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

Document

Description

Agent Manual

Teans Manual

Devel opnent Envir onnent
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 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 ipt@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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Introduction

1 Introduction

Discrete gent simulation is concerned with the modelling of vt in terms of entities
which undego discrete state transitiongen time. There arearious vays in which entity
behaiours can be partitioned — these partitionings arevkreassimulation world views.
Traditionally, three major wrld views hare been distinguished, namely: aitti, event and
process (Kreutzed986). ACK Intelligent Agents® @CK) supports a rve world view that
we have called théBDI world view. In this world view, entity behgiours are encapsulated
within agents and theACK execution model is used to de the simulation. The BDI avld
view provides a much richer and more intuéiinteraction model than isfafded by the
traditionalworld views andhasprovento be especiallyusefulfor the simulationof distributed
systems whose component entitiglibit complex internal beh@iours and rich interaction
models, both with each other and with thewvissnment.

JACK and ACK Teams™ (€ams)provide concepts, programming constructs and run-time
support to directly support the BDlonid view, thereby making simulation model
development using the BDI evld view significantly easier ACK also has constructs which
facilitate the intedcing of ACK agents with xasting applications and, sincAGQK is a
superset of Ja, the ACK programmer has access to all of theaJanguage and toisting
Javaclasseandframewnorks. JACK is neutralwith respecto time management threetypes
of clock (real time, dilated and simulation) are supportecerjfeagent has a timer member
whichis by defaultsetto therealtime clock. Clockscanbesharedetweeragenton eithera
machingrealtime) or procesgdilatedor simulation)basis Inte-machinesharingof realtime
clocks and intemachine/intefprocess sharing of dilated and simulation clocks is the
responsibility of the application deloper In summaryusing ACK for simulation model
development diers the follaving adwantages:

» support for a BDI wrld view

* support for anx@ensible time management infrastructure

» ability to code in Jea when appropriate

» support for the intedcing to and encapsulation ofiging applications in an agent-
friendly manner

JACK and Bams hee been used to delop simulations in areas such as

» air traffic control

* manufcturing control

» virtual enterprise management

* mission management for teamed\s$

* military command and control.
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In addition, thg hase been used to augment the hatar of entities in risting simulation
ernvironments, such as CAEN,TB and SAGE.

These applications lia been concerned with assessing the feasibility of particulargséste
and tactics in the domains of interest — performance and sépsitialyses were not
conductedSuchanalysesequirethatsimulationrunsarerepeatableThisis notanissuewith
conventionalsimulationlanguagesasthe simulationexecuteswithin asinglethreadof control
within a single process and repeatability is guaranteedet$s, when the simulation
executes wver multiple threads or multiple processes, repeatability needs ipletky
addressed ACK was designed so that within a singhéCK process, agenkecution is
repeatable so long as there is no Hatgent communication. In practice this means that
repeatabilityis constrained to applications consisting of a single agent.

In addition, while the BDI paradigm dictatesaha simulation operates, it does not\pde

ary indication as to he the underlying softare architecture should be structured, other than
thattheparticularapplicationwill be modelledusingagentsFurthermorepur experiencehas
shavn that the creation and initialisation of agents and teams of agents can become a
significant component of a simulation project as thesldger is totally responsible for agent
creationandinitialisation. Typically this meanghateachapplicationrequiresa bespole main
program that creates and initialises the required ag&@« provides the ACOB™ Object
Modelling Language AICOB) for eficient object transport and initialisatioQK also
provides etensve support for the graphical display of applicati@aation (graphical plan
tracing, design diagram tracing, agent interaction diagrams).

JACK Sim™ (ACK Sim) consists of three major components:

» amodel management infrastructure thavles a clear separation between scenario
definition and scenariokecution

* atime management infrastructure thatyotes guaranteed repeatability for multi-agent
applications, rgardless of whether the agents reside in multiple processes or on multiple
machines.

» avisualisationinfrastructurghatfacilitatesthe developmentf 2D visualisation©f model
execution.

Also ACK Sim presupposes that an actual application will conform to a reference model in
which agent behaour, embodiment and visualisation asgkcitly represented.
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2 Overview

JACK Sim is a framevork for kuilding and running repeatable agent based simulations.
Simulations hilt with JACK Sim require agent belaurs to be implemented using either
JACK or Teams. Also note that thAGOB™ Object Modeller ACOB) is used for

initialisation of data. It is assumed that the readansliar with ACK, Teams andAICOB.

In theBDI world view, agentgespondo eventsissuedoy theenvironment,otheragentsor by
themseles. Thebehaioursthataretriggeredby theseeventsresultin computationgthattake

no time) and delays(that consume time). Thus an action will in general be modelled as a
computation and a delagnd will be triggered by arvent. ACK provides programming
constructs (eents, plans, beliefsets, wie and agents) to support thisnd view.

A JACK Sim application has a single clock that is maintained by a single agent of type
Ti meSour ce. The time source agent issugs@ution requests to one or more agents of type
Ti meDi spat cher — there is one time dispatcher agent per process. Each time dispatcher agent
allowstheagentghatareunderits managemertb executein arepeatablenanneuntil all the
agentsareblocked.At this point, thetime dispatcheagentsendsaresponseo thetime source
agentindicatingthe earliesttime at which oneof its agentswill becomeunbloclked.Whenthe
responses from all time dispatcher agent®meen receed, the time source agent adees
the clock to the earliest time thabuld unblock an agent. It then issues another round of
execution requests and thgcte is repeated. The simulation stops when the clock can no
longer be adanced. Clock management is transparentveldpers — thg are responsible
only for the definition of the time management agents.

Agentswithin anapplicationdo nothave to bemanagedy atime dispatcheagentbut if they
are not, there may be implications with respect to repeatalbilityder to be fully managed,
an agent must

* be ragistered with the time management infrastructure

* implement either th& nemvanaged Or Ti neSyncManaged marker interice
* have thesi nul at i onTi ni ng capability

» provide plans (and capabilities) to handiati meCont rol events.

If these conditions are satisfied, then the infrastructure will manage the agenysldifdlce
life cycle consists of the folleing phases:
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Phase Description

Creation Agent creation is managed on a-per
process basis by

aos. j ack. si m run. Loader. The
initialisationfor theagents specifiedn a
scenario definition file. The loader also
registers the agent with the time
management infrastructure.

Setup Setup refers to initialisationvnlving
other agents, such as role establishment.

Execution | Execution refers to the actual playout o
agentbehaioursfor aparticularscenario.

—h

Table 2-1: Phases of the agent lifgae

If an agent implements one of theotwarler interaices and it has the

aos. j ack.si mtine. Si mul ati onTi ni ng capability the agent's progress through the setup and
executionphasewvill becontrolledby eventsissuedoy its time dispatcheagent.n particulay

the agent will rec@e aos. j ack. si m ti me. Runti meCont rol events at the follwing times:

e SETUP - the commencement of the setup phase
» BEGIN - the bginning of the gecution phase

* END - the end of thexecution phase.

These points are distinguished by thierd'srode member — it assumes aluve ofseTup,
BEG N Or END respectrely.

As of JACK 5.5asimulationcanbeautomaticallyrepeated givennumberof times.An event
containingtheBea N or END modefield will alsohavethedat a field set.The'begin' event'sdata
will containthe numberof thenext simulationiteration.The'end'event'sdatawill containthe
number of simulation iterations left to process.

Normally seTup andenD events can be ignored by the agentwieeer, if running multiple
iterations of the simulation, thieshould be used to initialise and ¢attavn, respectiely, the
simulation entities so that each iteration cagité a clean and reset state.

BEG N eventsmust always be handled or nxecution will occur Note that the protocol is
synchronous- thesendingof aBEG N eventto thenext agentwill not proceeduntil processing
of the precedinggea N eventhascompletedThereforethe planthathandleghis eventshould
eventuallypostanevent(thatwill actuallyinitiate executionwithin theagent)andsimply exit.
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In the case of agents that implementth&SyncManaged interface (aopposed to the

Ti meManaged interface), additionaleents with a mode «fTeP will be receved wheneer the
simulation clock is acanced. Tme dispatcher agents implement theeSyncManaged
interface; the intended use for user defined agents that implement thecatsrfo intgrate
computations performed byternal processes into thRQK Sim repeatability franveork.

If a simulation agent is gestered with the infrastructureibdoes not implement one of the
marlker interfces, it is loaded ub its execution is not managed by the infrastructure. If an
agent is not gistered with the infrastructure, then theeleper is responsible for both its
instantiationandexecution.Notethatin bothsituationstheremaybeimplicationsin termsof
repeatability

A simulation is started by running theader class with the name of a scenario definition file
as an ggument. © bagin a simulation that runs in a single process, type

aos.jack.si mrun. Loader <fil e-name>

where<fi | e- nane> is the name of the scenario definition file.

Notethatif thesimulationinvolvesmultiple processesachproceswill haveits own scenario
definition file and will require a separat@acation ofaos. j ack. si m run. Loader. Also, the
procesghatcontainghetime sourceagentmustbethelastprocesgo bestartedasit initiates
agent &ecution.

2.1 Example 1

As a first @ample, consider aaviation on 'hello wrld' to illustrate what is wolved in
generating a minimaALCK Sim application. W assume that a norm&QK application has
been deeloped that consists of three agenasphi, ral ph2 andwor | d. ral ph1 andr al ph2
are of typespeaker 1 andwor | d is Of typeSpeaker 2. Speaker 1 has aspeak plan which is
triggered by &t art 1 event. Thespeak plan consists of a continuous loop that sends an

Ut t er ance eventtowor | d. Theplanwaitsfor aresponsdérom world, waitsafurther5 seconds
and then repeats the process continuogségker 2 has aespond plan which is triggered by
anut terance event; it composes a response and sends it @sipgy. Code for thexample
is presented in Appendix A. Design diagrams arevshoelov:
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Start Utterance

hangilay |I-d||L' (=

Pl J{
% Speakerl E Speaker?
£

Figure 2-1: Agent/event diagramsfor Speaker 1 and Speaker 2

Respond

Start

Utterance

Figure 2-2: Plan/event diagrams for Speaker 1 and Speaker 2

Conversion of this application into aminima JACK Sim application involves the following
steps:
1. InsSpeaker 1. agent

a) add the following statements

i mport aos.jack.simtinme.RuntimeControl;
i mport aos.jack.simtinme.SimulationTimnng;

#handl es event RuntineControl;
#has capability SinmulationTim ng cap;
#uses pl an Preparel;

b) declare speaker 1 asfollows:

public agent Speakerl extends Agent
i mpl enents aos. jack.simtine. Ti neManaged

2. In Speaker 2. agent
a) add the following statements
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i mport aos.jack.simtime. Runti meContr ol
i mport aos.jack.simtime.SinmulationTimng

#handl es event RuntimeControl;
#has capability SinulationTimng cap
#uses pl an Prepare?2;

b) declarespeaker 2 as follavs:

public agent Speaker?2 extends Agent
i mpl enents aos.jack.simtine. Ti neManaged

3. Write preparel. pl an:

package hell o;
i mport aos.jack.simtime. Runti meControl

public plan Preparel extends Plan {
#handl es event RuntineControl rc;
#posts event Startl si;
static bool ean rel evant (Runti neControl ev)

return ev.node == RuntineControl.BEGN,;

}
#reasoni ng et hod body()
@ost (sl.start());
}
4. Write pr epar e2. pl an:

package hell o;
i mport aos.jack.simtime. Runti meControl

public plan Prepare2 extends Plan {
#handl es event RuntinmeControl rc;

static bool ean rel evant (Runti neControl ev)

return ev.node == RuntineControl.BEGN,;

#reasoni ng et hod body()

/1 do nothing

}
}

5. Create a scenario definition fitalledscenari o. def :

/1 W use the JACK Simtinme managenent
<Include :dict "aos.jack.simtine.Init__base" >

<Tinelnit :date "Mon, Sep 29, 2003, 19:46:12.0"
:dat eformat "EEE, MW d, yyyy, kk:mmss.S" >

/1 Declare a time dispatcher agent, which ensures that the tine is
/1 not advanced while the application is busy.
<Ti meDi spatcherlnit :name "tinmeD spatcher" >
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/1 Instantiate and regi ster the agents

<Agentlnit :agent_type "hell o. Speaker1" :nane "ral ph2" >
<Agentlnit :agent_type "hell o. Speaker1" :nane "ral phl" >
<Agentlnit :agent_type "hello. Speaker2" :name "world" >

/1 Declare a tinme source agent, which is responsible for advancing
/1 time in a synchronised manner with a tine di spatcher agent.
<Ti meSourcelnit :nane "tinmeSource"
. di spatcher "tinmeD spatcher™
:verbose 1
crealtime :true
:delay 0
>

