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Agent Practicals

Teans 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 toolsaitable 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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Practical 1 Introduction to JACK

Practical 1 Introduction to JACK

Practical 1 preides an introduction toAALCK agents, plansyents and capabilities. The notes
are based on the material in tRCK™ Intelligent AgentsAgent Manualand preide a
summary of the features that you need todoeilfar with to complete the programming
exercises. Br more details refer to thegent Manual When the prerequisite information has
been cwered for a particulanercise, it is indicatedxlicitly in the notes. In some cases
additional information is praded in the introduction for thexercise. It is assumed that you
are familiar with Jaa and are able to @elop and run da applications in your computing
ernvironment.

The Practicalercises will be deeloped using theATK Development Ewironment. It is
assumedhatthereadeiis familiarwith the overall structureandoperatiorof the JDE.If thisis
not the case then at least Chapters 1 and 2 GAtBK™ Intelligent AgntsDevelopment
EnvironmentManualshouldbereadbeforecommencinghe exercisesNo additionalmaterial
regarding the JDE is prxaded in these notes.

Introductory notes

JACK

JACK™ IntelligentAgents(JACK) is anagent-orientedevelopmenernvironmentbuilt ontop
of and fully intgrated with the d&a programming languageAGQK consists of thedy
components described belo

The JACK Agent Language

The ACK Agent Language AL) is a programming language that can be usedeldp
agent-based systemaLJis a 'supesset’' of Jaa — encompassing the fulh@asyntax while
extending it with agent-oriented constructs.

The JACK Agent compiler

The ACK Agent Compiler pre-processeslsource files and carerts them into Jea. This
Java source code can then be compiled int@ Jértual machine code to run on thegestr
system.

The JACK Agent kernel

The JACK Agentkernelis theruntimeenginefor programsarittenin JAL. It providesa setof
classes that gé AL programs their agent-oriented functionalitjost of these classes run
behind the scenes and implement the underlying infrastructure and functionality that agents
require. Others are usexpdicitly in JAL programs. The are inherited from and

supplemented with callbacks as required toiol® agents with theinen unique

functionality
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Practical 1 Introduction to JACK
Introductory notes

The JACK Development Environment

The JDE is a cross-platform graphical development environment that can be used to develop
JACK agent applications. In addition to providing support for code generation, tools are
provided to support the design process and the tracing of agent execution.
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Practical 1 Introduction to JACK
Introductory notes

The JACK Agent Langua ge
JAL extends Jea by:

* Providing nev base classes, intades and methods.
* Extending Jea syntax to support the weclasses, definitions and statements.

* Providing semantic@ensions that change tleecution engine to support an agent-
oriented &ecution model.

Class-level constructs

Agent , Event , Pl an, Bel i ef set, Vi ewandcapabi | i ty class-l@el constructs are pvaled in
JACK. Each of these are implemented asmJdasses.

To create yourwn agent, thegent class is tended and the particular details required for
your specific agent are included. A similar approach is used to createwyoavemts, plans,
beliefsets and capabilities.

JACK declarations

Theseprovide asetof statementthatdefinepropertieof aJJAL typeanddeclarerelationships
between the classes alo The are preceded byrasymbol.

JACK reasoning method statements (@-statements)

Reasoning statements afd_ktatements that can only appear in reasoning methods.
Reasoningnethodsarefoundinsidea plan.Reasoningnethodstatementareprecededy an
@ symbol.

Semantic extensions

JAL provides semanticx@ensions that support tiBelief Desire Intention (BDI) execution
model.

JACK execution

When an agent is instantiated in a system, it walitwntil it is gven a goal or it>@eriences
an event to which it must respond. When it rees an gent (or goal), the agent initiates
activity to handle theeent. If it does not belie that the goal orvent has already been
handled, it will look for the appropriate plan(s) to handle it. The agent ¥eenites the plan
or plans depending on theemt type. The handling of th&ent may be synchronous or
asynchronous relat to the posting. The plarexution may imolve interaction with an
agent's beliefset relations or othevaldata structures. The plan beixg@ited can in turn
initiate other subtasks, which may in turn initiate further subtasks (and so on). Plans can
succeed ordil. Under certain circumstances, if the plaitsf the agent may try another plan.
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Practical 1 Introduction to JACK
Introductory notes

Within a single process you carvieanultiple agents and each agent potentially has multiple
task queues. A task queue is generated when an asynchronveuns s recaied by the agent
(either from itself or from another agent). The task queue contains the processing steps (or
tasks) that are required for the agent to handlevbet e- these steps are specified in a plan.
Task ececution can result in furthevent posting. If thevent is posted synchronoustie
resulting tasks are added to the head of the task queue that generatedttHétbe gent is
posted asynchronouslg nev task queue will be generated.

TheJACK kernelis responsibldor giving eachagenta'turn'. Within anagentataskmanager
is responsible forycling through the task queuexéetly hav will depend on the task
manager being used by the agent). This is all managed b&@hekernel within the ACK
thread of gecution. Note that this does not yeat other threads in thevdaprogram from
callingagentmethodsYouwill seeexamplesvhereanagentmethodis invokedfrom theJava
main thread in thexercises.

Of course, you can alsoVeagents in diérent processes and onfdient machines
communicating with one another
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Practical 1 Introduction to JACK
Introductory notes

The Agent class

Theagent class embodies the functionality associated with@KJintelligent agent. @
define your wn agents, theACK Agent class is gtended by adding members and methods
that are applicable to your agent's specific problem domain.

Agent template
In a file calledagentType.agent
agent AgentType extends Agent {implements interface}

/I JAL declaration statements - the following declarations may be
/[ used in an agent definition (when required).

#{private, agent, gl obal } dat a Type Name (arglist);

/I The agent handles events of type EventType.
#handl es event EventType;

/I The agent uses a plan of PlanType.
#uses pl an PlanType;

/I The round robin task manager is to be used - there are others.
#uses taskManager Sinpl eRRTaskManager (steps);

/I The agent posts events of type EventType to itself.
#posts event EventType reference;

/I The agent sends events of type EventType to other agents.
#sends event EventType reference;

/I The agent has a capability of type CapabilityType.
#has capabi | i t y CapabilityType reference;

/l Data members (Java data structures).

/I Constructor method.
AgentType(arglist)

super("agent name");
}

/I Java methods that implement agent functionality.
/I (These may be called from within the agent's plans.)

}
Agent base members

Tinmer tinmer

Specifies which clock the agent uses to measure the passage of time.
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Practical 1 Introduction to JACK
Introductory notes

Agent base methods

Construct or

To construct an agent, folothe normal covention for constructors used invda ACK
agents require a name (of type i ng).

finish()

Used to terminate an agent. It causeswaheprocessing within the agent to be terminated
immediately and remues the agent from th&CK runtime netvork.

post Event ( Event Nane)

This allovs an agent to post ament to itself. Theent is handled asynchronously by the
agent. The parameter is an instance ofv@mte As @ent posting methods are responsible for
the creation of an instance of arest,post Event () is often ivoked with an agument that
involves the eent's posting method as sitobelaw.

post Event (event Ref . event Post i ngMet hod(ar gs))

Note thatevent Ref must hae been declared to be areat that is handled by the agent
(#handl es event Event Type event Ref; ), and the eent must also h& a corresponding
posting method. Thevent Name parameter that is found in the methods describeaviislo
often replaced by angument that imolves the eent's posting method.

post Event AndWai t ( Event Narne)

This is similar tgpost Event () except that it is posted synchronousiye eent is still
executed as a separate tasit, e calling method mustait until this task has been
completed before continuing.

Note: Unlike anagent'sostherbasemethodspost Event Andwéi t () mustnotbecalledfrom ary
of anagent'sasksasit will blocktheagentlt canonly beusedfrom methodausedby normal
Javaprogramsor otherJavathreadghatareintegratedwith your JACK application While the
agenthandleghis event,the calling threadmustwait until theagentreturnsits result.You will

be usingpost Event Andwai t () in the eercises.

send( nane, Event Nane)

This method is used to send messagests to other agents. The first parameters) is of
typestring and is the name of the destination agent. The second parameter is the message
event to be sent to the destination agent. Only certaintéypes can be used for intagent
communication. This will be discussed later in this document.

AgentPracticals

Release5.0

14 10-June-05
Copyright © 2012, Agent Oriented Software Pty. Ltd.



Practical 1 Introduction to JACK
Introductory notes

reply(recei vedMessageEvent, SendEvent Nane)

repl y() is used to send a message back to an agent from whichi@ipranessage has been
receved.repl y() doesnotspecifythedestinatioragent-thisinformationis containedn the
message that it receid.

The reply message ares as a data object on the reply queue of the original messade e
This meanghatthe messageventthatis sentbackusingr epl y doesnottriggeranew taskor
plan.

name()
This method can be used to retadghe agent's name astai ng.

An example

In MyAgent . agent :
agent MyAgent extends Agent
{
#handl es event M/Event;
#uses plan M/PI an;
#posts event MyEvent nyEvent Ref;
MyAgent (Stri ng name)

super (nane) ;

public void methodl(String exanpl eMessage)
{
/1 Java code to do sonething useful

In this exanple, we illustrate how to post an event from

wi thin an agent.

The posting nmethod will be discussed in the section on events.
In this case, the posting nethod takes a single argunent of
type String.

Note that nyEvent Ref has been declared earlier in the agent.

~ Y e~~~
~ Y e~~~

post Event ( nyEvent Ref . myPost i ngMet hod( exanpl eMessage) ) ;

}
}

Note: You may attempbercise 1 nw.
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Practical 1 Introduction to JACK
Introductory notes

The Event class

Events are the originators of all acty within JACK. There are a number of &wt classes in
JACK. They can be catgorised into the tev broad catgories of normalwents and BDI
events.

Normal events

Normal events correspond tovents in comentional @ent-drven programming. Theare
transitoryandinitiate asingleimmediateresponseOnreceiptof theevent,theagentselectsan
appropriate plan which either succeedsailsf If the chosen plarails, the agent does not try
another plan.The normalent classes are:

Event Type Description
Event Base class for all normavents. Can only be posted internally

MessageEvent | Can be used to sendemts between agents.

BDI events

These are used to represent a change in belief or circumstancedhtaeggent a sense of
purpose. The agent desires not to react to informatidgrrather to achie something. By
default, all BDI agents canwolve meta-lgel reasoning (i.e. reasoning about plan selection).
Depending on the type of BDVent (and theent's behaour attributes) the agent may try
alternatve plans and mayen perform recalculation of ttegplicable plan set before

selecting another plan to trfyhe BDI e/ent classes are described in the fwifgy table.

Event Type Description

BDI Fact Event This type of gent can only arise internallgy defult, on
receipt of aDI Fact Event , the agent can perform metadé
reasoning, bt it does not allew reconsideration of alternaé
plans if the plandils.

BDI MessageEvent | This type of gent can be used to send B@Eats between
agentsBy default,onreceiptof aBD MessageEvent , theagent
can perform meta-lel reasoning, Wt it does not allw
reconsideration of alternaé plans if the plardils.

BDI Goal Event This type of gent represents a goal or objeetthat an agent
wishes to achie. It ofers all the BDI features — metavéd
reasoning, recalculation of the applicable plan set and plan re-
selection if a plandils. It can originate from within an agent
using@ost , @ubt ask etc. In addition, it can originate as a
result of @ecuting@chi eve, @ nsi st, @ est and@let er ni ne
statements.
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Practical 1 Introduction to JACK
Introductory notes

Note that there are twother @ent classes to consider

Event Type Description

| nf erenceGoal Event | This is an eent that useBul e behavi or Which etends
BDI behavi or by processing all applicable plans.

Pl anChoi ce Thisis themechanisntheagentusedo performmeta-level
reasoning.

The brief descriptions gén abee of the BDI gents are of the deflt behaiours that occur
when the eent arises. This dalilt beh&iour can be modified by setting the beloarr
attributes of anent using#set behavi or statements in thevent to set thealues of
particular attrilntes. nf er enceGoal Event S can also be customised by setting bisha
attributes. Details of the attuibes can be found in thgent Manual.

Event template

To define your wn events, &tend the appropriatd&dCK event class. Then addymembers
requiredaspartof theeventstructure Thesemembersanthenbeusedto convey information
to the agent when it res@is the eent. It is also necessary to specify at least one posting
method for the went.

