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Abstract

In interactize Virtual Reality simulationsit is often desirableto includesimulatedhu-
mans. The tools usedto designthe behaiours of thesesimulatedhumansare tradi-
tionally madefor programmersndexpertsin arti cial intelligence,not for expertsin
humanbehaiour. By building anauthoringervironmenttargetedat non-programmers
we aim to empaver humanbehaviour expertsto createsimulatechumans We present
a graphicalend-usetool called MindEditor. Built on ReplicantToolkit, a toolkit for
simulationof humanbehaiour, MindEditor greatlysimpli es developmentndtesting
of simulatechumanbehaiour.
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Chapter 1

Intr oduction

| welcomeyou friend
to theadwentureof words
thatawaitsherein

In this chapterwe will introducethe reportandthe purposeof thework behindit. We
will alsoexplain the central conceptf thework andtheimportanceof ead concept.
The earlier work on which this thesisis basedwill be introduced. How this thesis
continueghe previouswork will beclari ed.

1.1 About this report

Thisreportis thedocumentatiomf thethesiswork doneby Bjorn Axelssorfor VRIab
andUmeaUniversity duringthe springtermof 2003.

Thegoalof thework wasto ...

1. nd useroriented interfacemetaphorsindmethodgor implicit designof com-
plex systemssuchasthe behaioursof simulatechumans.

2. implementa prototypeof theinterfaceon top of anexisting simulationtoolkit.

3. createavisualtool for the developersof the toolkit to supportthe development
of low-level beharioursandalgorithms.

Chapter2 containsa brief descriptionof the implementecrototype.In chapter3 and
4 previouswork in the eld is discussedChapters is a descriptionof the simulation
toolkit thatthe prototypeuses.Chapters through10 describedifferentaspect®f the
software.Finally, chapterllis anevaluationof theresultsanddiscusseslirectionsfor
futurework.

1“yseroriented’meansghatthe systemis desighedor non-programmersThe exactspeci cationof the
intendedtamgetaudiencecanbefoundin section2.1.



1.2 About VRIab

VRIab is a centrefor researchand developmentin the areaof visualisation,visual
simulationandvirtual reality (VR). Connectedo VRIabis acoreof specialistdogether
with alargenetwork of researchergeachersstudentsaandcompanies.

VRIabis closelytied to the Departmenbf ComputingScienceat UmeaUniversityand
High Performanc&omputingCentreNorth (HPC2N).

1.3 Simulating Human Behaviour

Someprojectsat VRIab involve visualisationsof hugearchitectonicand urbanmod-
els. A commoncomplainthasbeenthatthesevisualisationsappeatifelessandempty
It is thereforebelieved that having simulatedpeoplewalking aroundin the erviron-
mentswill greatlyenhanceheexperiencgl]. Anotherareaof interestis urbandesign,
wheresimulatechumanscanbeusefulfor visualisinghow changesn theervironment
in uence peoples'behaiours. The Swedishcivil defencehasalsoexpressednterest
in simulatingcatastrophegjots andemegeng situationsin general. Also the game
industryhasanextensive needfor realisticsimulatechumans.

VRIab believesthatrealisticsimulationof humanss alsoanenablingtechnologythat
will openmary new marketsandapplicationareasin short,thereis agenerakcienti ¢
interestin this subject.

Simulationof humanbehaiour requiresan Al (Arti cial Intelligence)enginethatis
capableof planningandinteractionwith the ervironment. Also somesort of visual-
isation of the simulatedhumansis requiredfor insertioninto the 3D ervironments.
This thesiswork usesan existing simulationsoftware developedat VRIab calledthe
ReplicantToolkit that providesfor boththe Al andthevisualrequirements.

Someresearchthasbeendone[31] onhow realisticthe simulationhasto beto increase
thevisualisatiorexperience Oneconclusioris thatmotionis important,i.e. thatsome-
thing moves,andthatit movesin a way we recognise.Anotheris that photorealism
is unimportant. Thatis signi cant since currentcomputersystemsare incapableof

deliveringphotorealismn real-time.

1.4 Implicit Design

Implicit desigrf is usedto designemegent behaviour Emeigentbehaiour canbe

usedto handlethe compleity thatmeetssimulatechumansn hugeinteractve scenar

ios. Its oppositeis explicit design Explicit designrequiresthe programmeto foresee
every possibleeventthatthe simulatedhumansmight becomenvolvedin anddesign
appropriatdbehaioursto handlethem.If the compleity of theworld increasesmore

andmorespecialcaseshave to be addedto the decisionsystemthat quickly becomes
unmanageablgomplicated.

2Thisuseof thetermimplicit desigrin Al authorings notestablishedThisde nition isto ourknowledge
usedexclusiely atVRIah
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Compleity is the problemthatimplicit designsetsout to solve by breakingdown a
systemnto smallerwell-de ned parts.A complex systememepgesfrom theinteraction
of mary simple parts. The resultingemegentsystemis often hardto predict. If the
basicpartsarewell plannedthe emegentsystemcanhandlenew situationsthatwere
notexpressvely designedor. Hencetheword implicit.

An exampleof emegentbehaiour is the termite simulationseenin gure 4.4. The
emegentbehaiour is the collectionof wood chipsinto a singleheap.Thatbehaiour
is notexpressvely designednto eachtermite's program put ratheraresultof thewhole
system.lt is morethanthe sumof its parts.

Whensimulatinghumarbehaiour, two levelsof emegencecanberecognisedOnone
level is the emegenceof morecomplex behaioursfrom the useof mary concurrent
simplebehaioursin thesamesimulatechuman.Thesecondevel of emegencecomes
from mary interactingsimulatechumansaswith thetermites.

If successfulimplicit designmakesit possibleto getmore complex behaioursfrom
lesscomplex designs.The problemis thatdesigningemegentbehaiour is inherently
dif cult andrequiresagoodamountof trial anderror.

1.5 End-UserProgramming

Humanbehaiour in speci ¢ situationsis known by expertsin urbandesign,human
behaiour, gamedesign,andso forth. It is desirableto let thesedomainexperts,not
expert programmersspecifythe behaiours of simulatedhumans.The lack of a tool
thatis directly usableby domainexpertsleadsto a slow, frustratingand expensve
developmeniprocesgb].

By letting behaiour expertsdesignbehaiour we enterthe eld of end-useprogram-
ming. Programmings generallythoughtto be dif cult, requiringmuchtrainingand
expertise.Domainexpertsdo probablynot know computerscienceor have thetime to
learnthe skills requiredto createa C++ program.End-useprogrammingaimsto help
non-programmerprogram.

1.6 The Replicant Toolkit

VRlab hasfor the pastfew yearsbheendevelopinga toolkit for simulationof human
behaiour in virtual 3D environments.Thetoolkit is a framavork connectingspeci ¢
Al algorithmsto simulatedperceptionmemoryfunctions,kinetic animation,dynamic
control of simulatechumangreplicanty andreal-timegraphics.Thisis implemented
atalow level of abstractiorasalibrary in C++. It canbe saidto be“bottom-up” from
theview of theuser(asoftwaredeveloper).Thedetailsaredescribedn chapters.

The implementatiorof ReplicantToolkit requiresexpert programmingknowledgeto
designand specify the behaiours of the replicants. Thatis the main reasonfor the
work describedn this thesis.
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1.7 A Note on Naming

In thework by Daniel Sj6lie that this thesisbuilds on, simulatedhumanswere origi-
nally called“avatars”[1]. VRIab changedhatinto “replicants”3 after Daniel's report
waspublished.In this report,theword “replicant” is consistentlyusedin the meaning
of asimulatedhumanrealiseadthroughthe ReplicantToolkit.

3Theword “replicant” is taken from Ridley Scotts 1982sci- movie BladeRunneyin whichit denotes
synthetichumans.
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Chapter 2

MindEditor

A glimpseof magic
no furtherexplanations-
answersomelater

In thischapterweoffera r stglimpseof thesoftwae developedduringthethesiswork.
Thisservesasa smallintroductionof whatis to comein later chaptes.

2.1 Overview

The prototypeimplementations a tool designedtop-down” for the existing toolkit.
Thetool, namedMindEditor, is acompleteintegrateddevelopmenenvironment(IDE)
for simulatedhumans. MindEditor is a testbed for designmethodsand principles
identi ed duringtheresearctstageof thethesiswork.

Theprimarytargetgroupconsist®f noviceuses andexperiencedisess. Noviceslearn
to useMindEditor mainly usingexisting componentssbuilding blocks. Experienced
userscreatetotally new components.

A secondarytargetgroupis developersof the toolkit and otherrelatedtechnologies.
They canusethesoftwareto shortertheirdevelopmentycle andincreasgroductvity.
This grouparethe advancedises thathave knowledgeof the underlyingC++ system
andadvancedprogramming.

2.2 DesigningReplicants

MindEditor is usedto designandtestbehaiours for replicants. It hasan integrated
programmingervironmentthatusesa smallembeddedanguagaindercontrolledcir-
cumstancesSeparatdehaioursaredesignecascomponentshatcanbe handledsep-
aratelyandassembleihto completedecisionsystemsdor replicants.
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Figure 2.1: MindEditor has an integrated programmingervironment. The program-
minglanguage is keptsimple andthe ervironments plain and thoroughlycontmolled

to supportinexperiencegrogrammes.

2.3 Running Simulations

Assembledeplicantscanbetestedin anintegratedsimulationervironmentthat also
provides somedehugging support. The developmentcycle canbe asshortasa few
secondsvhentestinga new componenbr makingmodi cations. All onehasto dois

to restartthe simulationaftermakingthe modi cation.
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Figure2.2: Testingreplicantsin theintegratedsimulationervironment.Thisimage is

froma realtime3D simulationthat usesa modelof downtownUmea.
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Chapter 3

Methods

Wordsarefrozenthoughts
madefor sharingandkeeping
but whowill listen?

To interfacewith a softwae toolkit or an API, a programminglanguage is needed.
Today a myriad of programminglanguagesare available manyof which are highly
specialised.In this chapterwe will look at somecategoriesof languagesand discuss
their suitability for end-useiprogramming

3.1 Textual languages

Textual programmindanguagesreto programmingvhatthewheelhasbeento trans-
portation.Writtentext is ubiquitousandusedoftenby both peopleandsoftware.Since
textual language$iave beenusedfor sucha long time, an abundanceof tools andre-
searchis availableon the topic. Becauseof this, it is cheapandeasyto developthe
necessaryoolssuchaseditorsandcompilers.

3.1.1 Low Level Languages

Low level languagesuchasthemary incarnation®f assembleandmachindanguage
areto a greatextentobsolete¢oday They areusedwhereextremecontrolor ef ciency
is required.Exampleof usesarein operatingsystenkernelsembeddedystemsor the
innermostoop of games An exampleof assemblecodeis shavnin gure 3.1.

Generallylow level languagesrenot consideredisablefor end-useprogramming.

3.1.2 High Level Languages

The mostwidely usedlanguageaypein the softwareindustrytodayis high level lan-
guagegHLLs). Softwarewrittenin C, C++, Java andsimilarlanguagess the basisof



/*
* Enable paging
*

3

movl $swapper_pg_dir-_ PAGE_OFFSET,%eax

movl %eax,%cr3 [* set the page table pointer.. *

movl  %cr0,%eax

orl  $0x80000000,%eax

movl %eax,%cr0 [* .and set paging (PG) bit *

jmp 1f [* flush the prefetch-queue */
1:

movl  $1f %eax

jmp *%eax [* make sure eip is relocated  */
1:

[* Set up the stack pointer *
Iss stack_start,%esp

Figure3.1: Exampleof a low level language. Assemblesource codefrom the Linux
Kernel. Copyright1992LinusTorvalds. Reprintedwith permission.

mostcomputersystemsAn extractof a shortC programcanbefoundin gure 3.2.

¥ Purpose: Copy one or several input files to stdout
*  Parameters: [file1] [file2] v [filen] - Files to copy
* If no files are given, stdin is used.

*
int main(int  argc, char *targv)
{
int i
FILE *input;
iflargc == 1)
dumpfile(stdin);
else
for(i=1; i<arge;  i++)
if((input = fopen(argv(i], ™)) {
dumpfile(input);
fclose(input);
} else
perror(argv(i]);
return(EXIT_SUCCESS);

Figure3.2: ExampleC souicecode C is a typical high levellanguage.

HLLs areoftenpowerful, but alsohardto master C++is for exampleby mary regarded
asnotonly themostcomplex programmindanguagehatexiststoday but alsothemost
powerful. HLL programmingnormally requiresa solid understandingf operating
systemsandcomputetardware.