The meanings of theavious fields are discussed in the later chapters.
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To execute the simulation, enter

java aos.jack.simrun. Loader scenario. def

In the precedingx@ample, all agentsxecute within a single process. \Wever, this is not a
requirement of ACK Sim — agents can be disuiled across multiple procesgasd multiple
machines) in aAICK Sim application. As a simple illustration of this, suppose that for the
preceding gample, it becomes desirable to run the application agents in a separate process to
the time source agent. Each process will require a portal name and a scenario definition file:

Process Portal Filename
Time source agent | j acksi nD scenari 00. def
Application agents | j acksi ml scenari ol. def

Table 2-2: Multi-process configuration

The content of the twvscenario definition files are as folls:
1. scenari 00. def

/1 W use the JACK Simtinme managenent
<Include :dict "aos.jack.simtine.Init__base" >

<Tinmelnit :date "Fri, Apr 6, 2001, 19:46:12.0"
:dat eformat "EEE, MW d, yyyy, kk:mmss.S" >

/1 Declare a time dispatcher agent for this process
<Ti meDi spatcherlnit :name "tineD spatcher0" >

/1 Declare a relay for the tine dispatcher agent in the second
/'l process
<Ti meRel ayl nit :name "tinmeD spatcher1@ acksi m" >

/1 Declare a time source agent, which is responsible for advancing
/1 time in a synchronised manner with a tine di spatcher agent.
<Ti meSourcelnit :name "tinmeLord"
. di spatcher "tinmeDi spat cher0"
‘realtinme :true
.delay 0
>

2. scenariol. def

/1 W use the JACK Simtine nanagenent
<Include :dict "aos.jack.simtine.lnit__base" >

<Tinelnit :date "Fri, Apr 6, 2001, 19:46:12.0"
:datef ormat "EEE, MW d, yyyy, kk:mmss.S' >

/1 Declare a time dispatcher agent, which ensures that the tine is
/1 not advanced while the application is busy.
<Ti meDi spatcherlnit :name "tineD spatcherl" >
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/1 Instantiate and regi ster the agents

<Agentlnit :agent_type "hell o. Speaker1" :nane "ral ph2" >
<Agentlnit :agent_type "hell o. Speaker1" :nane "ral phl" >
<Agentlnit :agent_type "hello. Speaker2" :name "world" >

To run this ersion of the xample, first start the process containing the application agents:

java aos.jack.si mrun. Loader "-dci.new jacksim=7821"
scenari ol. def

In a separate winag start the process containing the time source agent:

java aos.jack.si mrun. Loader "-dci.new jacksi nD=7820"
"-dci.con:jacksi nmD->j acksi ml=7821" scenari 00. def

If an explanation of the dci guments is required, refer to tAgent Manual.

Note that in thisxeample, no modification of the application agent cods required, as all
interragent communication is still within the same process. If the simulation agents were
distributedacrosanultiple processedull agentnameqagent@portal) would needto be used
for communication between agents in thdedldént processes.
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3 Areference model

In developing agent based simulations, weéhbound it useful to vie a simulation as
consisting of the follwing models:

* Agent

» Equipment

* Environment.

The agent model in turn consists of babar and embodiment sub-modeBehaviour
models encapsulate the reasoning that underpins agefitlyatiti performing this reasoning,

an agent has kmdedge of the the actions that it can perforior. &ample, a soldier agent
might be be able to

* look

o walk

° run

o crawl

e crouch
» shoot

Depending on the application, the belbar model might be implemented using a
scientifically grounded cogmit¢ architecture as in (Jarvis et al., 2005).

Embodiment models implement the the actions that\aiéalle to the behdour model.
These actions could be modelled atetinhg levels of fidelity depending on the application.
For example, if a soldier &ws a component of a t@r system and our interest lay in the
modellingof thebehaiour of thatsystemandnotthatof the soldier onecouldperhapsnodel
theabove actionsasdelaysandignorelooking. However, in othersituationsve might needto
model the looking process and the detailed dynamics eément and shooting.

Having this distinction between the actions that an agent can perform and the realisation of
those actions isxéremely useful when agents are used to augmenvigesa in &isting
simulation emironments, such asT®B (OneSAF Estbed Baseline). In these situations, the
primitive actions that the agent can perform correspond to theibaersthat are supported

for its corresponding entity in theisting ervironment and realisation of agent function
resides with thexasting simulation evironment. Another benefit that arises from this
separation is that replacement of simulated functionality with actual functionality becomes
straightforvard. For example, one couldvaluate alternate control stratgies for a
manugcturing cell using an embodiment model based on delaymdidetermined a

suitable control stratgy, one could then replace the embodiment model with the (suitably
interfaced) machines.
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In general, the embodiment model will contain geceition manager that is responsible for
thehandlingof requestérom thebehaiour modelandthe monitoringof the progresf those
requests. \lth respect to the latter point, the emodiment model maintainspdicie
representationf the executionstatefor eachagentthatis updatedastherequestedctionsare
executed Notethatactionexecutionmay be delegatedto anexternalsystemsuchasOTB and
thatdependingntheactionrequestedaskdecompositiormayberequiredIf requiredagent
embodiment can be visualised using tAEK Sim visualisationinfrastructure. In this case,
separate visualisation modelswid be proided that interact with the embodiment model by
accessing the agentexution states. The processalved is discussed in thésualisation
chapter

Equipment models puide plysical models of gnequipment managed by an agent. Control
of equipment is mediated by the agent embodiment; thevioeinanodel does not directly
control equipment. An item of equipmentfdik from an agent in that an item of equipment
doesnotreasomboutits actions.For example,asoldieragentmayhave binocularsandagun;
both of these wuld normally be modelled as equipment.

Environmentmodelsprovide modelsof the ervironmentin which theagentsaresituatedin a
military application, this could include both 'staticvieanment fctors (such as terrain and
landscape) and 'dynamic@mmnment actors, such as time of dayind, rain etc. Perception
of the enironment is mediated by the agent embodiment; thevimltamodel does not
directly percere the emironment.

Thefigurebelow is arepresentationf a simulationin termsof thesemodels Its purposés to

make the distinctions between the modelpliit, and in particular to stress that beioar

models are separate softte components from both embodiment models and equipment
models. The interaction paths are indicated by lines between the model classes. Note that the
behaiour models only interact with embodiment models, which in turn interact with both
equipment and eironment models.
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Behaviour Wodel

 —— o ——— o ———— —— — — ———— — —

Agent Todel
f_.-"
Embodiment Wodel Visualisation
: Tlodels
1
1
_________________________ N I
Equipment Environment
TWodel Tvlod el

Figure 3-1: A reference model for agent-based simulation

Behaviour models will alvays be implemented iACK. However, depending on the
application, the remaining components may be implementeddK/Java or in an gternal
modelling ernironment, such as C++, MAAB or OTB. If the latter case applies, an
interconnection layer is needed toyade the linkage between the belwaur model and the
embodimentnodel.In termsof software,theinterconnectiodayeris split into two partswith

one part residing with thexeernal modelling evironment and the other residing withQK.
Technically the layer manages the interconnection betwA&KJand the gternal

ervironment. Conceptuallyt mediates the interactions between embodiment functions and
equipment and eironment models. A macroscopic wief this architectural concept is
illustrated in the figure bela
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IACH [ Behaviour j

[ Embodiment [functions) ]

Interconnection Layer

Embodinent [ appeacances) ]

Figure 3-2: Macroscopic architecture for agent-augmented simulations

Si mulamr

JACK Sim currently provides no support for the preceding reference model because of its
simplicity and generality. In future releases, support may be be provided to assist in the
interfacing to particular simulation environments.
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4 Basic application de velopment

A JACK Sim application consists of the foling components:
» the infrastructure agents and classes that are required by the application
» user deeloped agents and classes

* ascenario definition that alls the user to initialise agent and object instances and to
configure the application on a scenario by scenario basis.

Note: JACK Sim prwvides support for repeatability (through the time management
infrastructure) and for 2D visualisatiamd animatiorfthrough the visualisation
infrastructure). In this chaptewxe focus on the delopment of applications which only use
the time management infrastructure. The visualisation infrastructure is discussed in the
Visualisation chapter of this manual.

4.1 Infrastructure a gents

The following infrastructure agentsan be created and initialised from entries in a scenario
definition file

4.1.1 Time management

4.1.1.1 Ti nmeSource

TheTi meSour ce agent is responsible for aahwing the simulation time. The time control
facility requires an application toveasingle Ti meSour ce agent per applicationyen if the
applicationis distributedacrossmultiple processedf oneis notpresentn anapplicationtime
will not be adwanced.

4.1.1.2 Ti meDi spat cher

On receipt of a time update from thieresSour ce agent, thai meDi spat cher agententers a

time control loop which enables all entities thatdwaegistered with the time management
infrastructureandimplementeithertheTi mremManaged Or Ti meSyncManaged interfacedo execute

until they areall blocked.Notethatbecaus®f dependenciesetweerentities,multiple passes
throughtheloop mayberequired Whenall entitiesareblocked, Ti mebi spat cher agentsends

the earliest stop time to theneSour ce agent, which then adwces the simulation time. The
time control &cility requires an application toveasingle Ti neDi spat cher agent per

process. In multiple process applicationsweRel ayl ni t objectscan be used to add the
dispatcher agent for a remote process to the list of entities managed by the local dispatcher
agent. In this &y, repeatability is guaranteedes with multi-process simulations.
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4.2 User developed a gents and c lasses

Agentbehaioursareprogrammedisingthe JACK Agent Language —this is the subjectof the
next chapterAs with infrastructure agents, ussafined agents can be created and initialised
from entries in a scenario definition file

4.3 Scenario definitions

Scenario definitions contain entries that

» specify ACOB dictionaries and scenario definition files that are to be included in the
scenario definition

* group related entries into sections

» specify the agents and classes that are required for a scenario and their initialisation for
that scenario

* initialise global data.

Entries are specified using th&CIOB object modelling languaged are contained in a
scenario definition file. Each process in an application mustiteavn scenario definition
file. However as noted abe, this file may include other definition files. The scenario
definition file for a process is processed by €K Sim loader

java aos.jack.si mrun. Loader <file>

Theloadercreatesandinitialisesall the agentsandobjectsspecifiedn the scenariadefinition
file and if requiredregisters them with the time management infrastructure.

4.3.1 Dictionar y and scenario inc lusion

Dictionaryandscenarianclusionwithin ascenariaefinitionfile is achiazedthroughi ncl ude
objects An I ncl ude object has ai ct attribute and ai | e attribute, both of typestri ng. The

di ct attribute identifies an additionahCOB dictionary to mad available to the scenario
loading. TWypically, this dictionary will contain the agent and object initialisation classes that
appear in the subsequent agent and object initialisation entries. ehattribute identifies a
scenario definition file for inclusion in the scenario definition. That file may include further
dictionaries and scenario definition files.
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The following is an &ample of using anncl ude object in a scenario definition.

<Include :dict "cell.machines.Init__defs">
In the kample, the scenario definition dictionary is firstemded by adding the classes
containedn cl ass cel | . machi nes. I ni t __def s. Theclassdefinitionsfor this dictionarywere
defined in theAICOB filecel I / machi nes/ def s. api . Once the abe dictionary appears in a
scenario definition file, its classes can then be used for agent and object creation and

initialisation. If theresultingscenariaefinitionfile wascalledcel | / net er box. def it couldbe
included into another scenario definition file via the felig entry:

<Include :file "cell.neterbox. def">

JACK Sim has a standard simulation definitionsriidenecdhos/ j ack/ si m st andar d. def .
Thus, a scenario definition file will oftenveathe follaving line

<Include :file "aos/jack/sinl standard. def" >

at the bginning of the filest andar d. def includes the follwing dictionaries:

Dictionary Description
aos.jack.simvisual.awt.lnit__aw Standard dnaable components
aos. jack.simvisual.Init__visual Standard visual modek&nsion
aos.jack.simtine.Init__base Standard time manager

Table 4-1: Dictionaries included byt andar d. def

If visualisation is not required in a particular simulation, one may choose to include only the
standard time managéerhis can be achwed with the inclusion of the folaing line in the
scenario definition file:

<Include :dict "aos.jack.simtine.Init__base" >

In addition, if the application useAGK Teams, the follwing dictionaries must be included
in the scenario.def file.

<Include :dict "aos.jack.simteaml|nit__base" >
<Include :dict "aos.teaminit.Init__teammap" >

4.3.2 Entry grouping

Groupingof entriesin ascenarialefinitionfile canbeachiezedwith Fol der objects A Fol der
object has tw attributes anane attribute of typestring and an tens attribute.
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4.3.3 Agent Initialisation

Theagentgequiredby a simulationareusuallycreatedrom entriesin the scenariadefinition
file which contain agent initialisation objecthese objects are either of tygent I nit or
are subtyped fromgent I ni t.

Theagent I nit class can be used directly for creating an agent which requires no further
initialisation at construction time. It has the three aitebagent _t ype, nane and

i s_persistent (described later). The class hag ainti al i se(Loader | oader) method,
which creates an agent of theen type and name, and adds this to_thager . entities

Hasht abl e. The agent is created by callingader . newagent () (which in turn calls

aos. j ack. Ker nel . cr eat eAgent () ) with theAgent I ni t object as initial data.

