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The ACK™ documentation set includes the faling manuals and practicals:

Document

Description

Agent Manual

Teans Manual

Devel opnent Environnent
Manual

JACOB Manual

WebBot Manual

Desi gn Tool Manual

Graphi cal Plan Editor Mnual

JACK Si m Manual

Traci ng and Loggi ng Manual

Agent Practicals

Teans Practicals

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

Describes theACK 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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JACK™ Teams Practicals

JACK™ Teams Practicals

This set of gercises preides a basic introduction tdCK™ Teams (€ams). It is assumed
that the user is alreadgrhiliar with ACK™ Intelligent Agents. &@ams is anx@éension to
JACK™ |[ntelligent Agents ACK) that prowides a team-oriented framerk. TheOverview
chapter in th&8eams manual provides the user with an introduction to team-oriented
programming and theems gtensions.
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Exercise 1

Build a simple application consisting of a team withesal sub-teams.

Intr oduction

Theintentof this exerciseis to demonstratéow to build a Teamsapplicationwhereoneteam
requires seeral sub-teams to perform roles on its behalf. Tkasrgple will consist of a
Spacecraft team which will contain 8&arti an sub-teams capable of performing the roles of
Pi | ot , SpokesPer son andcr ew.

If you have not already read tf@verview chapter of thdeams manual, you should read it
before bginning this &ercise. Note that the introductoryaenple in theDverview is similag
but not identical to thexample deeloped in the follwing exercise.

Instructions

1. Create the subdirectories ti an andspacecr af t . The application will be ganised into
two packagesnrti an andspacecraft). The first package will contain the plans etc. for the
Marti an team and the other will contain the plans etc. foistaeecr aft team.

2. Create thearti an. t eamfile in themar ti an subdirectory

— Asthemrtian teamis to becapableof performingthe SpokesPer son, Pi | ot andcr ew
roles, it must contaifiper f or s rol e declarations for these rolesrFexample, the
declaration for the perform&okesPer son role is:

#performs rol e SpokesPerson;

— Theteamwill have plansto travel, speaka greetingand'’beonwatch'.lt musttherefore
contain#uses pl an declarations for the plarspeakG eeti ng, Travel and
WAt chMoni t or.

— It must also hae the usual constructor

3. Create thepacecraft. t eamfile in thespacecraft subdirectory

— It must containtr equi res rol e declarations for the rolespokesPer son, Pi | ot and
o ew. The spacecraft requires 3 sub-teams capable of filling each of these roles. These
declarations are of the form:

#requires role Rol eType ref(mn, max);
— It must contain &uses pl an Visit declaration.
— It must hae a#posts event Perfornvisit ref declaration and gublic void
visit(String planet) method to post itself eerfor nvi si t event. This method

should use thgost WwhenFor mred method to post thevent when the team has finished
building its initial role obligtion structure.
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— It must hae a#handl es event Performvisit declaration.
— It must also hee a constructor

— As this is the containing team, it will automatically handieaor mat i onEvent at
construction time. This will be handled by aaldf plan which will use an
initialisation file to ild the role obligtion structure. The initialisation file is
described later in the practical.

— As the roles are to be defined in thet i an package, it must also include the
following import statements:
i mport martian. CrewCont ai ner;
i mport nartian. Crew,
i mport martian. Pi | ot Cont ai ner;
i mport martian. Pilot;

i mport martian. SpokesPer sonCont ai ner;
i mport martian. SpokesPer son;

4. In the directory abe thenarti an andspacecraft directories, create the mainvaa
program.This programshouldconstructhreewmar t i an teamswith appropriatenamesit must
then construct thepacecraft team. The containing team should not be constructed before
ary of its sub-teams.

A main program calledi i enProgr amis given belov:

i mport martian. Martian;
i mport spacecraft. Spacecraft;

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

new Martian( "Dennis" );
new Martian( "Ral ph" );
new Martian( "Jacquie" )
Spacecraft spacecraft

=" new Spacecraft( "Enterprise" );
spacecraft.visit("Earth")
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5. In the same directory as the main program create the initialisation fuédadhe role
obligation structure. The nameenari o. def is often used for this file. In thisx@mple, all 3
Martiansshouldbe capableof performingall 3 rolesin therole obligationstructure The start
of the initialisation file is gien belov:

<Team : name "Enterprise"

:roles (
<Rol e :type "nmartian. SpokesPerson" :nane "sp"
fillers (
<Team : nane "Denni s@portal" >
)
>
etc

— the namep must correspond to the reference fordpekesPer son in the#r equi res
declaration in thepacecraft team.

