deelopers are of course free to yide their avn application specibc
properties if required.

This appendix lists the fefct of usage, possibleles and delult setting of each publicly
available ACK compiler and runtime &ironment propertyA complete list of the publicly
availableJACK propertiesincludingpropertiesusedto customisdracinganddeluggingtools
can be found in th@&acing and Lgging Manual

Several ACK properties are accessible from the JB@&erences window. Refer to the
Development Evironment Manuafor instructions on he to set these propertiedQK
propertiescanalsobe usedwhenrunninga JACK application.In this case the propertyname
must be preceded by a and entered either on the command line or inéke Args Peld in
the Run Application tab of the of the JDEompiler Utility.

JACK Compiler Pr operties

Property Description Type Default

jack.compiler.emit.imports Generates full package paths tmoolean false

class names in va code
instead of import statements.

jack.compiler.errors Specibeshemaximumnumber | int 10

of errors to be displayed by
JackBuild.

Table C-1: JACK Compiler Properties
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JACK Runtime En vironment Pr oper ties

Property Description Type Default
jack.args Enables the specibedlue to | String null
beusedasif it waspassedrom
the command line to the
application.
jack.portal.name Specibeshenameof theportal | String "%portal"
for the application.
jack.portal.host Specibes the host of the portal String "local
for the application. host"
jack.portal.port Specibesheportnumberof the | int Next
portal for the application. available

jack.property.file

jack.run.nthreads

jack.run.timeslice

jack.run.repeatable

Specibes the name of a pble th
contains ACK property
settings.

Specibes the number &OK
threads to be madeailable to
the scheduleNote that hang
more ACK threads than CPUSs
on a machine does not benepb
performance.

Specibes ha mary
millisecondsareto beallocated
to an agent on ALK thread
before the scheduler should
intervene.

Equialent to setting
jack.run.timeslice to 1 hour
This will stop agent tasks from
being suspended and restarte
at arbitrary points.

abtring

int

int

boolean

port number

null

100

false

Table C-2: JACK Runtime Emironment Properties
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#agent dat27, 43, 46, 57, 196
#chooses for eve26, 73, 105
#complexquery 26, 179 184, 185 195
196, 197
#exports dat@6, 57
#functionquery26, 179, 185, 187, 195, 196
#global dat®27, 44, 47, 57, 196
#handlesvent23, 26, 37, 56, 73, 91, 101,
106, 107,108 122 125 126, 162
#handles external (eversp, 56
#has capability6, 40, 58, 59
#imports dat®6, 58
#indexed querg7, 179 181, 182 183
#key field27, 177,179, 180
#linear query27, 179 181, 183 184
#modifies dat8, 111, 173 196
#posted a7, 86
#posted whe7, 79, 88
#posts89, 126,128 129 133
#postsevent27, 31, 38, 49, 56, 108 179,
187,188 189 196
#posts externd?, 56
#private dat®7, 41, 42, 45, 57, 196
#propagates chang2g, 179 188
#reads dat28, 110 111,173 196
#reasoning metho?8, 113 114
fail 28,115
pass28, 115
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#sends everit8, 39, 49, 57, 91, 109
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ApplicableExclusior/6
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#uses interfac8, 100, 112
#uses pla28, 38, 40, 58, 91
#uses taskManagées, 48
#value field27, 179, 181
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132 147
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@determine29, 32, 71, 84, 98, 131, 132
147,156, 158
@insist29, 32, 71, 84, 98, 128 129, 132,
147
@maintain29, 118 120 147
@parallel29, 133
exception handling 36
notification exception attribut&34
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ParallelFSM.ALL134
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ParallelFSM.FIRSTL34
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termination condition attribut&34
@post30, 31, 63,68, 86,89, 121, 122 124,
125
@reply30, 31, 82, 84,123
@send30, 64, 69, 91, 123 124, 125
@send<18
@sleep30, 47, 127
@subtask9, 30, 31, 86, 98, 120, 125, 126,
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@test30, 32, 71, 84,98, 130,131, 132 147
@wait_for 30, 47, 48, 85, 116, 117, 118
119 127, 147
__ns59

A
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action cursof46
add()33,174, 177,190 196, 197
addfact()188
addTask()L35
adjustTime()143
after()30, 100, 104
afterMillis() 100 104
again cursor / agaii40
agentl3, 14, 15, 21, 24, 32, 35
BDI 14
beliefset36
Beliefsets41
constructiorbO
definition 35
example37
Event
external36
internal36
post36
send36
interfaces36
introduction35
JACK intelligent agent§4
name31, 40, 51, 52, 59
Plan36
task manage47
termination50
view 36
What is an agent®4
Why program using agentd®
Agent clas25, 35, 112
declarations36
#agent datd3, 46
#global datal4, 47
#handles everg7
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#posts evens8
#private datall, 45
#sends everg9
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#uses taskManagés
members30, 49
Timer / timer30, 52
methods30, 49

finish() 30, 50
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postEvent()31, 50
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reply() 31, 51
send()31, 51
Agent Interaction Diagrar@2
agent oriented concepi8
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141
aos.jack.jak.util.timer.SimClock40Q, 142
aos.jack.util.cursor.Actiofi46
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aos.util.Redirecto209
aos.util.thread.Monito211
aos.util.thread.Semaphaz89
aos.util.thread.TaskJuncti@10
aos.util.thread.TaskMonitoringl2
aos.util. ThreadPod&09
aos.util.timer.RTClock 40, 141
aos.util.timer.RTClock.timet40, 141
aos.util.timer. Timed 05
applicable plan§2, 65, 66
Array cursorl38
array cursod38 150
ArrayCursorl38 150
as_boolean(}57
as_byte(157
as_char(L57
as_double(157
as_float()157
as_int()157
as_long()157
as_object(157
as_short(1L57
as_string()L57
automatic eventg9
autorun()34, 58, 59
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BDIMessageEvers7
PlanChoice67
BDIBehavior71
BDIFactEvent30, 38, 67, 68, 70
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clock52, 138 139, 140
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