We will illustratethe eventtemplateusingthe baseclassevent . Notethatto defineaneventto
extend one of the othewrent types described earligou would replacevent with the
specific @ent type required: i.ekssageEvent , BDI Fact Event , BDI MessageEvent ,

BDI Goal Event , | nf erenceCGoal Event OF Pl anChoi ce.

In a file calledevent Type. event :
event Event Type extends Event
{

/1 Any menbers required as part of the event structure.

/1 Any declarations required to give the agent access to data or
/'l beliefsets within the enclosing agent or capability.

#uses data DataType dat a_nane;

/1 Any #posted when declarations required so that the event
/1 will be posted automatically when certain belief states arise.

#posted when { condition }

/1 Declarations specifying how the event is posted within an agent.
/1 You can have as many posting nethods as you require.

#post ed as posti ngMet hodNane( paraneter |ist)

/1 method body

}
}
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Practical 1 Introduction to JACK
Introductory notes

A posting method isx@cuted wheneer an instance of therent needs to be created. The
posting method describegegything that the agent needs to do to construct an instance of the
event.

Event base members

The actual base members will depend on the specditt ¢ype. The are:

Member Description

String from This member contains the address of the agent from which the
event was sent. It is only present in theeats that are used for
interragent communication e.g. Messageiis.

String message | This member is found iessageEvent andBDI MessageEvent
events. The information in message is used in the interaction
diagram display

String node This member is only found in BDIGoalEnts. It indicates
whether the went arose fron@chi eve, @ nsi st, @est Or
@let er m ne.

Event methods

Cursor replied()

This method returns a cursor which can be: orf al se depending on whether or not an
agenthasrecevedary repliesto agivenmessagevent.A cursoris aspecialtype providedby
JACK. Cursors can be tested multiple times, and each timeatiedested thyemay return a
differenttruthvalue.They arediscussedh moredetailin the Agent Manual, but atthis pointit
is sufficientto understandhatthis methodcanallow theagentto wait for areplyto amessage
before it continues with agn task.

MessageEvent get Repl y()

Thiscomplementsepl i ed() . It allowsyouto retrieve areferencdo amessageventthathas
been sent as a reply there are no replies it returns null. @g this method is only pvaded
for messagevents.
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Practical 1 Introduction to JACK
Introductory notes

An example

In MyEvent . event
/1 Conpare this with the earlier agent exanple.

event MyEvent extends BDI Goal Event

{
String text; // For exanple.

#posted as
nmyPost i ngMet hod(String s)
{

text = s;
}
}

The Plan class

A plandescribes sequencef actionsthatanagentcantake whenaneventoccurs Eachplan
is capableof handlinga singleevent. Whenanagentexecutesa plan, it startsby executingthe
plan'sbody() method — i.e. its top el reasoning method.

Reasoning methods are not the same as norvahdethods. Each statement in a reasoning
method is treated as a logical statement that can either pasdls dnfess the planxglicitly
catersfor the possibility of a statement'sailure (through,for example,ani f - el se construct),
failure of a statement causes a reasoning methe@ul.tef fn agent reaches the end of a
reasoning method, then the reasoning method has succeeded. If it reaches the end of the
body() reasoning method, then the plan has succeeded.
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Practical 1 Introduction to JACK
Introductory notes

Plan template

The template belw can be used for grplans that do not wolve meta-lgel reasoning.

In a file called;lanType.plan

pl an PlanType extends Pl an

/I JAL declarations
#handl es event EventType eventref;

/I The following JAL declarations may be used in a plan definition
/I (as required).

#posts event EventType eventref2;

#sends event MessageEventType eventref3;

#uses dat a Type ref;

#r eads dat a Type ref;

#nmodi fi es dat a Type ref;

#uses agent i npl ementi ng InterfaceName agentref;

#uses i nt er f ace InterfaceName ref;

#r easoni ng net hod methodName(parameter-list)

//Body of the reasoning method.

#reasoni ng net hod pass()

I/l Post-processing and clean up steps when the plan has succeeded.

#reasoni ng nethod fail ()

I/l Post-processing and clean up steps when the plan has failed.

static bool ean rel evant (EventType eventref)

I/l Code to determine when the plan is relevant to eventref.

}

cont ext ()

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

/I The main reasoning method. All plans must have a body().
body()

/l The plan body — the actual steps performed when
I/ the plan is executed.

}

Note that reasoning methods can include special reasoning statements prec@déthdyy
are@achieve , @determine , @insist , @maintain , @post, @reply , @send, @sleep, @subtask ,
@test and@waitFor . These reasoning statements can only be used inside pamnsofe
details rgarding the reasoning statements, refer toAtjest Manual.
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Practical 1 Introduction to JACK
Introductory notes

Plan base members

Agent agent
Identifies the agent to which the plan belongs

Plan base methods

Method Description

rel evant () This was shan in the template and is discussed in the
exercises.

cont ext () This was shan in the template and is discussed in the
exercises.

get I nstancel nfo() | This is used to retrie information about the instance of th
planit is calledon. It hasbeenprovidedfor usein meta-level
reasoning plans. It is not discussed further in this practical.

An example

In a filemyPl an. pl an

/1 Conpare this with the exanple event and agent cl asses.
pl an MyPl an extends Pl an

#handl es event MyEvent ne;

body ()

{ Systemout.println(nme.text);
}

Building our example

We could test thexample (which consists of/Agent . agent , M/Event . event and
M/PI an. pl an) with the folloving main program:

public class Program
public static void main(String args[])
MyAgent agentl1l = new MyAgent ("agent1");

agent 1. net hod1("data to be posted");

}
}

Note: You may attemptxrcises 2 to 5 mva
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Practical 1 Introduction to JACK
Introductory notes

The Capability class

Capabilities represent functional aspects of an agent that can be 'plugged in' as required.
Capabilities areddlt in a similar fishion to simple agents — constructing thevolires
declaringthe JAL elementsequired Events beliefsetsplans,Jaracodeandothercapabilities
can all be combined to mala capability

Capability template

In a file calledcapabi | i t yType. cap:
capability CapabilityType extends Capability [inplenents Interface]
{

/1 JAL decl arations specifying the functionality associated with
/1 the capability. The followi ng declarations may be used in a
/1 capability definition.

#handl es event Event Type;

#handl es external {event} Event Type;

#posts event Event Type {reference};

#posts external event Event Type {reference};

#private data Type nane({args});

#exports data Type nane({args});

#i nmports data Type nane();

#uses plan Pl anType;

#has capability CapabilityType reference;

/] O her data nmenbers and net hod definitions.

}
Capability methods

String toString()

Capabilitiesdo nothave anamein thesensdhatagentslo, but they canbereferredto through
thechainof referencenamesausedin the#has capabi | i ty statementsThereferencenamecan
be retrized by calling the ost ri ng() method.

voi d post Event( Event event )

The postEent method is used to posteats within capability code.
Agent get Agent ()

If this method is called on a capabilitiyreturns the containing agent.
protected voi d autorun()

This method can beverridden in order to pxade some initialisation when the capability is
actually brought into being.
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An example
In a file calledwCapabi lity. cap:
capability MyCapability extends Capability

#handl es event M/Event;
#uses plan M/PI an;

The Beliefset class

JACK provides agel i ef set class which has been specifically designeddrkwithin the
agent-oriented paradigm. Th&GK Bel i ef set class is described in detail in the notes
provided with practical 2.

Note: You may nav complete the practical Xercises 6 to 11.
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Exercise 1

Make a basicrobotagentthatcontainsa Java methodthatprintsa messagéo indicatethatthe
robot is painting a part.

Introduction

The aim of this xercise is to demonstratevado luild, compile and run 8ACK program
using the ACK Development Ewironment (JDE). Consequentlyo agent-oriented
programming concepts other than agent creation aoéved.

Note: Thepracticalswill make useof thedesigntool to producedesigndiagramsandto create
initial skeleton type definitions for the application. The JDE supports multigys vo add
detailto thetypedefinitions.However, to avoid confusionduringthe practicalsve will always
use theEdit as JACK File option to add type definition details.

Instructions

1. Make sure thatLASSPATH is set to includgack. j ar and the root path for your application.

2. In a nev directory (calleckx1) start the JDE using the follang command:

java - Xnx90m aos. mai n. Jack

3. Create a ve project as follws:
— Left-click on theFile menu at the top left corner of the screen.
— Left-click onNew Project.
— A New Project File dialog box will appear

— Name the project fileai nt Robot and click on th&lew button. The project file sfik
(. prj) will be added automatically

— TheNew Project File dialog box will close and return the user to the JDE screen.
— Inthetopleft cornerof thebrowserwindow, thenameof thenew projectwill appeain
red tet.
4. \We will now develop our application using the design tool. In this application we will
develop the follaving types of diagrams:

— Atop level agent diagram which includes the details of messages sent/handled by an
agent.

— An agent-capability hierarghdiagram for each agent.
— A Data-Ewent-Plan (DEP) diagram for each capabhility
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Note that when we add wecomponents to a design diagram, theleon for the type

definition is automatically created and added to thevbeo Links created between
components on the design gas result in the corresponding declarations being added to the
typedefinitionsin thebrowser Remaing alink from adesigndiagramremovesthelink from
theunderlyingmodelandthechangewill bereflectedn thebrowser Remwing acomponent
from thedesigndiagramdoesnotremoveit from theunderlyingmodel.It will still existin the
browser and can be dragged back on to the desigrasdao viev its relationships with other
components in the diagram.

5. Create the top Vel agent diagram using the design tool.

— To accesshedesigntool, right-click onthe Design Views folderin the JDE.A pop-up
menu will appear

— SelectAdd New Design View from the menu. A pop-up dialog box will appear
requesting a name for the design diagram.

— Give the design a nameofot _AD) and click on the\dd New button.

— Thedesigntool carvaswill appearLeft-click ontheOpen design palette buttononthe
design tool menu bar

— Drag the Agent icon from the design tool palette to the design tossan

— Fill in the pop-updialogbox with detailsof theRobot agentMake surethatthe Robot
agent is in a package callesbot . Click on theAdd New button. (The agent will ne
be displayed in the bwser in theAgent Types folder inside thé\gent Model.)

— Youcanchoosdo bein eitherSelectiormodeor Link mode.To enterSelectionrmode,
click theChange to selection mode button on the design tool tool bar (tdeange to
selection mode button displays an arwicon). In Selection mode, you can click on
entities on the caas and change their location on the diagram. Selected entities or
links can also be remed by first selecting them, then pressingDkkete selected
objects button. TheDelete selected objects button is the btton displaying a cross
icon. To enterLink mode,click onthe Change to link mode button (the Change to link
mode button displays a diagonal line). In Link mode you can enannections
between the entities on your diagram. Note that the direction of a link is significant.

6. In the bravser edit therobot agent by right-clicking on the robot agent and seledutig
as JACK file. Add a Jaa method calledai nt Part () that contains the statement

Systemout. println("Painting part now').

Close the robot agent file to ensure that there are no conflicts between editing the file in the
JDE bravser and as &ALK file. In the editor winde of the robot agent file, click th&ave
button and then th€lose button.
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7. Use the browser to add the main program. Thisis added in the Other Files folder at the top
level of the browser hierarchy. Right-click on the Other Files folder and select Add New File
from the pop-up menu. Add the code for the main program in the Edit File window which
appears. Save the main program with the name pr ogr am j ava. The following main program
can be used to test the paint robot:

i mport robot. Robot;

public class Program {
public static void main( String args[] ) {
Robot robotl = new Robot ("robbie");
robot 1. pai ntPart ();
System exit(0);
}
}

8. Save the project. This can be achieved by selecting the Save Project option from the File
menu in the top left hand corner of the JDE.

The JDE window should look similar to the following:

886 PaintRobot - JACK Development Environment
7y 7 Biale s =~ G
Dad e ¥De 32w s v ~3aaebsea
O O ) Project: PaintRobot L b Design: Robot_AD
¥ af, Project Name: PaintRobot ] Documentation ¥ Design Graph : @
¥ C5Design Views . L e i
> 2 Robot_AD Design Graph
¥ B Agent Model o) =Ty
sl BN XE- e IRIB) s e
> Robot &
i Mamed Data  Note
[ Capability Types
(31 Plan Types
[ Event Types
[ Mamed Data % Robot
» Ep Data Model
¥ 5 Other Files
[3 Program java -
3
A i ) >
A
8eoe Program.java
Reload
import robot.Robot;
public class Program {
public static void main( String args[] ) {
Robot robotl = new Robot("robbie");
robotl.paintPart();
System.exit(0);
}
‘ H saved
A LW 4

Figure 1: The JDE window with project browser, Robot_AD design, design palette and
Program.java windows
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9. Compile and run the program within the JDE.

