
S W I F T + +
SpeedyWalking via ImprovedFeatureTestingfor Non-Convex Objects

http://www.cs.unc.edu/� geom/SWIFT++/

Version1.0

ApplicationManual

StephenA. Ehmann

Departmentof ComputerScience
Universityof North Carolina
ChapelHill, NC 27599-3175

ehmann@cs.unc.edu
http://www.cs.unc.edu/� ehmann/

Intr oduction

SWIFT++is acollisiondetectionpackagecapableof detectingintersection,performingtolerance
verification, computingapproximateand exact distance,and determiningthe contactsbetween
pairsof objectsin ascenecomposedof generalrigid polyhedralmodels.

It is a robust and efficient library shown to be substantiallyfasterthan currently available
packages.It is a powerful packagefrom its input interfaceto its query interfaceproviding a
rich featureset. Therearemany settingsavailablebut thebasicprinciplesarerathersimpleand
straightforward.

A preprocessoris providedwith thelibrary. It is calledthedecomposerandit is usedto process
modelsbeforethey areprovidedto SWIFT++.

This manualwill attemptto cover all the featuresavailablein SWIFT++ aswell asprovide
useful shortcutsand efficiency tips. The materialwill first be coveredin generalfollowed by
addeddetail.
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1 LicenseAgreement

The SWIFT++ library is Copyright 2001The University of North Carolinaat ChapelHill. The
LICENSE file that accompaniesthe distribution gives in detail what this meansalongwith the
restrictionson any executablethatthis library is linkedwith. SWIFT++is written in C++ andall
thesourcecodeis includedin thedistribution. TheLICENSEfile alsocoversredistribution and
codemodifications.

2 Customization,Build, and Installation

To useSWIFT++, you will needthe Qhull library. You will alsoneedto build the decomposer
programandtheSWIFT++library. Thiscanbedonein Unix/Linux usingtheprovidedMakefiles.
It canalso be donefor Windows using the VC++ 6.0 workspacefiles. Seethe README file
includedwith thedistribution for moredetails.

3 Ar chitectural Overview

Theapplicationmakesuseof SWIFT++by includingSWIFT.h (in theSWIFT++/include/direc-
tory) andcreatinga SWIFTSceneobject. More thanoneSWIFTScenemay exist at any given
time. A SWIFTScenecanimport objectgeometry, testobjectsfor intersection,performtolerance
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verification,computedistanceor determinecontactsbetweenthem,find closestfeatures,closest
points,contactnormals,andproducereportsontheresults.All applicationcallsaremadeto meth-
odsof theSWIFTSceneobject.More detailson thesemethodsareprovidedin detail later in this
document.

Therearetwo mainphasesin theuseof theSWIFT++system.Thefirst is theprecomputation
phasewhereinformation is computedfor the objectsin the scenein preparationfor the query
phase(thesecondone).

3.1 PrecomputationPhase

1. The bulk of the precomputationfor non-convex or non-closedpolyhedrais doneby the
decomposerprogram. Closedconvex polyhedracan be given to SWIFT++ without any
precomputation.Referto thedecomposermanualfor instructionsonusingthedecomposer.
SWIFT++canprocesseitherdecompositionfiles or hierarchyfiles. Hierarchyfiles require
a relatively small amountof processingascomparedwith decompositionfiles. Hierarchy
filesaregenerallyabout10 timesbiggerin size,however.

2. Createa SWIFTSceneobjectandsetthedesiredsceneconfiguration.Reasonabledefaults
arepreset.

3. Addorcopy all of theobjectswhichcomposethescenebycallingtheAdd Convex Object(),
Add GeneralObject(),andCopy Object()methods.Note that if two or moreobjectsare
composedof exactly thesamegeometryandinput transformation,thenit is betterto cause
the object to be copied(after the first time) so that its geometryis not replicated.Copied
objectscanstill moveindependentlyin thesceneandthereis noperformancelossfrom this
geometrysharing.

The Add * Object() methodsare meantto precomputeinformation that is usedat query
time. If they arecalledduringthequeryphase,performancemaysuffer. UsingCopy Object()
duringthequeryphaseshouldnotcauseany performanceproblems.

Therearetwo typesof objects:fixed andmoving. Whenan object is added,oneof these
typesis chosenandcannotbeundone.Fixedobjectsareusuallyonesthatnevermovesuch
aswallsor otherstaticobjects.They arenever testedagainstoneanother(but canbemoved
aroundif sodesired).

4. Selectpairsof objectsto be testedby activating and/ordeactivating them. By default, all
objectpairsareinitially deactivatedif both objectsarefixed andactivatedif eitherof the
objectsis not fixed. Pairs that are activatedor deactivatedstay that way for subsequent
queriesuntil theactivationstateis changed.This stepis listedin theprecomputationphase
becauseit incursanoverheadif doneduringthequeryphase.If atall possibletry to activate
or deactivateasmany pairsaspossiblebeforethequeryphase.Only changetheactivation
statusof objectsduringthequeryphaseif it cannotbedeterminedduringtheprecomputation
phase.
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5. Setthe first transformationsof all the objectsincluding the fixed objectsusingoneof the
SetObject Transformation()methods.Fixed objectsneednot (andshouldnot) have their
transformationsever setagainsincethey do not move. Transformationsmustbe only ro-
tationsand translations(within floating point error). If non-rotationmatricesare given,
SWIFT++will malfunction.

6. Sincethefirst queryis likely to beslow for anapplicationwhosesceneexhibitshighcoher-
ence,adummyquerymaybedesirablebeforethequeryphaseto “initialize” thequery. The
objectsshouldobviouslybein their initial positions.