Virtually all softwaredevelopmentoolkits have a high level languageapplicationpro-
gramminginterface(API). A HLL API is often a well documentedlassor function
library for thesamdanguagehatthetoolkit itself wasdevelopedn. Examplesnclude
the C++ Standardremplatelibrary [7], OpenSceneGraph(OSG)[12] (the 3D graph-
ics toolkit usedat VRIab for visualisationjandOpenGL[28] (alow level 3D graphics
toolkit for C).
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Thesetoolkits oftenprovide ahighlevel of e xibility andpowerto the developerwho
canchoosery developmentrvironmentto work in. Thetoolkits aremadeto beused
ascomponent®f larger projects,with few or nonetechnicalrestrictionson how they
canbeused.

All this power andfreedomcomesat the costof compleity, andcomplex languages
suchasC++requireextensvetrainingandexperienceo master Useof HLLs andtheir
APIs arethereforeresenedfor knowledgeableorogrammersandarenot attractive for
end-user$4].

3.1.3 Very High Level Languages

Marny very high level languagegVHLLSs) sharecommoncharacteristicsuchasdy-
namictyping, theabsencef pointers automatiadesourcananagemerdandrequiresno
compilation. They areoftenusedfor non-criticalapplicationsguick prototypedevel-
opmenttaskautomatiorandsoftwareextension.

Many VHLLs canbeextendedwith librarieswrittenin otherlanguagesit is possibleto
“wrap” anAPI for alower level languagesuchasC++ with an API for the VHLL. An
exampleof thatis OSGPythorthatwrapsthe OSGAPI for the Python[13] language.
Figure3.3shavs a simplepythonprogram.

# Print  out the menu:

print "Please select a shape"
print "1  Rectangle"

print "2 Circle"

# Get the user's choice:
shape = input(> ")

# Calculate  the area:

if shape == 1:
height = input("Please enter the height: ")
width = input("Please enter the width: ")

area = height*width
print  "The area is", area
else:
radius = input("Please enter the radius: ")
area = 3.14*(radius**2)
print  "The area is", area

Figure3.3: ExamplePythonsouicecodeillustratinga typicalveryhighlevellanguage.
Noticehow Pythonusesindentationto delimit theif-blocks. Mostotherlanguagesuse
somesort of bracketsor othertoken (C uses{ and } ascanbeseenin gure3.2.).
Thisprogramis part of MagnusLie Hetland's tutorial InstantHacking Reprintedwith
permissiorfromhttp://hetland.org

It is possibleto createa highlevel languageAPI withoutwrappingalow level language
API. Suchlibrariesareoften usedto interactdirectly with programsusingembedded
languagese.g.the macrolanguagepresenin someCAD software[4].

Many VHLLs aredesignedvith easeof useandlearnabilityin mind. Thatmakesthem
andary available APls usableby a persistenhon-programmer
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The costof usinga VHLL is mainly speedsince most of theselanguagesare less
ef cient thanlower level languagesSome e xibility is alsolostastheuseof aVHLL
canlimit the possibilitiesfor low-level hardwareor systemgprogramming.

3.2 Visual Programming

Visual programminganguagegVPLs) usemainly non-tectual representationsf the
program.ThestereotypicalVPL uses‘boxesandlines” to represenprogramghatcan
be editedby directmanipulationof thevisualrepresentation.

Many researchersf visual programmingare positive aboutthe importanceof future
visual programminglanguagegVPLs). However, they have not yet presentedary
evidencethatvisualprogrammings superiorto textual programming9].

Thereareseveral categyoriesof visuallanguageslt is not alwayspossibleto pinpoint
the exact catggory of a VPL asmostexisting implementationsire hybrids of two or
moretypes.

3.2.1 Pure Visual Languages

Purevisuallanguagegonsistentlyusevisual representationthroughouthe program-
ming process.Therearefew suchlanguagesommerciallyavailabletoday An often
usedexampleis LabView [8] thatis mostly usedby electronicengineersAn example
LabView programcanbefoundin gure 3.4.

I Event Handler no events.vi Diagran -10] x|

File Edit QOperate Tocls Browse Window Help o
> @] ©|EI bl o[ 17pt Application Font [ {5

=

El vt

Analyze and Present the data

A\nalyze & Present Data.wvi
[RHALY 2E-|
~
ext State: =
1 (Mo Event
| E |
&

Event Handler

-1 Mo Event
0 Acquire Data
1 Anahyze & Present f
2 Stop B

Kl I ;Ijj

Figure3.4: AnexampleLabMew program. Screenshotopyright2003Nationallnstru-
mentsCorporation[8].

A visual languagemight be easierto learnand usethan a language gspeciallyif its
representatiomapscloselyto the problemdomain[9, 10].

Severalproblemswith visualprogrammingarecostrelated.Any new designis deemed
to requiremuchresearchand experimentation.The lack of standardools for visual
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languagesneanghatimplementingan editoris anadditionalcostto take in account.
It is alsoconsideredrery domain-speci cwhethera visuallanguageactuallyis better
or worsethana traditionaltextual [4]. Finally, mary of the currentlyavailablevisual
languagesxhibit high viscosity i.e. resistancdo change.Thatis a dravbackwhen
modifying existing programg29].

3.2.2 Form-basedLanguages

Full-featuredform-basedanguage¢FBLs) arenotcommon.SpecialisedBLs canbe
foundaspartsof userinterfacessuchasadvancedsearchdialoguesand“wizards”.

A form-basedanguagaisuallyrestrictsfreedomof syntaxandprogramlayoutby forc-
ing theprogrammeto Il in aform correctly In end-useprogramminghisis agood
thing, sinceit makesit easierto concentrateon the programmingtask and harderto
male syntacticalmistales.

Examplesof form-basedsystemsare AgentSheet$11, 34] and Mobidyc (described
in detailin section4.3. Sometimespreadsheetsarealsoconsideredorm-basedro-
gramming.

Becaus@f therequiremenbf specialisedorms, FBLs areoftentightly integratedwith
asingleapplicationor toolkit. More genericsystemssuchasspreadsheetssestextual
programmingo a higherdegreeandcanthusbe considered/PL/VHLL hybrids.

3.2.3 Programming by example

Programmingoy example(PBE) languagedorm a ratherobscureclassof visual lan-
guages. In PBE, programmingis done by shaving one or more examplesof how
somethingshouldbe done. The examplesaretheninterpretedandgeneralisedy the
softwareinto rulesfor aprogram.

Oneof the very few examplesof commercialPBE applicationsis StageCas(earlier
Cocoa),aprogrammingzrvironmentfor kids [33].

PBE s generallyonly usefulfor very concreteaskssuchastaskautomatiorin of ce

applicationsand simple game-typeapplicationssuchasthe one shovn in gure 3.5.
Thebiggestchallengefor a PBE systemis how to infer a genericprogramfrom a few
exampledq4]. All existing PBEimplementationaremadefor highly specialisedasks,
andit is questionabléf it is possibleto createa genericimplementation.

3.3 Integrated DevelopmentEnvir onments

With anintegrateddevelopmenternvironment(IDE), the ervironmentdesignercanin-
troducetoolkit-speci ¢ supportsuchasvisualisationanddetuggingfacilities. An IDE
canbe createdfor ary type of languagepr even supportseverallanguagesAll tools
reviewedin chapterd usetheir own IDE.

1Spreadsheetreprobablythe mostsuccessfuénd-useprogrammingparadigmtoday[4].
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FEule Maker

Figure3.5: An exampleStageCastrule demonstation. Therule malesthe character
climbanyice cubesheencountes.

An IDE cangreatly enhancehe usability of the toolkit. Normally it is a consistent
ervironmentin which to design,implement visualiseanddehug the applicationusing
thetoolkit.

Drawbacksof IDEs arethe high costof theinitial developmentandthe modi cations
neededo re ect changedn the underlyingtoolkit. Anotherproblemis the loss of

e xibility for the userwho becomedocked down to the only authoringernvironment
available.

3.4 Summary

Table3.1shavs how the mostimportantianguagdaypescomparewith eachotherwith
regardto end-usersuitability andimplementatiorcost. The tableis a broadgeneral-
isation of the propertiesof the languagetypes,but providesa clear overview of the
choices.Fromthetableit canbeinferredthatVHLLs generallygive the bestcombi-
nationof end-usesuitability andimplementatiorcost. Thetextual languagesrealso
themost e xible which meanghatthey caneasilybe modi ed if theneedarise.

Languageaype | End-usesuitability Implementatiorcost| Flexibility

High level bad low good
Very highlevel good low good
Visual good high acceptable
Form-based good high bad

Table 3.1: Summaryof language typessuitability for end-usemprogramming imple-
mentationcostand e xibility.
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Chapter 4

Existing Toolsand Applications

Look atprior work
beinspired,but take heed:
avoid othersfaults

In this chapterwewill showexamplesof otherapplicationsthatare similar to MindEd-
itor in oneway or another We will alsodiscusgheir strongandweakpointsandtheir
relevanceto this project. Someof theseapplicationshavebeenhighly inspirational
during the designandimplementatiorof MindEditor.

4.1 EASE

EASE (End-UserAgentSpeci cationEnvironment)wasdevelopedby Paul Scerriand
Nang/ E. Reedat Linképing University. It is a completedevelopmentervironment
with anassociatednethodologyfor thedevelopmenbf comple, intelligentactorg[5].

[
(e
o

1 Agents
[ manager  [mizsion]|  set acuvation | [ Height

[ Awoidt
Priority
Contract I,

)
s

KEZz2) [r]

Figure4.1: TheEASEagentspeci cationwindow Agentsare programmedy creating
statediagramsin a visualervironment.
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Two practicalusesof EASE have beenpublished;anautopilotfor tacticalsimulations
of ghter aircrafts[5] andacontrolsystenfor theRoboCupSimulatedrootballcontest

[6].

The emphasi®of EASE is on the developmentprocess.The agentsthat arethe basic
designcomponentanbe designedn severallevelsof abstractiorandaresupposedly
easyto reuse. Developmentis donewithin an IDE that can be modi ed with dif-
ferentrun-time ervironments. The developmentmethodis a hybrid betweenvisual
programmingandform-basegrogramming Agentsaremodelledasstatemachinesn
agraphicaleditor ( gure 4.1). A secondhotation,inspiredby spreadsheetss usedto
createfunctions( gure 4.2).

Figure 4.2: The EASEconditionspeci cationwindow Functionsare de ned using
textual notationin a spreadsheet-inspadeditor.

Thetargetgroupof EASEis domainexpertswith little or no programming<nowledge.
Theauthorsof EASE arguethatthis is achievedby avoiding textual programming.

Onetool in EASE is the dehuggerthat can visualisethe internal agentnegotiation
processn real-timeduringtesting. Thedeluggeris shavnin gure 4.3.

Several detailsin the internal negotiation systemof EASE are similar to thatin the
ReplicantToolkit. In both systemsagentsor behaiours vote on nominatedactions.
Thedifferencasin how actionsarenominatedln EASE,anexternalfactorynominates
a multitude of actionsfor all agents.In ReplicantToolkit eachbehaiour nominates
only theactionsit believesareoptimalfor its own goals.

EASE is not directly usefulfor interactve simulationsof humanbehaiour. It is too
genericwhich makesit awkward to model humanthoughtprocesses.It is also not
primarily designedfor ef ciency and scalability It simply doesnot scalewell for
hundred®f simulatecentities.It doesontheotherhandhave awell thought-oumulti-
layereddecisionsystemthatmakesthereuseof behaiourseasyandpowerful.
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Figure4.3: TheEASEdehlugger. Thedotsdenotetwo differentagents' voteson sug-
gestedheadingvaluesfor an aircraft. Oneof the agentsis responsibldor reacding a
waypoint;theothertries to avoid otheraircraft. Noticehowthewaypoint-ajents'val-
ues(the roughlytriangular shape)are similar to thosereturnedby SimpleBehaviour
(Figure 10.2).

4.2 StarLogo

StarLogowasdevelopedby the Media Laboratoryat Massachusettsistitute of Tech-
nology:. It is exploratorymodellingsoftwarefor decentralisedystemg14].

StarLogois totally self-containedvith a Logo-derved programminglanguage pro-
gram editor and testingernvironment. StarLogohasno other purposethanto allow
exploration,understandingndvisualisationof complex phenomena.