— Click on theTools menu and sele&@ompiler Utility from the drop-den menu.

— Click on theCompile Application tab and click th&€ompile button. If there are an
errors, thg can be vieed in theOutput/Errors tab in theCompiler Utility.

— Whenyou have successfullicompiledtheapplicationclick ontheRun Application tab
in theCompiler Utility. Click onpr ogr am cl ass from the contents windoand then

click ontheSelect File button. TheRun buttoncanthenbeselectedo startrunningthe
program.

8eee PaintRobot - JACK Compiler Utility

Options =~ Compile Application Run Application | Convert Non-)DE JACK = Output/Errors

Folder: [practicals/practicall

Contents:

../ (up one level)

File Type: Compiled Java class
gcode_PaintRobot/

robot/ Size: 420 bytes
PaintRobot.prj
Program.class Modified: May 20, 2005 12:10:42 PM
Program.java
{ SelectFile } | Program
Java Args: Extra Args:

["] Trace Graphical Plans and Events

Configuration File Choose or Create...
( Save Settings ) ( Close ) @

Figure 2: TheRun Application tab of theCompiler Utility
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Exercise 2
Extend the robot agent to usefCK plan.

Introduction

In thisexercise therobotagent'sai nt Part () methodwill postarai nt event,thusallowing a
plan to be chosen to respond to thisrg. At this stage we will only ka one plan,

Pai nt Speci f i edCur r ent Col our, Which handleghepai nt event. Theplanwill printamessage
to indicate that the robot is painting a part a particular coldate that the plan

Pai nt Speci f i edCur rent Col our would be more appropriately named nt Speci fi edCol our

at this stage in the practical. Wever, this plan will be used to paint a part a specified colour
which matches the robot's current paint colour in laterases, and it as felt that it vould

be less confusing if the namesvnot changed.

As beforepai nt Part () is invoked from a J@ami n() method (and runs on thevdamain
thread) and is folled by asystem exi t (0) call.

Plans andweents are described in thatroduction to JACK notes. If necessargead these
before bginning the gercise.

Instructions:

1. Use the design tool to adea nt event to the application.

— If necessaryopen therobot _AD carvas by right-clicking orfRobot_AD in theDesign
Views folder and selectingdit "Robot_AD" from the pop-up menu.

— Drag an gent from the design palette onto thean

— Fill in the pop-updialogbox with detailsof thepai nt event.Make surethatthe pai nt
event is in the obot package.

— Click on theAdd New button. (The gent will nov be displayed in the bnser in the
Event Types folder inside theAgent Model.)

2.0Onthedesigncarvas,createapost s link from theRrobot agentto therai nt event.Obsene
thatadeclarationis addedautomaticallyby the JDEin the External Events folder of the Robot
agent.

3. On the design caas, create Bandl es link from thepai nt event to therobot agent.

4. Add arai nt Speci fi edCur r ent Col our plan to therobot _AD carvas. The plan must also be
in ther obot package.

5. On the design caas, create ases link from therobot agent to the
Pai nt Speci fi edCurrent Col our plan.
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6. On the design caas, create Bandl es link from theprai nt event to the

Pai nt Speci fi edCurrent Col our plan. Your design diagram shouldwdoe similar to the
following diagram:

806 Design: Robot_AD

] Documentation [ Design Graph @
~Design Craph

m\ x P |IIIIIIIII|ImllllllllllllllllllIIIII|IIIIIIIII| + ?;;/ Q

uses handlas posis

éﬂtﬁp&{:iﬁ&dﬂu me ntCoIaD/ P aint

handles

Figure 3: TheRobot _AD design diagram with one plarsi nt Speci fi edCur r ent Col our

7. In the bravser right-click on theprai nt event and seleddit as JACK file from the pop-up
menu. Complete theai nt event by making it:

— ExtendBDl Goal Event ;

— Containast ri ng datamember(fieldcalledcol our (thisis theinformationthatwill be
carried with the eent); and

— Include a posting methogki nt (String c). The parameteris to be assigned to the
event data membeol our inside the posting method. The completeicht event
follows:
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package robot;

public event Paint extends BDI Goal Event {
public String col our

#posted as
paint(String c)

colour = c;

}
}

Close the file to ensure that there are no conflicts between editing the file in the \iB& bro
and as aAICK file. In the editor winde of the file, click thesave button and then th€lose
button.

8. Using theEdit as a JACK File option, edit theobot agent and

— modify the#posts event Pai nt declaration so that it becomes:

#posts event Paint pev;

— modify thepai nt Part () method in th&obot agent so that it uses the
post Event AndWi t () method to post gai nt event with the colour "white" as foles:

post Event AndWai t (pev. paint ("white"));

Close the file to ensure that there are no conflicts between editing the file in the \iB&r bro
and as aAICK file. In the editor winde of the file, click theSave button and then th€lose
button.

9. Using theEdit as a JACK File option edit thePai nt Speci fi edCurrent Col our plan as
follows:

— check that the reference to the nt event handled by the plands

— add the follaving statement to the plamsdy reasoning method:

Systemout.println("Painting the part the requested colour: " +
ev. col our);

Close the file to ensure that there are no conflicts between editing the file in the iB&r bro
and as aAICK file. In the editor winde of the file, click thesave button and then th€lose
button.

10. Sae, compile and run the application.

Questions

1. What vould happen if you usetbst Event () insidepai nt Part () instead of
post Event AndWai t () ? Try it!
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If you did not observe any difference, add @l eep(2) before the print the statement in the

Pai nt Speci fi edCurrent Col our plan. Run the program using post Event Andwai t () inthe

pai nt Part () method. Replace the post Event Andwai t With post Event () and run the program
again. Explain your observations. Remove the @l eep(2) from the plan before you begin the
next exercise.

Make sure you change post Event () back into post Event Andwéi t () before you begin the next
exercise.

2. post Event Andwai t () should only be called from the Java main thread or from other Java
threads that are external to JACK. While the agent handles this event, the calling thread is
blocked and must wait until the agent returnsits result. What problem would you envisage if
post Event Andwai t () was called from an agent task?
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Exercise 3

Enable the robot agent to select between multiple plans throughrrede

Introduction

In this xample, the agent hasdvplans that can handlerai nt event:Pai nt AnyCol our and
Pai nt Speci fi edCurrent Col our.

Thepai nt AnyCol our plan prints the stringNo col our specified. Painting the part."

ThePai nt Speci fi edCurrent Col our plan prints the stringpPai nting part the requested
col our: " followed by the colour thatas requested in thri nt event.

Wheneer aneventis postedandanagentbeginsataskto handlethe event,thefirst thing that
the agent must do is find an applicable plan to handlevdrg.eNote that each plan is only
capable of handling a singlgent type which is identified by the plariandi es event
declaration. It is possible (as in thisaenple) that there is more than one plan capable of
handling a particularvent type. © decide which of the plans are applicabbeCH emplo/s
the followving steps.

1. Identify the plans which handle theemst type.

2. Use the el evant () method to check additional informatiorgaeding the eent.

3. Use thecont ext () method to check information stored as part of the agent's beliefs.
4

If there are still multiple plans left in the applicable plan set, additional means are used to
select one of them. At this stage, we will only be considgaioginence (or declaration
order). for more details, refer to thiggent Manual.

We will be looking at theel evant () method in thisxample. The

Pai nt Speci fi edCurrent Col our planwill containar el evant () methodto ensurehattheplan
is only selectedf thereis acolourspecifiedn thecol our datamemberof theprai nt event.If a
plan does not specifyral evant () method, the plan is relant for all instances of thevent.
Therel evant () method taks the folleving form:

static bool ean rel evant (Event Type eventref)

/1 Code to determ ne when the plan is relevant to this event.

The net level of ‘filtering' in plan selection (assuming the plan can handlesér and is
relevant for a particular instance of theeat) is thecont ext () method. This is discussed in
Exercise 4.

Note that the order of plan declarations within the agent (or capability) also has a bearing on
planselectionTheorderis calledprominenceandthe mostprominentapplicableplanwill be
selected first. This means thabif nt AnyCol our is declared before
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Pai nt Speci fi edCurrent Col our, it Will alwaysbetheplanselectedo handlerai nt eventsasit
does not he arel evant () Or acont ext () method associated with it.

Instructions

1. Use the design tool to add avnglan calledPai nt AnyCol our to theRobot _AD design
diagram.

— Add a link from therobot agent to the ve plan.

Add a link from therai nt event to the ne plan. Your design diagram should be
similar to the folleving diagram:

eee Design: Robot_AD
] Documentation [ Design Graph = =@
~Design Graph
EE 7 IIIIIIIIIIIIIWIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII +?;;/\; !ﬁ‘
&
usas uses handlas posls
i

PaintdnyColour

handlas

Paint

éntﬂpac iiedCurra nﬁolo@f

handlas

1 (———

Figure 4: TheRobot _AD design diagram with theai nt Speci fi edCur r ent Col our and
Pai nt AnyCol our plans

Agent Practicals

Release 5.0

10-June-05 33
Copyright © 2012, Agent Oriented Software Pty. Ltd.



Practical 1 Introduction to JACK
Exercise 3

2. Use theEdit as a JACK File option to modify therai nt Speci fi edCur r ent Col our plan so
thatits rel evant () methodperformsatestthatrecognisegventswith non-emptystrings.For
example,

static bool ean rel evant (Pai nt ev)

return (ev.colour !'= null && ev.colour.length() > 0);

This plan will be used to paint a part the colour thas wequested in thel our member of
therai nt event. Note that if the robot is not currently painting with the requested colour an
alternatve plan will be required. Wwill not write that plan or test for that condition in this
exercise — that is deferred until thexhexercise.

Close the file to ensure that there are no conflicts between editing the file in the \iB& bro
and as aAICK file. In the editor winde of the file, click thesave button and then th€lose
button.

3. UsekEdit as a JACK File to editthenew planto addthefollowing print statemento its body

reasoning method:

Systemout.println("No specified colour. Painting the part");

This is the plan to be used whepraant event does not include a specific colour request. The
col our string will be null or emptyin this case the part will be painted with the colour being
used by the robot at the time of the paint request.

Close the file to ensure that there are no conflicts between editing the file in the iB&r bro
and as aAICK file. In the editor winde of the file, click thesave button and then th€lose
button.

4. The#uses pl an Pai nt AnyCol our declaration should appear after the
Pai nt Speci fi edCurrent Col our plandeclaration.Checktheorderby editingtheRrobot agent.
If necessargwapthedeclarationwia the projectbrowseror by editingthefile asa JACK file.

If editing the file as aAICK file, sare and close the file before continuing.

5. Edit therobot and modify itsai nt Part () method so that it motakes ast ri ng agument
(the colour) and passes it to e nt posting method.

If editing the file as aAICK file, sare and close the file before continuing.

6. Edit themai n() method irProgr am j ava, SO that theai nt Part () method is imoked with
the first program gument, if ag, and null otherwise.df example:

robot 1. paintPart( (args.length==0) ? null : args[0] );

Save and close the file to apply the changes before continuing.
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7. Sae the project.

8. Compile and run the program avfémes with and without command lineggaments. The
command line yuments are added in tBetra Args text box of theCompiler Utility's Run
Application window.

9. Swap the plan declarations within the agent. Compile and run the progeam(agh and
without command line guments).

10. Svap the plan declarations back to normal beforgingoon to Exrcise 4.

Questions

1. How is ACK choosing which plan to use when both plans are applicable?
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Exercise 4

Enable the robot agent to select between multiple plans thooatgxt, as well as relence.

Introduction

Thecont ext () method preides the net level of ‘filtering' after el evant (). If a plan is
relevantto a particularevent,thecont ext () methoddeterminesvhethertheplanis applicable
giventheagent'ssurrentknowledge.Thecont ext () methoddoesnottake any agumentsand
its bodyis alwaysasingleJACK Agent Language logical expression. (JAL logical expressions
are composed of boolean members, logical members and beliefset gpress®ns which
can,in generalpindto multiple values Logical expressionandcursorsarediscussedh more
detail in theAgent Manual.) When ealuating thecont ext () method, the agent will consider
all possible alternates. Note that forwery possible set ofalues that can satisfy the

cont ext () method, a separate instance of the plan will be generated and widliladle for
execution. This concept of multiple possible bindings and plan instances is illustrated in the
introductory beliefset>ercise found in Practical 2.