— you must tak care to include the package when specifying the role types (e.g.
marti an. SpokesPer son shavn in the @ample abwe).

6. Create the 3 role definition files éw. rol e, Pi | ot . rol e andSpokesPer son. rol €) in the
martian package.

— Thecrew rol e must be able to handlebavat ch event.

— ThePilot.rol e must be able to handleral ot Craft event.

— ThespokesPer son. rol e must be able to handleDaG eet i ng event.
In all three cases, the roles indicate themleard interbce between a team that can perform
thatrole andateamthatrequiresa sub-teanto performtherole. This indicateshe eventsthat
will be posted from the containirggacecraft team to thevarti an sub-team capable of
performingtherole. Thismeanghatthewmar t i an sub-teanmusthave atleastoneplancapable
of handling the specifiedsent.
7. Create theessageEvent S required for the application in therti an package:

— DoGreeting. event With astri ng member for the planet and a posting method
speakG eeting(String p) wherep is the name of the planet.

— DoWat ch. event with a posting methodghat ch.

— PilotCraft.event With astri ng member for the planet and a posting method
startTrip(String p) wherep is the name of the planet.
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8. Create theessageEvent s required for the application in the spacecraft package:

— Perfornvisit.event With astri ng member for the planet and a posting method
vi sitPlanet (String p) wherep is the name of the planet.

9. Create the plans used by thet i an sub-teams in thearti an package:

— Wt chMoni tor. pl an handles th@owat ch event. Write the body of the plan. It should
print out a message that the team is atcv. The team name can be obtained by
including a#uses interface Martian sel f declaration at the lgenning of the plan.
The name can then be obtained vsihf . nane() .

— SpeakGeeting. pl an handlegheDoG eet i ng event. Thebodyof this planshouldprint
a suitable greeting which contains the name of the team and the name of the planet.

— Travel . pl an handles thei | ot Craft event. The body of this plan should print a
suitable message to indicate that the pilot sub-team has commenced thettinee
given planet. It should then contain a short delay which can beradhising
@wi t For (el apsed(10. 0)) . This should be folled by a message to indicate that the
team has awved at the planet.

10. In the spacecraft package, createviBet plan to be used by tl#pacecraft team.

This plan handles theer f or nvi sit event. It also coordinates the aftiies among the sub-
teamdo allow theteamto travel to theplanetandspeakagreeting It will thereforerequirethe
following declarations to indicate that it requires sub-teams to perform theifalooles to
carry out this task:

#requires rol e SpokesPerson sp as speaker;

#required role Pilot pi as pilot;
#requires role Crew cr as crew,

Note that thep, pi andcr references must correspond to the references gp#laecr af t
team definition. By using the equi res declaration in the plan, we alldhe plan to use the
defaultest abl i sh method to select sub-teams to perform the roles within the plan.

The deéultest abl i sh method will assign ol e instance tepeaker from the list ofRol e
instancesn the SpokesPer sonCont ai ner. Similarly, it will assigrrol e instanceo pi | ot and
Crew.
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TheRol e type has &t ri ng memberact or which can be used to obtain the name of the sub-
team associated with the role. In thiekeise, the body of the si t plan should print an
appropriate message to indicateithek team that has been established for this plan. By
including a#uses interface Team t eamdeclaration at the gening of the plan, the team
name can be obtained witham narme() . For example:

Systemout. println("Team established for craft "+

team name());

System out. println("crew nenber

Systemout.println("pilot

System out. println("spokesperson

"+crew. actor);
"+pilot.actor);
"+speaker. actor);

This plan must also contain the fallmg import statements:
i mport martian. CrewCont ai ner;
i mport martian. Crew,
i mport martian. Pi | ot Cont ai ner;
i mport nartian. Pilot;

i mport martian. SpokesPer sonCont ai ner;
i mport marti an. SpokesPer son;

11. Compile the program with the foding command:

java aos. main.JackBuild -r -nap=team

Create arki t script which contains this command.

12. Assuming your program is called enPr ogramand that the initialisation file is called
scenari o. def , run the program with the folling command:

java -DTeam Structure=scenario. def AlienProgram

The output will look lile:

Team establ i shed for craft: Enterprise@fportal

crew = Ral ph@fort al
pi | ot = Ral ph@#ort al
spokesperson = Ral ph@fport al

You will notice that it is possible for the same sub-team to be assigned to more than one role
within the task team. In the xieexercise arest abl i sh method will be deeloped which
restricts each martian sub-team to performing only one role withw ¢he plan's task team.