The programminganguageusedis basic-like with few provisionsfor abstractionslt
hasalmost2000built-in keywordsandcommandsbut only a handfularerequiredto
getstarted15]. Thetargetgroupis everyonefrom the ageof 13 andup. StarLogois
usedby elementaryschoolteacherandPhDs.

The phenomendhat canbe simulatedarelimited to simplemodelssuchasConway's
Gameof Life [16] and Sugarscap§l7]. The focusis on interactionamongmary
simpleagentswhereaghe morecomplex agentseededo simulatehumanbehaiour
areimpracticalto create.Figure4.4 shavs a screenshoof StarLogorunningatermite
behaiour simulation®. The correspondingontrol programfor the termitescan be
seenin gure 4.5.

A powerful featureof StarLogois the ability to run severalconcurrenproceduresin
theabove examplego is theonly “bottom-level procedure” By combiningseveralsuch

1Therulesfor eachtermitearebasicallyasfollows:
1. Wanderandomlyuntil awood chipis found.

2. Pickupthechip andkeepwanderingrandomlyuntil anothemwood chipis found.
3. Dropthecarriedchip.
4. Startoveratl.

Theresultof applyingthesesimplerulesto a hugenumberof termitesis thatall wood chipsarecollectedin
asinglebig heap.
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bottom-level proceduredt is possibleto createmorecomplex behaiours. Eachof the
concurrenproceduresvill runindependentlypf theothers.

StarLogois the only tool in the surwey thathasa textual programminganguage.The
generallypositive reactiongo StarLogaindicateghattextual programsanbe usedfor
end-useprogrammingaswell asvisuallanguages.

Figure4.4: StarLayo's simulationwindowwhenrunning a termite simulation. Bright
squaesare wood chips, andtheirr egular shapesare termites. Thetools are usedto
modifythe world of the termites,or the simulationinterface(the sliders and buttons
insidethewhite carvas).

4.3 Mobidyc

Mobidyc (MOdélisationBaséesur les Individus pour la DYnamiquedes Commu-
nautés) is atool developedatInstitut Nationaldela Recherchégronomique(INRA),
Avignon,France[18].

Mobidyc is aimedto promoteagent-basedhodellingin the elds of ecology biology
andervironment. The approactis differentfrom both StarLogoandEASE. The core
of Mobidyc is a minimal languageof 25 primitives thatare organisednto tasksthat
in turn canbeusedasprimitives[19]. Theintegrateddevelopmentervironmentavoids
usingatextual representatioof the languageby usingaform-basedapproacho pro-
gramming.For eachprimitivetheuser lls outaform with parameterandvalues.Just
likein EASE,aspecialeditoris usedfor mathematicalormulae.Figure4.6 shovsthe
Mobidyc editor.

The languageusedin Mobidyc is tightly locked to the domainof ecologicalsimula-

2MOdelling Basedon Individualsfor the DYnamicsof Communitiesn English.

MindEditor 18 2003-06-18



to setup
setshape  termite-shape

seth random 360 to find-empty-spot
jump random 200 if pc = black ; if find a patch without a chip
end [stamp yellow ; put down wood chip in patch
setshape  termite-shape ; set own color back to red
to go get-away
search-for-chip ; find a wood chip and pick it up stop]
find-new-pile ; find another wood chip seth random 360
find-empty-spot ; find a place to put down wood chip fd 1
end find-empty-spot
end
to search-for-chip
if pc = yellow ; if find a wood chip... to get-away Jleave the pile where you put your chip
[stamp black ; remove wood chip from patch seth random 360
setshape  termite-wood-shape i tun  orange while carrying jump 20
jump 20 if pc = black [stop]
stop] ; exit procedure get-away
wiggle end
search-for-chip
end to wiggle
fd 1
to find-new-pile it random 50
if pc = yellow [stop] ; if find a wood chip, stop It random 50
wiggle end
find-new-pile
end

Figure4.5: The StarLayo souice codecontrolling ead termitein the exampleshown
in gure4.4.

Figure 4.6: De ning programmingprimitivesin Mobidyc. The loaded primitive is
ModifyAttributes that doesmathematicatomputation®n agentattributes. Image
from[19].

tions,anddoesnot allow muchcompleity of the agentshemseles. It is, like StarL-
0go, mainly focusedon theinteractionof mary simpleindividuals.

Theprinciplesof Mobidyc arehardto applyto thework of this thesis.Mobidycis very
domain-speci cand its underlying simulationengineis tailor-madefor form-based
programming.

4.4 Massive

Massvie is a commercialagentanimationtool for the movie industry[20]. It was
developedfor the massie war scenesn the movie trilogy Lord Of The Rings,where
thousandsf simulatechumanselvesandorchsbattle.

Little is publicly known aboutthe internalsof the software,but it allows for detailed
modelling of individualsbasedon vision, touchandsound. The primary goal is not
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real-timerenderingbut rathervery high detail andrealism. However, the modelling
software supportsrealtimerenderingand animationsof simple modelsto testthe de-
signs.

Much of Massire's strengthcomesfrom how the agents'perceptionand movements
are basedon physicalmodelsof their bodiesand interactionwith the ervironment.
Thismalesit possibleto createadvancedealisticmovementsuchassword ghts and
evenladderclimbing[21].

The combinationof a uniquevisual editor (see gure 4.7) and advancedperception
basedAl makesMassve aninterestingool. UnfortunatelyMassve Limited aresecre-
tiveabouttheunderlyingtechnologiesindnotinterestedn publishingary information.

Figure4.7: The“br ain editor” of Massive It featutresa GUI for designandtestingof
the contmolling webof logical nodes.(Image copyright2002MassiveLimited[20].)

Eventhoughthe primarytargetof Massve is non-realtimesimulationsjt is aworking
exampleshaving thatsomeof the goalsof our own projectareindeedachiesable.

45 SimBionic

SimBionic by Stottler Henke Associates|nc. is a completeAl middlewvaresolution.
It comeswith an integrateddevelopmentervironmentandan accompaxing API for
usein gamesandothersoftware[22]. An evaluationversioncalledBrainFramefor use
with thegameNeverwinterNightsfrom BiowareCorp. is availablefor downloadfrom
SimBionic's website. Figure4.8 shavs a screenshdrom the editor.

SimBionic usesa visual behaiour descriptionlanguagefor programming. Function
callsandconditionalexpressionsirelaid outasboxeson awork surfaceandconnected
with lines. A behaiour speci cationresembles o w chartandis claimedto be un-

derstandabl®y “non-technicalsubject-matteexperts- designersanalystspperators
andinstructors”[23].
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Thevisuallanguagas tightly connectedo textual programmingandshovs mary signs
of beingatextual languagewith additionalvisualnotation. The Al systemis basically
a scriptingenginewithout ary advancedbehaiour arbitrationor blending.

SimBionicusesxplicit designto a high extent,which makesit hardto createcomplex
behaiourswith thistool. Themethodausedin SimBionicarethereforenotvery useful
for thedesignof large-scaldhumanbehaiour simulations.

Figure4.8: Part of thebehavioureditor of BrainFrame Behaviousare built fromother
behavious, conditions,connectionsand actions. Programmingis doneby connecting
theseprimitivesto eac other Somesmallscriptsare alsoneedede.g. theonein the
oval nodein the bottomright of theimage.

4.6 Conclusions

All the surweyed applicationsusetheir own uniqueprogramminganguageandcome
with a completelDE with programeditors,dehuggingandtestingfacilities. Four sys-
tems(EASE, Mobidyc, Massie and SimBionic) usevisuallanguagesonly StarLogo
hasatextual language.

At leastthreé of the visual programmingsystemgEASE, Mobidyc and SimBionic)
requiressecondarylanguagedor mathematicakxpressionsand functions. Making

the userrepeatedlyswitch betweertwo differentlanguagesindnotationsdramatically
increaseghe cognitive load. By doing so, the soughteffect of the visual notationis

effectively neutralised.

3How Massie handleghis is not publicly availableinformation.

MindEditor 21 2003-06-18



A strengthof visual notationis the possibility to make somethingabstractmore con-
crete. Of the visual systemsonly Massive hasa connectiorbetweerthe notationand
theactualbehaiour beingprogrammedThatis achiezedby graphicallyshoving how
differentpartsof the “brain” relateto sensesand muscles. The generallack of this
connectiorbetweerthevisualnotationandtheactualruntimebehaiour indicatesthat
it is hardto make useof this strengthof visual programmindanguages.

StarLogois the only purelytextual languagen the surey. The languagés syntacti-
cally simpleeventhoughit hasseveralthousand®f commandslteration,a common
sourceof confusionfor novice programmer$4], is rarely neededasevery programis
executedn animplicit outerloop. Oneof the strengthf StarLogois thatmostcom-
mandsaredirectly tied to a concreteandvisible actionor propertyof the agents.This
reducegheabstractionandis a gooddesignchoice.

It seemsnoreimportantto tie thelanguagecloseto the concreteactionin the simula-
tion thanto present visualrepresentatiomwhenit is to be usedby anend-user
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Chapter 5

The Replicant Toolkit

An enginefor thoughts
whatfortunewe have: onefound
in thebagof tricks

In thischapterwewill gentlyintroducethe Replicanfloolkit developedoy Daniel Sjdlie
and Peter Sunnafor VRIab[1] [2]. Several importantde nitions usedlater onwill be
explainedhere.

5.1 Overview

The ReplicantToolkit is a developmentAPI mainly designedor simulatinghumans
andobjectscontrolledby humanssuchascarsandtrucks. It is built in amodularway
andcanbe extendedto otherdomains.Oneotheruseis asan evaluationplatform of
algorithmsfor autonomousehicles.

The toolkit is divided into two parts: ReplicantMind and ReplicantBody. We will
focuson the former sincethatis the partthat controlsthe replicants'behaiours and
intelligence. ReplicantBody is usedto visualiseactionstaken by the mind andto
embodythe mind into 3D humansFigure5.1 shavs the structureof thefull Replicant
Toolkit.

5.2 The World

Theworld asde ned by thetoolkit is anintelligentervironment It containsinforma-
tion aboutall objectsin it andde nes how theseobjectsmight interact. Objectsand
otherimportantfeaturesin the world arerepresentethy emittess, thatcanbe thought
of asinformation-carryingentities. Emitterscontainenoughinformationto allow the
Al to understandvhatthey are.Informationaboutemittersin theworld is collectedby
replicants'perceptionfed into their brain and passedaroundduring the reactionand
decisioncycle.
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Figure5.1: Overviav of the ReplicantToolkit. Theworld containsemittersthat are
examinedby signalgeneratorsvhich sendsignalsto processesProcesseseceivesig-
nals, interact with mind attributesand might motivatebehaiours. The behavious
nominatemultiple actionsfromwhich oneis chosen.Thenthe chosenactionis sentto
theanimationsystentor execution.Finally, theresultis visualisedon the screen.

5.3 Replicants

Replicantsare“intelligent” andmobile emitters. A replicants mind is constantlyfed
informationaboutnearbyemittersby its perception.

Replicantauserepresentationsf drives,wantsanddesiresmmamedprocesseso receve
andprocesgheinformationfrom the perception.The recevedinformationcanresult
in the modi cation of someof the replicants attributesthatin turn canchangehow
otherreplicantsperceveit.

Processealsopasssomeresponsibilityto behavious andmotivatewhy a speci ¢ be-
haviour is relevantin the currentsituation. This motivationis speci ed astheexpected
attribute changefrom a successfullyexecutedbehaiour.

5.4 Mind Attrib utes

Attributesarecentralto areplicantscurrentstate. Themostimportanttypeof attributes
arethe mind attributes Mind attributesde ne the current state the optimal state the
toleranceandtheimportance pr weight of speci c attributes. An exampleof amind
attributeis theannoyed attribute usedin theexampledater.

Attributesareorganisednto hierarchicalgroupscalledmind domains Thefull name
of anattribute includesits domain.In the exampleabove the correctattribute nameis
example/annoyed  sinceannoyed is an attributein the example domain. A domain
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canbe a part of anotherdomain,andthusattribute namessuchas mind/look/right
arepossible.

5.5 Signal Generatorsand Signals

Signal generatorsre centralto the perceptionprocess. Every replicanthasa set of

signalgeneratorsThesearefed with informationaboutnearbyemittersfrom the per

ception.Eachsignalgeneratothenexaminegheemitterto seeif it fallswithin its area
of responsibility If so,the signalgeneratoemitsa speci ¢ signalto all thereplicants
processes.A signalis basicallyonly an information carrier that containsthe infor-

mationaboutits emitterandan arbitraryde ned signalstrengthvalue. A muchused
signalis the obstacle  signalthat is emittedfrom everythingthat a replicantmight
collide with.