Thecont ext () method taks the folleving form:
cont ext ()

/1 Logical condition to deternine which plan instances are
/1 applicable (in this exanple test the value of paintCol our).

To illustrate the use afont ext () in a plan, the robot agent willveaast ri ng data member
calledpai nt Col our, which stores the colour being used.

In this xample we will also use

#uses interface Robot self;

within a plan. This statementvgis the plan access to the members and methodsrobthe
class interdéce. In this particularxample, it will allov the plan to access the robot's
pai nt Col our member {el f . pai nt Col our ).

Instructions

1. Use the design tool to add awglan calledrai nt Speci fi edNewCol our t0 theRobot _AD
diagram. This plan is to deal witai nt events that request a specific coldut which could

not be handled by thai nt Speci fi edCurrent Col our plan, as the colour requested is not the
same as the agent's currgsitnt Col our. In thePai nt Speci fi edNewCol our plan, the agent's

pai nt Col our member must first be changed to therigelour In addition, when the colour
changes, it is necessary togjihe part tw coats of paint to ensure that no trace of the
previous colour remains. Use the design tool to add the required links between the plan, the
agent and theai nt event as follovs:

— create a link from theai nt event to the plan
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— create a link from theobot agent to the plan

Your design diagram should be similar to the fellg diagram:

8e0e Design: Robot_AD

] Documentation @ Design Craph @
~Design Graph

W\ xXE-—"m T

éms'.pac 'rfiadCurramGolc-D PaintAny Colour PaintSpecifiediewCaolour

N e | r

Figure 5: TheRobot _AD design diagram with theai nt Speci fi edCur r ent Col our,
Pai nt AnyCol our andpai nt Speci f i edNewCol our plans

2. UsekEdit as a JACK File to modify therobot agent to:

— containapai nt Col our memberof typest ri ng with initial valuebl ack (this storeshe
colour currently being used by the robot); and

— contain a methoslet Col our (String col our) that changegai nt Col our tocol our.

Ensure that the plans are declared in theviolig order:

#uses pl an Pai nt Speci fi edCurrent Col our;
#uses pl an Pai nt Speci fi edNewCol our ;
#uses pl an Pai nt AnyCol our;

Close the file to ensure that there are no conflicts between editing the file in the ilB& bro
and as aAICK file. In the editor winde of the file, click thesave button and then th€lose
button.
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3. Use theEdit as a JACK File option to mak the follaving changes to the ne
Pai nt Speci fi edNewCol our plan:

— check that it has the follang declaration witlkev used as the reference to thvers:

#handl es event Paint ev;
— modify therel evant () method to check that timai nt event's colour is a non-empty
string;

— add a#uses interface Robot self declaration so that it can access the robot's
set Col our method to change the colour;

— invoke theset Col our method to change the robat:s nt Col our to the colour
requested by theai nt event. This must be woked inside the planisdy() method
before the 'painting’ lggns; and

— printthestring” Pai nting part the requested col our: "+sel f.pai nt Col our using
an appropriate print statement inside ibéy() method of the plan. This message
should appear twice, indicating that the part nesiwo coats of paint.

Close the file to ensure that there are no conflicts between editing the file in the iB& bro
and as aAICK file. In the editor winde of the file, click thesave button and then th€lose
button.

4. Use theedit as a JACK File option to edit theai nt Speci fi edCur r ent Col our plan.

— add a#uses interface Robot self declaration so that it can access the robot's
set Col our method to change the colour;

— modify thecont ext () method to test the agent's currgditnt Col our as follows:
cont ext ()

sel f. pai nt Col our. equal s(ev. col our);

— change the print statementuisdy() to

Systemout.println("Painting part the current colour "+
sel f. pai nt Col our);

This will malke it easier to distinguish between the alteuegplans in the program output.

Close the file to ensure that there are no conflicts between editing the file in the iB& bro
and as aAICK file. In the editor winde of the file, click thesave button and then th€lose
button.

5. Modify thePai nt AnyCol our plan so that it ne prints the stringNo col our specifi ed.
Pai nting the part" followedby therobot'scurrentpai nt Col our. To accesshepai nt Col our
member inside the plan, adé@es interface Robot sel f declaration at the lgening of
the plan.
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If editing the file as aACK file, save and close the file before continuing.

6. Modify themain() method inProgram.java SO that it no longer passes a command line
argument to theaintPart() method lot instead iokes the method seral times as folls:

System.out.printin("test with red");
robotl.paintPart("red"); // Should result in two coats.
System.out.printin("test with no specified colour (null)");
robotl.paintPart(null);  // Should only be one coat —
/I slightly different message.
System.out.printin("test with green");
robotl.paintPart("green"); // Should result in two coats.
System.out.printin("test with green again™);
robotl.paintPart("green"); // Should only be one coat.

Save and close the file to apply the changes before continuing.
7. Sae the project.

8. Compile and run the program. Check that the output is correct.
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Exercise 5

lllustrate the reposting olvents when a plarails.

Introduction

The way that an agent handles areet depends on the type ofat. For example, when a

normal @ent is recaied by an agent, the agent initiates a task to handle/éimé. & his task
involvesselectingandexecutingthefirst planthatis bothrelevantandapplicableto this event.

With normal @ents the initial selection is the only plan thatdeauted. In the case of BDI

events, the agent can apply more sophisticated reasoning to the plan selection, and can also
attempt to achiee its goal using other applicable plans if a pkitsf

This eercise illustrates vo aBDI Goal Event will attempt eery applicable plan until it
succeeds. It will onlydil when no more applicable plan instances remain to be tried. The
body() methodin aplanis theplan'smainreasoningnethod t is executedvheneeraplanis
executed. Reasoning methods do natehidne samex@cution structure as ordinarywaa
methods. Each statement in a reasoning method is tresges biBolean>gression, and each
semicolon between statementsli&n AND connectoiThis means that if grstatementdils,
thenthereasoningnethodterminatesmmediatelyandfails. In this exerciseyou canmake the
plan fil by adding the follwing statement in itsody() method:

fal se;

Instructions

1. Modify thepai nt Speci fi edNewCol our plan so that it prints the painting message once and
thenfails (addf al se; afterthefirst print statement)To illustratethatthe planactuallystopsat

that point, adystem out. printIn("After false statement"); after thefal se statement.
This print statement should not beseuted.

If editing the file as aAICK file, save and close the file before continuing.
2. Sae the project.
3. Compile and run the program.

4. Add af ai | () reasoning method that prints the strimgi nt Speci fi edNewCol our pl an
failed".

If editing the file as aAICK file, sare and close the file before continuing.
5. Sae the project.

6. Compile and run the program.
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Questions

1. Which plan is now responsible for printing the second paint message that correspondsto the
second coat of paint?
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Exercise 6

Provide the robot agent withrai nti ng capability

Introduction

The capability concept is a means of structuring reasoning elements of agents into ‘clusters’
that implement selected reasoning capabilities. This technique simplifies agent system design
and allavs code reuse and encapsulation of agent functionilititis xample, we

encapsulate both the set of plans yoweharitten so &r and therai nt event into apai nti ng
capability

Capabilities are described in theroduction to JACK notes. If necessargead through the
notes before lgenning the gercise.

Instructions

1. Add a nev design diagram calleghi nti ng_DEP. This will be the DEP diagram for awe
Pai nti ng capability Then

— Drag a ne capability from the design palette onto thevrearvas. Call this ne
capabilitypai nti ng and add it to theobot package.

— Dragthethreepaintingplansfrom thebrowserontothepai nt i ng_DEP designdiagram.
— Drag therai nt event from the bravser onto theai nt i ng_DEP design diagram.

— Create links from theai nti ng capability icon to each of the plans.

— Create aandl es link from theprai nt event to therai nti ng capability

— The diagram becomes quite cluttered if veex the capability on its DEP diagram. It
is useful to hee it on the diagram to makhe links and to check the links. \ever,
when this task is complete, the capability icon can bevethtyom the diagram
without changing the links. This is achésl by using the design tool 8election
mode, selecting the capability icon on the ¢as and then selecting tRemove
selected objects from diagram button. Use this procedure to renethe capability
from thePpai nt i ng_DEP designdiagram.Your pai nt i ng_DEP diagramshouldbesimilar
to the follaving diagram.
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Figure 6: ThePai nti ng_DEP design diagram with theai nt Speci f i edCur r ent Col our,
Pai nt AnyCol our andpPai nt Speci f i edNewCol our plans

2. Now that the plans andrent are encapsulated in thexneapability we should remee the

links from the agentto the plansanddeclarethatthe Robot agenthasthepai nt i ng capability
This can be achved by:

— deleting thaises links between theobot agent and each of the painting plans on the
Robot _AD designdiagram.Take carethatyou do notdeletethelink thatcorrespond$o
the#uses interface Robot self declaration in each of the plans. An altenati
mechanisnior removing thelinks from theRobot to theplansis to edittheRrobot type
definition using th&dit as JACK File option.

— deleting thenandl es link between theai nt event and th&obot agent on the
Robot _AD design diagram.
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removing the components no longer required onRdt®t _AD design diagram (i.e.

remove the three painting plans from the design diagram)r obot _AD diagram
should be similar to the folang diagram:

806 Design: Robot_AD
] Documentation M Design Graph = E@:
~Design Graph

= I""""'I"ﬁ“l""""'l""'”"I""""'I T Y K; !h

=

posls

Paint

Figure 7: TheRrobot _AD design diagram with thbot agent andbai nt event
— creating a n@ design cavas calledRobot _cap_hi er, dragging th&obot agent and
Pai nti ng capability onto the me design diagram, then creatinga link from the

Robot agent to theai nti ng capability TheRobot _cap_hi er should appear similar to
the folloving diagram:
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s eo0e Design: Robot_cap_hier
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Figure 8: TheRobot _cap_hi er design diagram with thebot agent andbai nti ng capability

3. Edittherai nt i ng capabilityandcheckthatthe#uses pl an declarationsredeclaredn the
the folloving order:
#uses pl an Pai nt Speci fi edCurrent Col our;

#uses pl an Pai nt Speci fi edNewCol our ;
#uses pl an Pai nt AnyCol our;

Thisis thesameorderasthey werepreviously declaredn theagentdeclarationlf editingthe
file as a ACK file, sare and close the file before continuing.

4. Sae the project.

5. Compileandruntheapplication.Checkthattheoutputis correct.lt shouldbesimilarto the
following:

test with red

Pai nting part the requested colour: red
Pai nt Speci fi edNewCol our plan failed
painting the part the current colour: red
test with no specified col our

No specified colour. Painting the part red
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test with green

Pai nting part the requested col our
Pai nt Speci fi edNewCol our plan failed
painting the part the current colou
test with green again

(1st coat) green

r: green

painting the part the current colour: green

46
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Exercise 7

Create a multi-agent system consisting of a robot agent and a part agent.

Introduction

In this eercise you will create a part agent that interacts with the robot agent. The part agent
will have apai nt Request i ng capability that will enable it to send painting requests to the

robot agent. The part agent will post itself nt Request events (by the imocation of a

subni t Pai nt Request () method in the main va thread). Theai nt Request event will be

handled by the part agen$endPai nt Command plan. ThesendPai nt Conmrand plan will send a

Pai nt event to the robot agent.

Note that therai nt event must nav be aBDI MessageEvent (a messagevent is required if the
event is to be sent between agentsg. WMl also need to add

#set behavi or Recover repost

to theprai nt event. BDI events hae a dehult behaiour that determines what happens with
respect to plan reconsideration, applicable plan set recalculation and veétadsoning
(reasoning about which plan to choose). Thesauliebehaiours can be modified by setting
behaiour attritutes. In this kample, we set the reeer attritute tor epost which means that
the event will be reposted oraflure. The applicable plan set will be recomputed (with
possibly diferent results/bindings — in this case ailedPai nt Speci fi edNewCol our plan

will have changedheagent'gai nt Col our member)yandanotherapplicableplanwill betried.
This should become clearer when you run themgle.

Instructions

7a — Oganise the code into sublders in the JDE bwwser

Beforewe begin addingthe definitionsfor ourpart agentwewill organisethecodesothatall
the code related to tiRebot will be inRobot sub-folders in the JDE brset

It is useful to oganise the project in the wser according to entities that relate to rhieot
andentitiesthatrelateto thepar t . Thiscanbeachieredby right-clickingon afolder/container

and selecting\dd Nested Container. The nev nested container can begn an appropriate
name(e.g.robotor part). Componentsanbedraggedanddroppednto theappropriataested
container (e.g. all the painting plans can be dragged into a nested robot container inside the
Plan Types folder).