3.2 Query Phase

1. Setobjecttransformationsusingeitheroneof theSetObject Transformation()methodsor
oneof theSetAll ObjectTransformations()methodswhich setthetransformationsfor all
of themoving objectswith a singlecall. It is highly recommendedthatobjecttransforma-
tionsbesetatmostonceperobjectperquerysinceanoverheadis incurredfor eachsetting.
The fixed objecttransformationsshouldonly be setduring the precomputationphase(but
they canbesetduringthethequeryphaseaswell, if sodesired).Furthermore,moving ob-
ject transformationsshouldonly besetif theobjectactuallymoves. Transformationsmust
beonly rotationsandtranslations(within floatingpoint error). If non-rotationmatricesare
given,SWIFT++will malfunction.

2. Call aQuery *() methodbasedontheapplication’sneeds.Therearefivechoices,thedetails
of which will be explored later. They are: intersectiondetection,toleranceverification,
approximatedistancecomputation,exactdistancecomputation,andcontactdetermination.

3. Objectsmaybedeletedduring thecourseof thequeryphaseby usingtheDeleteObject()
method.Objectsmaybecopiedandaddedduringthisphaseaswell but theapplicationmust
becarefulastheoverheadcouldbequitehigh for theaddition.More on this later.

4 Sketchof Provided Functionality

Herea sketchof thefunctionalitythatSWIFT++providesis laid out. Detailsarefilled in lateron
in section6. For now, theaimis to justshow whatis possible.First thecompile-timeconfiguration
is discussed,thenlibrary configuration,thensceneconfiguration,andthenobjectconfiguration.
The input geometrypossibilitiesare then described,followed by a descriptionof the available
output.

4.1 Compile Configuration

SWIFT++maybeconfiguredin variouswaysat compile-time.Theconfigurationcanbedonein
thefollowing waysby editingSWIFT config.hbeforecompilation.Mostof theoptionsareturned
off andmustbeun-commentedto beenabled.Theoptionsare:
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� Floating Point Type: thefloatingpoint typecanbechosenasfloat or doubleby defining
theSWIFT USE FLOAT variableor not. The typeSWIFTRealis thefloatingpoint type
that is useduniversallythroughoutSWIFT, including the interface. This shouldbe set to
matchtheapplication.Thedefault is double.

� Lookup Table: a lookup tablemay be usedto provide initialization to speedup queries.
Turningthisonmeansthatinitializationof thedistanceminimizationroutineis always done
throughthe lookup table. Seethe technicalreport for more details. The lookup table is
enabledby definingtheSWIFT ALWAYS LOOKUP TABLE variable.

� Lookup Table Resolutions: a lookup table is always built aroundeachobject (even if
SWIFT ALWAYS LOOKUP TABLE is not defined)andis usedto initialize the queryin
somecases.The lookup tableresolutionmustbe chosento be oneof 22.5degrees,11.25
degrees,or 5.625degrees.They arechosenby definingoneof LUT RESOLUTION 22 5,
LUT RESOLUTION 11 25, or LUT RESOLUTION 5 625. The storagecostsareap-
proximately0.5 kB, 2 kB, and 8 kB respectively. There is not much of a performance
differencebut in general,thehighestresolutionprovidesthehighestperformance.

� Debug: debugginginformationmaybeturnedon to helpuncover faultsin the input. This
is enabledby definingthe SWIFT DEBUG variable. Extensive input geometrychecking
is doneaswell assomelimited querychecking.Performanceis slower whenthis optionis
turnedon.

� Polyhedral Boundary: if you areusingpolyhedrawith boundaryandaregoingto berely-
ing oncontactfeatureand/orcontactnormalcomputation,SWIFT ALLO W BOUNDARY
shouldbedefined.Thedetailsof this reportingin thepresenceof boundaryareexplainedin
moredetailin section6.5.OtherwiseSWIFT++will assumethatall thepolyhedrait handles
areclosedwith respectto thosereports.

� Only Triangles: if you areusingpolyhedracomposedsolelyof triangles,thenyou should
definetheSWIFT ONLY TRIS variable.Thepolyhedrathataregivento thedecomposer
musthave beencomposedof trianglesfor this to bedefined.Whetherit is definedor not,
SWIFT++will functioncorrectly. This settingis for optimizationandadditionalreporting
functionality. If thepolyhedraarecomposedsolelyof trianglesthencontactfeaturesthatare
edgescanbereportedwith a singleid. Otherwisethey would bereportedby giving theids
of theirendpoints.Seethenext item.

� EdgeId Reporting: if all thepolyhedrabeingusedarecomposedsolelyof trianglesthen
contactfeaturesthatareedgesmaybereportedby givingasingleid. Thisis donebydefining
theSWIFT REPORT EDGE IDS variable.TheSWIFT ONLY TRIS variablemustalso
bedefinedor this optiondoesnothaveany effect.

� PieceCaching: this is anoptimizationthataffectsintersection,toleranceverification,and
distancequeries.It involvesstoringthepairof piecesthatyieldedtheanswerin theprevious
queryandtrying themfirst in thenext query. Thisoptionis goodto useif thequeriesexhibit
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motion coherence.Turn it on by definingthe SWIFT PIECE CACHING variable. This
optionandthenext two canall besimultaneouslyenabledto provide fasterqueries.