The following entry would enable the loader to create an agent cailegt a of type

cel I . machi nes. Robot and add it to its list of entities to be managed by the time management
infrastructureBy default, this entity would notkeepits runningstatebetweersimulationruns.

Note that no additional initialisation is performed.

<Agentlnit :name "hirata" :type "cell.nmchi nes. Robot" >

In mary situationstheagenthatwe wishto createwill requiredatafieldsotherthanthename

to be initialised. In this case, we need to create a subclagsnof ni t that defines the

required fields, which can be ofyatype. In these situations, the type of the agent can be
specified in the class definition. If this is done, the type does not need to be specified in the
object definition.

As anexample, supposehatwe wantedto createaninstanceof a Hiratarobotandsetits cycle
time to fve seconds. The folng dictionary definition wuld sufice:

<Cl ass :nane "Hiratalnit"
:extends "aos.jack.simrun. Agentlnit"
cfields (
<Fi el
<Fi el

d :nanme "nanme" :type :string :inherited :true >

d :name "agent _type" :type :string :inherited :true
:value "cell.mchines. Hrata"

>

<Field :nane "cycleTime" :type :long >
>
The example defines an initialisation object type namedt al ni t that maps to agent type
cel I . machi nes. Hi rat a, and includes an atttilbe namedycl eTi me. This definition could
then be included in a file such@&$ 1/ machi nes/ def s. api .
The initialisation object could then be used in a scenario definition file:

<Hi ratalnit :nane "hirata" :cycleTime 5 >
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Note: Whenagent I ni t is extendedoy anew initialisationtype,thenthename andagent _t ype
attributes are maed ad nheri t ed. Theagent _t ype attribute is further assigned an
initialisationvalue,whichis the (default) agenttypeto createwhenthenew initialisationtype

is used in a scenario definition.

If no agent name is pvaled in the initialisation object, then no agent will actually be created

atthetimethatthescenaridile is read.Thismaybeusefulto provide aninitialisationtemplate
that can be used within code that creates agents on.the fly

4.3.4 Infrastructure agent initialisation

The following initialisation objects arevailable to enable infrastructure agents to be

initialised:

4.3.4.1 Ti neSourcel nit

A Ti meSour cel ni t objectin the scenario definition results in the creation tfr@Sour ce

agent The initialisation attribtes are

Attribute Type

Description

Default

nanme String

di spat cher String

consol e Ti meConsol el ni t

ver bose i nt

The agent name for the
Ti meSour ce agent. This must be
a unique name on that portal.

The agent name of the root
Ti meDi spat cher thatwill receve
clock adwance messages.

An object that defines the

appearance of the time console.

The reporting leel for time
control loop logging. The
allowed \alues are 0 (quiet), 1
(time only), or 2 (time and
delays).
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Attribute Type Description Default

real tine bool ean Indicateswhetherthesimulation | true
time adancement should (if
possible) be synchronised with
real time, or asdst as possible.
The former is further qualified
by the 'realtimedctor' attrilute
belonv and the latter is qualified
by the 'delay’ attrilte belav.

real ti mef act or doubl e This specifies the relag speed | 1
by which to adence time when
synchronised with real time.
Note that a time adnce is
always to the e time being
waited for by some agent, and
ary real time relatie
synchronisation is achied by
holding back that time adwce
until an appropriate amount of
real time has passed.

del ay | ong The realtime delay rate, in 0
milliseconds, to use for a non
realtime simulation. It specifies
how mary milliseconds to delay
in between time adnces.

keep_alive bool ean If keep_aleis settotrueandno | true
agent is actie and no agent is
waiting for timeto adwance then
the current simulation run will
still remain actre and vait for
something to occulf it is set to
false thenthecurrentsimulation
run will finish. This usually
means the entire process will
exit.

Table 4-2: Initialisation attrilutes for ari mreSour cel ni t object
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4.3.4.2 Ti meDi spatcherlnit

A Ti neDi spat cher | ni t Objectin the scenario definition results in the creation of a
Ti meDi spat cher agent The initialisation attribtes are

Attribute Type Description Default
nane String The agent name for thenmebi spat cher

agent.
| oop_edge int The number of repetitions of the time 10

control loop that are awed in ary

Ti meSour ce agentfi meDi spat cher agent
exchange before arning messages are
displayed.

loop limt i nt The number of repetitions of the time 1000
control loop that are alwed in ary given

Ti meSour ce agentfi meDi spat cher
exchange. If the limit is reached, the
dispatcher eithends the application or if
thescenarias runningunderthecontrolof a
Moni t or, it arranges for the current scenarjo
iteration to be terminated.

exit_on_idle bool ean | If this flag is true, it specifies that the time| true
dispatcher agent shouldvivke

System exi t (0) ONaRunti meControl (END)
message, after Wimg dealt with the
message. In particulat is intended for a
multi-process set up, to terminate all
processes at the end of the simulation. If the
scenario is running under the control of a
Moni t or, this flag will only hae an efiect
after all scenario iterations Veterminated.

Table 4-3: Initialisation attrilutes for ari meDi spat cher I ni t object

4.3.5 Infrastructure object initialisation

A number of initialisation objects are pided to fcilitate particular infrastructure
interactions. These objects dot create agents. Theailable objects are:

4.3.5.1 Timelnit

A Ti el ni t objectis used to set the initial simulation tipend it can hae the follaving
attributes
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Attribute Type Description

dat e String Specifies the date and time. The format of
this string is defined by thet ef or mat
attribute.

dat ef or mat String The format string to be used for specifying

thedat e attribute. Refer to

j ava. t ext . Si npl eDat eFor mat for the
availableformats—thedefaultis " EEE, Mw
d, yyyy, kk:mmss.s". If the abbreiated
year pattern is used dat ef or mat , a gven
yearwill beinterpretedo bewithin 80years
beforeand20 yearsafterthedatethetimeis
set.

val ue | ong Sets the time in terms of the number of
milliseconds since midnight, 1 Jan 1970.
Thisattributeoverridesdat e andprovidesan
alternatve way to set time.

Table 4-4: Initialisation attrilutes for ari nel ni t object

The following is an &ample to set the initial simulation tinne the deult format:
<Timelnit :date "Fri, Apr 6, 2001, 19:46:12.0" >

Note: Thesimulationtimeis setby theinitialisationmethodof theTi nel ni t object,andtakes
effect immediately on being processed. If there are multiple instances @fiai t object in
the scenario definition file, the last one wilkeoride the earlier instances.

TheTi nel nit class can also be used within the simulation to@atrthe simulation time into
astring according to theat ef or mat attribute. The releant method is

public static String Tinelnit.toString(long tine);

Note: If a Ti nel nit object has only theat ef or mat attribute set, the actual time is not
changed.

4.3.5.2 Ti meRel ayl ni t

A Ti meRel ayl ni t objectis used to link dispatcher agents in a multi-process application. The
resulting linkage structure should ¢éathe form of a multi-ay tree. The follwing attritute
can be set
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Attribute Type

Description

nanme String

The name of the 'destination’ dispatcher
agent. The full agent name is required, i.e.
agent@portal.

Table 4-5: Initialisation attrilutes for ari neRel ay!l nit object

4.3.5.3 Ti neConsol el ni t

A Ti meConsol el ni t objectis used to specify the atttites of a time console. The console
enables the user to control the progress of time within a simulation.

Note: In the current grsion of ACK, running multiple iterations of a simulation is not
supported when using an interaettime console.

It has the follaving appearance:

= Time Console

©
Ll
(]

Fi B e b Rl 0 S g b a1

s

Fri, Apr 6, 2001,

19:46:12.0

Mt

Figure 4-1: Time console appearance
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The following attritutescan be set:

Attribute Type Description Default
title String The title for the console. "Time Console"
font String The font to be used fonte "arial-bold-24"
displayed in the console.
X int The horizontal coordinate for the | O
location of the console on the
screen.
y i nt The \ertical coordinate for the 0
location of the console on the
screen.
wi dt h i nt The width of the console. 200
hei ght i nt The height of the console. 90
i nterval | ong Thisistheinternval (in milliseconds) | 1000

between updates of the time
console windw attributes
(especially its time presentations).

stopped_at _start bool ean | This specifies whether or not the | fal se
time console should should start in
'stopped’ mode.

exit_on_cl ose bool ean | This specifies whether or not the | true
time console should vioke
System exi t (0) when the winde
is closed.

enabl ed bool ean | This specifies whether or not the | true
time console should be used. This
malkes it possible to set up a usefu
configuration (especially location
and font) to hee available for

intermittentuseof thetime console.

Table 4-6: Initialisation attritutes for ari neConsol el ni t object

If a console is required for an application, a sepaiateconsol el ni t entry is not created in
the scenario definition. RathéheTi mreConsol el ni t object definition is inserted inline in the
Ti meSour cel ni t object definition, as sk belav:
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<Ti neSour cel ni t
<Agent | nit
:nane "tinme source"
>
. keep_alive :false
:realtime :false
:realtinmefactor 50.0
:verbose 0
:di spatcher "tine dispatcher”
:consol e
<Ti meConsol el ni t
:font "arial -bol d- 14"

:x 10
:y 500
wi dth 300
:height 120

cinterval 60000
. stopped_at_start :true

>

4.3.5.4 Si mAgent

Theaos. j ack. si m run. Si mAgent class &tends theaos. j ack. j ak. agent . Agent class. It
should be used as a base class for simulation entities that may penssthamber of
simulation iterations.

It contains tw state flags that can be changed as required.

Name Type Default | Description

readyAt Start | bool ean | true Whether the object should
be automatically actated
at the start of a run

st opAt End bool ean | true Whether ag actve tasks
for this agent should be
forcibly stopped when the
run is (forcibly) finished

These are thexera methods\ailable through a&i mgent .
public bool ean i sReadyAt Start ();
public void set ReadyAt Start (bool ean val ue);
public bool ean i sStopAt End();

public void set St opAt End(bool ean val ue)

If thereadyAt Start attribute is flse, then the agent will not begyigtered with the loader
when it is created via the scenario definition file. It will be necessary to use one afdére
methods such atpl oy() to ragister it and thus place it under the controlACK Sim.
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At the end of each simulation iterationyamrgistered entity for which this atttilte is flse,
will bedergisteredirom the JACK Simloader This meanst will notbeableto rununtil it is
registered with the loader am.

If thisattributeis true,thenatthestartof theeachiteration,theentity will beimmediatelyable
to runandwill recevetheusualRunt i meCont rol . SETUP andRunt i meCont r ol . BEG N eventsat
the initial time.

Note: UsingLoader.deploy() to create and/or gester an agent willwerridethis attribte and
set it to flse. Ior this reasomoader . depl oy() can only be used with agents aed from
Si mAgent .

If the st opAt End attribute is filse, then at the end of a simulation iteration, nothing special
happens to it. It simply continues to run asasvalready doing. Heever, if this attrikute is

true (the dedult), then at the end of an iterationy aasks that are still running within the

entity will be immediately terminated as an automated part of the clean-up phase between
simulation iterations.

Note: Because this attritie is true by defult, simulation entities will be forcibly stopped
wheneachiterationendsunlessthey arrangeotherwise Any agentregisteredwith the Loader
which is not dexied fromsi mgent will also be forcibly stopped at the end of each iteration.

For example:

<Agent | nit
:nane "SubControl Agent™"
:agent _type "ny.nodel s. Submari neController"
:stopAt End : fal se

>

If agent _type is not ultimately devied fromaos. j ack. si m run. Si mgent , then it will cause
an error when the scenario file is loaded.

4.3.55 Monitorlnit

A Moni tor I nit objectis used to control the running of a scenario so that it automatically
repeats for a gen number of iterations. This is useful for running Monte Carlo style
randomised simulations. The folng attritutes can be set
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Attribute Type Description

type String The name of a fully qualified va type that
extendsaos. j ack. si m run. Moni tor. It will
beautomaticallycreatecandassociateavith
the currentoader object. It will be
initialised using the other (folang)
attributes.

iterations i nt The number of iterations to perform of the
current scenario.

D

seed | ong A seed walue that will be passed to initialis
a random number generatdhe vway
random number seeding is handled can be
customised bywerriding methods in the
Moni t or Object.

Within a scenario definition file, the follang will cause awni t or object of specific type
aos. nyproject.|terati onControl | er to be created and associated with the current loader
The number of scenario iterations to be run will be 3 and the created objectveiitha
i ni t RandonBeed(| ong val ue) method immediately called with thalue of 1234.
<Monitorlnit
:type "aos.nyproject.lterationController"
citerations 3

:seed 1234
>

Note: It only makes sense to kie onewvoni t or object per scenario definition file. After
processing the firstni t or I ni t, subsequemibni t or I ni t objects will be silently ignored.