13. Create auni t script to run your program.

14. It is also useful to ka acl eani t script which contains the follang command:

java aos. main.JackBuild -r -c -nap=team
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Exercise 2

Complete the body of the si t plan and write asst abl i sh method to ensure that each
martian sub-team is only responsible for performing one role withiv e plan.

Instructions — P artl

1. Initially we will assume that it is possible for one sub-team to be responsible for all three
roles and complete the body of the plan. The first step isvotha sub-team tas# to

perform thepi | ot role and fly the craft to the planet. This is agbteby sending a

Pi | ot Craft event to the sub-team responsible for khieot role by using @ eamichi eve
statement as folles:

@ eamAchi eve(pilot, pilot.st.startTrip(eventref.planet));
/1 where eventref is the event being handl ed by the plan

Note that the reference to theeat factory is through the role (i.t is the reference used in
the declaration of the | ot &raft event in theri | ot role definition.

2. At the same time, the sub-team responsible for performing ¢heole must maintain a
watch to ensure that no problems arise. This is alsowethi®y using th& eamAchi eve
statementThistimeit is usedto senda bovat ch eventto thesub-teanresponsibldor thecr ew
role.

As thetwo actvities areto becarriedoutin parallel,thetwo @ eamAchi eve Statementshould
be inside amar al | el statement. In thisxample the ajuments used in th@ar al | el
statement are as folles:

@arallel (Paral |l el FSM ALL, fal se, nul |)

/1 the branch statenents
1
— The first agument is the mode®ar al | el FSM ALL iS used. This means tlggar al | el
statement will succeed after all the branche® lsacceeded ub fail immediately if
ary branch &ils. All ongoing sub-statements will be notified ailifre.

— The second gument is the termination condition. In thisaeple, there is no
termination condition, so this il se.

— Thethird agumentis usedfor a userdefinedJava exceptionobject.If it is notnull, the
exceptionis thrown to active brancheshatareexecutingin parallelif they arerequired
to terminate. Usingul I (as in this instance) means that the sub-statements will be
completed without annotification.

3. Compile and run the program.
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4.Whenthe@ar al | el statemenhascompletedt shouldmeanthatthecrafthasarrivedatthe
planet. Male the follaving additions to land the craft:

— Create aand event in themar ti an package. This is to be sent to the pilot when it is
time to land the craft on the planet. It is tovdast ri ng member for the planet and a
posting methodandcraft (String p) Wherep is the name of the planet.

— CreateaLandCr aft planto handletheLand event. This shouldprint amessageo state
that the pilot is in the process of landingitfor a short period of time and then print
a message to indicate that the craft has landed on the planet.

— Add a#handl es event Land | a declaration to theil ot role.

— Add a#uses plan LandCraft declaration to thearti an team definition.

— Add anothera eanAchi eve statement after thaar al | el statement in thei sit plan
to send aand event to the pilot.

5. This shouldbefollowedby another@ eamAchi eve statemento getthe spealerto speakthe
greeting. Remember that tl@e=amAchi eve is synchronous, so this will not breeuted until
the craft has landed.

6. Compile and run thisevsion of the program.

Instructions — P art 2

7. Create amst abl i sh method which restricts each sub-team to performing only one role
within thet ask t eam This canbeachieredby iteratingthroughtherole instancesnsideeach

role container and selecting one that is associated with a sub-team that is not already being
usedfor arole. Whenarole instanceas selectedheteamnamecanbestoredin a'busy'vector

so that this team does not get selected to perform another role.
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The Rol eCont ai ner base class has amethod t ags() which returnsits current role object tags
asajava. util.Enuneration. These role object tags relate to the role instances and can be
used as the argument to the role containersf i nd method to obtain the corresponding role
instance. In thisway we can iterate through the role instances in arole container. The

est abl i sh method described (and an associated hel per method) are given below:

#r easoni ng net hod
establish()
{

Vect or busy = new Vector();
crew = (Crew) pickRole( busy, cr );

crew !'= null;

pilot = (Pilot) pickRole( busy, pi );

pilot !'= null;

speaker = (SpokesPerson) pickRol e( busy, sp );
speaker !'= null;

}
Rol e pi ckRol e(Vect or busy, Rol eCont ai ner rc)

for (Enuneration e = rc.tags(); e.hasMreEl ements(); ) {
Role r = rc.find( (String) e.nextElenent() );
if ( !'busy.contains( r.actor ) ) {
busy. add( r.actor );
return r;

return null;

}

8. The #r equi res declarationsin thevi si t plan should now be changed to #uses declarations
as the default establish method is no longer being used to establish the task team.