� Priority Dir ectedSearch: this is anoptimizationthataffectsdistancequeries.It involves
computingdistancesbetweencurrentlyclosestnodesfirst to honein to the minimum dis-
tancemorequickly. Thisoptionis goodevenif thequeriesdonotexhibit motioncoherence.
Turn it on by definingtheSWIFT PRIORITY DIRECTION variable.

� GeneralizedFront Tracking: this is an optimizationthat affectsall queries. It involves
startingthe searchbetweena pair of hierarchiesat a “front” that provided the answerfor
thelastquery. It avoidsunnecessarywork involving pairsat thetop of thehierarchies.This
option is goodto useif the queriesexhibit motion coherence.Turn it on by defining the
SWIFT FRONT TRACKING variable.

4.2 Library Configuration

The only library configurationthat may be doneat run-time is the registrationof application-
definedfile readers.This maybeusefulif theapplicationwishesto have SWIFT++ readcertain
filesdirectlywithoutSWIFT++knowing abouttheformatof thefiles. Only filesdescribingclosed
convex polyhedramaybereadinto SWIFT++usingaplug-infile reader. A plug-infile readermay
alsobeusedwith thedecomposerprogramto readin non-convex andnon-closedmodels.Seethe
decomposermanualfor moredetails. The procedurefor building a customfile readeris simple
andis describedmorein section9.

4.3 SceneConfiguration

SWIFT++ may be configuredin variousways during SWIFTSceneobject creation. Dif ferent
createdscenesmaybeconfigureddifferently. A scenecanbeconfiguredin thefollowing ways:

� Broad Phase: a sweepand prunealgorithm basedon axis-alignedboundingboxes and
dimensionreductioncanbeusedto cull awaya largenumberof moreexpensive tests.This
is achievedby constructingboxesto meet“region of interest”criteria. Note thatwhenthe
hierarchyis on, theboundingboxesarecreatedaboutthecoarsestlevel. Thedefault is on.

� Global or Local Sorting: thesortingstepof thesweepandprunealgorithmcanbeeither
local or global. If it is global, then the boxesaresortedall at one time at the beginning
of a query. If it is local, then eachobject’s box is locally sortedassoonas the object’s
transformationis updated. This option hasno effect if the broadphasealgorithm is not
turnedon. Thedefault is global.

4.4 Object Configuration

Objectsthatareaddedto ascenecanbeconfiguredin variousways.Theobjectconfigurationthat
shouldbedoneatquerytime is thepositionandorientationof anobjectandpossiblyits activation
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statuswith respectto otherobjects.All otherpossibleconfigurationsof objectsaredonewhenthey
areaddedandcannotbechangedthereafter. Thesestaticconfigurationscannotevenbechanged
whencopying objects.They arethefollowing:

� Geometry: anobject’s geometrycanbegivenasarraysof verticesandfaces(indicesinto
thevertices)or asfilenamesthatindicatefilesto readthegeometryfrom. Thearraysmethod
only allows closedconvex polyhedrawhich the applicationis responsiblefor. In the case
of files, SWIFT++ will attemptto readthe file. It may be a file that is the outputof the
decomposerin which casethe objectmay be non-convex or non-closedsinceit waspre-
processedappropriately. Otherwise,thefile canbereadin asa normalmodelfile (possibly
with a registeredfile reader)andmustbe a closedconvex polyhedron. SWIFT++ allows
for the copying of any alreadyaddedobject. SWIFT++ will automaticallytriangulateany
convex polyhedralmodelcomposedof convex polygonalfaces.Thedecomposerwill also
apply triangulationto non-convex models.In otherwords,the facesneednot be triangles.
SWIFT++ will also fully sharethe verticesthat aregiven accordingto strict equality. In
otherwords,avertex maybeduplicatedaslongasit hastheexactsamecoordinates.

� Fixed or Moving: an objectcaneitherbe fixed or moving. As mentionedpreviously, if
anobjectis fixed, its transformationshouldonly besetonceat thebeginning (but maybe
setlaterif sodesired).Furthermore,fixedobjectsarenever testedagainstoneanother. The
default is moving.

� Input Transformation: anobjectcanberotated,translated,and/orscaledupor down from
its inputgeometrywhenit is first addedto thescene.This input transformationis performed
explicitly asa precomputationstepandis not incorporatedinto themovementtransforma-
tions which can only be rotationsand translations. The verticesof the input object are
transformedaccordingto the input transformationas they are readinto SWIFT++’s data
structures.Do NOT attemptto work a scalingfactorinto themovementrotationmatrices.
Thiswill causeSWIFT++to malfunction.

� Split Type: this only appliesto usingtheAdd GeneralObject()methodin which thegiven
file is a decompositionfile for which the hierarchymust still be constructed. The split
type is the split rule usedwhencreatingthe hierarchy. The applicationcanchoosefrom
four options:MEDIAN , MIDPOINT , MEAN , or GAP. For moreinformationreferto the
sectionin thedecomposermanualentitledHierarchyConstructionAlgorithms.

� Bounding Box Type: therearetwo typesof boundingboxesavailable. Thefirst type is a
cube.It is relatively efficient to updatebut doesnot fit largeaspectratio objectsvery well.
The secondtype is a dynamicboundingbox. This type costsmore to updatewith each
transformationbut fits theunderlyinggeometrybetter, causingfewer boxesto overlap.The
applicationcanchosefrom four options:DEFAULT, CUBE, DYNAMIC , or CHOOSE. If
theDEFAULT optionis given,thedefault is CUBE if theobjectis moving or DYNAMIC
if theobjectis fixed.Thesecondtwo choiceshavealreadybeenexplained.If theCHOOSE
option is given, then SWIFT++ will calculatethe maximumandminimum spreadof the
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objectandusethis aspectratio to decidewhat type of boundingbox to usebasedon the
objectconfigurationparameter(cubeaspectratio)describedbelow.