Table 4-7: Initialisation attrilutes for ari neRel ayl nit object

4.3.6 Global data initialisation

Theconfi gurati onBase classis available as a base class for creating a global configuration
class for an application. Objects of the dedi class can then be used in a scenario definition
to provide scenario specific initialisation for the configuration. Thevddrclass is defined in
a ACOB. api file and the resulting dictionary must be included in the scenario befpre an
reference is made to the dexdl class. A definition for a de&d class is shven belaw:
<C ass :nane "d obal "
:extends "aos.jack.simrun. ConfigurationBase"
:fields (
<Field :name "bufferl in_use" :type :bool :value "true" >
<Field :name "buffer2 in_use" :type :bool :value "false" >
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When theconf i gur ati onBase extension is used in a scenario definition, it will be installed as
a global data object with dailt nameonf . Thus, if the file that contained the abo

definition was hamedodel s/ gl obal . api , then the scenario definition could include the
following declaration:

<Include :dict "nodels.lnit__global" >
<d obal :bufferl enabled :true :buffer2 enabled :true >

This would then be accessible in a plan, feample:

i mport nodel s. d obal
plan ...
#uses data d obal conf;

if (conf.bufferl enabled & conf. buffer2 enabl ed)
}

Thenameof the configurationobjectis conf by default. Thisnameis a st ri ng memberof the
Confi gurati onBase class, and thus an altermatiname can be specified in the scenario
definition by referencing the superclass field directly:

<Include :dict "nodel s/ gl obal.api">

<d obal <Confi gurationBase :nane "cell">
cbufferl enabled :true :buffer2 enabled :true >

Alternatiely, the deult name can be changed by means of iheri t ed attribute. The
following example illustrates he this may be done.
<Cl ass :name "d obal"
:extends "aos.jack.simrun. Configurati onBase"
:fields (
<Field :nane "name" :type :string :inherited :true :value "cell">
<Field :name "bufferl enabled" :type :bool :value "true">
<Field :name "buffer2 enabl ed" :type :bool :value "fal se">

>

4.4 Creating Agents Programatically (On The Fly)

In order to create an agent on the yigu simply need to call a method on the current loader
object with initialisation data for the weagent.
There is a static method withilader to get the current loader

public static aos.jack.simrun.Loader getLoader ()

TheLoader objecthasseveralmethodsvhich canbeusedto createagentsinitialise themand
register them with the loader

public void addAgent (String name, String type, Initial Data data)

This method will create an agent with theegi name and va type. The agent will be
initialisedusingthegiveninitialisationtemplate which will usuallybedefinedin thescenario
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file. This method will thrav an exception if an agent with that name alreagiges or is
already rgistered with the loader

If you are running a scenario whictvatves a number of iterations in which the agents are
never destrged hut simply reinitialised, the follwing method will pree useful.

public void readyAgent (String name, String type, Initial Data data)

Thisworksin thesameway asaddAgent () exceptthatit will notbotherto createtheagentf it
already aists. It will, hovever, thrav ankrror if the agent is currently agg or rgistered
with the loader

Both of these methods will lea the agent in an initialisedibblocked state. The agent will
notrunor respondo eventsuntil it is unblocled.If thereis ary otherinitialisationto bedone,
it is safe to do it while the agent is bleckunless it molves &ent handling (which wuld
require the agent to be running).

The \ery last thing both of the abe methods do before returning is to call the agent's
initialize(lnitialData data) method.

To manually unblock an agent so that it is ready to veawents, you can use one of the
following Loader methods:

public void unbl ockAgent (Agent agent)

A very useful method is:
public Agent deploy(String name, String type, Initial Data data)

Thedepl oy() methodtakescareof all theinternalhouseleepingfor addinga new entityto the
simulation at an arbitrary time. It creates the agent if required gredenes it with the loader
usingr eadyAgent () with the gven parameters. It then unblocks the agent agah@ses for

the requiredrunt i neCont rol events to be sent to it so it can initialise itself correctly and join
the simulation in the sameay that entities defined in the scenario definition file do.

Note: Usingthedepl oy() methodwill unsetther eadyAt st art flagonthereturnedagentsoit
must be devied fromsi mgent . If you don't vant this then you will need to manually call
agent . set ReadyAt St art (true) afterthecalltodepl oy() . In thatcasetheentitywill beactve
immediately when the meiteration begins.

4.4.1 Programatically Created Agents in a Multiple Iteration
Scenario
If thescenariawill beperformingmultiple iterations you maywantto cleanup theagentghat

werecreatednthefly. They couldbe completelydestrgyedandlatercreatedagain asneeded.
If it is simple enough to reinitialise the agent rather than recreate it, all that is required is to
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deraister the agent from the loader when an iteration finishes. This will stop it from being
executable.

JACK Simprovidesasimpleway for thisto bedoneautomaticallylf youragentclassextends
aos. j ack. si m run. Si mgent instead of a igular agent, it will hae two additional methods:

public void set ReadyAt Start (bool ean val ue)

public bool ean i sReadyAt Start ()

If the agent has this attrke set to "&lse" then when a scenario iteration ends, it will be
automaticallyderagisteredrom theloaderandthusbedisableduntil it is registeredagain (and
unblocled).

If you arrange for the agent not to be dgstered or desty@d when the current scenario
iteration ends, then as soon as the reration starts, it will recee a

Runt i meCont rol (BEG N) event and starbe@cuting immediatelyas will all other rgistered
agents.

Note: Using theLoader . depl oy() method to start the agent will automatically set this
attribute to "flse".

Thedefaultstatefor any si magent is thatwhenasimulationends ary tasksit is still executing
will beforcibly terminatedIf your new agentshouldcontinueto executeundisturbedetween
runs, you will need to cadlgent . set St opAt End(f al se) to change alter this bekiaur.

public void set St opAt End(bool ean val ue)

public bool ean i sSt opAt End()

Alternatively, thest opAt End attribute could be set todfse" in theagent I ni t structure in the
scenario definition file.

4.5 Early Termination of the Simulation Run
Themoni t or object(describedabove) providesa methodthatcanbe calledto triggeranearly
end to the current simulation iteration.

public void
aos. j ack.simrun. Mnitor. set ForcedQuit (bool ean val)

There is also a static coenience method in the Loader class.

public static void
aos. j ack. si mrun. Loader. St opCur rent Run()

Thesemethodawill cause]ACK Simto startthe procesof sendingEND eventsto eachagent.
On receving these eents, the agents must clean up whatehe have been doing and get
ready for the nd run.
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Before starting the mé run, ary outstanding plans that are still beingeeuted by agents that
have nottakenary stepso preventit (by unsettingthest opAt End attribute,seeabove), will be
forcefully terminated.

Any entities that hae ther eadyAt Start attribute set to "dlse” (see abe), will be
dergistered from the loader and thus not automatically vedbeseTup andBeG N events
when the ngt iteration begins.

4.6 Randomisation of Simulation Runs and
Repeatability

Adding randomisation to a simulation is simply a matter of calling methods that will return
random data according to whete criteria you desire.

To provide repeatabilitythe seedprovidedin themoni t or objectin thescenarialefinitionfile,
is passed to the folldng method in thebni t or class:

public void Mnitor.initRandonSeed(l ong val)
By extendingthembni t or classandoverridingtheabove methodyou areableto controlwhat

method to use to initialise the random number generator you will be using within your
simulation. fer example:

static long current_seed;

voi d ini t RandonBSeed(l ong val) {
SomeRandomNunber C ass. nySet Seed(current _seed = val);
}

This will save the seed to a clasanable,current _seed and initialise the seed for random
number generation.

Themoni t or objecthastwo othermethodghatwe canutilize to helpwith the repeatabilityof
simulation runs:
public void Mnitor.runBefore()

public void Mnitor.runAfter()

JACK Sim oganises toxecute the unBef ore() method before a simulation iteratiorgives
(beforethe seTuP andsTART eventsaresentto theagentsindther unaf t er () methodis called
at the end of the simulation iteration (after e events hae been sent to the agents).

For example,ther unBef or e() methodcouldbeusedto simply notewhich seechasbeenused
to initialize the random number generaf@e.current _seed).

Therunafter () method could be used to reset the seed (and storeuitrient _seed for the
next run.
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Thus, &ery iteration will hae a ne&v and well-defined seed that can be used later to repeat a
run if so desired.
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5 Agent behaviours
5.1 Modelling actions with JACK

In theBDI world view, agentgespondo eventsissuedoy theenvironment,otheragentsor by
themseles. The behaours that are triggered by theseeets result in computations (which
take notime) anddelays(which consumdime). Thus,anactionwill in generabemodelledas
a computation and a delaand will be triggered by arvent. ACK provides programming
constructs (eents, plans, beliefsets, wie and agents) and a genene&ution model to
support this wrld view.

For example, consider a robot that can perform pick and place operations. Assume that the
source and destination for the operations aesifend are potentially dgrent for each part

type to be meed. Furthermore, there are three part typesived, labelled A, B and AB. If

the operation times are stored in a beliefset callengs, one could use the follang event

and plan types to model the robot's pick and placeviiaira

public event Robot Operation extends MessageEvent

public String operation; /[/"on", "off", "pick_and_pl ace"
public String part; /[Inull, "A", "B", "AB"
#posting met hod pi ckAndPl ace(String p) {

operation = "pick_and pl ace";

partType = p;

#posting nethod on(String p) {
operation = "on";
part Type = null;

#posting nethod of f(String p) {
operation = "of f";
part Type = null;
}

public plan PickAndPl ace extends Pl an

#handl es event Robot Operation ev;
#uses data Robot Ti m ngs ti m ngs;

public static bool ean rel evant (Robot Operati on ev)

return ev.operation. equal s("pick_and_pl ace");

body ()
/1 check for preconditions here

/1 "perform the operation
@ eep(timngs. get(ev.partType).int_value());
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/1 apply postconditions here
}

Note that the robot does not amhee the simulation clock — that is the responsibility of the
time source agent. kaver, the robot akays has access to the current simulation time.

5.2 Behaviour e xecution

As noted in théBasic application development chapterif an agent is fully managed by the
time management infrastructure then agent creation and the triggerixerafien is
managed by the infrastructure. Contrast this with a norAt@KJapplication, where one
would write a small Java programto createagentinstancesndthenperhapsnvoke a method
ononeof theagentsThis methodwould triggeragentactivity throughthe postingof anevent.

In certain situations, partial management of an agent is appropriate — this is discussed in the
Basic application development chapterin order to be fully managed, an agent must

* be ragistered with the time management infrastructure

* implement theri reManaged (Or Ti neSyncManaged) marlker interfice
* have thesi mul at i onTi ni ng capability

» provide plans (and capabilities) to handiati meCont rol events.

Ragistration with the time management infrastructues wiscussed in tHgasic application
development chapter — if the agent has an initialisation entry in the scenario definition file for
the process in which it will reside, then the loader will automaticadjigtrer the agent.

With respect to the maek interbices, an agentomld normally implement the nemanaged
interface— useof theTi meManaged interfaceis discussedhn the Basic application devel opment
chapter Note that as we are dealing with marinterbices, no methods are defined for
implementation. By implementing thenemanaged interface, an agent indicates to the time
management infrastructure that imts its gecution to be managed by the infrastructure
according to a synchronous protocol between the agent and its time disp&teher

Si mul at i onTi mi ng capabilityis provided to hide the agent-side details of this protocol. If an
agent incorporates this capabilitie agent deals witkunTi neCont r ol events rather than the
Ti meCont rol events that are issued by the time dispatchieis is illustrated bele:
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TimeCantral e = [Simulati-:-nTiming]

Receives TimeControl events
from the TimeDispatcher, and
translates into FuntimeControl

FuntimeControl

Figure 5-1: SimulationTming capability

Runti meCont rol events are sent at the foling points in the agent's lifgcle:
» the start of the setup phase

» the start of thexecution phase

» the end of thexecution phase.

Thesepointsaredistinguishedy theRunt i meCont r ol event'smode memberThisvariablecan
assumes aalue OfSETUP, BEG N Or END.

Normally seTup andenD events can be ignored by the agentwieeer, if running multiple
iterations of the simulation, thieshould be used to initialise and ¢attavn, respectiely, the
simulation entities so that each iteration cagité a clean and reset state.

BEG N eventsmust always be handled or naxecution will occur Note that the protocol is
synchronous- thesendingof aBEG N eventto thenext agentwill not proceeduntil processing
of theprecedinggea N eventhascompletedThereforethe planthathandleghis eventshould
eventuallypostanevent(thatwill actuallyinitiate executionwithin theagent)andsimply exit.

The protocol sendsrents to indicate the start and end xdé@ution. During that time, there
may be periodswhentheagentbecomedblockedandis thenunblocled. Blocking is managed
by the agent through the use of, faample,@! eep or @wi t For statements. Unblocking is
managed by the time dispatcher and requires no actions to be performed by the agent. Also
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note that clock acancement is handled by the infrastructure and not the ageméveipthe
agent alvays has access to the current simulation time.