1. Omganise the remainder of the project in thewser so that each folder has a nested robot
folder containing the definitions related to the robot. (It is neags clear which package an
eventshouldbelongto. We generallyaddthemto the packageof theagentthatcanhandlethe
event.)
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2. Sae the project. The bveser windev should look similar to the folleing:

& O 7 Project: PaintRobot
b 5 Project Name: PaintRobot
> Design Views
¥ 5 Agent Madel
v L5 Agent Types
> £ Robot
> & Part
v L5 Capability Types
¥ &5 Part
b @ PaintRequesting
¥ &5 Rabat
> {7 Painting
¥ £5Plan Types
v &5 Part
b & DisplayFinished
b At SendPaintCommand
¥ &5 Rabat
b 2 PaintSpecifiedCurrentColour
b & PaintAnyColour
b 2t PaintSpecifiedMewColour
v L5 Event Types
¥ &5 Partjhandles)
b gy PaintRequest
b o= Finished
¥ L5 Robotihandles)
b oEp Paint
[ Mamed Data
b Ep Data Model
¥ &5 Other Files

[ Program java

&

Figure 9: The bravser windev with the project aganised into nested containers

3. Compile and run the application.
7b — Ceate the Brt agent and incorpaate it into the application

1. Create a e design diagram calleshr t _AD and

— Drag a n&r agent from the design palette onto the warvas. Name the meagent
typeprart and add it to a mepart package.
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— Drag a n& event from the design palette onto ##t _AD design diagram. Name the
new event typerai nt Request and add it to theart package.

— On the design caas, create post s link from therart agent to th@ai nt Request
event.

2. In the bravser create a nested container for thg Bgent in th&vent Types folder. Drag
thepai nt Request eventinto thePart folder. As morecomponentgplansetc.)areaddedor the
Part andRobot , store them in appropriate nested folders in thevéeo
3. Create a e design diagram calleghrt _cap_hi er and

— Drag therart agent from the brmeser onto theart _cap_hi er carvas.

— Draganew capabilityfrom thedesignpaletteontothepar t - cap_hi er carvas.Thenew
capability is calledbai nt Request i ng and must be added to th& t package.

— Create aas link from theprart agent to theai nt Request i ng capability

4. Create a ve diagram calle@ai nt Request i ng_DEP and

— Drag a n& plan from the design palette onto thevrri nt Request i ng_DEP carvas.
This plan is calledendPai nt Command and is to be included in thpart package.

— Dragthepai nt Request eventfrom thebrowserontothepai nt Request i ng_DEP carvas.
— Drag therai nt event from the bravser onto theai nt Request i ng_DEP carvas.

— Create aandl es link from thepai nt Request event to thesendPai nt Conmand plan on
thePai nt Request i ng_DEP design diagram.

— Create aends link from thesendPai nt Conmand plan to therai nt event on the
Pai nt Request i ng_DEP design diagram. Note that it will be necessary to double-click
on the link and change it from the deftpost s link to asends link.

— Dragthepai nt Request i ng capabilityfrom thebrowserontothePai nt Request i ng_DEP
design diagram. Wwill only have this on the diagram while we create/check the
required links between the capability and its components, otherwise the design
diagram will become too cluttered. While the capability is on theasarcreate the
following links:

* auses link from thepai nt Request i ng capability to thesendPai nt Conmmand plan.
* ahandl es link from thepai nt Request event to therai nt Request i ng capability
* asends event from therai nt Request i ng capability to therai nt event.

— Remore therai nt Request i ng capability from the diagram. Note that the capability
and the nely created links still remain in the lwser (If you were to drag the
capabilitybackontothedesigndiagramyouwould seethelinks onthediagram.)Your
Pai nt Request i ng_DEP diagram should be similar to the follmg design diagram:
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8ene Design: PaintRequesting_DEP
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Figure 10: ThePai nt Reqest i ng_DEP design diagram
5. Edit therai nt Request event as follevs. The gent must
— Be aBD Goal Event ;
— Have two members:
String robot; /1 The nanme of robot agent to receive the
/1 paint request.
String col our; /1 The colour to paint the part.

— Haveapostingmethodrequest (String r, String c).Insidethepostingmethodthe
parameter should be assigned to theeat data membermwbot , and the parameter
should be assigned to theeat data membeiol our.

If editing the file as aAICK file, save and close the file before continuing.
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6. Edit therart agent and addsaibni t Pai nt Request (String robot, String col our)
methodthatwill postapai nt Request eventcontainingthe nameof therobotto sendthepaint
request to and the colour that the part is to be paintechddserent Andwai t () to post the
event.

If editing the file as aAICK file, sare and close the file before continuing.

7. Edit thesendPai nt Conmand plan as follavs:
— Change the name of tlrei nt Request event being handled by the planpicqgev.
— Change the reference to the nt event type in theends declaration teev.

— Thebodyof this planmustusethe @end reasoningtatemento sendapai nt eventto
pregev. robot USIiNg therai nt event'spai nt () posting methodhr egev. col our IS
passed as thegument to theai nt () posting method. The send statement to be
included in thevody is therefore:

@end( pregev.robot, pev.paint(preqev.colour));

If editing the file as aAICK file, save and close the file before continuing.

8. Edit therai nt event to etendBDI MessageEvent , and set itRecover behaiour attrikute to
berepost (#set behavior Recover repost).

If editing the file as aAICK file, save and close the file before continuing.

9. Edit therobot agent and renve thepai nt Part () method and theposts event Pai nt
declaration.

If editing the file as aAICK file, save and close the file before continuing.

10. Modify themai n() method irProgram j ava so that it:
— Creates a part agent as well as a robot agent;

— Invokesthepart'ssubni t Pai nt Request () , with the nameof therobotandtherequired
colour (instead of woking the nav defunctpai nt Part () method). The code should
contain tests similar to the follang:

Systemout.printin("test with red");

part 1. submi t Pai nt Request ("robbie","red");
Systemout.printin("test with no specified colour (null)");
part 1. subm t Pai nt Request ("robbi e", null);
Systemout.println("test with green");

part 1. subm t Pai nt Request ("robbi e", "green");
Systemout.println("test with green again");

part 1. submi t Pai nt Request ("robbie", "green");

— Includes annport part.Part; Statement.
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11. Comment out thgyst em exi t (0); Statement imr ogram j ava.
Sare and close the file to apply the changes before continuing.
12. Sae the project.

13. Compile the program.

14. Predict what you euld expect to be output by the program. Run the program. Are your
predictions correct?

Questions

1. What vould happen if you had not addegtt behavi or Recover repost to thepai nt
event?Testyour predictionby commentingoutthe#set behavi or statementWhy wasn'tthis
required when theai nt event was aBDI Goal Event ?

2. Explain the order of the output statements.
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Exercise 8

Make the part/robot messaging protocobtway and demonstrate the use of tA€K
Interaction Diagram.

Introduction

In this ercise the robot agent will send a message to the part agent when it has finished
painting the part. The part agent will use apl ayFi ni shed plan to handle the ni shed
event and will print a message to indicate that it has been painted.

Instructions

1. Now that we hae illustrated the reposting ofents, modify the
Pai nt Speci f i edNewCol our plansothatit nolongerfails, butinsteadhastwo paintingprint
statements (to pwide two coats of paint).

1. Open therai nt Request i ng_DEP.

— draganew eventontothedesigndiagram.This new eventis to becalledFi ni shed and
is to be in theart package. A ni shed event is sent by the robot to indicate that it
has finished painting the part the specified colour

— Draganew planontothecarvas.Thisnew planis calledbi spl ayFi ni shed andis to be
in thepart package. Thei spl ayFi ni shed plan is to handle & ni shed event sent to
theprart agent by the&obot agent when it has finished painting the part. This will
allow us to viev the interaction between the agents on the interaction diagram.

— Create aandl es link from theFi ni shed event to thedi spl ayFi ni shed plan.

— Drag therai nt Request i ng capability from the bnser onto the design diagram.

— Create ases link from thepai nt Request i ng capability to thedi spl ayFi ni shed plan.
— Create aandl es link from theFi ni shed event to therai nt Request i ng capability

— Remore theprai nt Request i ng capability from the design diagramoif
Pai nt Request i ng_DEP diagram should be similar to the follng:

Agent Practicals

Release 5.0

10-June-05 53
Copyright © 2012, Agent Oriented Software Pty. Ltd.



Practical 1 Introduction to JACK
Exercise 8

8ne Design: PaintRequesting_DEP
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Figure 11: ThePpai nt Reqest i ng_DEP design diagram with th@ spl ayFi ni shed plan

2. Edit theFi ni shed event and complete its definition. It must:
— extendBDI MessageEvent ;
— have astring data member calletbl our;
— have a posting method ni shed(String c¢) which assigns to thecol our data
member;
As this is a messageent, it can display information on an interaction diagram — include the
following statement in the posting method

nmessage = "finished painting " + c;

wherec is the colour passed to the posting methodnasshge is the (inherited¥t ri ng data
member that will be displayed on the interaction diagram.

If editing the file as aAICK file, save and close the file before continuing.
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3. Edit thebi spl ayFi ni shed plan as follavs:
— change the reference for theni shed event tof ev
— add a#uses interface Part sel f; declaration to the plan
— add the follaving print statement to thedy reasoning method of the plan:

Systemout.println(self.name() + " has been painted " +
fev.col our);

If editing the file as aAICK file, save and close the file before continuing.
4. Open therai nti ng_DEP design diagram and
— Drag theFi ni shed event from the bravser onto the cams.

— Create aends link from each of the three painting plans to khei shed event.
Remember that the dailt link type ispost s — this will need to be changed stends.

— Drag therai nti ng capability from the bneser onto the design diagram and create a
sends link from thepai nti ng capability to thesi ni shed event.

— Remore therai nt i ng capability from therai nti ng_DEP design diagram. &ur
diagram should be similar to the follng:
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Figure 12: Thepai nti ng_DEP design diagram

5. Modify the Pai nt AnyCol our, Pai nt Speci fi edCurrent Col our and

Pai nt Speci fi edNewCol our planssothatwhenthey have finishedpaintinga part,they send
the part inolved aFi ni shed event using:

@end(ev.from fev.finished(self.paintColour));
whereev is thereferencdo therai nt eventbeinghandledoy theplan,andr ev is thereference

used in thetsends event Fi ni shed fev declaration in the plamromis an inheritedt ri ng
data member

If editing the file as aACK file, save and close the file before continuing.
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6. Edit therai nt event, so that theessage member contains information about the paint
colour. Insidethe postingmethodassigmast ri ng to message, composeaf Pai nt col our
plus the colour passed to the posting method. The inheritedg data membefessage
will be displayed on the interaction diagram.

If editing the file as aAICK file, sare and close the file before continuing.

7. Modify themai n() method inProgram j ava, S0 that instead of one part agent there are
four. Modify the code so that eaghbni t Pai nt Request () iS associated with a digrent
part.

Save and close the file to apply the changes before continuing.

8. Save the project.

9. Predict what you wuld expect to be output by the program. Compile and run your
program to test your predictions. When all the parte leeen painted, press th@p
button to stop the application.

10.Run the program with the interaction diagram. This is &ekidy running the program
with - Oj ack. traci ng. i di spl ay. t ype=i d Set in theJava Args text box in theCompiler
Utility's Run Application window.

Questions

1. Explaintheorderof the outputfrom tracestatementérom the main programandthe JACK
agents.
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Exercise 9

Modify the behaiour of the robot agent so that paintingdala specific period of time to
complete.

Introduction

In the preious eercise, parts were painted the requested coloumseén painting only
tooktheamountof time requiredto print outa statemenindicatingthattherobotwaspainting
the part a particular colowVe will discorer some interesting fetcts if we allov the plans
involved to 'sleep’ for a short time while the robot paints the padchiee this, we use the
reasoning method statemegt eep.

The@l eep statement tads the folleving form:
@!| eep(doubl e tinmeout);

ti meout representtheperiodof timethattheagentmustwait beforecontinuingwith theplan.

The time-out period is specified in 'ticks' on the agent's clock. The actual time depends on the
Ti mer thattheagentis using.If thetimeris thereal-timeclock (thedefault), thenit represents

a sleep period in seconds.

Note: @l eep only causes the current task to sleepy Atner tasks that the agent is currently
executing proceed as normal.