5.6 Processes

Processesare the highestlevel of abstractionin the replicants decisionsystem. A
processrepresents single drive, want or desire. It canfor examplebe the drive to
avoid obstacle®r the desireto reacha speci ¢ positionin theworld.

Processeare responsiblefor reactingto signalsgeneratedy the replicants signal
generatorsThisis oftendonein two steps:

1. Thesignalsareanalysedandrelevantmind attributesareupdated For example,
anannoyed processshouldincreasegheannoyed attributeif aannoying signal
is received.

2. If arelevantmind attribute is outsideits optimal range,the processhasto take
measureso restoreit. The measuresredelegatedto behavious which areare
motivatedby changesn mind attributes. If the processfor exampleincreased
theannoyed attributein responseo a very annging emitter, it might motivate
anavoidancebehaiour with theanticipatedlecreasef the sameattribute.

5.7 Behaviours

Behaviours areusedby the processeas methodso achie/e minor goals. Behaviours
do not know why they are chosenbut strive to achieve their speci ed goal as well
aspossible. One exampleof a behaiour is the avoid behaiour that tries to avoid
collisionswith otherobstacles.

To reachtheir goals,behaiours nominateactionsthat help themto reachtheir goal.
Thedecisionsystenthenletseachbehaiour votefor all actionsnominatecanddecides
which actionshouldbe performedbasedon votesand maotivations. This proceduras
known asthevoting procedureandis centralto the functionality of thetoolkit.
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5.8 Actions

Actionsaretheresultingoutputof the decisionsystemandarefed into thereplicants
bodyfor executionin the simulatedworld. Currently only theactionswalk andlook
areimplementedTheseactionsaredirectly connectedo physicalactionsof therepli-
cant.

Actionsareseparatethto actiongroups Actionsin thesamegroupcannotbeexecuted
in parallel.For example theactionswalk andrun shouldbein thesameactiongroup.

5.9 Voting

Thevoting procedurds handledautomaticallyby the ReplicantToolkit. After all be-
haviours have nominatedtheir actions,it is time for voting. Eachbehaiour getsto
voteoncefor eachof all the nominatedactions.The behaiour examinesa nominated
action,decideshow well it ful Is thebehaiour'sgoalsandgivesit avotebetweer0.0
and1.0 . Thevoteis thengivenaweightcalculatedrom the behaiour's motivations.
Finally, whenall votesarecountedandweighted the actionwith the highesttotal sum
in eachactiongroupis selectedor execution.

5.10 Example Replicant

Figure5.2 shavs anoverview of acompletereplicant. Thetwo signalgeneratorsick
andobstacle  generatesignalsnot surprisinglynamedtick andobstacle respec-
tively. Thesignalsarefed into thetwo processewaypoint andavoid .

™~
TN 7\/\ amy | 7
obstacle avoid avoid body/move
- v /M \\/ Y
™~
T |4
mind/goal § \@ head/look
mind/fear
Signal Signals & . . )
Generators —— Atributes Processes —=  Behaviours Actions

Figure5.2: Componentliagramof anexamplereplicant. Thearrowsshowinformation
ow throughoutthe system.

The processeslsoinspectsand modi es attributes. In this examplethe waypoint
processiseshe attributemind/goal ; avoid usesmind/fear

Thesecondastgroupin thediagramis thebehaviours. As the gure shaws, atotal of
threebehaioursareusedby thetwo processes.

In the nal group,theactionsthatthereplicantcantake areshown.
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Chapter 6

Designand Implementation

Somary choices-
andtheengineerghallenge:
pick only the best

In this chapterwe will discusssomeof the designchoicesthat were madeduring the
designanddevelopmenbf MindEditor.

6.1 GUI Toolkit

A GUI (GraphicalUserInterface)toolkit is the setof programmingoolsusedto create
the userinterface. For MindEditor the GUI toolkit had to be portable,be free and
have good C++ support. A visual GUI editor was alsoa plus. Threetoolkits were
consideredandthetheir mostimportantpropertiescanbefoundin table6.1.

| C++ support | Portability | GUI editor | Licence
Gtk+ excellent OK free free
wxWindows no STL, no exceptions excellent free free
QT no STL, custompreprocesso good non-free | free-ish

Table6.1: Importantpropertiesof GUI toolkits.

Eventually Gtk+ version2 waschoserasthetoolkit to use.Someadvantage®f Gtk+
arethe powerful C++ API (Gtk-), the GUI editor (Glade-2)andthe integrationwith
OSG.Thewealestpoint of Gtk+ v.2 is its low age— it is not yet standardon Debian
andotherLinux distributions. Gtk+ doeshave a windows port thatreportedlyworks
underthegccandVisualC++compilers.lt is unfortunatelynot completelyof cial, and
how well it performsremainsto be seen.

The othertoolkits consideredvere Qt andwxWindows, but neitherwasconsideredo
matchthe power andversatility of Gtk+. wxWindows, aswell asQT, lack supportfor
modernC++. wxWindows applicationsareeasierto port thanGtk+ applications.The
C++ supportof Gtk+ morethanmakesup for this. QT is slightly lessportable,and
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hasa problematiclicensesituation. The QT toolkit is ownedby TrollITechwho sell
“professional’editionsandimportanttoolsfor high prices.

6.2 UserProgramming Language

The secondmportantchoicewasthe end-useprogramminganguagelt wasdecided
to usea textual languagensteadof ary othertype suchasvisual or form-basedoro-

gramming. Without proof that a visual languagewvould be better we did not wantto

investthetime to researchdesignandimplementa new languageandeditor.

However, the architecturds not tied to ary speci ¢ languageor paradigm. A future
versionof the softwaremightaswell useanotherkind of programmindanguage.

The next questionwaswhat textual languageo use. An alundanceof programming
languagesvhich are claimedto be both easyto useandpowerful is available. It was
alsopossibleto createa new special-purpostanguagebut thatwould have takentoo
muchtime.

Someof the languagecandidatesvereLua, Python,Tcl andScheme.Table6.2 com-
pareshemto eachother?.

C++support| Speed | Syntax| Size

Lua bad fast good | small
Python excellent fast good big

Tcl OK slow bad | small
Scheme ? veryfast| bad | small

Table6.2: End-useanguagesconsideed. C++ supportindicateshow easythe lan-

guage interfaceswith C++ objects.Speeds a geneal indication of executionspeed.
Syntaxis an estimateof how hard the language syntaxis for a non-pilogrammer Size
is thesizeof therequiredruntimecodeandlibraries.

Lua was chosenasthe onebestsuitedfor this project. It is a light-weightlanguage
designedor extendingapplicationg24]. Somehighlightsof its strengthsarea very

smallcorelanguagefew advancedconceptsextensiblesemanticandhigh ef ciency.

It is usefulto end-usergbecauseof its low compleity andhigh learnability)andto

developers(dueto its integrationfunctionality and accessiblenternals). Lua's main

problemis theweakC++ integration.

The otherlanguage$iadotherproblems.Pythonwould simply bean overkill solution
for the small functionsMindEditor requires. Tcl is slow and hasa horrible syntax.
Schemes the mostef cient of the surveyedlanguagesbut its Lisp-inheritedsyntax
malesit unsuitablgor end-useprogramming.

1c++supporfor Schemavasnever evaluatedasthelanguagavasweededutearlybecausef its syntax.
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6.3 DevelopmentProcess

The authorsof EASE arguethata well-thoughtdevelopmentprocesds animportant
aspecbf atool like MindEditor [5]. Someaspect®f thedevelopmentprocessareleft
out from the rst versionof MindEditor. Thesewill be discussedn later sectionsof
thisreport.

Aspectghataresolvedin oneway or anotheiin MindEditor aredelugging,inheritance
andreuse.Thesearediscussedhn detailbelow.

6.3.1 Debugging

Dehuggingis an importantaspectof development. Especiallyin the caseof com-
plex systemswherethe resultsof a modi cation areimpossibleto predictin detail.
In MindEditor deluggingis a naturalextensionof testingandrunning a simulation.
The internalstatesof ary replicantcan be examinedduring testing. Making a small
modi cation andtestingagainis donein afew secondsThis leadsto extremelyshort
development/testingycles,somethinggenerallyconsideredmportantfor experimen-
tal developmentandhelpsend-user$29]. The deluggingfacilitieswerecut shortin

favour of otherfeaturesput several of the unimplementeddeaswill be presentedn

the FutureWork section.

6.3.2 Inheritance

In the original C++ replicantAPI, inheritancdas animportantaspecbf the designand
extensionof componentsit hasbeenshowvn thatef cient useof inheritancerequires
extensve training in abstracthinking, whereasend-usersendto think concretelyin-

stead.Thereforea modelof inheritancebasedn copying is usedin MindEditor. Such
“copy-basednheritance’differsfrom traditionalinheritancamainlyin thelackof prop-
agationof changesn the baseclassto derivedclasse$3].

6.3.3 Reuse

Reusds of coursemportantto reducedevelopmentosts.MindEditor aimsto support
the creationandmaintenancef reusableeomponentsBut guidelineson how to design
reusablecomponent$iave not yet beenwritten, andarean importanttargetfor future
investigations.

6.3.4 SystemVisualisationand Analysis

UML (Uni ed Modelling Languagehasprovento be animportanttool whenvisu-
alisingandanalysingcomplex object-orientedsystemd32]. Replicantsdevelopedin
MindEditorarehighly complex structuresuilt from mary interdependertomponents.
A methodof visualisingthisis of highimportancevhentrying to understandhow com-
ponentsnteract.

An experimentalinterfaceusingthe dot tool [25] to draw diagramsof replicantsand
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their componenthasbeenintegratedinto MindEditor. An exampleof the output of
this programcanbeseenin gure 5.2.
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Chapter 7

MindEditor UsageOverview

Onthescreerit sits—
awaiting the arrival
of theinformeduser

Thischapteris a brief overviewn of the MindEditor softwae. Here wewill introducethe
differenttoolsavailable Thischaptercanbeusedasa manualfor MindEditor.

7.1 De nitions

The MindEditor UserInterfaceaddsa few conceptdo thosede ned by the Replicant
Toolkit andre nesothers.Themostimportantof thenew conceptsaredescribedelow.

Replicant. A simulatedhumanbeing,embodiedasan entity in the 3D world. Aside
fromits body, areplicantcompriseseveralcomponents

Component. A partthatareplicantconsistf or uses.Thedifferentcomponentypes
arereplicantblueprint, signalgeneators, processesbehavious, minddomains
mind attributesandactions

Replicant Blueprint. A descriptionof which componentsreusedto createaspeci ¢
replicant. It canbethoughtof asa recipefor thereplicant. Eachreplicantonly
have asingleblueprint.

Scenario. A descriptionof an ervironmentwith replicants.It describesvhatkind of
world the replicantsareto be insertedin, andfrom which blueprintsthe repli-
cantpopulationis to be created.It doesnot containary rulesor scriptfor the
replicantgto follow. The scenarids merelythe stagethatthereplicantsactin.

Simulation. An actualrun of a scenario.With MindEditor a simulationcanbe visu-
alisedin realtimeandinspectedn mary ways.
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7.2 A NoteonFiles

MindEditor doesnot requirethe userto manuallyhandle les asis commonin mary
otherapplicationssuchasword processorsAll datais transparentlgtoredin acentral
repositoryand automaticallysased or loadedwhen needed.MindEditor cane.g. be
exited at ary time andthe usermayrestassuredhatall changesrestill availablethe
next time the softwareis started.

7.3 The ComponentLibrary Window

Thiswindow ( gure 7.1)is the rst window seenwhenstartingthe program.lt is also
the centralwindow of theapplication,andcanbethoughtof asatoolboxor palette.

Figure7.1: Thecomponentibrary windowof MindEditor. A replicantblueprintis se-
lected,andits informationis visible on theright. In the prototype a visualovervien of
thereplicantscomponentsanbecreatedby clickingthebutton“GenerateOverviev”.

Ontheleft handthereis alist of scenariosteplicantblueprintsandothercomponents.
Any of thecateyoriescanbe expandedo show its contents By selectinganitemin the
list, its detailscanbereviewedin thedatapaneon theright.

Someof thecomponentganbeedited,clonedor removedby selectinghecomponent
and using the tools below the list. It is also possibleto createnewv componentsf
sometypes,namelyreplicantblueprints,domains,processeandbehaiours. A nev
components createdby selectingthe catayory from thelist andclicking “new”.