9. Add thefollowing i nport Statementsto Vi sit. pl an:

i mport java.util.Enuneration;
i mport java.util.Vector;

10. Compile and run the new version of the program.
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Exercise 3

Intr oduction

In the current grsion of the program, the sub-team performing thtelwvonly does this for a
shortperiodof time. It shouldactuallycontinuethis taskuntil notifiedto stop(or atleastuntil
the craft has awed). In this gercise, thenat chvoni t or plan will continue until it is notified
that it is no longer required to perform thateh.

Instructions

1. Modify the body of th&at chvoni t or plan so that after the print statement it enters a
forever loop which contains @i t For (el apsed(10. 0)) Statement.

2.Add pass andr ai I reasoningnethodswith appropriatgrint statementsI'heseareusedfor
tracing purposes in thixercise. Thg will enable us to tell whether or not the plan has
succeeded ogafled.

3. Compile and run thisevsion of the program. What happens?2®/h
4. Modify the mode in thepar al | el statement in thei sit plan toPar al | el FSM FI RST.

5. Compileandrunthis versionof the program.Noticethatalthoughthe @ar al | el statement
ends nw, there is no message to indicate thatéhehnoni t or plan has terminated.

6. In this \ersion of the xample, we send arvent to the cr&@ member to start theatch and
then send anvent to stop the atch at the appropriate time. Ixegcise 4 we will gplore an

alternatve mechanism for interrupting teét chMoni t or plan. ‘Clean’ the application (i.e.

remove class files etc.) using the fallmg command (or youl eani t script):

java aos. main.JackBuild -r -c -nap=team

and cop the current grsion of the program into another directory to be used as the starting
point for eercise 4.

7. Modify theDovat ch eventsothatit containsabool ean membett odo to indicatewhetherthe
watch command is being started or stopped. Introducenéw posting methods
startWat ch() andst opwat ch() which set odo totrue andfal se respecirely.

8. Introduce a ne beliefset to thearti an package calledormandsst at us. It contains one
key field of typest ri ng and is used as a store of all thexactommands.

9. Add a#private data CommandsStatus conmands() declaration to thearti an team
definition.
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10. Modify thewat chMoni t or plan as follavs:

Add a#uses data CommandsSt at us conmands declaration.

Add areasoningnethodper f or maat ch which printsoutamessagéo indicatethatthe
team is on watch and then performs theteh as follavs:

whi | e( conmands. get (" Per f or MAat ch"))

{

/1 An actual task could be wapped in @mintain.

/1 Here we use @waitFor (with a sentinel) to

/1 represent doing the task

@wai t For (el apsed(10.0),! conmands. get (" PerformMtch"));
}

Add arel evant method to the plan. This plan is to be val# if thet odo member of
theDowat ch event ist r ue.

Modify thebody of thewat chivoni t or plan. It tests whether or not themands
beliefset already containsrar f or mat ch command. If it does, we assume theacre
memberis alreadyactively performingthewatch.If it doesnot, addthePer f or maat ch
command to theormands beliefset and lign performing the atch.

11. Write a ne plan calledst opwat ch. This plan is to be rebant if thet odo member of the
Dot ch event isf al se. The body of this plan is to rew®theper f or maat ch command from
thecomands beliefset. Mak sure you declare that th& ti an team uses the west opwat ch

plan.

12. Modify thevi si t plan so that thepar al | el statement contains the falNong two
branches:

abranchthatusesa eamachi eve to sendaneventto thecrev membetrto startthewatch

abranchthatcontaingwo statementsThetwo statementsnustbeenclosedn { and}
braclets. The first statement is @eamichi eve to send anvent to the pilot to start
travelling to theplanet.Whenthisis finished the secondstatementises@ eamAchi eve
to send anwent to the cr member to stop theatch. Note that theat chMoni t or
plan will be considered to Wa failed if it is terminated by the sentinel in the

@wi t For (). This means the mode used musbdel | el FSM ANY and not

Paral | el FSM ALL Or the@ar al | el statement will &il and the plan willdil.
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13. Compile and run the program. The output should look similar to the following:

Team establ i shed for craft: Enterprise@fportal
crew Ral ph@fort al
pi | ot Denni s@gport al
spokesper son Jacqui e@port al
Ral ph@fortal on watch
Denni s@portal flying craft to Earth
Denni s@gportal arriving at Earth
Wat chMbnitor plan terminating (fail)
Denni s@portal landing craft at Earth
Denni s@portal has |anded craft at Earth
Hell o Earth. | am Jacqui e@fportal.