� Bounding Box Enlargements:a boundingbox maybeenlargedby anabsoluteand/orrel-
ativeamount.This is usefulif theapplicationis interestedin performingtolerancedqueries
suchastoleranceverification,distance,or contacts. In this casean absoluteenlargement
equalto thedesiredtoleranceshouldbeused.Eventhoughenlargingboundingboxescauses
moreoverlap,it canbeusedto maintaincoherencefor objectsthatarerelatively closeover
several frames. In this case,a relative enlargementmay be desirable.Thedefault is

�
for

bothrelativeandabsoluteenlargements.

� CubeAspectRatio: theratiobetweenthemaximumspreadandtheminimumspreadof an
objectbelow which a cubeis usedfor thesweepandprunealgorithmif theboundingbox
option of an object is CHOOSE. This decisionis madeautomaticallyby SWIFT++ – no
userinterventionor spreadvaluesarerequired.This optionhasno effect if thebroadphase
algorithmis not turnedonor if anobject’sboundingboxoptionis notCHOOSE. Notethat
it doesnotmakesenseto setthis to belessthan � . Thedefault is � .

4.5 Input Geometry

Theinput geometryfor SWIFT++cancomefrom four differentplaces.Thefirst two areoutputs
of thedecomposerprogramandarehierarchyanddecompositionfiles. Thosetwo file typesare
theonly way to import non-convex or non-closedpolyhedrainto SWIFT++. Theinput geometry
that is passedthrougharraysor by a modeldescriptionfile (that may be readby a plug-in file
reader)hasto beclosedconvex polyhedra.If thegeometryis passedusingarrays,thenthevertex
arrayis indexedby theelementsof thefacearrayto determineconnectivity. Facesgivento either
SWIFT++ or to the decomposerdo not have to be triangular. Things are simpler if they are
however. As mentionedabove,aninput transformationmaybeappliedto theinputgeometry. The
following geometricpropertiesmustbesatisfiedby all inputgeometry:

� Theremustnot be any degenerateelementssuchaszerolengthedges,collinearedges,or
zeroareafaces.

� All verticeson a facemustbecoplanar(to within floatingpoint precision).

4.6 Output

The output that SWIFT++ provides is accessedthroughthe querymethods. The five methods
provide a rich setof proximity queries.An earlyexit optionis providedfor eachqueryto exit as
soonasan intersectionis found. If the early exit option is turnedon, thereis no reportingif an
intersectionis found.Otherwisereportingoccursnormally. Thefive typesof queriesare:

� Intersection: theobjectsaretestedfor intersectionandall pairsof intersectingobjectsare
reported.
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� ToleranceVerification: theapplicationprovidesatoleranceandall pairsof objectsthatare
closerthanthetolerancearereported.

� Approximate Distance: the applicationprovidesa tolerance,an absoluteerror ��� , anda
relativeerror �
	 . SWIFT++reportsall pairsof objectsthatarecloserthanthetolerance,and
reportsthe distancebetweenthemto within the given error bounds.That is, the reported
approximatedistance��� that is lessthanthetoleranceandis in therange[ ��
 , ����������
��
�������
	�������
 �!�
�"� ] where ��
 is theexactdistancebetweenapair of objects.

� Exact Distance: the applicationprovides a toleranceand SWIFT++ reportsall pairs of
objectsthatarecloserthanthetolerance,andreportsthedistancebetweenthem.

� Contact Determination: the applicationprovides a toleranceand SWIFT++ reportsall
pairsof objectsthat arecloserthanthe tolerancealongwith all contactsbetweenthemif
theobjectsaredisjoint. Many times,anapplicationis only interestedin knowing whentwo
objectscomesufficiently closeto warranta responsecomputationandwhich featuresare
closest.The reportscanbeany combinationof: distance,nearestpoints,contactnormals,
andnearestfeatures.Fromtheseitemscontactresponsemaybecomputed.

5 Conventions
� Thecoordinatesystemusedis a right-handedone.

� All matricesaregivenin row-majororder.

� All transformationsareappliedby left-multiplication: #%$'&)(*#,+ .

6 DetailedDescription of the Interface

In this sectiona detailedexplanationof eachSWIFTScenemethodis given alongwith all the
subtleties.Referto thearchitecturaloverview in section3 to seethegeneralorderin which to call
themethods.SWIFT.h containslimited documentationthatis similar to this.

6.1 SceneCreation (Configuration) and Deletion

Scenedeletionis straightforward. SceneconfigurationhappenswhentheSWIFTSceneobjectis
createdandcannotbechangedafterwards.

� Constructor
Createa SWIFTSceneobject. Turn the broadphase(sweepandprune)algorithm on or
off (default is on). Turn on global sortingor local sorting(by settingglobal sort to false)
(default is global sort).Seesection4.3 for moredetailon themeaningsof thesesettings.

SWIFT_Scene( bool broad_phase = DEFAULT_BP,
bool global_sort = DEFAULT_GS );
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6.2 Object Creationand Deletion

Therearevariouswaysto createobjects.Creatingobjectsis equivalentto addingthemto thescene
or copying them.Therearetwo differentwaysto addobjectsandoneway to copy them.Objects
canalsobedeleted.

Eachof thecreationmethodspassesbackanidentifierfor thecreatedobjectwhichcanbeused
onsubsequentreferencesto it whensettingtransformations,activating,or querying.Eachmethod
returnsa booleanvalueindicatingsuccessof thecreation.If theobjectcreationfailed,therewill
beamessageprintedto stderr indicatingtheproblem.