Instructions

1. Modify the 'painting’ plans so that yheontain anal eep(5) Statement to sleep for 5
seconds after tlyeprint the message to indicate thatytlage painting a part.

If editing the files asAICK files, sae and close them before continuing.
2. Sae the project.
3. Compile and run the program with the interaction diagram.

Questions

1. How do you eplain the output?

2. Haw can you ensure that the robot does ngirba nev task to start painting another part
while it is still 'usy'?
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Exercise 10

Synchronise the message protocol between the part and the robot.

Introduction

In the previousexample,we foundthatwhile therobotwaspaintinga part,it waspossiblefor
it to receve requestso performothertasks.If thereis nothingin the plansto make themwait
until the robot is not isy, the robot may lggn a nev task and changsi nt Col our before it
has finished painting a particular part. There ar@us schemes you mayJeathought of to
dealwith this. Someof themmayrequirefeaturesn JACK thatwe have notyet covered,such
asusinga beliefsetto storetherobotstateandwaiting until therobotis nolongerbusybefore
servicing the ne request.

In this eercise, we illustrate the use@fepl y to set up a protocol between the part and the
robot. The part sends the request to the robot, tladés ¥or a reply before continuing to the
endof the SendPai nt Command plan.The sendPai nt Conmand planis executedn responseo the
Pai nt Request event that is posted usimgst Event AndWai t () inside the

subni t Pai nt Request () method. As it usgsost Event Andwai t (), the method will not return
until thesendPai nt Conmand plan has completed. This means that the ne

subni t Pai nt Request () in the main thread will not bevoked until the part wolved in the
previous request has reged a reply to indicate that it has been painted.

Of course, if ap otherrai nt events are sent to the robot from &lbere, it is still possible to
have the problems wexperienced in Egrcise 9. In Egrcise 11, we will use an alternagi
solution to &oid this problem.

The @ epl y statement tads the form:
@epl y(Oigi nal MessageEvent, Repl yMessageEvent)
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The @reply statement is used by an agent to reply to a message that it has received from
another agent. It replies to the sending agent with a message event which arrives as a data

object on the reply queue of the original message. Thisisillustrated in the following code
fragment:

/I In the part's sending plan.
pl an SendPaintCommand extends Pl an

#sends event Paint pev;

body()

/I Need to have an instance of the MyMessage event to use
/I with replied() and getReply()
Paint g = pev.paint(...);

//Send to robotl
@send("robot1",q);
@wai t For (q. replied());

/I Finished is an event defined in your system
Finished fev = (Finished) g. get Repl y();

/I Do something with reply

}
}
/I In the robot's receiving plan
pl an PaintCurrentColour extends Pl an
#handl es event Paint pev;
#sends event Finished rev;
body()
' @ epl y(pev, rev.finished(...));
}
}

Note that the message event that is returned using @reply does not trigger anew task or plan.
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Instructions

1. Remore thebi spl ayFi ni shed planfrom the projectby remaoving it from the plansfolderin
the bravser This is achieed by right-clicking on the plan and selectiRgmove
"DisplayFinished" from the pop-up menu. Note that you also need to vertiee#handl es
external event Finished declaration from theai nt Request i ng capability

2. Modify thesendPai nt Command plan so that after it send$a nt message to the robot it
waitsfor areply. Whenit recevesthereplyit usesget Repl y() to accesshereply (whichwill
beaFi ni shed event).It mustthenprintamessagéo indicatethatit (theagenthame) hasbeen
painted a particular coloufhe colour is aailable from the reply (i.e. the ni shed event).

If editing the file as aAICK file, sare and close the file before continuing.

3. Modify the robot's paint plans, so that wherytb@mplete painting a part these@ epl y
to reply with aFi ni shed event (which cowmeys the colour that the partas painted). Renve
the @end statements that were used to send-theshed event in the earlienercises.

If editing the file as aAICK file, save and close the file before continuing.
4. Sae the project.

5. Compile and run the program with the interaction diagram.
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Exercise 11

Use a semaphore to ensure that the robot only attempts to paint one part at a time.

Introduction

In Exercisel0,themainprogramonly sentanew paintrequesto therobotwhentheprevious
part had been painted. Thissvbecause thaibni t Pai nt Request methods isoked from the
main J&a thread used th®st Event Andwai t method. Theubni t Pai nt Request method did
not return until the part had reeed a reply to indicate that the paint process had been
completed.If thiswasguaranteedtb betheonly waythatpaintrequestsveresentto therobot,
no conflictwould arise.However, if any otherpaintrequestsveresentfrom the JACK thread,
the robot could attempt to paint more than one part at the same time.

An alternatve technique to ensure that the robot only attempts to paint one part at a time is to
use a semaphore. A semaphore is a synchronisation resource which can be used to establish
mutual eclusion rgions of processing IPALK plans and threads. A semaphore is a binary
resourceéhatplansandthreadanaywait for andsignalonwhenthey have completedWaiting

entities queue on the semaphore and acquire the semaphore in FIFO order

The semaphore has a single constructor:
Semaphor e()

Methods are pnaded to grab and release the semaphomgal () is used to release the
semaphore. The semaphore is grabbed initially by the constructing thread (or plan) and must
thus be released by a callsiggnal () . To grab the semaphore from within a plan, use

pl anwai t (). Thepl anwai t () method returns a speci@d UK type, thecur sor.

The cursor concept originates from relational databases, where a query can return multiple
tuples in the form of a result set. Access to the elements in this set is thiglegtbrough a
cursor In JACK, theseconcepthave beenextendedo provide cursorswhich notonly operate

in the conentional mannerui also operate on the temporabkition of a queryThe latter

type of cursoris typically usedin JACK applicationgo determinevhena particularcondition
becomedrue.Cursorswhich provide this additionalcapabilitywithin JACK areimplemented
astriggered cursors. Triggered cursors are not checkusing a bsy-wait loop — ratherthey

are only tested when the agent performs a modification action that impacts on theroarsor
cursor returned by the anwai t () method is triggered when the semaphore is grabbed by the
plan.

This means that a plan can use@ t For reasoning statement taiv until the plan has
been able to grab the semaphore beforeginsepainting the part.

In this exercisewe introduceanew pr ocessPai nt Request plan.Thisplancanonly paintapart
when it has the semaphore. If it does neelthe semaphore, it musaivuntil it gets the
semaphore before it paints the part.

AgentPracticals

Release5.0

62 10-June-05
Copyright © 2012, Agent Oriented Software Pty. Ltd.



Practical 1 Introduction to JACK
Exercise 11

Instructions

1. Create the named data of tygeemphor e that is to be used to ment the robot from
attempting to paint more than one part at a time.

Open theData Model container
Right-click on theExternal Classes folder and selectdd New External Class.

In the pop-up windw that appears enteemaphor e as the name of theternal class
and enteros. j ack. uti | .t hread as the package.

Click on theAdd New button.

In the Agent Model containeyright-click on theNamed Data folder and selecidd
New Named Data from the menu.

In the pop-up winde entermut ex as the name of the data and select
aos.jack.util.thread. Semaphore as its type.

Click on theAdd New button.

2. Open thekai nti ng_DEP design diagram and

Remare thesends links from the three 'painting’ plans to thei shed event.

Draganew planfrom thedesignpaletteontotherai nt i ng_DEP designdiagramcarvas.
The nev plan is calledr ocessPai nt Request and is to be part of thebot package.

Create a n& link from thepr ocessPai nt Request event to theri ni shed event.

Drag a nev event from the design palette onto #nt i ng_DEP design diagram
carvas. The n& event is to be calledt art Pai nti ng and is to be part of thebot
package.

Remaoe the links between thmi nt event and the three 'paint’ plans.
Create a ng link from thepai nt event to therr ocessPai nt Request plan.

Create @ost s event link from thepr ocessPai nt Request plan to thest art Pai nti ng
event.

Createnandl es links from thest ar t Pai nti ng event to each of the three 'painting’
plans.

Drag thenut ex named data onto the cars.
Create a link from ther ocessPai nt Request plan to thewt ex named data.

Drag therai nti ng capability onto theai nti ng_DEP design diagram.
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— Create the follaving links:
* A uses link from thepai nting capability to thePr ocessPai nt Request plan.
* A handl es link from thest ar t Pai nti ng event to therai nti ng capability
* A posts link from thepai nti ng capability to thest ar t Pai nt i ng event.
* A#private |link from thepai nting capability to thewt ex data.

— Remorve therai nti ng capability from thepai nti ng_DEP design diagram. aur
Pai nti ng_DEP should be similar to the folkang diagram:

eoe Design: Painting_DEP
) Documentation ™) Design Graph L @
~Design Graph
= - -
£ E- ¥y
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Figure 13: Thepai nti ng_DEP design diagram with the ocessPai nt Request plan,
Start Pai nti ng event andwt ex named data

3. Edit thest art Pai nt i ng event so that it:
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— ExtendsBDI Goal Event .
— Has astri ng membercol our and ast ri ng member rom
— Has a posting method calledar t Pai nt i ng:

startPainting(String ¢, String f)
{

col our = c;
from= f;

}

If editing the file as aAICK file, sare and close the file before continuing.

4. As thesemaphorés grabbednitially by theconstructinghread,t mustalsobereleasedy

a call tosi gnal (). The#private data Semaphore nutex(); declaration constructs the
semaphore in the capabiliai nt i ng capability To release the semaphore after it has been
constructed, edit the capability amgearide itsaut or un method as follas:

protected void autorun()

nmut ex. si gnal () ;

5. Edit thepr ocessPai nt Request plan as follavs:
— Editthedeclarationsatthe beginning of the planto usethe following eventreferences:

#handl es event Paint pev;
#posts event StartPainting spev;
#sends event Finished fev;

— Editthebody of theplan.This planwaitsuntil it ownsthesemaphoréeforeit subtasks
the appropriate 'painting’ plan to paint the part. When the 'painting’ subtask is
completethepr ocessPai nt Request planmustsendari ni shed eventbackto the part.
In addition, when the subtask is complete, this plan must release the semaphore. The
body should therefore be as folls:

@wai t For (rmutex. planWait()); // Wait for semaphore (rmutex).

try {
@ubt ask(spev. start Pai nting(pev.colour, pev.fronj);

@end(pev.from fev.finished(pev.colour));

}
finally {

mut ex. signal (); // Rel ease semaphore (nutex).
}

If editing the file as aACK file, save and close the file before continuing.
6. Use the bneser to remwe the@ epl y statements from the three 'painting’ plans.

7. Remae the@wi t For reply and associated statements fronpthe agent's
SendPai nt Command plan.
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8. Open therai nt Request i ng_DEP design diagram and

Drag a n& plan from the design palette onto #a&nt Request i ng_DEP design
diagramcarvas.Thenew planis to becalledbi spl ayFi ni shed andis to bepartof the
part package.

Create aandl es link from theFi ni shed event to thebi spl ayFi ni shed plan.

Drag therai nt Request i ng capability onto th@ai nt Request i ng_DEP design diagram
carvas.

Create the follwing links:

* A uses link from thepai nt Request i ng capability to thedi spl ayFi ni shed plan.
* A handl es link from theFi ni shed event to thePai nt Request i ng capability
Remae therai nt Request i ng capability from therai nt Request i ng_DEP design
diagram. ur Pai nt Request i ng_DEP diagram should be similar to the follmg:

8ne Design: PaintRequesting_DEP

| Documentation ¥ Design Graph ] !!@f
~Design Graph

E\ x _ I""""'I""_‘""I""""'I""""'I""""'I

F Y
FPaintH eguest Finished E
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i
FPaint
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Figure 14: Thepai nt Reqgest i ng_DEP design diagram with th@ spl ayFi ni shed plan and

Fi ni shed event
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9. Edit theDi spl ayFi ni shed plan and

— modify the#handl es declaration to useev as the reference to theni shed event
handled by the plan.

— Add a#uses interface Part self; declaration.

— Add the details to theody of the plan. All that this plan needs to do is to display a
messagé¢o indicatethatthe parthasbeenpainteda particularcolour. It shouldcontain
a print statement similar to the foNang:

System out. println(self.name()+" has been painted "
+f ev. col our);
wheref ev is the reference to ttreni shed event handled by the plan.
If editing the file as aACK file, sare and close the file before continuing.
10. Sae the project.

11. Compile and run the project.
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Practical 2 J ACK Beliefset Relations

Intr oductor y notes

JACK beliefs

JACK beliefset relations are intended to be used for the maintenance of agent beliefs, which
arecentralto thenotionof BDI. NormalJavadatastructuresanalsobe usedfor this purpose,

but JACK beliefsetrelationshave beendesignedpecificallyto work within theagent-oriented
paradigm, and prade facilities not &ailable with other data storage techniques. These
additional &cilities include:

* Automatic maintenance of logical consistgand ley constraints.