20
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Exercise 4

Use theaos. ext ensi on. paral | el . Paral | el Moni tor to thrav an exception to interrupt the
Wat chMbni t or plan.

Intr oduction

The aguments to thepar al | el Statement specify the success condition, termination
conditionandhow terminationis notified.In addition,anoptionalfourth agumentis allowed,
which is then an object through which theeution of the parallel statement can be
monitored.

The optional monitor attrilte must, if gren, be an instance of the cl&asal | el Moni t or.
TheParal | el Monitor class implements the follong interface:
public int addTask(FSM

/1
/1 A method that can be used to add branches to an @arall el

/1 statenent dynamically. The FSM argunent is an event or

/1 reasoning nethod in the plan. Branches in a @arallel statenent
/1 can be referred to by index, where 0 is the first branch

/1 Dynamically added branches are nunbered contiguously after the
/1 definite branches. The addTask nethod returns the index of the
/1 branch added.

/1

public Cursor finished()

/1

/1 Atriggered Cursor for checking that the

/1 @parallel statement has finished.

/1

blic Cursor changed()

pu
/1

/1 A triggered Cursor for reacting to state changes in the

/1 execution of the @arallel statement, i.e. when branches finish
/1

publ i c bool ean hasFi ni shed()

/1

/1 Tests whether the @arallel statement has finished or not.

/1

public int getStatus()

/1

/1 Returns the current execution status of the @arallel statenent.
/1

blic int nTasks()
Returns the nunber of parallel branches.
public int getStatus(String n)

/1
/1 Returns the execution status of a | abelled branch
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/! return values can be:

/1 -1 (active)

/1 1 (finished successfully)

/1 2 (failed)

/1 7 (terminated with an exception)

/1

public int getStatus(int n)

/1

/1 Returns the execution status of a branch by index.
/1 Val ues can be:

/1l -1 (active),

/1 1 (finished successfully)

/1 2 (failed)

/1 7 (terminated with an exception)

/1

public Throwabl e get Exception(String n)

/1

/1 Returns the exception, if any, throwmn to a | abelled branch.
/1

public Throwabl e get Exception(int n)

/1

/! Returns the exception, if any, throwmn to a branch by i ndex.
/1

public int findTaskl ndex(String namne)

/1

/1 Returns the index for a |abelled branch.
/1

public void throwTo(String name, Throwable t)
/1

/1 Throws an exception to a |abelled branch.
/1

public void throwTo(int n, Throwable t)

/1

/1 Throws an exception to a branch by index.
/1
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The Par al | el Moni t or Object allows the team plan to inspect the processing of parallel
branches and (asin the code segment bel ow) throw exceptions to branches selected by label or
index. If the branch contains an @ eamAchi eve, the plan activated by the @ eamachi eve will
receive aTeamAbor t exception. The plan can catch this and take appropriate action. Note that
if an exception isthrown to a branch, the branch is terminated and the branch is considered to
have failed. If the plan that was activated by the @ eamchi eve does not catch the Teamabor t
exception, you will not get any indication that the plan has been terminated. Neither the pass
nor thef ai | reasoning method will be executed in this situation.

Paral | el Monitor p = new Parall el Monitor();

@arallel(...., p) {
label: ....;
@i t For (el apsed(100));
p. throwTo("l abel ", new Exception("CheckPoint"));

b
Instructions

1. Change directory to the version saved before the previous exercise (i.e. before the version to
interrupt the wat chmvoni t or plan using a beliefset.

2. Inthisversion, we will interrupt the wat chMoni t or plan by using aPar al | el Moni t or object
to throw an exception.

3.InVisit.plan, import aos. ext ensi on. paral | el . Paral | el Moni tor.

4.1nVisit. pl an, create aParal | el Moni t or Object p beforethe @aral | el statement. Modify
the @par al | el Sstatement to be:

@aral l el (Parall el FSM ANY, false, null, p)

wat ch: @eamAchi eve(crew, crew.wmwatch()); /
ref erence
Crew.rol e

flying: fly(p);

Note that Par al | el FSM ANY is used. Why?

5. f1y isareasoning method in which @ eamAchi eve is used to send an event to the pilot to
start travelling to the planet. When thisis complete, thef | y reasoning method must use the
Par al | el Moni t or Object to test the status of the wat ch branch (using get St at us("wat ch") ). If
itisstill active (which it should bein this example), the Paral | el Moni t or object must throw
an exception to the wat ch branch (using thet hr owto( . . . ) method). Create thisf 1y reasoning
method in the vi si t plan.
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6. Compile and run the program. Note that although the pass and f ai I reasoning methods are
not executed, the vat chiMoni t or plan has been terminated by a Teamabor t exception.