The typesSWIFTOrientation and SWIFTTranslationare definedin SWIFT.h as constant
lengtharraysof size9 and3 respectively andareusedasparametertypesin thefollowing object
creationfunctions.They representrow-majorrotationmatricesandtranslationvectors.

� Add Convex Object
Thismethodis for addingaclosedconvex objectwith theinputgeometrystoredin arrays.

bool Add_Convex_Object(
const SWIFT_Real* vertices, const int* faces,
int num_vertices, int num_faces, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation& orient = DEFAULT_ORIENTATION,
const SWIFT_Translation& trans = DEFAULT_TRANSLATION,
SWIFT_Real scale = DEFAULT_SCALE,
int box_setting = DEFAULT_BOX_SETTING,
SWIFT_Real box_enl_rel = DEFAULT_BOX_ENLARGE_REL,
SWIFT_Real box_enl_abs = DEFAULT_BOX_ENLARGE_ABS,
const int* face_valences = DEFAULT_FACE_VALENCES,
SWIFT_Real cube_aspect_ratio = DEFAULT_CUBE_ASPECT_RATIO );

This methodaddsan object to the sceneby readingthe geometryfrom the verticesand
facesarrays.Thevertex arrayis a list of coordinatevalues(x,y,z) in 3D. Thelengthof the
vertex arrayis 3 timesnum vertices. If all thefacesaretriangularthenthelengthof theface
arrayis 3 timesnumfaces. If not all the facesaretriangularthenthe array facevalences
shouldbe numfaceslong andeachelementindicatethe numberof verticesfor eachface.
Then,the lengthof the facearrayis the sumof the numberof verticesfor eachfaceover
all faces.Thedefault is thatall facesaretriangularsignifiedby thefacevalencesparameter
beingDEFAULT FACE VALENCES. Note that the indicesstoredin the facearrayrefer
to thevertex index ratherthanthecoordinateindex. Thevertex indicesstartat 0. Vertices
may have duplicates(exactly equalcoordinates).SWIFT++ will fully sharethe vertices
internally. A contactdeterminationquerycanbe madeto reportthe closestfeatures.The
identifiersof thesefeaturesarerelatedto theorderingin which theverticesandfaceswere
given to the Add Convex Object()method. More detailson the identifiersis given along
with thedescriptionof thequery. Theidentifierof theobjectis passedbackin id.

Thefixedparameterindicateswhethertheobjectis fixedor moving. Objectsaremoving by
default. If theobjectis fixed,it is fitted with a DYNAMIC boundingbox regardlessof the
typesetfor it sinceits transformationsshouldneverchange(afterthefirst one)andit might
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aswell usethe tightestbox possible.Note thatan objectcannotbe “un-fixed” onceit has
beendeclaredfixedor vice-versa.All pairsof fixedobjectsarenever testedsofixedobjects
canintersectarbitrarily.

The orient and trans arraysspecify the input transformationto be appliedto the object.
If they areset to DEFAULT ORIENTATION andDEFAULT TRANSLATION respec-
tively, thenthey areconsideredthe identity transformation(this is thedefault). Otherwise,
orient shouldbea 9 element3 by 3 row-major rotationmatrix andtransshouldbea 3 el-
ementtranslationvector. Thescaleparameterspecifiestheinput scalingfactorwhich is by
default �.- � (no scaling).All subsequent(movement)transformationsthatareappliedto an
objectareappliedin additionto (composedwith) theinput transformation.For acopy, input
transformationsarecomposed.Seebelow.

Next, theboundingboxsettingsaregiven.Thedefault is CUBE alongwith noenlargement
if theobjectis moving. Seesection4.4 for moredetailsaboutboundingbox typesandset-
tings. The facevalencesparameteris usedto indicatewhetherthereareany non-triangular
faces(seeabove).

Thelastparameter, cubeaspectratio, specifiestheaspectratio below which a cubeis used
when the box settingis set to CHOOSE. Seesection4.4 for more detailson thesethis
parameter.

� Add General Object
Thismethodis for addinganobjectthatis describedin afile. Thefile maybeahierarchyor
decompositionfile thatis theoutputof thedecomposerprogramor it mayamodelfile. If it
is amodelfile, thenit mustdescribeaclosedconvex polyhedron.

bool Add_General_Object(
const char* filename, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation& orient = DEFAULT_ORIENTATION,
const SWIFT_Translation& trans = DEFAULT_TRANSLATION,
SWIFT_Real scale = DEFAULT_SCALE,
SPLIT_TYPE split = DEFAULT_SPLIT_TYPE,
int box_setting = DEFAULT_BOX_SETTING,
SWIFT_Real box_enl_rel = DEFAULT_BOX_ENLARGE_REL,
SWIFT_Real box_enl_abs = DEFAULT_BOX_ENLARGE_ABS,
SWIFT_Real cube_aspect_ratio = DEFAULT_CUBE_ASPECT_RATIO );

Thismethodis verysimilar to thefirst methodwith theexceptionthatfilesareusedinstead
of arrayfor theinputgeometry. Section10specifiesthefile formatssupportedby SWIFT++.
Additional formatsmay be supportedthroughapplication-definedfile readersthat maybe
pluggedin. More detailson this aregivenin section6.6andsection9.

Thesplit parameterspecifiesthetypeof splittingto applywhentheinput is adecomposition
file. Seesection4.4for moredetailson thisparameter.