5.3 Example 2

This exampledescribeshe simulationframewvork thatwasusedto testanagent-basedontrol
system for a robotic assembly cell prior to its commissioning. The cell control system w
developed using @ams and is described in more detail in (Jarvis et al., in press).

5.3.1 Description

The assembly cell consisted of the fallng components:
» Two huffers, which presented components (A, B and C) to the system.

* A Fanuc robot (robot 1) fitted with @euum actiated gripperThis was able to pick a
component from adffer and place it on a jig on the table.

» A Hirata robot (robot 2) with a sexéng capability

* A rotating table with tw assembly jigs mounted at 18(Qydees. The table could w®
between tw positions — one with jigl adjacent to trenkic robot and one with jigl
adjacent to the Hirata robot.

» Aflipper unit that accepted a sub-assembly (AB) and turnegkit o

The purpose of the cellag to assemble meter lesx These consisted of three components —
an open-iced metal box, a metal plate and @etolhe coer and the plate were attached to
theboxwith scravs. We referto theboxascomponen#, the plateascomponenB, thecover
ascomponentC andthebox plusplatesub-assemblgscomponenfAB. Component#\,, B and

C were @ailable from their respeet kuffers. Component A could only be placed by the
Fanuc robot in an empty jig. Component B could only be placed in a jig that contained a
component A. These acities could only tak& place when the @&t jig was in the position
closest to the &uc robot. When a jig contained components A and B, it could be rotated to
position 2, where the components weresecktogether by the Hirata robot to form
componeniAB. AB couldthenberotatedto position1, wherethe Fanucrobotcouldremorve it
from the system. Alternately, a fully assembled meter box (ABC) could be made. In this
casetheFanucrobot remoredAB from thejig andplacedit in theflipperunit. Therobotthen
placed component C in the empty jig and, at the same time, the flipper unit flipped the
assembly through 180 geees. The upside dm AB was then placed on top of component C
by the robot and the jigas rotated to position 2, where AB and C wereveedetogether by
the Hirata robot. The completed assembéswhen rotated to position 1, where &swv

removed from the system by thafuc robot.

The cell vas being used toplore the issueswolved in implementing agent-based control
strat@ies using ®isting manuécturing controllers. Consequentiyfrastructure had been
developed that enablec&rnal access to machine functionality via a simple machine state
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abstractionTheseabstractionsveremanagedy a VisualBASIC programcalledBBS. (In the
code proided with the distribtion, a simplified Ja version of BBS is praded).

A machine state consists ofawords — a statusavd and a control ard. The ley
components of the machine state from xecation perspeacte are

» thefour programbitsin thecontrolword. Thesespecifythefunctionthatthemachines to
execute.

» the go bit in the control @rd. If this is true, the specified function is ready to start. Once
the function has started, the go bit and the idle bit are saist@ f

* theidle bit in the statusavd. If the machine is performing a function, this is seatsef
Otherwise it is set to true.

Agent interaction with the BBS progranmas/via a UDP connection. Machine contralsw
implementedn ahierarchicaimannertheactualmachinesverecontrolledby anOmronPLC
which in turn vas controlled by the BBS program. Furthermore, the robots had wreir o
controllers under the control of the PLC.

BBS has tw modes of operatiommperational mode corresponding to operation of the actual
cell andsimulation mode corresponding to operation of a virtual cell. In both cases the
interface between BBS and the cell control agerats identical.

5.3.2 Architecture

The cell architecture follwed the reference model presented inSimaulation architecture
chapter Equipment and emronment models were not required. The tar model vas
representedsa JACK team(calledcel | Behavi our ) thatrequiredthefollowing rolesin order
to male meter boas:

Role Description

PickAndPlace Load a component into a fixture (jig or
flipper) or unload a component from a
fixture.

Transfer Move a fixture (jig) containing a part to a

processing station @auc or Hirata)
establishment.

Fasten Assemble components (A+B or AB+C).
Flip Turn a component upsidewno (AB).

Table 5-1: Roles required by theel | Behavi our team
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The machines that form the cell (theotvobots, the table and the flipper) are represented in
both the behaour model and the embodiment model. In the bEha model, thg are
represented as teams; the roles that these teams perform are listed belo

Team Role
FanucBehavi our PickAndPlace
Hi r at aBehavi our Fasten

Tabl eBehavi our Transport

Fl i pper Behavi our Flip

Table 5-2: Teams mailable to form theel | Behavi our team

Two separate embodiment models are defined, corresponding to the actual cell or the virtual
cell. Both use BBS to manage the interaction with the\xnehamodel. BBS then controls
eithertheactualmachinebehaioursor simulatednachinebehaiours.In thelattercase gach
machinen thevirtual cell is representedsa JACK agentthatinteractswith BBS via a JACK

view. The agents that form the the virtual cell are listedviaelo

Agent Machine
FanucEnbodi ment Fanuc

Hi r at aEmbodi ment Hirata
Tabl eEnbodi nent Table

Fl i pper Enbodi ment | Flipper

Table 5-3: Agents that form the virtual cell

The interconnection layer between the hvétar model and the embodiment model consists
of

*« a UDP client on the behimur side. Each machine team ha®\&K view that mediates
access to the client.

* a UDP serer on the embodiment side, encapsulated within the BBS program. BBS then
managesheinteractionwith eithertheactualcell or thevirtual cell. In thelattercasegach
agent has aACK view that mediates access to the serv
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5.3.3 The virtual cell

The interaction between a virtual cell agent and BBS is encapsulated@Kaview. This
enables the agent to manage its status through thesifedi@ueries:

/] Receive notification when the idle bit becones val ue.
out put I dl e(bool ean val ue)

/1 Receive notification when the go bit becones val ue.

/1 The bit is tested every rate mlliseconds
inputldle(int rate, bool ean val ue)

The function to bexacuted is accessible through bits 1 — 4 of the'siput data member

The agent can then use the fallog plan to &ecute a machine operation:

public plan Virtual Life extends Plan {
static | ong RATE = 1000;
#handl es event Virtual Start ev;
#posts event Virtual Control vc
#uses dat a BBSConnecti on bbs;

static bool ean relevant (Virtual Start ev)

return true;

}
cont ext ()
true;
}
#reasoni ng met hod
body()
for (5 5 ) {
/1 set the idle bit
@wai t For (bbs. outputldle(true));
/1 wait until the go bit is set
@wai t For (bbs. i nputldl e( RATE, true));
/1 clear the idle bit
@wai t For (bbs. out put | dl e(fal se));
// wait until the go bit is cleared
@wai t For (bbs. i nputldl e( RATE, fal se));
/| execute the requested operation
if (@ubtask(vc.control (bbs.input)))
}
}

}

Execution of an operation by a particular machine is initiated by the posting of a

Vi rtual Control event within thevi rt ual Li f e plan. Plans are pvaded with each virtual
machine agent to handle thigeat. The plan praded forFanucEnbodi ment is presented
below.
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public plan FanucLife extends Plan {

}

/1 delays are in nsecs

static long[] delays = {
15000, /1 Afrombuffer tojig
15000, /1 B frombuffer to jig
15000, /1 Cfrombuffer to jig
10000, /1 AB fromjig to flipper
10000, /1 AB fromflipper to jig
15000, /! ABC fromjig to buffer

#handl es event Virtual Control ev;
static bool ean rel evant (Vi rtual Control ev)

return true;

}
cont ext ()
true;
}
#r easoni ng net hod
body()
{
/1 convert bits 1-4 of the control word to the program
/1 nunmber
int program= (ev.value >> 1) & OxF;
/1 wait the appropriate Iength of tine
@wai t For (el apsedM I li s(del ays[ prograny));
}

The agentsin the virtual cell are managed by JACK Sim. A st ar t Enbodi ment plan is provided

that handles a JACK Sim BEG N event. The St ar t Enbodi nent plan simply posts a

Virtual Start event and exits so that JACK Sim can continue execution. The Vi rtual Start
event isthen handled by the vi rt ual Li f e plan discussed earlier. The generic aspects of the
above behaviour are encapsulated in the st ar t i ngup capability:

46
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Virtualstart

haanadbed fintermaly e

s {jntennall

WirtualLife —_— StartinglUp

Lilis VirtualControl FuntimeContraol

(BESConnection)

The RuntimeControl event is posted by
JACKESim. The VirtualContral event is handled
by & plans that are specific to each
embadiment agent TableLife, FanucLife,
Hiratalife and FlipperLife).

Figure 5-2: StartingUp Capability

The following scenario definition file could be used to start up the virtual cell:
/ * %

* This file defines and runs the virtual cel
*/

/1 W use the JACK Simtine nanagenent
<Include :dict "aos.jack.simtine.lnit__base" >

// Set sinmulation tinme.
<Tinelnit :date "Fri, June 25, 2004, 12:00:00.0" >

/1 Declare a time dispatcher agent. It ensures that the tine is
/1 not advanced while the application is busy.
<Ti meDi spatcherlnit :name "tine dispatcher" >

/1 Instantiate the agents.

<Agentlnit :agent_type "virtual.fanuc. FanucEnbodi nent"
:nane "fanuc" >
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<Agentlnit :agent_type "virtual.hirata.H rataEnbodi nent"
:name "hirata" >

<Agentlnit :agent_type "virtual.table. Tabl eEnbodi ment"
‘nane "table" >

<Agentlnit :agent_type "virtual.flipper.FlipperEnbodi ment"
:name "flipper" >

/1 Declare a time source agent. It is responsible for advanci ng
/1 time in a synchronised manner with a tinme di spatcher agent.
<Ti meSourcelnit :name "tine source" :dispatcher "tine dispatcher”

:verbose 0
:realtinme :fal se
:delay 0
>
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6 Visualisation

6.1 Introduction

The ACK Sim visualisation layer pwides a comenient mechanism foACK developers to
provide externalvisibility for entitieswithin theiragentsystemA commonusagenould beto
visualise entities in a pisical system (either real or simulatedpr Bxample in an aitraffic
control simulation, aircraft agents may be visualised on screen, A@tk $im visualisation
entities reflecting the current position and heading of aircraft.

6.2 The graphics model

The graphics model that is used by the infrastructure is that/dt & this model, the origin
of the coordinate system is at the top left hand corner of the di3piagreases to the right
andy increaseslovnwards.Rotationis of thecoordinatesystemapositive angleof rotationis
in thedirectionfrom the positive x axisto the positivey axis. Translations performedelatve
to the enclosing coordinate system.

6.3 The software model

It haslong beerrecognise@dsgoodsoftwareengineeringracticeto separatenodelbehaiour
from model visualisation. One of the practical consequences of such a separation is that
different visualisation models can then be applied to the sameitnehaodel. The ACK

Sim visualisation infrastructuradilitates such a separation by supporting a loose coupling
between the bek@ural aspects of an application with its visualisation aspects.

Onthevisualisatiorside,theinfrastructureequiresappearancebjectsto have beenexplicitly
constructed. The functionality of these objects is concerned solely with presentation; the
contain no behaoural aspect. The infrastructure also manages the actual display of the
visualisation model.

Onthebehaiour side,thereis anexpectatiorthatthereferencenodelpresentedn Chapter3
will have beenadoptedThatis theapplicationconsistof separatéehaiour andembodiment
models and that the embodiment model maintaipiat representations of thexecution
states of the agents. The infrastructure then supports the updating and display of the
visualisation model as theecution states change. The information needed to update the
visualisation model is of course application specific and thelaiger needs to specify Wwo
thevisualisatiormodelis to beupdatedHowever theactualupdatingof themodelis managed
by the infrastructure.

Consequentlythe folloving models wuld normally be present in AGK Sim application
that uses visualisation:

* Behaviour model
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» Embodiment model
* Visualisation model
The interaction between the models and the infrastructure is summarised in the figure belo

Thevisualisatiormodelis updatedyy thevisualisationnfrastructureatregulartime intervals;
the updating is on the basis of the current state of the embodiment meel@lisan state.

- ™

ranages | Behaviour WModel

T &
e
Wlan agement [eq e sts
Infrastructure ¥
[UAnages | Envbodiment Wodel Execution
Stote
LN -
ACCESSES
Visualisation 1 updates -.—.( Visualisation
Infrastructure Wodel

Figure 6-1: Interaction betweenPALK Sim models and the infrastructure

6.4 Basic Visualisation Model De velopment

Visualisation model delopment inolves two phases — the delopment of the appearance
model for the application and thevééopment of the updating model. The appearance model
consistof theframethatis to beusedfor visualisatiorandappearancebjectsthatspecifythe
appearancstructurefor the entitiesthatareto bevisualised Both thevisualisationframeand
theappearancebjectsfor theapplicationarespecifiedusingJACOB initialisationobjectsthat

are contained in a file kmm as the graphical definition file. Appearance objects contain
transformation fields that can be initialised by the user and updated dynaninally
appearance object can contain appearance objectglties wf the transformation fields of
parent objects are passed on to their childremeder, the transformation fields of a child
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object can be modified independently of its parent object. Thus a helicopter can be modelled
as a shell and a rotor and while the helicopter is flying, the rotor can be rotated.