7. In the wat chMoni t or plan, wrap the per f or maat ch activity in atry/ cat ch statement that
catches a Teamrbor t exception. Print atrace statement if you catch a TeamAbor t in this plan.

8. Add thei nport aos.team Teamhbort Statement to the vat chioni t or plan.

9. Compile and run the program. Your output should be similar to the following:

10.

11.

Team est abli shed for craft: Enterprise@fortal
crew Ral ph@#ort al
pi | ot Denni s@gport al
spokesper son Jacqui e@port al
Ral ph@#ortal on watch
Denni s@gportal flying craft to Earth
Denni s@gportal arriving at Earth
t hrowi ng exception to watch
crew received a TeamAbort exception to stop watch
WAt chMbnitor plan term nated normal ly (pass)
Denni s@portal landing craft at Earth
Denni s@portal has |anded craft at Earth
Hell o Earth. | am Jacqui e@fport al

Try changing the mode in the vi si t plan @aral | el Statement to Paral | el FSM ALL.
Compile and run the program. What happens? Why?

Change the mode back to Par al | el FSM ANY.
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Exercise 5

In this exercise we illustrate the u@sds propagtion of team beliefs.

Intr oduction

Belief propa@tion focuses on hothe beliefsets of teams and sub-teams may be connected
through role relationships. Belief connections are either directedrdpysynthesizing the
beliefs of sub-teams, or dowards, alleving sub-teams to inherit beliefs from the team.

In this &ercise, the pilot will maintain a flight status beliefset which, for simpjiaitly
consist of tvo non ley st ri ng fields:

— status (e.g. takof, transit, holding, landing, landed)

— destination (i.e. the destination planet)
This information is to be propated up to the spacecraft team. In some applications, data
could be propaated from seeral sub-teams and then med in some ay. For example, sub-

teamscould propagtetheir locationandtheteamcould combinetheseocationsinto a single
aggreated location. This is not illustrated in thieecise.

To achiee upvard propagtion of beliefs, the foling components need to be piged:-

1. A data source definition

A generic capability for propaging changes is pvaled as part of the beliefset
infrastructureFor abeliefsetto be usedasa sourcefor belief propagtion,it mustinclude
a#propagat es changes declaration.

Note that thetpr opagat es changes declaration may include an optionaldinType. The
useof thissecondorm of the#pr opagat es changes declarations describedn the Teams
manual. It is not illustrated in this practical.

2. Source team declarations

A sub-team becomes a source in a synthesizing belief connection by filling a role that
contains atsynt hesi zes t eandat a declaration. Thus the sub-team must include an
appropriatetper f or ms rol e declaration and fill the role in the containing team's role

obligation structure. Also, a data item with the type and the reference specified within the

role must be defined within the sub-team definition, or indirectly through the sub-team's
capability structure.
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3. Role declarations

To associate a synthesizing belief connection with a role, thevfoticstatement form is
used:

#synt hesi zes teandata stype sref;

where st ype andsr ef identify asource beliefset that will be wolved in a synthesizing
belief connection — the tget for the connection is not specified.

Recall that a role defines a team/sub-team exterfind as such thignt hesi zes

t eandat a declaratiordoesnotgeneratary code.Ratherit declaregshatarny sub-teanthat
performsthis role mustprovide adataitem namedsr ef of typest ype. Likewiseary team
that requires this role mustJeaa taget data declaration thawmwlves this particular item.

4. A taget data definition

Theteamdata construct is praided to encapsulate the beglwur and data associated with
the taget end of a team belief connection. A template for a teamdata type definition is
given in the instructions for thixercise.

5. Target team declarations

A team becomes a et in a synthesizing belief connection by requiring a role that
containsa#synt hesi zes t eandat a declarationThustheteammustincludeanappropriate
#requires role declaration and#ynt hesi zes t eandat a declaration that binds the data
item specified in the role with the role container that contains the sub-teams that fill the
role. Thesyt hesi zes t eandat a declaration within a team results in the creation of a
teamdata instance that isvyaie to that team.

Instructions

1. Create the data source type definition.

In themar ti an directory create thei | ot Fl i ght St at us beliefset in the normalay. The
beliefset is to hae two non ley st ri ng fields,st at us anddest i nati on as described in the
introductionto this exercise.In additionto the normaldeclarationgor thevaluefieldsandthe
gueries, add the folNaing declaration for belief propagon:

#pr opagat es changes;
2. Add the data source to the sub-team type definition.

Add a#private data PilotFlightStatus flightStatus(); declaratiortothewarti an team
definition.