� Copy Object
Thismethodis for makingacopy of anexistingobject.
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bool Copy_Object( int copy_oid, int& id );

Theid of theobjectto becopiedis givenin thecopyoid parameterandtheid of thenewly
createdobjectis givenbackto theapplicationin the id parameter.

� DeleteObject
Thismethodis for deletinganexistingobject.

bool Delete_Object( int id );

The id of theobjectto bedeletedis givenin the id. This id shouldnot beusedany longer
unlessa subsequentobjectcreationreturnsthis id to theapplication.Calling this function
hastheeffectof deletingall memoryindependentlyrelatedto theobject.

6.3 Object Transformation

The only transformationsthat areallowed by SWIFT++ arerotationsandtranslationsgiven by
3-vectorsand3 by 3 matricesrespectively. Scaling,skewing, andany othertransformationsare
notallowed.If they aremixedinto therotationmatrix,SWIFT++will malfunction.For maximum
queryperformance,avoid settinganobject’s transformationmorethanonceperquery. Eachob-
ject’s transformationmustbesetat leastonceafter its creationto ensurecorrectquerying.There
arefour differentwaysto settransformations.They differ in whetherasingleobject’s transforma-
tion is setor all theobjects’transformationsaresetat once,andwhetherthetransformationsare
givenseparatelyor togetheras3 by 4 matrices.

� Set Object Transformation
Thispair of methodsis for settingthetransformationof asingleobject.

void Set_Object_Transformation( int id, const SWIFT_Real* R,
const SWIFT_Real* T );

void Set_Object_Transformation( int id, const SWIFT_Real* RT );

The first methodis for settingthe rotationandtranslationseparately. The id of the object
(gottenfrom an Add * Object()method)is given in id. The rotationand translationare
givenin row-majororderin R andT asarraysof length9 and3 respectively.

Thesecondmethodis similar to thefirst but differentin thattherotationandthetranslation
aregiventogetherin a single3 by 4 matrix. The leftmost3 by 3 is therotationmatrix and
thefourthcolumnis thetranslationvector. Thisalsois givenin row-majororderasanarray
of length12.

� Set All Object Transformations
This pair of methodsis for settingthe transformationsof all theobjectsat once. Theonly
savingsthis hasover thepreviouspair of methodsis methodinvocationoverhead.
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void Set_All_Object_Transformations( const SWIFT_Real* R,
const SWIFT_Real* T );

void Set_All_Object_Transformations( const SWIFT_Real* RT );

The arraysaregiven asa sequentialstreamof row-major matrices,one for eachmoving
object.Fixedobjecttransformationsshouldnot bein theselists. If fixedobjecttransforma-
tionsneedto be set,thenoneof thefirst pair of methodsshouldbeused.Theorderingof
theobjectsto which thetransformationsapply is thesameastheorderin which they were
createdin thescene(which is notnecessarilythesameastheorderof their ids).

Thefirst methodis for settingtherotationsandthetranslationsseparately. Therotationsand
translationsaregivenin row-majororderin R andT asarraysof lengthequalto 9 timesthe
numberof moving objectsand3 timesthenumberof moving objectsrespectively.

Thesecondmethodis similar to thefirst but differentin that the rotationsandthe transla-
tions aregiven togetherasa seriesof 3 by 4 matricesin the sameform asfor the second
SetObject Transformation()methoddescribedpreviously. The arrayis of lengthequalto
12 timesthenumberof moving objects.

6.4 Pair Activation

If apair is active, thenit is testedduringaquery. If it is not, thenit is not testedandtherewill not
beany resultsreportedfor it. Pairswherebothobjectsarefixed,arenever active (andcannever
besetactive). Therearesix differentactivationmethods.They differ in whetheranactivationor a
deactivationis done,andwhethertwo, one,or no idsaregiven.

� Activate
Thesemethodsarefor activatingpairsof objects.

void Activate( int id1, int id2 );

void Activate( int id );

void Activate( );

� Deactivate
Thesemethodsarefor deactivatingpairsof objects.

void Deactivate( int id1, int id2 );

void Deactivate( int id );

void Deactivate( );

Thefirst groupof threemethodsarefor activatingpairsandthe lastgroupof threearefor
deactivatingpairs.Thefirst methodin eachgroupis for changingtheactivationof exactlya
singlepair givenby thetwo objectids id1 andid2 if allowed(bothnon-fixed). Thesecond
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methodin eachgroupchangestheactivationof all pairscontainingtheobjectidentifiedby
id (if allowed). Thethird andlastmethodin eachgroupis usedto activateor deactivateall
thepairsin thescene.They canbe usedto resettheactivationof thescene.The resultof
callingtheActivate()methodis thesameasthedefaultactivationprovidedby thescene.The
objectidsmentionedabovearegottenfrom theAdd * Object()or Copy Object()methods.

6.5 Query

SWIFT++computesthecenterof massof eachobjectwhichcanbequeried.

� Get Center Of Mass

void Get_Center_Of_Mass( int id,
SWIFT_Real& x, SWIFT_Real& y, SWIFT_Real& z );

Theparameterid specifiestheobjectwhosecenterof massis beingqueried.Thecenterof
massthat is returnedis the centerof massof the objectafter its input transformationwas
appliedbut notany of theothertransformationsthatmayhavebeensetfor it. Its coordinates
arereturnedin thex, y, z parameters.

SWIFT++providesfive differentproximity queries.Eachof themethodsreturnsa booleanindi-
catingwhetherintersectionwasdetectedanywherein thescene(amongtheobjectsbeingtested).
All thearraysthat areusedfor reportingthe resultsof the queryaremanagedby the SWIFT++
system.Do NOT allocateor deallocatethem.