Theupdatingmodelis responsibléor thedrawing of entitiesonthevisualisationframeandis
achieved by visual entity objects. These objects are normally created dynamicallyand ha
their associated appearance object bound at construction time. In additiondogrthis
binding, the deeloper must also specify Wahe transformation fields of the appearance
objectareupdatedTheactualupdatingprocesss triggeredby thevisualisationinfrastructure;
anuUpdat er agent and & sual sCont rol view are preided to fcilitate this actiity.

6.4.1 The appearance model

The visualisation frame and the appearance objects together constitute the appearance model
for the application. These objects are specified usingiG®B Object Modelling Language

in a file knavn as the graphical definition file. As with the scenario definitioni fike,ude

objects areailable to include dictionaries and other definition files. In order to utilise the
visualisation infrastructure, the follang entries must appear at the start of the graphical
definition file:

/1 Standard drawabl e conponents.
<Include :dict "aos.jack.simvisual.am.Init__awm" >

/1 Standard vi sual nopdel extension
<Include :dict "aos.jack.simvisual.lnit__visual" >

6.4.1.1 The visualisation frame

The visualisation frame is created using sual Franel ni t object. The follaving fields are
available for customisation of the display:

Field Type Description
title String The title for the frame's windo
X i nt The x location (in pigls) of the windw,
relative to the screen origin. The deft is
10.
y i nt The y location (in pigls) of the windw,
relative to the screen origin. The deft is
10.
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Field Type Description

wi dth i nt The width (in pixels) of the frame. The
default is 800.

hei ght i nt The height (in pigls) of the frame. The
default is 600.

i mage String A JPEG image to be used as background.
The deéult is "aos/jack/sim/
bg800x600.jpg"

scal e String Thescalingfactorto be appliedto theframe.

Table 6-1: Initialisation attritutes for avi sual Franel ni t object

For example, suppose that weveacreated a graphical definition file callgdphi cal . def
that contains the folleing entries:

/1 Standard drawabl e conponents.
<Include :dict "aos.jack.simvisual.am.Init__awm" >

/] Standard visual nodel extension
<Include :dict "aos.jack.simvisual.lnit__visual" >

<Visual Franelnit :title "JACK Sim Vi sualisation Test"
:x 120
'y 120
:wi dth 600
: hei ght 400
>

If we were to inoke the ACK Sim loader as follos:

java aos.jack.simrun. Loader graphical.def

thenanemptyframewith thetitle "JACK Sim VisualisationTest"would appeaion thescreen
at (120,120).

6.4.1.2 Appearance object definition

Appearance objects are of tygered. The visualisation infrastructure mides the

Def i neNaned class to enable thedoper to declarately specify the structure and initial
appearance of the appearance objects that are to beyethpian application. These
definitions are contained in AGOB initialisation file (the graphical definition file) that is
processed by théACK Sim loader at startup. The loader stores the resuliig objects
internally;thesearethenavailablefor bindingwith thevisualentity objectsthatarecreatedn
the updating model.

TheDef i neNaned class &tends ther ansf or mclass through the pvision of anane field. As
noted abwe, this name is used in the updating model to bind an appearance object to a visual
entity object.lt is alsousedin appearancebjectdefinitionsto incorporateappearancebjects
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into appearancebjectdefinitions.Thefollowing fieldsareavailablefrom the Tr ansf or mclass

when abef i neNaned object is specified:

Field

Type

Description

| abel

dr awabl e

t heta

scal e

String

Dr awabl e

doubl e

doubl e

doubl e

doubl e

A name that uniquely identifies the
transform. This is used by the updating
modelto identify sub-tree®f anappearance
object structure that are to bepécitly
updated.

An object that defines the actual appearat
of the appearance object. This object mus
implement ther awabl e interface.

Thex origin of thecoordinatesystentor the
object

They origin of the coordinatesystemfor the
object

the angle of rotation for the coordinate
system

the scaledctor for the object

Table 6-2: Initialisation attrilutes of therr ansf or mclass that arevailable to apef i neNaned

object definition

The following set of primitve dravable objects are pvaled by the infrastructure for
specifying the appearance of an appearance object:

Arc

Ar ea
Cachedl mage
Col ored
Ellipse

Fi gure

Font

Li ne

Poi nt

Pol ygon

Rect angl e
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* RoundRect angl e
* TextLine

* Transform
These objects, their initialisation atwiles and related classes are described in Appendix B.

Note that thesi gur e object is &ailable to preide a container for dveable objects. Since
appearance objects (inared objects) are dr@able objects, thecan be incorporated into a
Fi gur e Object definition, as well as the primiiobjects listed alve. Like theDef i neNamed
class, thexaned class gtendstr ansf or mand the follaving fields can therefore be referenced
in aNaned object specification

Field Type Description

X doubl e Thex origin of the coordinatesystemfor the
object

y doubl e They origin of thecoordinatesystenfor the
object

theta doubl e the angle of rotation for the coordinate
system

scal e doubl e the scaledctor for the object

Table 6-3: Initialisation attrilutes of therr ansf or mclass that arevailable to avaned object
definition

Thedr awabl e field is notinitialisedin aNaned specificationasit is setby theinfrastructureto
be a reference to the approprie¢éei neNanmed object.

Notethateachappearancebjecthasits own coordinatesystem.Theorigin of this coordinate
system is specified by the objeat'andy fields. Rotation is of the coordinate system.
Modification of thex andy fields results in a translation of the object; this is nadatd the
origin of thecoordinatesystemof theenclosingoef i neNaned/Narred objectif thereis one,or of
the visualisation frame otherwise.

6.4.2 Example 3

As anexampleof appearanceodelconstructionconsidertherotatingtableof Section5.3. It
contains tw diametrically opposed jigs, and for pedagogical purposes, we will tikse

jigs to be rotated and translated independently of the table. Also weanilltesvisualise the
contentof thejigs. Thusthetableappearancebject(n- t abl e will containtwo jig appearance
objects §-ji g1 andn-ji g2 and each jig appearance object will contain a status appearance
object (- statusl andn- st at us2).
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The table appearance could be defined aswsllo

<Def i neNaned
<Transform

:label "l-table"
: drawabl e
<Fi gure
celements

<Elli pse
:wi dth 100
: hei ght 100
:x -50
'y -50

>

<Narmed
:nane "n-jigl"
ix -37
Y 0

>

<Naned
:nane "n-jig2"
'x 37
Yy 0

>

)
>

>

:nane "n-table"
>

The locations of the three objects that form the table are specifiede¢tathe origin of the
enclosing coordinate system, which will be set at runtime. If no origin is specified, (0,0) is
used. Recall that rotation is of the coordinate system. Thus when we rotate the coordinate
system of the table, the components of the table will be rotated about the centre of the table.

The jigs are defined similarly; the definition for jigl could be:

<Def i neNaned
<Transform
:label "l-jigl"
. dr awabl e
<Fi gure
el enents

<Rect angl e
:width 20
: hei ght 20
:x -10
'y -10
>
<Naned
> name "n-statusl”
X -2
'y 2
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>
>

‘nhame "n-jigl"
>
Again, thelocationof thecomponentss definedrelative to the enclosingcoordinatesystem-
in this case, that of thened objectn-ji g1. As before, when the coordinate system of the jig
is rotated, the components of the jig will rotate about the centre of the jig.

The contents of the jig are represented for simplicity as a digit in the range 0 to 3. 0
corresponds to an empty jig, 1,2 and 3 correspond to the progretmjes of assembly
Unlike the other components of the table appearance, this component is not statically defined
and will change dynamicallyAs we shall see in the xiesection, this is achved by
dynamically creating a meText Li ne object when the jig contents change and assigning it to
thedr awabl e field of theappropriatevaned object.Consequentlyhereis no needto specifyan
initial appearance and the definition for the jigl status is simply

<Def i neNaned

<Transform

:label "l-statusl"
>

nane "n-statusl”
>

In orderfor anappearancebjectto bedisplayedoy thevisualisationinfrastructurejt needdo

be incorporated into a visual entity object. In thetrsection, we shalbglain hav the
updating model together with the visualisation infrastructure updates and displays visual
entity objects.For now, we will justdisplaytheinitial appearancef thetableasdefinedin the
graphical definition file.

Vi sual Enti tyl nit initialisation objects are pvaled by the visualisation infrastructure for
the creationof staticvisual entity objects.Definitionsfor theseobjectsareincorporatedn the
graphical definition file and the correspondimgual Entity objects are then created by the
JACK Simloader An updat er agents providedby theinfrastructureéo managehedisplayof
visual entity objects. Its definition is incorporated in the graphical definition file with a
ScreenUpdat er I ni t object.

If thefollowing entrieswereaddedo thecompletegraphicaldefinitionfile thathasbeenused
in the preceding discussion, the appearance of the table can becchettiout haing to
provide ary agent behdours.
<Vi sual Entitylnit
:hame "v-table"
:drawabl e <Naned : nanme "n-table">
:x 100

©y 100
>

<ScreenUpdaterlnit>

Entering the follving command
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java aos.jack.simrun. Loader graphical.def

will result in the appearance of a display similar to the fahqg:

= JACK Sim Vizualization Test (M|

o
©
o

Figure 6-2: Initial table appearance.

6.4.3 The updating model

TheJACK Simvisualisationnfrastructurgrovidesanupdat er agento managehedisplayof
the visual entities associated with an application. As notedopisy, visual entities are of
typevi sual Enti ty andeachentityis associatevith anappearancebjectthatwasdefinedas
part of the appearance model. The infrastructureighes avi sual sCont rol view to assist in
the lifeg/cle management of sual Enti ty objects. The updating and display of the visual
entities is managed by the infrastructungt, the deeloper must prade the code that is
invoked by the infrastructure at each iteration in the update/display loop.

6.4.3.1 The wdater agent

Theupdat er agentis responsible for gularly updating the visual entities for the application
and displaying them on the screensdAeenUpdat er I ni t Object is provided to allav the

JACK Sim loader to create and initialise @iiat er agent from aAICOB definition preided

in the graphical definition file. Thevailable initialisation attribtes are
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Attribute Type Description Default
nane String The name for thepdat er agent.| "screen”
real tine bool ean Indicateswhetherthesimulation | f al se
timeadwancemenis (if possible)
synchronised with real time.
rate doubl e This specifies the rate at which 1
the screen is updated.

Table 6-4: Initialisation attritutes for thescr eenupdat er I ni t object

6.4.3.2 The visual sControl VIEW

Appearance objects implement thewabl e interface and can therefore bewraon the
visualisation frame. Heever, draving management is a complicated issue and the
visualisation infrastructure uses visual entity objectatilifate the dfcient draving of
appearance objectsisval entity objects are of typesual Entity.

As noted preiously, objects of type/i sual Entity can be created from sual Enti tyl nit
entries in the graphical definition file. dever the preferred method to create such objects is
throughtheVi sual sControl view thatis providedby theinfrastructureThevVi sual sContr ol
view provides thenewvi sual method for this purpose; it tak the folleving aguments:

Field Type Description

name String The name for the visual entity object that
to be created

appear ance String Thenameof theappearancebjectthatis to
be incorporated into the visual entity objec

X doubl e Thex origin of the coordinatesystemfor the
visual entity object

y doubl e They origin of the coordinatesystemfor the
visual entity object

theta doubl e the angle of rotation for the coordinate
system

scal e doubl e the scaledctor for the visual entity object

ot

Table 6-5: Arguments for th@ewvi sual () method

Visual entity objects are stored by theual sControl view in aHasht abl e calledentities.

Thenewvi sual () method does not return an object reference; if a reference is required, it can
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be obtained from the hashtable by specifying the name of the visual entity ag thak
invocationof enti ti es. get () . Thisreferencecanthenbeusedto interrogatethe visualentity
object and its appearance object.

Having created a visual entity object, the initial state of the object can be displayed by the
infrastructure, bt subsequent changes to its state will not be reflected on the dispager

for the visualisation infrastructure to display the updated entity state, it needs teidegro
with an updating method for each visual enfitlge infrastructure will then woke these
methods at igular intenals and update the display

The linkage between a visual entity and its updating methodvglprbby the
bi ndVi sual Conponent () method in thevi sual sControl view. This method tads the
following aguments:

Field Type Description

conponent Vi sual Conponent A Vi sual Conponent object that defines an
updat e() methodthatwill beinvokedby the
infrastructure.

name String Thenameof thevisualentity objectthatis to
be updated.

| abel String The label of the appearance object that is
beupdatedIf only thevisualentity objectis
being updated, this is setdal | .