Closingthis window will quittheprogram.

7.3.1 Running Scenarios

To starta simulationwith a speci ¢ scenario,the scenariois selectedand the “run
scenario”button clicked. This will createthe scenarioandrun it in the simulation
window
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7.3.2 Replicant Overviews

A completeoverview of a replicantblueprintcan be createdby selectingthe name
of the blueprintand clicking the “generateovervien” button. This will opena new
window with adiagramof all the componentsisedby thatblueprint(see gure 5.2.)

7.4 The ComponentEditor

This window is usedto designor modify components.It will look a little different
dependingon which type of components beingedited,but somepartsarealwaysthe
same.

7.4.1 ComponentDetails

This area(in thetop of gures 7.2to 7.5)is availablefor all componentslt shouldbe
lled in with asigni cant descriptionof the componengaindits author

7.4.2 Replicant Blueprints

Replicanblueprintsarebasicallyalist of thedomains processeandsignalgenerators
requiredfor a replicant. Most centralare the processeshat decidewhich drivesthe
replicantwill have. Processesftenrequireoneor moremind domains.Theincluded
mind domainsaredisplayedin thelist on the left andcanbe addedor removed with
thebuttonsbelow thelist. Processealsorequirespeci ¢ signals.Signalgeneratorsire
handledn thelist ontheright.

Figure7.2: Thereplicantblueprinteditor. Componentsanbe addedor remosedand
the settingsof individual mind attributescan be overriddenfor this speci ¢ replicant
blueprint.
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At thebottomof thewindow alist of overriddenattributescanbefound. Theseareused
to give replicantscreatedfrom this blueprintadditionalindividualism by overriding
attributes. Wheninsertingreplicantsin a scenariathosevalueswill getthe speci ed
valuesinsteadof the default onesde ned by the mind domains. This featurecanbe
usedto add“personality”to speci ¢ replicantsor to differentiateamongsimilar types
of replicantsusing the samemind domains. The sectionon mind domainscontains
moreinformationaboutthe differentsettings.

7.4.3 Mind Domains

A mind domainis agroupof mind attributes. Themind domaineditoris usedto de ne
which attributesgo into which domain,andhow they shouldbe con gured. Attributes
areaddedremovedor duplicatedn thelist ontheleft ( gure 7.3.

Figure7.3: Themind domaineditor. Attributescanbeinspectedadded,remoredor
modi ed.

Selectinganattribute makesit possibleto modify it with the controlson theright. The
availablesettingsareasfollows:

Value. Theinitial valueof the attribute. Whena replicantis createdrom a blueprint
it will have its attribute setto exactly this value.

Optimum. Optimal valueof the attribute. This is what processesvill strive to keep
theattributeat.

Tolerance. How muchthevalueis allowedto divergefrom optimumbeforea process
will try to restoreit.

Weight. A numberdescribingtheimportanceof this attribute. The higherweight,the
higherimportance. This is usedto prioritise someattributesabove othersand
hencemake someprocessesvork moreimportantthanothers.

Randomnesdnter vals. Optionalsettingsthatcanbe usedto randomlyindividualise
replicantsin the simulation. At creation,eachcreatedreplicantwill have its
valuesmodi ed within the respectie randomnesitenal setting. If the value
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is setto 0.5 andthe value's randomnesterval to 0.1 eachreplicantusingthis
attributerandomlygetsa valuebetweerD.4 and0.6 whencreated Randomness
intervalsarenotusedduringrunningsimulationspnly atinitialisation.

Eachsettingcanbemodi ed with thenumeric elds or by usingthesliderbelow. In the
slider, the valueis changedvith the large control, optimumwith the smallarron-like
controlandthetolerancewith thetwo triangularcontrols.

7.4.4 Processes

Processesonsistof oneor severalsignalhandless. A screenshoof the processeditor
is shavn in gure 7.4. The list on the left is usedto add, remove and copy signal
handlers. Selectinga signalhandlerwill load its sourcecodeinto the editor on the
right for editing or reviewing. How signalhandlersarewritten is describedn section
8.3.

Figure7.4: Theprocesseditor. Thesignal handlerof a simpleprocesss loadedand
shownin theeditor. Signalhandles are manayedin thelist ontheleft. Thegreenlight
ontheright sideindicatesthat the souice codehascorrectsyntax.

7.45 Behaviours

A behaiour recevesinput asparametes from a processThe parametera behaiour

requiresarecontrolledby thelist ontheleft handsideonthewindow ( gure 7.5). The

list is usedto add,deleteor modify parametersThe parametetarget  is mandatory
andwill alwaysbeavailableevenif it is notin thelist.

Thebehaiour shouldinspectthe parameteranddeclareappropriateactionsusingthe
programon theright handside. How to write behaioursis describedaterin section
8.4.
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Figure7.5: Thebehavioureditor Thiswindowhasmud in commorwith the process
editor, exceptfor thelist ontheleft. It is nowfor manayemenbf parametes insteadof
signalhandles.

7.5 The Simulation Window

Thisis thewindow whereall scenaricsimulationsarerun. It hastwo distinctparts;the
3D viewer andtoolboxeson theleft, andaninfo paneontheright (see gure 7.6).

Thebuttonson the bottomof the 3D viewer controlthe simulationspeedor restartthe
simulationwith its initial values.

Thetoolsonthetop of the 3D view arefor navigationandinspectionof the simulated
world. They are,from left to right:

Select. Locksthe 3D view andallows selectiorof areplicantin the 3D view for closer
inspectionby clicking onit.

Pan. Allows cameramovementby clicking draggingwith the mousein the 3D win-
dow.

Rotate. Selectingrotateanddraggingthe mouseup-dovn will changethe camerael-
evation. Draggingleft-right will rotatethe cameran the groundplaneresulting
in views from differentdirections.Figure7.7 showvs the axesusedin rotation.

Zoom. Draggingup-dovn will decreaser increasehe distancebetweerthe camera
andthefocusedpointontheground(see gure 7.7).

Follow. Locksthe cameraon the selectedeplicantwhenactivated. The camerawill
focus on the replicantand allow rotation (using the right mousebutton) and
zooming(usingthe middle mousebutton).
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Figure7.6: Thesimulationwindow In this particular screenshobnereplicant(theone
in white)is selectedandits mindattributesare visible on theright.

(Expert Mode.) This navigation modeis selectedvhenno tool is active. It allows
panning,rotation and zoomingusing the left, right and middle mousebutton
respectrely without having to switchmode.

r\
A Camera
((\ Ve 1 oy

o | position
12 - !

"Focused" point

X

Figure 7.7: Thecamen and its variable settings. Panning movesboth camen and
focal point. Zoomingmovescamea closerto thefocal point. Rotationis donearound
Z axisor aselevationabovegroundplane

Whenareplicantis selectedits attributesarelisted on theright handsideof the win-
dow. It is possibleto view change®f the attributesin real-timeand even modify the
attributesduringthe simulationby draggingthe sliders.
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Chapter 8

Programming Replicants

Wisely choosehegoals
areplicantcanonly
obey somary

In this chapterwe give a shortintroductionin howto usethe embeddegrogramming
language to write processesand behavious. For full detailswe referto the complete
ReplicantAPI L.

8.1 The Object Model

SincelLua 4.0 doesnot have ary standardise@bjectmodel built-in, it is possibleto

implementthis in mary ways. In the modelusedby MindEditor, classconstructors
arenamedafterthe class. The Lua codeto createa new 3D vectorobjectandassign
it to the variablev isv = Vec3() . The objectmodelsupportsdefault parametersas
theaboreexampleis justshortforv = Vec3(0.0, 0.0, 0.0) . Tocreateavectorfor

ary speci c pointthegenericcallisv = Vec3(X, Y, Z2).

Destructorsarenot neededrom a userperspectie, asLua's garbagecollectiontakes
careof that.

Classmethodsandattributesareaccessetly dotnotatiorf. For examplex = v.x will
getthex componentof thevector andl = v.length()  will calculatethelengthof v
andstoreitin| .

The following classes from the Replicant Mind APl have Lua interfaces:
MindAttribute  , DoubleAttribute  , EmitterAttribute , Emitter , Position  and
LuaReplicant

LAvailablefrom VRIab, http://www.vrlab.umu.se
2Lua also supportscolon notation for methods,e.g. object:method() , but this doesnot work in
MindEditor.

39



8.2 The Replicant Object

The mostimportantobject that is always available is the my object. It represents
the currently running replicantand is usedfor MindAttribute accessBehaviour
motivation  (in processesandAction nomination(in behaiours)andmore.

In additionto the methodsdocumentedn the ReplicantAPI andthoseinheritedfrom
Emitter , theLua Replicantclasscontainsafew attributes:

attributes . Thereplicants domainsandtheir attributes.
behaviours . Availablebehaiours. Usedin signalhandlerdo motivatebehaiours.

actions . Actionsavailablefor nominationby behaiours.

Theseattributeslook like normal Lua tableson the surface, but have quite special
semantics. Thefollowing sectionswill describethesepseudo-tableandhow eachis
usedin moredetail.

8.3 Writing ProcessSignal Handlers

Processeseactto signalsfrom the world, updatethe mind attributesof the replicant
and decideon ary behaiours to initiate. Processetn MindEditor are divided into
signalhandlersvhereeachhandlerhandlesexactly onetype of signal.

Eachsignalhandlerrecevestwo parametersthe rst is the strength  of the signal,
andthe otheris the source of the signal. The exact semanticof the parameterss
up to the sourcesignalgeneratotto de ne. Normally source is the sourceEmitter
andstrengthis a function of the distanceto the source. But otherusesare possible.
Thetick signalgeneratoigenerates tick signalfor eachsimulationstep. It uses
thestrength  parameteto indicateelapsedime sincethe lasttick, and always sets
source tonil .

Thenormalorderof actionfor asignalhandleris to rst modify oneor moreattributes
in responsdo the signal. Then,if thevalueof the attributeis outsideits tolerancethe
handlerselectsa behaiour thatwill helprestoretheattribute.

8.3.1 Modifying Attrib utes

Attributesare objectsaccessedia the my.attributes list. Most attribute methods
from theReplicantAP| areavailableusingthe Luainterface. Themostimportantmeth-
odsaregetValue , setValue , addToValue , getOptimalValue  andgetTolerance
For example to setthevalueof thecurious  attributein thedomainmind , thefollow-
ing codecanbe used:my.attributes.mind. curio us. set Val ue(0.5).

As seenabove, attribute accesscalls canbe very verboseandrequiremuchrepetitive
typing. It is possibleto createa local referencewith a shortemameto anattribute:

3Thetechnicalexplanationis thatthey areusedataobjectswith someuniquetag methods

MindEditor 40 2003-06-18



local curious = my.attributes.mind.c uri ous
curious.setValue(0 .5)

This is mostusefulif the attribute is to be accessednary times. By usinga local
referencehecodewill alsoexecutefaster Thereforehistechniqués generallyagood
ideato use.

8.3.2 Selectingand Motivating Behaviours

For a procesgo delegatework to a behaviour, two stepsareneeded;rst thebehaiour
needdo becreatedthenit needso be motivated.

New behaiours are createdand activated by one single call to the behaviourcon-
structor. This specialconstructoris available throughthe my.behaviours list. If a
behaiour requiresary parametershesearealsosuppliedin the call to the construc-
tor. The following codewill createan approach behaiour to approachthe signal
sourceasreceivedby the signalhandler:my.behaviours.follo w(s our ce) . Thecall
doesnotreturnary value,sincebehaiour creationis handlednternallyby theruntime
ervironment.

Justcreatingbehaviours is not enoughto getthem running. Behaviours also need
motivation,becaus®nly the bestmotivatedbehaiourswill beexecuted Any number
of motivationscanbeaddedo thenewly createcbehaiour. Thisis doneby callingthe
specialfunctionmotivate . Motivationis doneby estimatinghow the behaiour will
changethe replicants mind attributes. An examplemotivation for the above created
behaiour could be that approachinghe signalsourcedecreasethe curiousattribute
some.In Lua code:motivate(my.attribute s.mind .cu rio us, -0.1)

Motivationsonly applyto thelastcreatecbehaiour. If severalbehaioursarecreated
by a signalhandlerthey will requireoneor moremotivate callseach.