� Query Intersection
Thisqueryis for finding thepairsof objectsthatareintersectingin ascene.

bool Query_Intersection( bool early_exit, int& num_pairs, int** oids );

The return value indicatesif therewas at leastone intersectingpair in the scene. If the
early exit parameteris setto true, thenthecomputationis stoppedwhenthefirst intersection
is found and true is returnedbut no pairsarereported.If it is setto false, thenreporting
occursandall intersectingpairsarefound.Theoidsarrays(objectids)will beallocatedand
filled in by this methodif intersectionis detected.Thereare2 timesnum pairs elements
in the array. For example,oids[0] andoids[1] arean intersectingpair (if numpairs / 0).
Note that thereis no specificorderingin the oidsarray. A returnvalueof falseaswell as
numpairs & 0 indicatesthatthereareno intersectingpairs.

� Query ToleranceVerification
This queryis for finding thepairsof objectsthatarecloseto within sometolerancein the
scene.

bool Query_Tolerance_Verification( bool early_exit, SWIFT_Real tolerance,
int& num_pairs, int** oids );
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This querybehavesthesameastheintersectiondetectionquerywith theexceptionthat the
applicationprovidesatoleranceindicatinghow closeobjectsmustbein orderto bereported.
Intersectiondetectionis thesameastoleranceverificationwith a toleranceof 0.

If thebroad phasesettingis turnedon for thescene,thenonly pairswhoseboundingboxes
overlapandwhosedistanceis lessthanor equalto thegiventolerancearereported.Thus,
if a true toleranceverificationis to be done,the boundingboxesof the objectsshouldbe
enlargedby anabsoluteamountat leastequalto thetolerance.This is donewhenanobject
is created.

� Query Approximate Distance
This query is for finding the approximatedistancebetweenpairsof objectsthat areclose
enoughin a scene.

bool Query_Approximate_Distance(
bool early_exit, SWIFT_Real tolerance,
SWIFT_Real abs_error, SWIFT_Real rel_error,
int& num_pairs, int** oids, SWIFT_Real** distances );

The applicationprovidesa tolerance,an absoluteerror ��� , anda relative error �0	 . No ap-
proximatedistancesbelow the tolerancearereported.The reportedapproximatedistances
lie in therange[ ��
 , ����������
1�2�0� �3�
	��4����
5�6�
�"� ] where��
 is theexactdistancebetweena
pairof objects.Theapproximatedistancesarereportedin thedistancesarray. It is of length
equalto numpairs.

If the broad phasesettingis turnedon for the scene,thenthe approximatedistanceis re-
portedonly for thosepairswhoseboundingboxesoverlapandwhosedistanceis lessthan
or equalto thegiventolerance.Thus,if theapproximatedistanceis desiredfor pairswhose
distanceis within a tolerance,theboundingboxesof theobjectsshouldbeenlargedby an
absoluteamountat leastequalto the tolerance.Intersectingpairsarereportedashaving a
distanceequalto 78��- � . Thedistancereportedwhenthereis intersectionis NOT a measure
of penetrationdepth.

� Query Exact Distance
Thisqueryis for finding theexactdistancebetweenpairsof objectsthatarecloseenoughin
ascene.

bool Query_Exact_Distance(
bool early_exit, SWIFT_Real tolerance, int& num_pairs,
int** oids, SWIFT_Real** distances );

This querybehavesthesameastheapproximatedistancequerywith theexceptionthat the
applicationdoesnotprovideany errorboundssincetheexactdistanceis beingreported.The
exactdistancesarereportedin thedistancesarray. It is of lengthequalto numpairs.

If thebroad phasesettingis turnedonfor thescene,thentheexactdistanceis reportedonly
for thosepairswhoseboundingboxesoverlapandwhosedistanceis lessthanor equalto

15



thegiventolerance.Thus,if theexactdistanceis desiredfor pairswhosedistanceis within
a tolerance,the boundingboxesof the objectsshouldbe enlargedby an absoluteamount
at leastequalto the tolerance.Intersectingpairsarereportedashaving a distanceequalto
78��- � . The distancereportedwhen thereis intersectionis NOT a measureof penetration
depth.

� Query Contact Determination
Thisqueryis for findingthecontactsbetweenobjectsin thescene.Contactinformationsuch
asnearestfeatures,nearestpoints,andcontactnormalscanbereported.

bool Query_Contact_Determination(
bool early_exit, SWIFT_Real tolerance, int& num_pairs,
int** oids, int** num_contacts,
SWIFT_Real** distances = NO_DISTANCES,
SWIFT_Real** nearest_pts = NO_NEAREST_PTS,
SWIFT_Real** normals = NO_NORMALS,
int** feature_types = NO_FEAT_TYPES,
int** feature_ids = NO_FEAT_IDS );

The variousthings that may be reportedfor a contactare: exact distance,nearestpoints,
contactnormals,andnearestfeatures.They areselectedindividually for reportingby pass-
ing anarraypointerfor thecorrespondingarrayto beassignedby SWIFT++. To not select
anitemfor reporting,simplypassthedefault parameterfor thatarray. Thedefault is thatall
itemsaredeselected.