» A choice of Open \fld semantics (where a belief is either tra¢sd or unknan) or
Closed Wrld semantics (where a belief is either trueadsd).

» The ability to postents automatically when beliefs change in the beliefset.

» Support for beliefset cursors and logical members, which enables beliefset access to be
implemented through unification.

NotethatJACK only providestheinfrastructurdor adding,removing andretrieving beliefs.If
othercapabilitiesarerequired(suchasbelief propagtion),thenthey mustbeimplementedy

the userAlso note that beliefs are associated with one agent only — the notion of awellecti
belief structurewhichis maintainedoy morethanoneagents notsupportedJACK allows an
agent's beliefs to be madeadable to other agentaibwith major restrictions garding
population and access.

In JACK, beliefs are modelled as tuples efwtuple must hae a unique & which is
composed of zero or more fields. In addition to the the tuple contains zero or more data
fields.If thekey containszerofields,only onetupleis allowedin thebeliefsetlt is permissible
for the ley to be composed of all fields in the tuple.

A JACK beliefset is populated using the i ef Set add() method. Retraction and retvad of
beliefs also follav the relational model in that both functions support the notion of tuple
specification. A tuple specification consists of components for each tuple field where each
component can either be alwe or a wildcard symbol (e.g. *) which indicates that\aaiue

for that field is acceptable.

In JACK, tuple specification is implemented as aguanent list consisting 0ALCK

expressions (corresponding talues) and unbound logical members (corresponding to
wildcards). Logical members follothe semantic bekeour of variables from logic
programmindanguagesuchasProlog,wherevariablebinding occursthroughthe procesof
unification. Unification can potentially prale multiple bindings for the unbound logical
members —AICK provides access to these bindings (if required) through a beliefset.cursor
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This access can be transparent to the user (e.g. when a beliefset query appears in a composite
logical expression) or under user control. In the latter case, the cursor method is
available to preide access to the xigbinding.

Oncealogicalmemberasbeenbound,its valuecannotbe changecandanaccessofunction
(e.g.get val ue() ) is required to access thalue of the bound logical member

Belief retraction is achieed in ACK through the enove() andrenoveAl | () methods. Note
thatrenove() is aBel i ef Set method (and tads a tuple specification as itgament list)
whereas enoveAl | () IS aBel i ef Set cur sor method and tads no aguments.

Belief retrieval is achiged in ACK through user defined query methods whicle takuple
specification as their gnment list. Oerloading of query methods is permitted. A query
methodwith anargumentlist consistingsolely of (non-logical)JACK expressionss valid — it
is usedto determinenvhetheror nota particularbeliefis held.JACK alsosupportgthroughthe
view construct) the retnial of beliefs which are constructed from multiple beliefsets.

Once asserted, AQK belief cannot be modified directlyhe only vay to change a belief is
to:

+ add a reised belief; or
* remove the belief.

JACK supportghe postingof eventswhenanagent'oeliefschangge.g.throughanadd() or
renove() ). The folloving beliefset callbacks areailable for this purpose addf act (),

newf act (), del fact (), endfact () andnodf act (). If this capability is required in a particular
application, the desloper must prade implementations for the callbacks that are actually
used.

If you wish to populate a beliefset from a data file, then you can read records from a data file
and eplicitly add the records to the beliefset us#ag() . Typically, you would perform this
activity from within the beliefset constructawrith the filename passed as aguanent.

Alternatively, you can initialise tuple objects directly using tA€DB Object Modelling
Languagewhichis describedn the JACK™ IntelligentAgentsJACOBManual Beliefsetsare
provided with ar ead() method which taés a ACOB file as its ayjument and populates the
beliefset according to the contents of the flReC@B can be used for initialising wdACK
objects, not just beliefsets and is also usecebange objects between processes. In this
latter capacityit provides a lightweight alterna to Jaa serialization and CORB
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JACK beliefset definition

The general form for a Closedotd JACK beliefset definition is:

bel i ef set Rel ati onNane extends C osedWrl d

{

}

JAL decl arati ons.
The foll owi ng declarations can be used in a
JAL beliefset relation:

/
/
/
/
/1l Zero or nore key field declarations.

#key field Fiel dType Fi el dNaneg;

/1 Zero or nore value field declarations.

#val ue field Fiel dType Fi el dNane;

/1 Declaration of any events that are posted when changes are

/1 made to the tuples. This only happens when a beliefset call back
/1 is defined.

#posts event Event Type ref;

/1 Declaration of queries that the agent can performon a relation
/1 They can incl ude:

#i ndexed query queryName( paraneter list);

#1 i near query queryNane(paranmeter |ist);

#conpl ex query queryhbne(paraneter Ilst) {met hod body}

#functi on query ReturnType queryNane(paraneter list) { nethod body}
/1 Note that only the prototype is declared for indexed and |inear
/1l queries - the actual query class (which will be a beliefset

/1 cursor) is generated automatically by the JACK conpiler

/1 Beliefset callbacks (if required). The prototypes are:
public void addfact(Tuple t,BeliefState is)
/1 Called when a belief is added.
public void newfact (Tuple t,BeliefState is,BeliefState was)
/1 Called when a new belief is added.
public void delfact(Tuple t,BeliefState was)
/1 Called when a belief is renoved.
public void endfact(Tuple t,BeliefState was,BeliefState is)
/1 Called when a belief is renoved.
public void nmodfact(Tuple t,BeliefState is,
Tupl e knocked, Tupl e negat ed)
/1 Called when a belief is nodified.
public void noddb()
/1 Catch-all

Theopenworld'sbeliefsetrelationdefinitiontakesthe sameform asthatshown for theclosed
world except that in the first line ClosedNd is replaced with Opendiid.
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An example

The folloving JACK beliefset could be used to maintain beliefgarding politicians.

beliefset Politician extends OpenVrld
{

#key field String nane;

#value field String party;

#value field String portfolio;

#i ndexed query get (
String nane, String party,logical String portfolio);
#i ndexed query get(
logical String name, String party, String portfolio);
#i ndexed query get(
String nane,logical String party,logical String portfolio);
#i ndexed query get (
| ogical String name, String party,logical String portfolio);

#posts event El ected e;

// Callback is invoked when a new belief is added.
public void newfact (Tuple t, BeliefState is, BeliefState was)

{
/1 The Politician__Tuple class is generated by JACK

/1 NB: Politician__Tuple has two underscores.
Politician__Tuple pt = (Politician__Tuple) t;

/1 Only post an event if the politician added is the prine
/1 mnister.
if(pt.portfolio.equals("Prine Mnister"))
post Event (e. newPri neM ni ster(pt.nane, pt.party, pt.portfolio));

}
}

An agent can then kia read/write access to a beliefset of this type by including a declaration
like the follaving in the agent definition:

#private data Politician nps();

The agent might populate the beliefset through a plan call@dnber :

pl an NewMenber extends Pl an
{

#handl es event el ected e;
#nmodi fi es data Politician nps;

body()
nps. add( e. nane, e. party, e. portfolio);
}
}
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Other plans might then access the beliefset in various ways.

/1 Example 1.
/1 1s Hunphrey Bear, a nenber of the Honey Party, Prime Mnister?
/1 Note: the following code will only work as intended if there can
/1 only be one Prime Mnister. Wy?

| ogi cal String nane;

nps. get (nane, "Honey Party","Prinme Mnister");

i f (name. getVal ue(). equal s("Hunmphrey Bear")

/1 Do sonething

}
/1 Exanple 2.
/1 Are there any el ected nenbers of the Honey Party whose first
/! nane is Rupert?
/1 What happens in this exanple if the first match found i s not
/1 Rupert?
/1 Refer to the section on Conposite Logical Expressions in the
/1 Plans chapter in Agent Manual for a nore detail ed discussion.

| ogi cal String name;

| ogical String portfolio;

i f (nps.get(nane, "Honey Party", portfolio) &%

(name. get Val ue() . i ndextf ("Rupert") == 0))
{
/1 Do sonething.

}
/1 Exanple 3.
/1 Have a picnic for all elected nenbers of the Honey Party when
/1 Paddi ngt on Bear gets el ected.

/1 Wit until Paddi ngton Bear is el ected.

| ogical String portfolio;

#posts event Sendlnvitations sie;

@i t For (nps. get (" Paddi ngt on Bear", "Honey Party", portfolio));
@ost (sie.invite("Honey Party"));

/1 The sending of invitations is achieved with the follow ng plan
//and event.
plan Printlnvitations extends Pl an

#handl es event Sendlnvitations si;

#uses data Politician nps;

| ogi cal String namne;

| ogical String portfolio;

cont ext ()

nps. get (nane, si.politicalParty, portfolio);

body ()

Systemout.println("send invitation to "+nane. getVal ue());
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event Sendlnvitations extends |nferenceCGoal Event
String political Party;
#posted as invite(String p)

political Party = p;

}
/1 Exanpl e 4.
/1 Sack Little Bear.
nps.renmove("Littl e Bear", "Honey Party", "Treasurer");

/1 Exanple 5.
/1 Sack the entire Honey Party.
| ogi cal String nane;
| ogical String portfolio;
nps. get (nane, "Honey Party", portfolio).removeAll();

Note: You may now complete Practical 2 exercises 1 to 5.
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Exercise 1
Set up a Bill of Materials (BOM) beliefset.

Introduction

In this eercise you will create a simplified BOM beliefset to be used witlvirn@aner agent.

A BOM is a data structure used in maatfiring to describe the component/subcomponent
structure of part assemblies. In this tutorial, the BOM will only capture the component/
subcomponent structure: in practice, it will contain much more information, such as the
number of a particular component that is required, whether the component is made internally
or is outsourced etc.

Youwill alsocreateamainprogramto readBOM dataprovidedby theuser Thisinformation
will be stored in aAICK beliefset which is pvate to therl anner agent. An alternate
mechanism for initialising the beliefset is to us&A&QB file. This alternatie is used in
Exercise 5.

Instructions

1. Create a directory calledact i cal 2/ ex1. In this directorystart the JDE and open anne
project called BOM.

2. Create a beliefset type callso
— Open theData Model container in the breser

— Right-click on theBeliefset Types folder and selecidd New Beliefset Type from the
pop-upmenu.Call thebeliefseBovandaddit to thebompackagelt is to have two key
fieldsof typest ri ng. Onefield is usedto storeacomponentype,andtheotherfield is
used to store a subcomponent type. This means that in this beliefset therenwill be
entries per component, wharés the number of subcomponent types that are used to
build that component. Note that we distinguish between subcomponent types and
subcomponent$or example,atablemayhave two subcomponertiypes(top andleg)
but five subcomponents (one top and fogs)e

— Use theEdit as JACK File option to add the tavkey fields and @et Subconponent
guery to the beliefset. In Excise 2 thget Subconponent query will be used to find a
subcomponent of aygn component. This means that the subcomponent field is to be
an output field in the quenplthough this query is not required until &xise 2, it is
added nw because aACK beliefset must hee at least one queryour Bov beliefset
should be similar to the folang:
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package bom

public beliefset BOM extends QpenWrld {
#key field String conponent;
#key field String subconponent;
#i ndexed query get Subconponent (String conponent,
| ogi cal String subconponent);

}

3. We will now use the design tool to define an agerdpner, that will store component/
subcomponent tuples in ayate beliefset of typsom

— Create a ng design diagram calle® anner _AD.

— Drag a nev agent onto thel anner _AD design cawvas. It is to be called anner and it
is to be in th@om package.

— DragtheNamed Data iconfrom the designpaletteontothe designcarvas. Thenamed
data is to be callegbmand is to be of typeom Bom

— Create arivate link from theprl anner agent to theomnamed data on the design
carvas.