Seetheexamplein chapter for acompletesignalhandler

8.4 Writing Behaviours

Behaviours have a slightly narrover view of theworld thanthe processefrom which

they gettheir orders.Normally the only informationof theworld a behaiour needds

suppliedby its parentprocessasparametersWhat parametershe behaiour requires
canbe changedn the parametetist in the editor Thetarget parameteis always
required,eventhoughafew behaiourscansafelyignoreeventhat.

To achieve their goals, behaviours useactions. Like behaiours, actionsalso have
parametersk.g. themove actiontakesoneparametefor movementspeedandanother
parametefor rotationalspeed.Thelook actiontakesthedirectionin whichto look as
aparameter

A replicantcanhave several hundredcompetingbehaioursat ary giventime. Since
walking is possiblein only onedirection,a singlemove actionhasto be selected.The
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actionis choserthrougha voting procedureamongthe behaiours.

A behaiour needgo know whatkind of actionit needgo bedoneandhow muchit is
preparedo compromiseon thataction. This is doneby calculatingoptimal valuesfor
theactions.E.g.anapproach behaiour mightwantto move forwardandturnslightly
to theright. Thatmighttranslatento thevaluesl.0 for thespeed parameteof move
and0.1 for theturn parameter

Declaringpreferredactionparameterss doneusingthemy.actions  list:

my.actions.move.setS peed(l .0)
my.actions.move.setT urn (0. 1)

Simply by settingary parametenf anaction,thatactionwill be activatedandall its
otherparametersvill besetto default values(choserby theaction). The defaultvalue
for theturn parameteof moveis0.0 (noturn). Thesecondtall hadnotbeenrequired
if thebehaiour only wantedto move straightforward.

Any combinationof actionsis possiblejf they arein differentActionGroups While it
is possibleto move andlook simultaneouslyit is impossibleto move andjump atthe
sametime 4.

The actiondeclarationsabove do not setary toleranceto their preferredvalues. Be-
causeof that,thebehaviour will only consideactionswith exactlythesameparameters
whenall behaiourslatervoteon nominatedactions.If abehaiour chooseso votefor
otheractionswith almostthe sameparameter# increasedts chanceso comecloseto
its goal. Thisis only possibleif the behaiour canacceptminor divergencedrom its
preferredactions.

Tolerancefor action parametersare declaredwith a secondparameterto the re-
spectve set -call. If the example action could accepta rotation within the range
value tolerancevalue tolerance radiansvhenmoving, thedeclaratiorcouldbe:
my.actions.move.setT urn (0. 1, 0.05) if value O landtolerance 0 05.When
voting on a nominatedvalue,the behaiour will vote higherthe closerto the preferred
valueit is. If thenominatedvalueis outsidethetolerancet will getavote of zero.

An optionalthird parameteto the declarationcanbe setto 0 to indicatethatthe tol-

eranceis only one-sided. If the toleranceis one-sidedonly valueswithin the range
value tolerancevalue or value value tolerance will recevenon-zerosotes.The
signof the tolerancewill decidewhetherthe lower (negative sign) or higher(positive

sign)rangeis used.

A fourth parametercanbe usedto de ne a relative weight of that speci ¢ action pa-
rametemwhendecidinghow to vote. Normally all actionparameterfiave equalworth.
By adjustingthis valueit is e.g.possibleto make thespeed parametemoreimportant
thantheturn parameter

A nal exampledeclaratiorusingall thedescribedunctionsfollows:

my.actions.move.setS peed(1.0, 1, 0)

4Currentlythereis nojump action,but f it existedit would probablybein the samegroupasmove.
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my.actions.move.se  tTurn( 0.1, 0.01, 1, 10)

This declaresa preferredspeedof 1.0 , but acceptabldetween1 0 2 0 andaturning
valueoptimallyof 0.1 butacceptablevithin 099 0 11 andmakestheturnsettingten
timesmoreimportantthanthe speedvhencalculatingthe vote.

Chapte” containsa completebehaiour example.

MindEditor 43 2003-06-18



MindEditor 44 2003-06-18



Chapter 9

Example

Follow therabbit
to learnreplicant-making
pieceof cake (we hope)

In this chapterwewill gothroughhowto createa simplescenariostepby step.All the
required componentandhowto connecthemwill be explained.

9.1 Description

The following scenariovas developedto getan early feeling of whatthe softwareis
capableof. It usesa minimal amountof customprocessesandbehaiours, while still
usingmostof thefeaturesavailable.

Thepurposeof thescenarids to shav how peoplemightreactif threatenedby disturb-
ing elementdn their ervironment. The settingis in downtown Umed&. One personis

having a baddayandis suchanannganceto othersthatthey make extensie detours
to avoid closecontact.

Usingasettinglike thisit is for examplepossibleto studyhow changesn theerviron-
menteffectcrovd o ws.

9.2 Required Components
At leasttwo typesof replicantsareneedednormalpeopleandannging people.

Annoying peopleneedsomesortof indicatorthatthey areannging, andnormalpeople
needto keeptrackof how anncg/edthey are.l.e. annoyed andannoying attributesare
neededWe alsoneeda signalgeneratofor annoying  signals.

Normal peoplestrive to keepthe level of their annoyed attribute low. Thatwould be
the goal of anannoyed process.Sucha processeedsa detourtaking behaiour to

45



avoid anngying people-anavoid_annoying  behaiour.

To make thingsallittle easierannging peoplestayput at onespotthatnormalpeople
have to walk past. This canbe doneby not giving anng/ing replicantsany movement
processandby usingthewander_back_and_forth procesdor normalreplicants.

Sincethereplicantnamenormal is alreadytaken,we call thenew replicantsannoying
andmundane. Figures9.1and9.2 shov how they will beconstructed.

- annoying
\©
|  »=( annoyed avoid_an@
example/annoyed '3( —
>/ | | body/move
demo/goal wLback_and_fonh @/
DI

demo/target
demo/waypoint i

100

Signal Signals &

e —— i [ T
Generators Attributes Processes Behaviours Actions

Figure9.1: Componentliagramof the mundane replicant.

mind/look/forward ::@ C ook head/look

mind/look/left N4

mind/look/right
Signal R 5'9'?3'5& —— Processes — Behaviours — Actions
Generators Attributes

Figure9.2: Componentliagramof theannoying replicant.

9.3 Scenario

Sincethe currentversionof MindEditor is not ableto edit scenariospne hasbeen
preparedespeciallyfor thistutorial. The scenariave will useis umea. This scenarids
built ona modelof thecentralsquareof Umedandis preparedor severalreplicantsof
typemundane andoneannoying .

9.4 Mind Domain

The requiredmind attributes should be createdin a mind domainnamedexample .
Thisis requiredby thesignalgeneratothatwill beused.Thedomainwill only contain
the two attributesannoyed andannoying indicating how anng/ed and annging a
replicantis, respectiely.

A goodsettingfor both the default and optimal valuesof annoyed is 0.0 , sincethe
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anng/ancelevel shouldincreaseéhe moreanngeda replicantgets. Thetoleranceand
weightcanbeleft attheir default settingsfor now.

Annoying shouldonly be high for somereplicants,so the default valuewill be zero
for now. Toleranceandweightsettingsof theannoying attribute areirrelevantfor the
moment.

9.5 Theannoyed Process

This processs responsibldor reactingto annoyed signalsfrom theperceptiorandfor

ary takingevasve actionsto avoid anngance.Theannoyed attributelevelis modelled
asanaccumulatothatis chagedby the presencef annging signals,anddischaged
overtime. A modellik e this behaeslik e a short-timememory

To modelthe processtwo signalhandlersarerequired:the obviousannoying signal
handler andatick signalhandler Figure9.3 shovs how the handlerfor annoying
signalsmightlook.

- Signal handler for the "annoying" signal

function  handle_annoying(strength, source)
- Store a local shortcut to the attribute for later use
local annoyed = my.attributes.example.annoyed

Update annoyance level
annoyed.setValue(strength * 5)

- See if a evasive manoeuvre is needed

if(annoyed.getValue() > annoyed.getTolerance()) then
my.behaviours.avoid_annoying(source)
motivate(annoyed, -1.0)

end

end

- Signal handler for the "tick"  signal

function  handle_tick(strength, source)
my.attributes.example.annoyed.addToValue(-0.1 * strength)

end

Figure9.3: Examplesource codefor the signalhandless of theannoyed process.

The examplehandlerhastwo distinct codeblocksthatbothrelateto the annoyed at-
tribute:

1. Theattributeis updatedo re ect thesignalstrength.

2. If theattributeis outsideits tolerance a behaiour is engagedo restoreit. The
behaiour is motivatedby the expectedchangan annoyed level.

Thetick handleris simpler andjust decreasethe anno/ed level over time. (tick
signalsarecontinuouslyrecevedduringthesimulation,andtheirstrength  parameter
indicateshetime interval betweerthelasttwo tick  signals.)
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9.6 Theavoid _annoying Behaviour

Theavoidancebehaiour only knowsthatit hasbeenengagedo avoid aspeci c target.
To do this it requiressomeinformationaboutthe directionanddistanceto the target.
Fromthisinformationa new directionandspeedf movements proposedFigure9.4
shavs anexamplebehaiour thatdoesthis. It will suggestifferentactionsdepending
ontherelative positionof theannging targetandtheresultingbehaiour will normally
beacirculardetour

Control ~ function  for the "avoid_annoying" behaviour
function  avoid_annoying(target)
Get direction and distance to target
local angle = my.angle_xy(target)
local dist = my.distance_xy(target)

Calculate  the sign of the direction away from the target

local anglesign = -1
iflangle < 0) then

anglesign =1
end

Calculate  a suitable  direction away from the target
local awaydir = angle + anglesign * PI/2

The default action is to slow down and turn 90 degrees away
my.actions.move.setTurn(awaydir, PI)
my.actions.move.setSpeed(1,0.5)

Handle some special cases:
if(abs(angle) < 1) then
Almost  straight ~ ahead, try to stop and turn on the spot
if(dist < 3) then
my.actions.move.setSpeed(0,0)
end
my.actions.move.setTurn(awaydir, 1)
elseif dist < 3 and angle > 2 then
Almost behind me. keep moving as fast as possible
my.actions.move.setSpeed(3,0.5)
end
end

Figure9.4: Examplesource codefor theavoid_annoying  behaviour

In its currentform, the examplebehaiour is reusableto avoid ary single obstacle.
MindEditor comeswith anothetbuilt-in avoid behaiour thatworksalittle differently.

That behaiour canbe usedinsteadof avoid_annoying  to testanotherapproachto

obstacleavoidance.

9.7 Assemblingthe Replicants

A replicantblueprintis basicallya list of the requiredcomponentsSincethe scenario
consistf two typesof replicantstwo replicantblueprintsareneeded.
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9.7.1 Theannoying Replicant

This replicantis simple andstandson one spotbeingannging. To do this, only the
example mind domainis required. But to make the replicantseemalive, the look
processhave beenadded,which makesit move its headnow andthen. The look
processequiresheminddomainmind/look andageneratoof thesignaltick , which
alsohave beenadded.

Oneway of makingthe replicantannging is to overridethe example/annoying  at-
tribute settingits default value for this kind of replicantto 1.0 . This is not donein
the examplesincethe demonstratioris bettersenedby makingthereplicantanng/ing
duringarunningscenario.

9.7.2 The mundane Replicant

This replicant has got the annoyed processaddedto it. It also hasthe process
wander_back and fo rth thatmakesthereplicantwandemackandforth alongapath
thatbringsit closeto theannging replicant. Therequireddomainsandsignalgenera-
torsareaddedandlike theannoying replicantthis hasno overriddenattributes.

Since we now have several competingprocessest is a good idea to adjust the
weightof the example/annoyed  attribute so it works well togetherwith wandering.
wander_back and fo rth usegheattributedemo/goal for motivation,andtheweight
of thatattributeis 1.0 . Thedriveto decreasannganceshouldbemoreimportantthan
thedrive to reachthe goal. A weightof 4.0 for example/annoyed makesbehaiours
decreasin@nngancefour timesasimportantasbehaiourstrying to reachthegoal of
thewalk.

9.7.3 Running the Simulation

With nofurtherchangestunningthesimulationshouldresultin theanng/ing replicant
standingstill outsidea shoppingmall. A numberof mundaneeplicantswanderback
andforth acrosghetown squarecompletelyignoringit.

Activatingthevisualtool replicantpathswill clearlyshov which pathsthe mundanes
chooseto get to their destinations. It shouldalso be evident that if the annger's
annoying attribute is increasedhey start avoiding him, making detoursfrom their
original paths.Figure9.5shav how mundane replicantsreactto annoying .