3. Add the declaration to associate a synthesizing belief with tlee role.
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Add a#synt hesi zes teandata PilotFlightStatus flightStatus; declaratiortothepil ot
role definition.

4. Create the tget data definition (synthesized teamdata) for the spacecratft.

This is to be calledr aft St at us. Cr af t St at us should be defined in a file called
Craft Status. td. A template for a synthesized teamdata isshbelav (Dat aType__Tupl e iS
a placeholder for the type of the incoming tuple):

t eandat a TeanDat aType extends DataType {
#connecti on net hod(bool ean added, String team

/1 could have code which captures when
/1 sub-teams are added to or renoved fromthe synthesis
/1 connection

}

#synt hesi s nethod( String team
bool ean asserted,
Belief State tv,
Dat aType__Tuple is,
Dat aType__ Tupl e was,
Dat aType__Tupl e | ost)

{
/1 A sinple case where new data added is
/1 illustrated here.
/1 This nethod could involve nore conplicated merging
if(asserted && (is!=null))
add(.. is.data fields ...);
}

}

In this exercise the synthesis method simply adds § cd@ry new status details propated
up from the pilot's beliefset. Note that

— CaftStatus IS to xtendpi | ot Fl i ght St at us. The teamdata is not required tdaend
the source beliefset. M@&ver, it makes sense for it to do so in thisagnple.

— The tuple type in the guments to the synthesis reasoning method should be
Pil ot FlightStatus__Tuple

— You must import

martian. Pi | ot Fl i ght St at us
and

martian. Pil ot Fl i ght Status__Tupl e
intocraftStatus.td

— the body of theonnect i on method is empty because we are not dynamically
modifying the role obligtion structure.

5. Add the declaration for the tgat data to thepacecraft team.
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Add a#synt hesi zes teandata CraftStatus status(pi.flightStatus) declaration to the
Spacecraft teamdefinition.pi mustcorrespondo thereferencan the#requires Pilot role
declaration in thepacecr af t team definition. This statement has thifefof creating an
instance of ther af t St at us teamdata type called at us that is prvate to thespacecraft
team. In this gercise st at us receves beliefs propaged from a sub-team performing the
pilot role and stores the propigd beliefs in &i | ot Fl i ght St at us tuple. Craft St at us
extendspi | ot Fl i ght St at us.) The storage is performed within thg/nt hesi s method of

st at us.

The necessamt equi r es/#per f or s declarations anskenari o. def file required to bild the
role obligation structure for the spacecraft and martian teawes lbeen established in
previous eercises.

The components are wan place for belief propadion to tak place. The remainder of this
exerciseusedeliefpropagtionto propagtebeliefchangesrom the from thesub-teamn the
pilot role to the spacecratft.

6. Add a#uses data CraftStatus status declaration to theisit plan.

7. Modify vi si t. pl an so that after thepar al | el statement is»@cuted, it checks that the

st at us teamdata contains the tuptenol di ng", eventref . pl anet) (Whereeventref is the

event being handled by the plan). If it does, then print a message and carry out the remaining
@ eamAchi eve Statements to land the craft and speak the greeting. If it does not, print an error
message and makhe plandil.

8. Modify the martianTr avel . pl an andLandCr af t . pl an Sothatthey asserstatusnformation
in thepi | ot Fl i ght St at us beliefset at each stage of the joytriEhese plans will require
#uses data PilotFlightStatus flightStatus declarations.

9. Compile and run the program
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Exercise 6

In this exercise we illustrate the dmwards propagtion of team beliefs.

Intr oduction

In this exercisewe will propagtethe craftstatusnformationdown from the spacecrafto the
sub-teams in ther enCont ai ner andSpokesPer sonCont ai ner.

To achiee davnward propagtion of beliefs, the foling components need to be ypiged:-

1. A data source definition

A generic capability for propaging changes is pvaled as part of the beliefset
infrastructureFor abeliefsetto be usedasa sourcefor belief propagtion,it mustinclude
a#propagat es changes declaration.

2. Source team declarations

A team becomes a source in an inheriting belief connection by requiring a role that
contains & nherits teandata declaration. Thus the team must include an appropriate
#requires rol e declaration. Also, a data item with the type and the reference specified
within therole mustbe definedwithin theteamdefinition,or indirectly throughtheteam's
capability structure.

3. Role declarations

To associate an inheriting belief connection with a role, thewoilp statement form is
used:

#i nherits teandata stype sref;

where st ype andsref identify asource beliefset that will be wolved in an inheriting
belief connection — the @&t for the connection is not specified.