—

(0]

Table 6-6: Arguments for thei ndvi sual Conponent method

Recall that appearance objects can contain appearance objects, thing dierarchical
appearancstructuredo bedefined.Thebi ndvi sual Conponent () methodenablesipdatingto
be defined for ghappearance object within an appearance structurexpesied, the
updating of a node in an appearance structure is applied to all of its sub-nodes.

The label of the appearance object is the name that has been assigned to theabbject's
field. The name of the visual entity object is the name thatagsigned to the visual entity
object when it vas created (using thewi sual () method), anaehot the name of the
appearance object thatw proided to that method as égpear ance parameter

Theobjectthatis providedasthefirst agumentto bi ndvi sual Conponent mustimplementthe
Vi sual Conponent interface. This intedce consists of the single method

public void updat e(Transform whol e, Transform part);
whol e provides access to the data members of the visual entity object that\dadegroy the

Transf or mclass, namely its location, orientation, scaling and its appearance phject.
providessimilaraccesgor theappearancebjectthatis beingupdatedTheexpectations that
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within theupdat e methodthe currentstateof theappearancebjectbeingupdatedandthatof
its root visual entity object) will be obtained from theeution state for the application. A
decisionis thenmadeasto whetheror notthetransformfieldsof theappearancebjectshould
be updated.

6.4.4 Example 4

In this xample, we will use theALK Sim visualisation infrastructure to create an updating
model for the rotating table whose appearance modgldefined in Example 3. Recall that
the table has tavdiametrically opposed jigs and it is rotated between a loading/unloading
stationandajoining station.Only the behaiour of thetableandits jigs is modelledwe do not
model the operation of the twstations. Br pedagogical reasons, we allthe jigs to be
rotated and also to be ahced and retracted along a slide. The complete source code for
Examples 3 and 4 can be founctianpl es/ j acksi ni t abl e.

6.4.4.1 Design Overview

The focus of this)xample is the use of the visualisation infrastructure and novioeina
modelling. Consequently we V& chosen to use the bef@aur model as a test harness for the
remaining aspects of the application andehaot attempted to pvae a detailed or realistic
model of table behdour. The model is implemented as a capability cagedhnvaki ng. We
assume that only a single batch of one type of part is to be produced and that only one of the
jigs is used. Therefore only a single plan isvpted to model the table behaur during
assemblyThis plan is defined in terms of operations that are performed by the table (rotate)
andthetwo jigs (setcontentsyotate,advanceandretract). Theseoperationsareperformedoy

jig andtablecontrollerobjectsof typeJi gControl | er andTabl eControl | er respectrely. The
controller objects colleately form the embodiment model for the table and fovearence

are incorporated into a wiecalledTabl embdel . Each controller object has a set of state
variableghatencapsulatéhe executionstateof its correspondingntity. Whenanoperations
performed by a controller object, a delay is initiated and its statables are updated.
Independently of this process, the visualisation infrastructure updates and displays the
visualisation model at gaillar intenals using the current state of the table as defined by the
state variables of the controller objects.

As notedabove, theembodimentnodelis aview thatincorporatesthreeobjects—two of type

Ji gControl | er one of typerabl eControl | er. These classesiend a base class of type of

Vi rtual Control | er, which pravides generic rotation, translation and scaling operations.
Subclasses ofi rt ual Control | er either preide specialisations of these operations ev ne
operations. Br example, theli gControl | er class proides operations for slide and contents
management.

The visualisation model is encapsulated in a\dalledTabl eVi sual i sati on. It creates the
visual entity objects required by the model using methodsg®ead by thevi sual sCont r ol

view, which is part of the visualisation infrastructure. Each visual entity object that is created
incorporates a corresponding appearance object. Appearance object definition for this
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applicationwasaddresseth Example3 —thedefinitionsareprovidedasJACOB initialisation
objectsin thegraphicaldefinitionfile for theapplication Also for eachvisualentity, anobject
that contains the updating method for the visual entity is created. Note that the

Tabl eVi sual i sati on View is responsiblenly for the creationof theobjectsthatwill form the
visualisatiormodel-theactualmanagementf themodel(objectupdatinganddisplay)is the
responsibility of thes sual sControl view and theupdat er agent.

A design diagram illustrating theverall agent architecture is sk belav:

wisuals :
WisualsControl)

- [ Batchh aking

B

wvisualisation
(TableVizualizsation)

model
(TableMaodel

Figure 6-3: Application Architecture

6.4.4.2 The embodiment model

The embodiment model is prided by three controller objects corresponding to thejigs
andthetable.For conveniencetheseobjectsarecontainedwithin asingleJACK view. Froma
visualisation perspeet, the ley aspects of the embodimemnieeution state are

» table orientation

* jig contents

* jig orientation

* jig location

The basic transformations that are supported by the visualisation infrastructure are rotation,

translation and scaling. A base class of tyipe ual Control | er provides basic rotation,
translation and scaling operationsgCont rol | er andTabl eControl | er then etend
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Virtual Control | er. The aspectsof thevirtual Controller.|ava that relate to rotation are
shown below:

package jsv.tabl e;

i mport aos.jack.util.cursor. Action;

public class Virtual Controller {

}

/1 only the rotation behaviour is shown

doubl e orientation; /1 orientation of the coordinate system
doubl e da; /1l step angle

i nt dat; /1 rotation tinme for a step (nsecs)

/1 constructors go here

public double getOrientation()

return orientation;

public void setOrientation(doubl e o)

{
}

/1 rotate coordi nate system

orientation = o;

ublic Action rotate(double a)

return new RotateAction(a);

/ Inplementation of RotateAction onmitted
/ It updates the rotation state variable (orientation) at
/

p
{
}
/
/
/1 regular tine intervals during the rotation.

The Tabl eControl | er class does not add any additional functionality to the base class, asin
this example the table is only capable of rotation. However the Ji gCont rol | er class adds
advance/retract functionality and also maintains knowledge of the jig contents. The code for
the Ji gControl | er. j ava iS shown below:

package jsv.tabl e;

i mport aos.jack.util.cursor. Action;

public class JigController extends Virtual Controller {

/1 jig content states

public static final int STATEO = O; /Il empty
public static final int STATElL = 1, /1A
public static final int STATE2 = 2; /1l A+B
public static final int STATE3 = 3; /1l AB

String[] contentStates = { "O","1","2","3" };

/1 slide novenents
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public static final int XINCREASING = 1;
public static final int XDECREASING = -1;
public static final int YINCREASING = 2;
public static final int YDECREASING = -2;
String contents; /1 indicates the contents of the jig
int xOfset; /1 distance from hone for an x-slide
int yOfset; /1 distance fromhone for a y-slide
int [ ength; /1 slide length
int dt; /1l time for a step (nsecs)
public JigController(double da, int dat,int |, int st)
super (0.0,0.0,0.0,da, dat, 0.0,0);
contents = "0";
xOFfset = 0;
yOfset = 0;
length = 1;
dt = st;

}
public String get Contents()

return contents;

}
public int get XOfset ()

—~

return xO f set ;

ublic int get YO fset()

return yOfset;

ublic void setContents(int s)

contents = content States[s];

ublic void setOffsets( int dx, int dy)

dx;
dy;

~0 —~—  ~g -— T —

xOf f set
yOf f set

}

public Action advance(int d)
int pl =(d <0) ? -length : |ength;
return new SlideAction(0, pl,d);
public Action retract(int d)
int pO = (d >0) ? -length : |ength;

return new SlideAction(p0,0,d);
}

/1 inplenentation of SlideAction onmitted
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/1 1t updates the slider state variables (xOfset and yOfset)
/1 at regular tine intervals during slide advancenent/retraction.

}

Note that the adance/retract meement is defined as mement relatie to the home position
of the slide, unlik the me@ement function pnaded by the base class, in whichvement is
in between tw points in the bel&ur model coordinate system.

6.4.4.3 The visualisation model

In our xample, visualisation model updating is encapsulated irvacaded
Tabl eVi sual i sati on. It providesasinglemethodvi nd() thatis invokedby theTabl e agentas
part of its initialisation.

package jsv.tabl e;

i mport aos.jack.simrun. Loader;

i mport aos.jack.si mvisual.Visual sControl;
i mport aos.jack.simvisual. Vi sual Conponent;
i mport aos.jack.simvisual.Visual Entity;

i mport aos.jack.simvisual.awt. Transform

i mport aos.jack.simvisual.awt. TextLine;

i mport aos.jack.simvisual.awt. Defi neNaned;

public view Tabl eVi sual i sation {

#uses data Loader | oader;
#uses data Vi sual sControl visuals;
#uses data Tabl eMbdel npdel ;

class JigState {

String status = ;

String previousStatus = "";
int xOhfset = 0;

int previousXOrfset = 0;
doubl e honeX = 0.0;

1
/1 only updating for the table and jigl are shown here
JigState j1;

Tabl eControl |l er table;
JigController jigl;

public void bind()
{
j1 = new JigState();

tabl e = nodel . get Tabl eControl l er();
jigl = nodel.getJigController(Tabl eModel . JI GPA NT1);

/1l create the table visualisation object
vi sual s. newvi sual (
"v-table","n-table",table.get X(),table.getY(),0,1);
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}

/1 set homeX for jigl (sliding is relative to this point)
Vi sual Entity ve =

(Visual Entity) visuals.entities.get("v-table");
Transformtl = ve.findTransform("l-jigl");
j 1. honeX = t1.x;

/1 define how the table visualisation is to be updated
vi sual s. bi ndVi sual Conponent (
new Vi sual Conponent () {
public void update(Transformw, Transform p) ({
p.theta = table.getOrientation();

"{/—tabl e",
nul |

)

/1 define howthe jigl visualisation is to be updated
vi sual s. bi ndVi sual Conponent (
new Vi sual Conponent () {
public void update(Transformw, Transformp) {
p.theta = jigl.getOrientation();
j1.xOffset = jigl.getXOffset();
if (jlL.xOfset I'=j1. previousXfset)
{

p. X = j 1. homeX+ 1. xOf fset;
j 1. previousXOfset = j1.xOfset;

}

"{/-tabl e",
III _j I gl"
)

/1 define howthe jigl status is to be updated
vi sual s. bi ndVi sual Conponent (
new Vi sual Conponent () {
public void update(Transformw, Transformp) {
jl.status = jigl. getContents();
if (!j1l.status.equal s(jl.previousStatus)) {
TextLine t = new TextLine();
t.string = j1.status;
p.drawable = t;
p.instantiate(null);

j1.previousStatus = j 1. status;
"v-t abl e",

"| -statusl”

)

6.4.4.4 The behaviour model

The focus of this example is the use of the visualisation infrastructure and not behaviour
modelling. Consequently we have chosen to use the behaviour model as atest harness for the
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remaining aspects of the application andehaot attempted to pvae a detailed or realistic
model of table beh@our. We assume that only a single batch of one type of part is to be
produced and that only one of the jigs is used. Therefore only a single plan is required to
modelthetablebehaiour duringassemblyThis planis definedin termsof operationghatare
performedby thetableembodimentr ot at e() ) andthetwo jig embodimentgset Cont ent s(),
rotate(),advance() andretract()). A design diagram for the behaur model is shwn
below:

Order

hean il

M akeBatch = = model

(TableMaodel

Figure 6-4: Behariour Model

The plan for modelling the table befaur during batchxecution is shan belaw.

package jsv.tabl e;

public plan MakeBatch extends Plan {
#handl es event Order oe;
#uses data Tabl eModel nodel ;

static bool ean rel evant (Order oe)

{

return oe. batchType. equal s("AB");
}
cont ext ()

true;

#r easoni ng net hod
body()
{

JigController jigl = nodel.getJigController(Tabl eModel .JI GPA NT1);
JigController jig2 = nodel.getJigController(Tabl eModel . JI GPA NT2);
Tabl eControl |l er table = nodel.get Tabl eController();

@vai t For (jigl. advance(Ji gControl |l er. XDECREASI NG ) ;

@l eep(10);

for (1int I = 0; i<oe.batchSize; i++) {

// load an A
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jigl.setContents(JigController.STATEL);
@l eep(50);

//1oad a B
jigl.setContents(JigController.STATE2);
@l eep(50);

.retract (Ji gController. Xl NCREASI NG ) ;

//rotate table to joining position
@wai t For(table.rotate(Math.Pl));
@l eep(10);

/lorient jig for joining
@waitFor(jigl.rotate(Math.Pl));
@ eep(10);

/ladvance jig
@DaitFor(J gl. advance(Ji gControl | er. XDECREASI NG ) ;
@ eep(10);

/1 join Ato B
jigl.setContents(JigController.STATE3);
@l eep(50);

/lretract jig
@waitFor(jigl.retract(JigController. X NCREASI NG ) ;
@l eep(10);

//rotate table to the | oad/unl oad position
@vai t For (table.rotate(Math. Pl));
@ eep(10);

[lorient jig for unloading/l oading
@waitFor(jigl.rotate(Math.Pl));
@ eep(10);

//advance jig
@wai t For (jigl.advance(Ji gControl | er. XDECREASI NG ) ;
@l eep(10);

// unl oad AB

jigl.setContents(JigController.STATEOQ);
@ eep(50);

}

In theinterestoof simplicity, jig advancement/retractiorequireghedirectionof movementto
be specified. Hwever note that the direction of amlvcement is the same at both jig points.
Thereasorfor thisis thatatjig point2, thejig's coordinatesystemhasundegonea 180degree
rotation immediately prior to the jig adncement.