4. The beliefset will be populated at agent construction time. Consequently the agent's
constructor will be passed wstrings — the agent's name and the name of a file containing
component-subcomponetitails. The constructomustreadeachcomponent-subcomponent
relationfrom thefile, andaddtheinformationto theagent'sovbeliefset.The codeto achiese
this can be added to the agent by using thevdgoto edit the agent asACK file. Sample
code for the constructor folics:

public Planner(String name, String filenamne)
super (nane) ;

StringTokeni zer tokens;

String record;

String t1,t2;

Buf f eredReader datafile = null;

try {
datafil e = new Buf f eredReader (new Fi | eReader (fil enane));

}

catch (Fil eNot FoundException e) {
Systemerr.println("unable to open file "+e.toString());
Systemexit(1l);

}
try {
while ((record = datafile.readLine())!=null) {
t okens = new StringTokeni zer(record);
t1 = tokens. next Token();
t2 = tokens. next Token();
bom add(t1,t2);
}
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catch (Exception e) {
Systemerr.println("error reading bomdata into beliefset");
Systemexit(1l);
}
}

Make sure that thel anner agent has the folang import statements:

i mport java.io.*;
i mport java.util.*;

5. Add anew file calledpr ogr am j ava to the Other Files folderin the browser It will createa
Pl anner agent, perhaps as folis:

i mport java.io.*;
i mport bom Pl anner;

public class Program {
public static void main( String args[] )

Pl anner pl anner = new Pl anner ("pl anner1", "bomdat");
System exit(0);
}
}

If you wish to run the project from within the JDE readure that you use the full pathname
for bom.dat.

6. Create the fileom dat and populate it with component/subcomponent records. It could
contain:

chai r back

chair seat

chair |eg

chair arm

table top

table | eg
cupboard door
cupboard drawer
cupboard | eg
cupboard cabi net

7. Compile and run the program. No output is generated by the program at thisudtdge, b
provides the basis for the remainingeecises.
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Exercise 2

Use the indeed query to find a component's subcomponents.

Intr oduction

This stepinvolvesthe useof indexedqueriesanda planwith acont ext () methodto print out
one of the subcomponents of a component. Initially we BseGaal Event SO that only the
first successfuhpplicableplanis executed This meanghatif we postonly oneevent(e.g.find
a subcomponent of component X), the first plan te@l@acontet that finds a binding for a
subcomponent of X will bexecuted. In that case we will only find (at most) one
subcomponent.

Instructions

1. Open thel anner _AD design diagram and

— Drag a n& event from the design palette onto the desigivaanThis gent is to be
calledFi ndsubconponent and is to be added to thempackage.

— Create the follaving links with thepl anner agent:
* A handl es link from theFi ndSubconponent event;
e A posts link to theFi ndSubconponent event;

2. In therl anner _AD design diagram:
— Add a nev plan calledri ndSubconponent Pl an that is in thevom package.

— Create aandl es link between th&i ndSubconponent event and the
Fi ndSubconponent Pl an plan.

— Create ases link from the plan to theomnamed data.

— Create ases link from thepl anner agent to th&i ndSubconponent Pl an plan.

3. Edit theFi ndSubconponent event so that it:
— extendsBDI Goal Event ;
— has astri ng data membetonponent ; and
— includesapostingmethodf i ndSubconponent (String conponent) thatassignglatato
theconmponent data member
4. Edit theFi ndSubconponent Pl an plan so that it

— Has a logical ariablel ogi cal String $subconp;
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— Includesacont ext methodthatusesheBOM beliefset'sjet Subconmponent () queryto
find a subcomponent for the component passed in with/érg.¢subconp is passed
into thequery (Note:theplanwill only beapplicablef theget Subconponent () query
can find an entry for thenponent in the BOM beliefset);

— Includes a print statement similar to the fallog in the body of the plan:

System out. printl n($subconp. get Val ue()+" is a subconponent of "
+ev. conponent) ;

5. Modify thepl anner agent so that it containg andSubconponent (String conponent)
method which will post & ndSubconponent event usingpost Event AndWi t () .

6. Modify the main program so that it neeksgeral invocations of thel anner agent's

fi ndSubconponent () method with the name of a component that is in the agent's BOM
beliefsetEnsurethatfor atleastoneof theinvocationsghe components composeaf several
subcomponent types.

7. Compile and run the program.

Questions

1. Why aren't all the component's subcomponents printed out?
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Exercise 3

Use tha nf er enceGoal Event class instead @Dl Goal Event .

Introduction

In this xample, you will use annf er enceGoal Event instead of th@Di Goal Event . This
illustrates tvo concepts. The first is the ’difence between thesedwypes of gent (i.e. the

| nf er enceGoal Event Will cause all applicable plans to beseuted). Secondlyt shavs that

there is a separate plan instance generated in the applicable set for each of the possible
bindings in the coni¢ method. This means that in thisaenple we will see all the
subcomponents being printed. A separate plan instance will be responsible for printing the
message about each subcomponent.

Instructions

1. Modify theFi ndSubconponent event so that it is annf er enceGoal Event and not a
BDI CGoal Event .

2. Compile and test the program. The tests shoutilvie at least one component which is
composed of four or more subcomponents.
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Exercise 4

Use a beliefset callback method.

Introduction

In this eercise you add an order beliefset to yRumner agent and use a beliefset callback
method to post & ndSubconponent event to the agent. This will result in a list of
subcomponents being printed for the required cemponent.

Instructions

1. Usethe JDEto createa new beliefsettype calledor der s thatbelongsto thebompackagelt
will have one ky field (String orderid) and three nondy fields Gtring conponent, i nt
nunber Requi red, String date). Add at least one query to the beliefset.

2. Open the?l anner _AD design diagram and

— Drag a nev named data component from the design palette onto the design diagram
carvas. Call the named dadader s and set its type to hem O ders.

— Create arivat e link from thepl anner agent to ther ders named data.

3. Modify thepl anner agent so that it contains amenethodaddor der (String order|d,
String conponent, int numberRequired, String duebDate) that will add a n& order into
theorders beliefset. Note that theid() method may thn aBel i ef Set Except i on, SOadd
must be inoked from inside ary/ cat ch block. You will also need to import

aos. j ack. j ak. bel i ef set . Bel i ef Set Excepti on. Youraddor der () method should be similar
to the followving:

public void addOrder(String id, String conp, int n, String dd)
{

try {
orders. add(id, conp, n, dd);

}
catch (Belief Set Exception e) {
Systemerr.printin("error entering data in orders db");
Systemexit(1l);
}

4. Edit theor der s beliefset type and
— add a#posts event Fi ndSubconponent ev; declaration;

— Add an indeed query that accepts the order Hdr( ng), component typd 6gi cal
string), number of components requireddi cal int) and the order datedgi cal
String).
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— Add anewf act callback to ther der s beliefset. Each time a wefact is added to the
beliefset, the callback will print a trace message to indicate that ander has been
added to the beliefset and then postraiSubconponent event. An ample of a
beliefsetthatincludesanewf act callbackcanbefoundin thePoliticianexamplein the
introductory notes.

5. Modify the main program so that it:
— includes the follwing import statement:
i mport java.util.*;
— no longer inokes therl anner agent's i ndSubconponent method;
— no longer gits; and

— reads in the order data from a datafile andkas theri anner agent'saddor der
method to add the details to the beliefset. Sample code for thiwgollo

StringTokeni zer tokens;

String record;

String t1,t2,t3,t4;

Buf f eredReader datafile = null;

Pl anner pl anner = new Pl anner ("pl anner1", "bom dat");

try {
datafil e = new Buf f eredReader (new Fi | eReader ("orders.dat"));

}

catch (Fil eNot FoundException e) {
Systemerr.println("unable to open file "+e.toString());
Systemexit(1l);

}

try {
whi (record = datafile.readLine()) != null ) {
ns = new StringTokeni zer(record);

t okens. next Token() ;

t okens. next Token();

t okens. next Token() ;

t okens. next Token() ;

ner.addOrder(t1,t2, I nteger.parselnt(t3),t4);

S nunmno

}

}

catch (Exception e) {
Systemerr.println("error reading orders data ");
Systemexit(1l);

6. Createa datafile thatcontainsseveralorders.At leastoneordershouldbefor acomponent
that has four or more subcomponents.

7. Compile and run the program.
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Exercise 5

Use a ACOB initialisation file to initialise theov beliefset.

Introduction

In this &ercise, you will modify thel anner agent's constructor so that it no longer reads the
data from the te file used in the earlieixercises. Instead, you will create a file ACDB

ASCII format that is read in either when the beliefset is constructed, or by using the beliefset
read method in the agent's constructor

Instructions

1. Edit theri anner . agent and remue the code to read the BOM data from the filename
passed into the constructor

2. Modify the#private data BOv bon() declaratiorsothatthefilenameis now passedo the
BOM constructor#pri vate data BOM bon("bom dat")).

3. Edit the fileoom dat so that it contains the data WQOB ASCII format. An gample data
file is shavn belaw.
<Tupl eTabl e
:tupl es(
<BOM__Tupl e
: conmponent "tabl e"

: subcomponent "l eg"
>
<BOM__Tupl e

:conponent "table"

: subconmponent "tabl e_top"
>

)

>

4. Compile and run the program.

5. It is also possible toxplicitly invoke the beliefset'sead method to read data iACOB
ASCII format. This means that the filename can then be passed as a parameter to the agent's
constructor

— If necessarymodify thepl anner . agent so that the filename is passed in to its
constructor

— Add the line

bom read(fil enane);
in thepPl anner agent's constructor

— Remore the filename from theri vate data BOM bon("bom dat ") declaration.

— Compile and run the program.
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Program solutions
The solutions to the programmingegcises can be found in theacti cal s/j ack_j de/
sol utions/ practi cal 1 subdirectoryThere is a separate directory for each of Kezaeses.

Answers to questions

Exercise 2

1. Thepai nt Part method vould return immediatelyit would not vait for the @ent to be
processed. As the program contairsgst em exi t (0), it would &it before ag painting
was obsered.

2. The agent wuld be blockd. ACK will produce an error message andverd this.

Exercise 3

1. Prominence, i.e. the plan declared first.

Exercise 5

1. Paint Speci fi edCurrent Col our.

Exercise 7

1. The plan &ils after the first coat of paint. The second caaild/ not be applied because
theeventis notrepostedThe#set behavi or Recover repost iSthedefaultbehaiour for
aBDl Goal Event .

2. The main thing to notice is that print statements in the main thread that follo
subni t Pai nt Request S canbe executedbeforetheeventssentby subni t Pai nt Request Sare
processed. TheALK processing is in another thread.

Exercise 8

1. Obsenation of behaiour that is similar to thatelained in gercise 7, with additional
trace information caused by thieni shed event. In addition to the trace statements,
messages shouldvebeen obseed on the interaction diagram.

Exercise 9

1. It takes so long to paint a part that thetnequest is sent (and reeed) before the
painting process is finished. This means you do matye achiee the desiredipected
output.

2. The solution could makuse of a semaphore. Thisxplered further in gercise 11.
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Answers to questions in introductory notes

There are some questions in the comments of the examples.

1. Examplel.
/1 Exanple: |s Hunphrey Bear, a nenber of the Honey Party,
/!l Prime Mnister?
/1 Question: The following code will only work as intended if there
/1 can only be one Prime Mnister. Wy?
/1 Answer: If there is nore than one prinme Mnister,
/1 Hunphrey Bear will not necessarily be the first match that will
/1 bind to nane. The fact that nane does not equal Hunphrey Bear
/1 does not tell us whether or not there is another entry in the
/1 beliefset with Hunphrey Bear as the Prine Mnister.

| ogi cal String nane;

nps. get (nane, "Honey Party","Prinme Mnister");

i f (nane. getVal ue(). equal s("Hunphrey Bear")

/1 Do sonet hing.

}
2. Example2.
/1 Exanmple: Are there any el ected nenbers of the Honey Party
/1 whose first nane is Rupert?
/1 Question: \What happens in this exanple if the first match found is
/1 not Rupert?
/1 Answer: The agent does not fail the |ogical expression at that
/1 point. It tests it again with a new binding for nanme, until
/] either it finds a binding with Rupert or it has checked all the
/1 beliefset relations and concluded that Rupert is not in the
/1 Honey Party.
/1 Refer to the section on Conposite Logical Expressions in the
/1 Plans chapter in Agent Manual for a nore detailed discussion.

| ogi cal String nane;

| ogical String portfolio;

i f (nps.get(nane, "Honey Party",portfolio) &%
((name. get Val ue() . i ndexOf (" Rupert”)==0 ))

/1 Do sonet hi ng.
}

Program solutions

The solutions to the programming exercises can be found in the pr acti cal s/j ack_j de/
sol utions/ practi cal 2 subdirectory. Thereis a separate directory for each of the exercises.
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Answers to questions

Exercise 2

1. Theeventtriggersthefirst applicableplanwhich successfullyrintsoutthemessageAs it
was successful, there is no reposting or triggering of alteenpltans with diierent
bindings.
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