Recall that a role defines a team/sub-team exterfind as such thisherits teandat a
declaration does not generatey @ode. Ratheiit declares that grnteam that requires this
role mustprovide adataitem namedsr ef of typest ype. Likewiseary teamthatperforms
this role must hae a taget data declaration thawivlves this particular item.

4. A taget data definition

Theteamdata construct is preided to encapsulate the belmur and data associated with
the taget end of a team belief connection. A template for a teamdata type definition is
given in the instructions in the pieus eercise.

5. Target team declarations
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A sub-team becomes aget in an inheriting belief connection by filling a role that
contains &t nherits teandata declaration. Thus the sub-team must include an
appropriatetper f or ms role declaration and fill the role in the containing team's role
obligation structure. The sub-team must also inclugiengeri ts teandat a declaration
that binds the data item specified in the role with the role type.

Instructions

1. Add a trace statement to the teamdata definition.

In this ercise the same teamdata type is used as both the sourcegahddta type. The
Marti an team will hae a prvate instance dir af t St at us teamdata that is to contain beliefs
inheritedfrom thespacecraft'sr af t St at us teamdataThiswill enablethenar ti an sub-teams
to track the craft status and their current 'position’.

When data is added to the spacecraftsus beliefs, the beliefs will be propatgd davn to
the sub-teams wolved in the inheritance connection. Note that there is no needdaha
#propagat es changes declaration in the teamdata definition aitads the

Pi | ot Craft St at us beliefset which already hastgr opagat es changes declaration.

Theor af t St at us type was defined inxercise 5 and is in thepacecr aft package.

To help follav the belief propagtion, add a trace statement to ¢hef t St at us synthesis
method to print annew data as it is added.

2. Add a#i nheri t s declaration to the Role definition.
Add a#inherits teandata CraftStatus status; declaration to ther ewrole definition.

Craft Status IS defined in thepacecraft package, so it is necessary to add an import
statement fogpacecraft. Craft St at us to thecr ew role definition.

3. Add the#i nheri t s declaration to the tget team.

Add a#inherits teandata CraftStatus craftstatus(Crew status) declaration to the

Marti an team definition. Each instance oftati an team will nav have its avn private
instance of a&r af t St at us teamdata to enable it to track the craft status. The information is
only propa@ted to the sub-teams that fill in thew role. When the propated beliefs are
inherited by a sub-team, thare agin dealt with by thésynt hesi s method in the

Craft St at us teamdata and the data is stored mniat Fl i ght St at us tuple.

Craft Status IS defined in thepacecraft package, so it is necessary to add an import
statement fogpacecraft. Craft St at us to themarti an team definition.
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Thenecessaryr equi res/ #per f or s declaration®ndscenari o. def file requiredto build the
role obligation structure ha been established in preus eercises.

The components are wan place for dawnward propagtion to tak place.
4. Compile and run the program.

5. You should hee noticed thaall sub-teams in ther ew role container rece¢ the nev data
from thespacecraft team.If therewereary martiansn the SpokesPer son role containerthat
were not in thex ew role containerthey would be unevare of the craft status.oTvercome
this deficieng:

— add the appropriate declaration and import statement tpdkesPer son role
definition
— modify the#i nheri ts in themarti an team as folloss:

#inherits teandata CraftStatus craftstatus(Crew status,
SpokesPer son. st at us) ;

6. Compile and run the program. Note that the information should ontydsen propaged
to each sub-team once, not once/role that the sub-teavolged in.
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Program Solutions

Thesolutionsto theprogrammingexercisesanbefoundin thepr acti cal s/ t eans/ sol uti ons
subdirectoryThere is a separate directory for each of Hezases.

Answers to Questions

Exercise 3

Instruction3: Thespacecraftioesnotarrive. Thisis becaus¢he @ar al | el statementloesnot
terminate nw that thewat ch branch does not terminate.

Exercise 4

Instructiond: Par al | el FSM ANY is usedsothatthe@ar al | el statemensucceedd thef ! yi ng
branch terminates successfully

Instruction 10: The statements after @per al | el Statement are nokecuted. Theat ch
branch is considered taif — it is terminated when they reasoning method thns it an
exception. When thepar al | el statement has a moderaf al | el FSM ALL and one of the
branchesdils the@ar al | el statementdils.

Notethattheactualvat chMoni t or planis interruptedn this exercise.The planpassedecause
theTeamibort exception is caught in the y/ cat ch statement. \Whout thet ry/ cat ch
statement, the planomld be interrupted and terminate immediately —atig not @en
execute the ai | reasoning method to indicate that it had terminated.
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