9.7.4 Increasingthe Complexity

A closeexaminationof therunningsimulationrevealsthatthe only thing thereplicants
try to avoid is the annging replicant. Whendoing that, they walk into walls, over
benchesandthroughfences. All thesethingsare consideredbstaclesy the world,
anddoindeedemitobstacle  signals.

Thecomponenlibrary hasabuilt-in avoid procesdhatstrivesto avoid theseobstacles.
Adding thatto the mundaneaeplicants'blueprintmake themstartavoiding obstacles.
Doing thatwill alsorevealthe oneof the big problemswith the currentversionof the

MindEditor 49 2003-06-18



Figure9.5: Simulationdllustrating the effectof the annoyed process.On theleft, the
centedreplicantis notannoyingat all, andis notregardedasa problemby the other
In the simulationto theright, the samereplicanthavean annoyingvalueof 1.0 . The
effecton the pathsof theannoyedeplicantsasvisualisedby the linesis dramatic.

replicanttoolkit andthe componentibrary. Whenseveral processestartcompeting
abouthow andwhereto walk it mightleadto unsohablecon icts. Thiscanbeobsened
asreplicantsstuckin cornersor in narrov passagethatthey wantto pass,but their
obstacleavoidanceprocessill notallow them.
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Chapter 10

SystemAr chitecture

Internalsof code
explainingautomata
revealingdesigns

This chapteris an overviev of the MindEditor architectue. We will brie y describe
howit ts togetherwith therestof ReplicantToolkit, and describethe mostimportant
classesn detail.

10.1 Modules

Theoriginal ReplicantToolkit consistsof two mainmodulesDaniel Sjolie's Replicant
Mind andPeterSunnas ReplicantBody. Thesetwo moduleswork separatelybut are
alsoeasyto integratewith eachother If anapplicationusesReplicantMind to simulate
humanbehaiour it is simpleto addReplicantBody's simulationof humanmotion.

The groundwork for MindEditor was madeas an extensionto ReplicantMind. The
rst partis theintroductionof “dynamic components™ genericcomponentshatcan
bede ned andcreatedduringprogramexecution?.

The mostadvancedof thosecomponentsare LuaProcessand LuaBehaiour, which
executel.ua codeinterfacingwith the main ReplicantMind API.

The ReplicantMind extensionis designedor reusein otherapplicationssuchassim-
ulation playersor gamesandhave few additionaldependenciesxceptfor Lua. Any
applicationthat wishesto make useof Lua componentonly hasto be linked to an
extra library and call a loaderfunction before starting. Figure 10.1 illustrateshow
MindEditor useshe new andold libraries.

MindEditor combinesthe power of ReplicantToolkit and dynamiccomponentsvith
anintegrateddevelopmentenvironmentfor replicants.

1ReplicantMind originally requireseachnev componento bewritten asits own C++ class.
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Extended Toolkit

| Lua L > ReplicantMind  —J> Replicant Body ||
\

| Dynamic |
Lua Components
| Components |

R SRR

MindEditor

Figure10.1: Thedifferentmodulesof MindEditor and the ReplicantToolkit. Theorig-
inal toolkit hasbeenextendedwith dynamicallyloadablecomponentand Lua-driven
components.MindEditor is simply an editor that also usesthe extendedtoolkit for
simulation.

A more detailed system architectureis outside the scope of this report. API
and general class documentationcan be found on the project's web site at
http:/iwww.vrlab.umu Se .

10.2 SimpleBehaviour

The Behaviour classin ReplicantToolkit is quite complec to usebecausef its three-
phasednterfaceto behaiours. Thethreephasesequiredfor a Behaviour areinitiali-
sation hominationandvoting. Initialisationis not alwaysrequired but canbe usedto
improve performanceby precalculatingsomevaluesthat are usedmary timesduring
the otherphasesNominationis the phasewherethe behaiour nominatesa preferred
action. It cansometimesde skippedif agoodactionis alreadynominated.Thevoting
phasenspectdehaioursnominatedby otherbehaioursandvotesonthem.

To remove the needof implementingat leastthree separatdunctionsfor eachbe-
haviour, SimpleBehgiour was createdasa layer above the original Behaviour. Sim-
pleBehaiour worksin a declaratve way andhasonly onephaseinitialisation.

Duringthe SimpleBehgiour initialisationall decisionsaremade andpreferredactions
andparameteraredeclared.Theactionsandtheir parametersvill beusediaterin the
hiddennominationandvoting phase®of SimpleBehsiour. Togetherwith eachaction
parameter toleranceandaweightis chosen Theseareusedduringthe hiddenvoting
phasewhenconsideringhow “good” anotheractionmight be for this behaiiour. The
betteranactionis for a behaiour, thehighervoteit gets.

Whenvoting for an action nominatedby anotherbehaiour, SimpleBehgiour com-
paressachparametenf the nominatedactionwith the correspondingoptimal” values
selectedn theinitialisation phase. A scorebetweerD.0and1.0is calculatedor each
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parameteandthe scoredor all parameterarethenweightedtogetherinto thevote.

Thescoreis calculatedy a linearfalloff functionfrom the optimalvalueasdescribed
in gure 10.2.

Vote
1.0 __
05 _|
Vote on
nominated
value
0.0.
Tolerance Preferred Tolerance
value
Nominated
value

Figure 10.2: lllustration on how SimpleBehaviouroteson an action with a single
parameter If a nominatedvalueis outsidethetoleranceit will geta voteof zen. Oth-
erwisethe voteis calculatedusinga linear falloff functionfromthe optimal preferred
value

Exactknowledgeof theinnerworkingsof SimpleBehaiour is notimportantfor basic
useof it. Sensibledefault valuesof toleranceand weight are automaticallychosen
unlessthey aredeclared.The only detailsrequiredarewhich actionsto nominate and
whattheir parametershouldoptimally be.

The trade-of with this simpli ed methodis less e xibility andthe inability to handle
actionswith non-numericparametersHowever, it is still possiblefor C++ program-
mersto usethe original Behaviour classif more e xibility is required.
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Chapter 11

Resultsand Discussion

A tool cameto life
youngcodemakesmary mistales
whenwill it mature?

In this chapterwe will evaluatethe easeof useof the MindEditor prototype and how
well it achievesthe original goals. We will identify the weakpoints of the softwae,
discusghe mostimportantof theseandhowead canbeaddressedy future work.

11.1 Intr oductionto Cognitive Dimensions

GreenandBlackwell summarisehe purposeof Cognitive DimensiongCDs)in Cog-
nitive Dimensionf InformationArtefacts:a tutorial [29] :

Cognitive dimensionsare a tool to aid non-HCI specialistan evaluating
usability of information-basedrtefacts.

CDs areusedto broadlyevaluatean informationartefactamonga total of 13 dimen-
sions. Theresultingpro le determinesusability for differenttasks. Thereare mary
goodfeaturesin CDs. They aresimpleandquick to apply They give a broad-brush
analysisthatis usefulat ary stageof softwaredesign,evenin anearly prototypesuch
asMindEditor. Finally, they differentiateamongdifferentkindsof actiity. Oneweak-
nesssthatCDsdonotdeliveraprecisemetricof how “good” aninterfaceis, but rather
indicateits suitability for differenttasks.

CDs were chosenasthe evaluationmethodfor MindEditor userinterfacebecausef
their simplicity andrelevanceto anun nished prototype.Sincethey evaluatethe prin-
ciplesof theinterfacetheresultswill berelevantevenwith majorchangego the GUI
aslong asthebasicprinciplesarethesame.

The maingoal of thisthesisis to nd usefulinteractionmethodsor the kind of com-
plex systemghatcanbe constructedvith the ReplicantToolkit. CDs arethereforean
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importanttool to evaluatethe principlesintroducedin MindEditor. This evaluationis
documentedh the next few sections.

Greens andBlackwell's tutorial [29] describesix of the 13 dimensionsn detail. The
dimensionamore “psychologicalin character’are claimedto requiredeeperknowl-

edgeof cognitive psychologyandareleft out from thetutorial . In the evaluationof
MindEditor, the decisionwas madeto follow Greens and Blackwell's leadandcon-
centrateon the six well-documentedlimensions. The following list brie y explains
thesedimensions:

Viscosity Resistancéo changethe costof makingsmallchanges.

Hidden Dependencies A relationshigbetweerntwo componentsuchthatoneof them
is dependenbn the other, but thatthe dependengis notfully visible. In partic-
ular, aone-wayreference.

Premature Commitment. Constrainton the orderof doingthingsforcesthe userto
make a decisionbeforethe properinformationis available.

Abstraction. An abstractionis a classof entities, or a groupingof elementsto be
treatedasoneentity. It is eitherto lower the viscosity or to make the notation
more like the users conceptualstructure. Systemsare abstraction-hungry -
tolerant, or -hating; they requirethe userto de ne abstractionsmnake it optional
to de ne abstraction®r do notallow userde ned abstractionsespectiely.

SecondaryNotation. Extrainformationcarriedby othermeanghanthe of cial syn-
tax.

Visibility. The ability to view componentgasily Juxtaposability the ability to place
ary two componentsideby side,is relatedto visibility.

11.2 Usability Evaluation

CDsdistinguishamongfour typesof useractivity: incrementationtranscription mod-
i cation and exploratory design[29]. The usercatayoriesintroducedin section2.1
map quite well to the lasttwo, as novice usersmainly modify existing components;
experiencediserswork with exploratory design

Eachactiity hasits own preferredvalue alongthe dimensions. MindEditor should
be optimisedfor modi cation of existing componentsandexploratorydesignof new
componentsThetwo actiity typeshave quitesimilarrequirementsyut atsomepoints
trade-ofs will have to be madeto favour oneover another

We wantto avoid CDsthatareharmfulto our activity types,andembracehosethat
areimportant.Table11.1detailseachCD's relevanceto the actiity types.

1The other seven dimensionsare closenes®f mapping(closenes®f representatiorto domain), con-
sistency(similar semanticsare expressedn similar syntacticforms), diffusenesgverbosity of language),
error-pronenesgnotationinvites mistales), hard mentalopemtions (high demandon cognitive resources),
progressiveevaluation(work-to-datecanbe checled at ary time) androle-expressivenesgéhe purposeof a
componentanactionor asymbolis readilyinferred)
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modi cation | exploration
viscosity harmful harmful
hiddendependencies | harmful harmful
prematurecommitment| harmful harmful
abstractions useful harmful
secondaryotation veryuseful | harmful(if it introducesadditionalviscosity)
visibility important important

Table11.1: Desirable dimensiorpro les for modi cation andexploration.

In the casesof abstractionsand secondannotationthereare con icts betweenmod-
i cation andexploration. Abstractionsaswell assecondarynotationcanhinderex-
ploratorydesign.Thereforewe shouldtry to minimisetheimpactof thesedimensions
on exploratorydesign,while still keepingthemrelevantfor modi cation.

Thereis not muchwe cando aboutthe abstractionsasmostabstractionsarealready
de ned by the ReplicantToolkit.

If secondannotationis optionalanddoesnot interferewith development,t will not
have a nggativeimpacton exploratorydesign.

In thefollowing sectionsMindEditor will be analysedwith regardsto the CDs. In the
analysiswe take a broadview of thewhole applicationexceptthe simulationview.

11.2.1 Viscosity

Most minor changego componentssuchascommentsor attribute weightsare easily
done.

Making minor modi cationsto signalhandlersor behaiiourstakesa minimumamount
of work sincethereis noneedo loador save les. Indentatioris handlecautomatically
sothereis norepetitionviscositycomingfrom theneedto re-indentchangedlocksof

code.

Oneweakpointis therenamingof componentsTheonly way to changehe nameof a
componentsto rst cloneit in thelibrary window andthendeletethe old component.
Signalhandlemamesshaw similar problemswhile behaiour parametersio not.

The renamingproblemis alsotied to a problemwith dependenciesf the nameof
a componenthangesall componentseferringto it alsohave to be modi ed. This
kind of viscosityis calledknod-onviscosity It canbe remediedby addinga rename
functionthatautomaticallymodi es all referringcomponentgseealsohiddendepen-
dencies.

11.2.2 Hidden Dependencies

Themainideaof the ReplicantToolkit is thateachcomponents independentf other
component®f the sametype,i.e. addingor removing a processdoesnot changethe
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way other processesvork. In reality processeslo dependon eachotherbecausenf
their respectie weights?.