6.4.4.5 Scenario definition and e xecution

The scenario definition file for this@ample is as folls:
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/1 W use the JACK Simtime managenent
<Include :dict "aos.jack.simtinme.lnit__base" >

/1 Bring in visualisation
<Include :file "graphical.def" >

/] Set simulation tinme.
<Tinelnit :date "Sat, May 12, 2001, 15:15:00.0" >

/1 Declare a time dispatcher agent, who ensures that the tinme is
/1 not advanced while the application is busy.
<Ti meDi spat cherlnit
:nane "time di spatcher”
>

<Agentlnit :agent_type "jsv.table.Table" :name "table" >

/1 Declare a time source agent, who is responsible for advancing tine
/1 in a synchronised manner with a tinme di spatcher agent.
<Ti meSourcelnit :name "tine source" :dispatcher "tine dispatcher”
:verbose 0
‘realtime :fal se
.delay 0
>

Notethatthegraphicaldefinitionfile is includedby thescenariaefinitionfile. Thescenarids
executed in the usual manner:

java aos.jack.simrun. Loader scenario. def

Recallthatexecutionof the scenarids managedy JACK Sim andthattheagentsarenotified
they can bgin execution through the posting oRant i neCont rol event with a mode of

BEG N. TheTabl e agent must hae a plan to handle thisent Gt art Tabl e. All that this plan
does is to post an der event, which triggers»acution of therabl e agent's behaour model.
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Appendix A: Example 1

This appendix contains the code for the original JACK application that was converted to a
JACK Sim application in chapter 2.

/*******************************************************************
*

* Speaker 1. agent (generated by the JDE)

*
*******************************************************************/

package egO;

public agent Speakerl extends Agent {
#posts event Start sf;
#handl es event Start;
#sends event Utterance ev;
#uses pl an Speak;

public Speaker1(String name)
{

super ( nane) ;

public void converse()

post Event (sf.start());

}

/*******************************************************************
*

* Speaker 2. agent (generated by the JDE)

*
*******************************************************************/

package egO;
public agent Speaker?2 extends Agent {
#handl es event Utterance;
#sends event Utterance ev;
#uses pl an Respond;
public Speaker2(String nane)
{

super ( nane) ;
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/*******************************************************************
*

* Start.event (generated by the JDE)

*
*******************************************************************/

package egO;
public event Start extends Event ({

#posted as
start()

{
}
}

/*******************************************************************
*
*

Ut terance. event (generated by the JDE)
*
*******************************************************************/

package egO;

public event Utterance extends MessageEvent {
public String utterance;
public String speaker;

#posted as
utter(String s, String u)
{

speaker

= s;
utterance =

u;

}

/*******************************************************************
*

* Respond. pl an (generated by the JDE)

*
*******************************************************************/

package egO;

public plan Respond extends Plan {
#handl es event Utterance ul;
#sends event Utterance uf;
#uses interface Speaker?2 speaker2;

static bool ean relevant (Utterance ev)

{

return true;
}
cont ext ()

true;
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#r easoni ng net hod

body()
{
String nessage = "Hello "+ul. speaker;
System out. printl n(speaker 2. nane()+": "+nessage);

Utterance u2 = uf.utter(speaker?2. nane(), nessage);
@eply(ul, u2);

/*******************************************************************
*

* Speak. pl an (generated by the JDE)
*
*******************************************************************/
package egO;
public plan Speak extends Plan {

#handl es event Start ev;

#sends event Utterance uf;

#uses interface Speakerl speaker1;

static boolean relevant(Start ev)

return true;

}
cont ext ()
true;
}
#r easoni ng net hod
body()
for (;;)
{
String nessage = "Hello World";
System out . printl n(speaker 1. nane()+": "+nessage);
U terance ul = uf.utter(speakerl. nane(), nessage);
@end("worl d", ul);
@it For(ul.replied());
Uterance u2 = (Uterance) ul.getReply();
@ eep(10);
}
}
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/*******************************************************************

*

* Driver.java
*

*******************************************************************/

i mport egO0. Speaker 1;
i mport egO0. Speaker 2;

public class Driver

public static void main(String[] args)

{

Speaker 1l sl11 new Speaker 1("ral phl");
Speaker1l s12 new Speaker 1("ral ph2");
Speaker2 s2 = new Speaker2("worl d");
sl1l. converse();

sl1l2. converse();
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Appendix B: Dra wable Objects

This appendix describes the set of privaitdravable objects that are prided by the

JACKSim infrastructure for specifying the appearance of an object in the visualisation. The
Dr awabl e interface is implemented by entities that can be displayed and thwis drnea
carvas.Thefollowing classesll implementtheDr avabl e interface,andcanbeusedin JACK

Sim whereer dravables are required:

* Arc
e Area

* Cachedl mage

* Col ored
* Ellipse
* Figure
* Font

* Line

* Point

* Pol ygon

* Rectangle
* RoundRect angl e
* TextLine

* Transform

The following sections describe each class in more detail.

Arc

TheAr c classextendsj ava. awt . geom Ar c2D. Doubl e. An Ar ¢ is asegmentof anellipse. Like
anel | i pse, it contains fields that define an enclosing rectangle for the ellipse — the
coordinates of the top left hand corrend the width and height. Additionalpn arc has a
start and améent, which defines the gment of the ellipse that is required.
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Area
Field Type Description
X doubl e The x coordinate of the upper left corner of
the bounding box for the ellipse.
y doubl e The y coordinate of the upper left corner of
the bounding box for the ellipse.
wi dt h doubl e The width of the bounding box for the
ellipse.
hei ght doubl e The height of the bounding box for the
ellipse.
start doubl e The starting angle of thegment of the
ellipse that defines the arc.
ext ent doubl e The etent of the sgment of the ellipse that
defines the arc.
Table B-1: Initialisation attrilutes for amr ¢ object
Area

The Area class gtendsj ava. awt . geom Area. An Ar ea Object performs certain binary GA
(Constructve AreaGeometry)n otherarea-enclosingeometriesnamelyel | i pse, Pol ygon,
Rect angl e, RoundRect angl e andAr ea. The supported CA operations are add, subtract,
intersect and>elusie or

Field Type Description

shape cl ass Theshape object that is to be used to
construct ther ea object.

nodi fiers aggr egat i on An aggreationof Ar eaMbdi fi er objectsthat

describe the C& operations to be
performed on ther ea object.

filled bool ean Specifies whether the interior of theea
object should be filled. It is initially set to
fal se. An aggrgation ofAr eaModi fi er
objects that describe the GPoperations to
be performed on th& ea object.

Table B-2: Initialisation attrilutes for amr ea object

The CAG operations that are to be performed omraa object are specified using objects of
the following types:
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Cachedimage

Type Description

AddAr ea Performs an add operation on/aera
object.

Subt ract Area Performs a subtract operation onsaga
object.

I ntersect Area Performs an intersect operation onaasa
object.

XOR Performs anxelusive or operation on an
Ar ea Object.

Table B-3: The object typesvailable for the specification of CAoperations

The abee classes prade no fields for initialisation. Heever, they all extend the

AreaModi fi er classwhichprovidesasinglenane field for initialisationpurposesThisfield is

of typeArea and is used to specify the object that is to be applied to the base object using the
specifiedareamodifiers.Notethatthis objectremainsunchangedfterthe operatiorhasbeen
performed.

Cachedlmage

Thecachedl mage class is used tauffer an image. In situations where an imageciy Vage
and/or requires a lot of processingffbring the image can result in a significant reduction in
processing time.

Colored

Thecol ored class is used to set the colour @k awabl e object.

Ellipse

Theel I i pse class g&tendsj ava. awt . geom El | i pse2D. Doubl e. An ellipse is defined in terms
of its bounding box.
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Figure
Field Type Description
X doubl e The x coordinate of the upper left corner of
the bounding box for the ellipse.
y doubl e The y coordinate of the upper left corner of
the bounding box for the ellipse.
wi dt h doubl e The width of the bounding box for the
ellipse.
hei ght doubl e The height of the bounding box for the
ellipse.
filled bool ean Specifies whether the interior of the ellipst
IS to be filled. The dellt is flse.
Table B-4: Initialisation attrilutes for arel 1 i pse object
Figure

Theri gur e class defines an aggegion ofDr awabl e objects, thus alleing the grouping of
multiple dravable objects into a single avable objectFi gur e implementor awabl e, and so
Fi gur e Objects can be incorporated inteigur e object.

Line

ThelLi ne class gtendsj ava. awt . geom Li ne2D.
coordinate space.

Doubl e. It represents a line gment in (X,y)

1%

Field Type Description
x1 doubl e Thex coordinateof the startingpointfor the
line sgment.
yl doubl e They coordinateof the startingpointfor the
line sgment.
x2 doubl e The x coordinate of the finishing point for
the line sgment.
y2 doubl e The y coordinate of the finishing point for
the line sgment.
Table B-5: Initialisation attrilutes for a.i ne object
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Point

Point

Thepoi nt class &tendsj ava. awt . geom Poi nt 2D. Doubl e. It defines a point representing a
location in (X,y) coordinate space.

Field Type Description

X doubl e The x coordinate of the point.

y doubl e The y coordinate of the point.
Table B-6: Initialisation attrilutes for aoi nt object

Polygon

Thepol ygon class drevs a path alongoi nt objects.

Field Type Description

poi nt's aggr egat i on ThePpoi nt objects that define the polygon.

cl osed bool ean Specifies whether a line is to bewrafrom
the last point to the first point.

filled bool ean Specifiesvhethertheinterior of thepolygon

is to be filled. The dedlt is flse.

Table B-7: Initialisation attrilutes for aol ygon object
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Rectangle

Rectangle

TheRect angl e class gtendsj ava. awt . geom Rect angl e2D. Doubl e. A rectangle is defined in
terms of the location of its upper left corniés width and its height.

Field Type Description

X doubl e The x coordinate of the upper left corner ¢
the rectangle.

y doubl e The y coordinate of the upper left corner ¢
the rectangle.

wi dth doubl e The width of the rectangle.

hei ght doubl e The height of the rectangle.

filled bool ean Specifies whether the interior of the
rectangle is to be filled. The deiit is flse.

Table B-8: Initialisation attrilutes for erect angl e object

RoundRectangle

TheRoundRect angl e class &tendsj ava. awt . geom RoundRect angl e2D. Doubl e. A round
rectangle is defined in terms of its bounding box and an arc specification for the corners.

Field Type Description
X doubl e The x coordinate of the upper left corner of
the bounding box for the rectangle.
y doubl e The y coordinate of the upper left corner of
the bounding box for the rectangle.
wi dt h doubl e The width of the bounding box for the
rectangle.
hei ght doubl e The height of the bounding box for the
rectangle.
arcwi dt h doubl e The width of the arc that is to be used to
form the corners.
ar chei ght doubl e The width of the arc that is to be used to
form the corners.
filled bool ean Specifies whether the interior of the
rectangle is to be filled. The deiit is flse.
Table B-9: Initialisation attrilutes for eroundRect angl e Object
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TextLine

TextLine

TheText Li ne class is used to draa line of tet.

Field Type Description

attribute String The tet to be displayed.

string String The tet to be displayed it tribute is
nul | .

X doubl e The x coordinate of the start of thatténe.

y doubl e The y coordinate of the start of thetténe.

f ont Font TheFont class to use for the dvang of the
text line.

real _font j ava. awt . Font The Javafont classto usefor thedrawing of
the tet line.

Table B-10: Initialisation attrilutes for arext Li ne object
Font

TheFont class specifies details of thent that is to be used wherrext Li ne is dravn.

Field Type Description
nane String The name of the font to be used.
style i nt The style of the font.
si ze int The size of the font.
Table B-11: Initialisation attrilutes for aFont object
Transform

TheTr ansf or mclassprovidesdatamemberghatwill containabr anabl e objectandthevalues

of ary translation, rotation or scaling operations to be applied to the object during program

execution. As a transform is a evable object, a transform object can be thevdide
member of a transform object.
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TextLine
Field Type Description
dr anabl e cl ass The contained Dr awabl e object.
| abel String The name of the Tr ansf or mobject (if it is
nested).
X doubl e The x coordinate of the br anabl e object.
y doubl e They coordinate of the br anabl e Object.
thet a doubl e The rotation to be applied to the br awabl e
object.
scal e doubl e The scaling factor to be applied to the
Dr awabl e Object.
Table B-12: Initialisation attributes for a Tr ansf or mobject
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