Whencreatinga new processts weighthasto be carefullyadjustedo allow it to work
togethermwith existing processedf its weightis too high, the new proceswill gettoo
muchcontrolandmight stane otherprocesseffom executing.If it is toolow, thenew
processmightgetstaneditself. Theinterdependenciesf theweightsof the processes
areveryhardto nd outby arny othermeanghanrunningsimulations.

Anotherhiddendependengis the useof nameshetweencomponentypes.Changing
acomponennamedoesnot updateall componentseferringto it.

A third weakpointis connectedo the nameproblem.In thereplicantblueprinteditor,

mind domainsandsignalgeneratorsieededy the processemustbe added.It is not
obviouswhich generatoranddomainsa processequires. The userhasto checkthe
sourcecodeor thelibrary informationaboutthe procesgo know which othercompo-
nentsto addto thereplicantblueprint.

11.2.3 Premature Commitment

Therearefew problemswith prematurecommitmentn MindEditor. Componentgan
be designedandtestedseparatelyandit is easyto modify designs.The one(but non-
critical) exceptionis the namingof componentsasdiscussedh theabove sections.

A novice replicantdesignemight have dif culties knowing how to turn anideaof a
comple behaviour into processeandbehaiours. A well thoughtoutanddocumented
designprocesswill beof valuefor initial development.

11.2.4 Abstraction

MindEditor hasa high abstraction barrier requiringa new userto learn mary new
ideasbeforedesigningreplicantblueprints.lt is alsoabstaction hating meaningthat
it doesnotallow userde ned abstractions- all abstractiongarealreadyde ned.

In the embeddedanguageit is alsoimpossibleto addabstractionsuchasnew func-
tions. However, really advanceduserscanuseanundocumenteéeatureandaddfunc-
tion de nitions to the Lua startupcode.

11.2.5 SecondaryNotation

Secondanynotationis cateredfor, bothin the embeddedanguageand on component
level.

At the componentevel, the commentseld allows designergso add extra informa-
tion to components.The visual representationsf replicantsshov dependencieand

2Actually processeslo not have explicit weights. The implicit weight of a processs a function of the
weight tolerance valueandexpectedchange of oneor moreattributesastheresultof behavious engaged
by the process.
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groupingsamongcomponentsn a way that the classicreplicantblueprintview does
not.

In thelanguageautomaticindentingandsyntaxhighlighting clari es the formal syn-
tax without requiringextra work. One-linecommentscanalsobe usedto clarify the
semantic®f the programs.

11.2.6 Visibility

MindEditor hasmary partswith poor visibility. Finding a speci c componentakes
time, sinceit requiresscanningthrougha long list in thelibrary window. In thelist,
dependenciearenot obvious andthe usermight have to inspectseveral components
to nd theoneof interest.

Juxtaposabilitys alsopoor. In the currentimplementatiorof MindEditor it is impos-
sible to view several componentsat the sametime. This makesit hardto view other
componentsisexamplesor to work with aspeci ¢ procesg behaiour pair.

11.2.7 Summary

It seemsthat most problemsare with hiddendependencieand visibility. Both di-
mensionsare importantfor explorationand modi cation. Therefore,they shouldbe
addressedssoonaspossiblein a futureversion.

The high abstractiorbarrieris a problemfor end-usersbut it is inherentfrom the use
of the ReplicantToolkit. We seeno easysolutionto this, exceptgooddocumentation
andplentyof examples.

11.3 Complianceto RequirementsSpeci cation

VRIab's formal requirementgseesectionl.1) on this projectwere very broadly de-
ned. We will discusssachoneof thembelow.

11.3.1 Find Useroriented Metaphors and DesignMethods

We believe the basicinterfaceof MindEditor to be soundandworkablefor end-users.
With somedevelopmentof the moreimportantconceptssuchasthe visual replicant
representatioit might becomeatruly powerful end-usedevelopmentool.

11.3.2 Prototype DevelopmentEnvironment

MindEditor is a working prototype.While someimportantfunctionalitiessuchassce-
nario editingaremissing,it is still a usefulplatformfor evaluationanddemonstration
of the conceptsnvolved.
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By evaluationof the prototypewe have shavn which ideasareimportantandwhich
needrethinking. This meanghatthe prototypehassuccessfullyful lled its purpose.

11.3.3 Visual Tool for Toolkit Developers

MindEditor is very usefulasatestingandprototypingplatformfor the currentRepli-
cantToolkit. By doingprototypedesignin theembeddedanguagedevelopmentimes
canto agreatextentbereduced.

Even thoughit lacks somefunctionality that would be useful when detugging the
toolkit or componentsMindEditor is still a good platform to add more interactive
dehuggingtoolsto.

A drawbackwith a graphicalervironmentsuchasMindEditoris the needto updatethe
interfaceand API supportif theunderlyingtoolkit is changed.The developmentervi-

ronmentwill quickly becomeobsoletef it is hot updatedogethemwith the Replicant
Toolkit.

11.4 Limitations and Future Work

We haveidenti ed afew importantlimitationsthatneedto beaddresseth futurework.
Therearealsoafew otherareaghatshouldbeinvestigatedurther. Below we mention
themostimportantwork left to do.

11.4.1 Poor Visibility and Juxtaposability

As mentionedn the evaluationabove, visibility of componentss poor. For end-user
work it is veryimportantthatthisis improved.

To improve visibility it mustbe madeeasierto follow a componenteferenceto its

editor window or library view, evenif the componenis referredsomeavhereoutside
thelibrary view. Componentlependencieshouldalsobe mademoreohvious,perhaps
by usingsmallgraphs(partsof thereplicantvisualisation).

Juxtaposabilit)canbe improved by implementinga smartemultiple documeninter-
facein which several editorviews canbe openatthe sametime.

11.4.2 Hidden Dependencies

The problemwith interdependenprocessweights can be remediedby developing
guidelinesor heuristicsfor processweightsand a visual tool for examiningthe rel-
ative weightsof all concurrenprocesses.

The two otherproblemswith hiddendependenciesererelatedto componenhames
anddependenciesBy usingautomaticcomponentiependenganalysisit is possible
to make dependenciesioreobviousin the userinterface.Automaticdependenghan-
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dling canalsobe usedto updatedependentomponentsf acomponents renamedor
warntheuserif acomponenthatis usedby someotheris deleted.

11.4.3 Performance

MindEditor hasbeentestednly with ahandfulof replicantdn arelatively smallworld.
A world with morethantenreplicantswith afew Lua-basegrocesseandbehaiours
eachdropsthe simulationbelov 10Hz on a high-endPC. Using only C++ processes
andbehaiours,theoriginaltoolkit is ableto drive 100replicantswith animatedodies
at30Hz[1].

Many areasof the Lua interfaceneedsoptimisation,but it will of coursealwaysbe
slower to run that kind of codethan C++. Lua is one of the fastestembeddedan-
guagesavailabletoday[30]. Futureversions(Lua 5.1) promiseeven betterreal-time
performancevith improvedgarbage-collectioalgorithms.

Onesolutionto the Lua speedproblemis to make it easyto corverta Lua processor
behaiour into a compiledC++ class. This shouldbe donewhenthe experimentation
phaseis over. The conversionmight eitherbe madeby hand,or automaticallyby an
adwancedcompileror translator

11.4.4 Undo

Oneveryimportantfeaturethatwasleft out from the prototypewasthe possibility to

undochangesThis is evenmoreproblematicsinceit is not possibleto make “backup
saves” from within MindEditor. Lack of undo will make usersafraid of changing
arnything[39. It will alsocertainlyleadto thelossof importantwork eventually evenif

theuseris careful. The currentsolutionis to keepthecurrentwork in acoderepository
with versioncontrol,suchasCVS [26].

11.4.5 DirectManipulation

Anotheruserinterfacefeatureleft out from the prototypebecausef lack of time was
editingusingdirectmanipulation.In the preliminarydesign,almostall typesof com-
ponentsandobjectsweredraggableandi.e. droppinga processon a replicantwould
have addedhatprocesgo thereplicant. Thiswould beespeciallyusefulwhenworking
with the overview diagramof areplicant.

Thereis no reasorto notimplementdirectmanipulation.It is agoodmethodto make
thedesignwork moreconcretly[35]. Drag-and-drops alsowell supportedy Gtk+.

11.4.6 Lua API

The API availablethroughLua hasa few specialfeaturesfor behaiour creationand
motivation in processesnd action nominationin behaiours. Thesefeatureshave
uniguesemanticghatarenot consistentvith therestof the API. The userhasto learn
thatit is theway it is. This mightnotbesuchabig problem,asNardi[4] notesthat”...
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matchingtasksanddomainsemanticbecomeamoreimportantthanblind impositionof
consisteng rules”.

The prototypesoftware wrapsthe C++ API using a tool called LuaSwig[27]. Lu-
aSwig was never completely nished. Its biggestproblemis thatit hasvery little
type-checkingouilt in. For example,it will gladly acceptan Emitter parameteito a
methodthatrequiresa Vec3object. Thisis undetectableutsidethe wrappercodeand
will causeaninstantcrashof the program.

11.4.7 Scalability of Development

Onepoint thathasbeendiscussedeveraltimesis how well the developmentprocess
suggestedy MindEditor worksin reallife. We do not believe thatit will scalewell
whenmary componentareaddedand/orseveraldevelopersaareworkingwith thesame
componentsSomesolutionshave beenproposedComponentsightbehierarchically
groupednto librariesfor differentpurposesA simplesearctenginecouldquickly nd

a wantedcomponent. Personalisedomponenfpaletteswith often usedcomponents
canbe usedto optimiseusability Thesesolutionsareinspiredby electricschematics
editorsthathave hugelibrariesof componentso choose&rom.

11.4.8 ComponentLibrary

An extensive library of useful componentdor basicbehaiours is requiredto have
somethingo build on. Somebasicprocessesndbehaiours exist for demoandtest
purposeshut they lack both functionality and scope. Componentsiesignedor fre-
guentreuseshouldbe implementedin C++ for efciency. Still, at leastsomelLua
examplesshouldalsobe availableasexamplesanda basefor modi cation.

11.4.9 Signal Generatorsand Scenarios

In the currentprototypeit is not possibleto createor modify signalgenerators.This
limits the useof thetoolkit to whatever signalsareavailablein the C++ API. A future
versionshouldallow editing of signalgeneratorsn someway.

Scenariosrealsonot editablefrom within MindEditor. It is possibleto manuallyedit

the.rworld  le thatdescribes scenario.However, it is cumbersoméo do by hand

andthe le formatis not documented.lt might be a goodideato createa separate
applicationfor scenariceditingsinceit is notreally within the scopeof MindEditor.

The lack of thesetwo functionsmakesit nearlyimpossibleto createa completesce-
nariowithout building C++ codeandeditingtext les.

11.4.10 Debugging

Thesimulatorneedsmoretoolsfor visualisationof theinternalworkingsof replicants.
The negotiationprocessvisualisationfrom EASE [5] canbe usedasinspirationfor a
similartool to visualisethe voting procesof areplicant.
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Anothertool thatwasproposedn the original designwasa simplehistory graphthat
displaysa replicants attributesover time. Accesso historicaldataandthe possibility
to “rewind” thesimulationto aspeci c time mightbeinvaluablefor largersimulations.

11.4.11 Programming Support

Programmingusing the embeddededitor is supportedby syntaxhighlighting, auto-
matic indentingand syntaxcontrol. Novice non-programmermight needmore sup-
portto easilycreatecomponentsOn-linedocumentatiois oneimportantfeature.Au-

tomatictype-aheadr word completitioncould alsobe valuableto relieve short-time
memoryandreducecognitive load.

11.4.12 Other Programming Methods

The useof Lua andtextual programmingshouldbe seenasa limitation of theimple-
mentationonly, not of thearchitecturelt is simpleto useary programminganguage,
evenavisual,with thedynamiccomponentsFuturework might evendesigna plug-in
architecturdor MindEditorto makeit possibleto chooseprogrammingnethoddreely.

11.4.13 DesignGuidelines

To facilitateef cient andconsistentlesignof componentsespeciallyamongmultiple

developerst isimportantto have guidelines.Themostimportantissuecurrentlyseems
to behow to chooseappropriateveightsfor the attributes. The weightshave a central
role in thedecisionprocesdbecaus®f their high impacton which actionsarechosen.
Somesortof visualisationof the relative weightsof all usedprocessemight be useful

when ne-tuning attributesandcompetingprocesses.

To avoid redundantmplementation®f behaiioursandprocessest mightalsobeim-
portantto write guidelinesof how to nameanddescribecomponents.
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