The num pairs parameterrefersto the numberof objectpairsbeingreportedandnot the
numberof contactsbeingreported.Thereare2 timesnum pairs elementsin theoidsarray.
Therearenumpairselementsin thenumcontactsarraywhichis usedto specifythenumber
of contactsfor eachpair. If a pair is intersecting,the numcontactsentry will be -1. This
is considereda singlecontactbetweentheobjectssothenon-NULL arrayswill have to be
advancedappropriately. In theintersectingcase,theelementof thedistancesarraywill be-1
andthecontentsof theotherarrayswill notbemeaningful.If theobjectsarenot intersecting
thenthenumcontactsentrywill begreateror equalto 1.

The nearestpointsarereportedif the nearestpointspointer is not the default value. The
arraywill be6 timesthe total numberof contactslong. For eachcontact,the6 valuesare
thex,y,zcoordinatesof thenearestpointonthefirst objectfollowedby thex,y,zcoordinates
of thenearestpoint on thesecondobject. If a pair is disjoint, thentheactualnearestpoints
arereported.If therearemany equallynearestpoints,thenanarbitrarypair is reported.The
nearestpointsaregivenin eachobject’s local coordinates(beforetheobjecttransformation
thatwassetis appliedbut aftertheinputtransformationgivento anAdd * Object()method).

Thecontactnormalsarereportedif thenormalspointeris not thedefault value. Thearray
will be 3 timesthe total numberof contactslong. For eachpair, the valuesare the x,y,z
coordinatesof thenormalpointing from object2 towardsobject1. Thenormalis givenin
global (world) coordinates.A normalizedvectoris givenfor thenormal. Thecomputation
of thenormalsis discussednext.
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If a pair is disjoint, thenthereare4 casesfor thepair of featuretypes.TheseareV-V, V-E,
V-F, andE-E. In the V-F case,the contactnormal is simply the facenormal. In the E-E
case,the crossproductof the edgedirectionvectorsis the contactnormal. The V-V and
theV-E casesaredegeneratein thesensethat for two closeobjects,they will almostnever
happen. However, they do sometimesso we needto handlethem. In the V-E case,the
contactnormalis givenby a line from thevertex to thenearestpoint on theedge.For the
V-V case,thecontactnormalis computedasfollows. First a normalis computedfor each
vertex asanaverageof thenormalsof theneighboringfaces.Thenthetwo vertex normals
areaveragedto yield thecontactnormal.

The nearestfeaturesare reportedif noneof the feature typesand feature ids parameters
aresetto their default values.The featuretypesarraywill be 2 timesthe total numberof
contactslong. The featureids arraywill be at least2 timesthe total numberof contacts
long but may be longer in somecasesdueto featureswhich areedges.The featuretypes
areidentifiedby SWIFT VERTEX , SWIFT EDGE, or SWIFT FACE (thethreetypesof
featuresfor a polyhedron).Thefeatureids thatarereportedarebasedupontheinput to the
decomposeror to SWIFT++,whicheverreadthemodelfile. They arereportedasfollows:

� Vertex: a single id is given which is the numberof the vertex in the order that it
wasgivento oneof theAdd * Object()methodsstartingat 0. If theverticesthatare
givento any of theAdd * Object()methodswereduplicated(notfully shared)thenthe
vertex id that is reportedfor oneof thesenon-sharedverticesis the id of anarbitrary
instanceof theduplicatedvertex.

� Edge: for an edgethereare two cases.The first is that SWIFT++ is configuredto
acceptonly triangles(SWIFT ONLY TRIS defined)andconfiguredto enableedge
id reporting(SWIFT REPORT EDGE IDS defined)in which casetheedgeids that
arereturnedareequalto 9:� the faceid of the facethe edgebelongsto � the id of
the edgewithin the face. The id of an edgewithin a faceis either0, 1, or 2. A face
is input asthreevertex indices. If the edgespansindex 0 andindex 1 thenit hasan
id of 0, the edgefrom index 1 to index 2 hasid 1 andthe third edgehasid 2. If the
polyhedrontheedgebelongsto is not closed,anedgemaybefoundwhich is not part
of the original mesh. In this case,it is reportedwith an id of -1. This shouldonly
happenif theSWIFT ALLO W BOUNDARY variableis defined.

Otherwise,the edgeis reportedastwo ids that arethe vertex ids of its endpoints.If
faceswith more than threeedgesare given to any of the Add * Object() methods,
SWIFT++triangulatesthem.Therefore,anedgemightcorrespondto anedgethatwas
not on theboundaryof an input facebut ratherintroducedby thetriangulationof the
face.Thishasramificationsfor theedgeidsthatarereported.Theendpointsof anedge
mayhave ids suchthat thereexistsno edgewith thoseendpointids thatwasgivento
an Add * Object()method. If the polyhedronthe edgebelongsto is not closed,an
edgemaybefoundwhich is notpartof theoriginalmesh.In thiscase,thetwo vertices
belongingto theedgearestill reportedbut thispairof verticesmaynotmakeany sense
to theapplication.
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� Face: a singleid in thesamemannerasthevertices,startingat 0. If thepolyhedron
thefacebelongsto is not closed,a facemaybefoundwhich is not partof theoriginal
mesh.In this case,it is reportedwith anid of -1.

6.6 Plug-In Registration

6.6.1 File Readers

In orderto readfiles thatarenot in eitherof theSWIFT++ formats,a file readerplug-in maybe
providedby theapplication.For moreinformationon file readerconstruction,seesection9 and
SWIFT fileio.h in theSWIFT++/includedirectory.

� Register File Reader
This methodallows for theregistrationof a file readerwith SWIFT++. It will thenbeused
to readfiles thatstartwith thegivenstring (magicnumber).A file readerdoesnot have to
beregisteredfor everyscenecreatedbut only oncefor theentireprogram.

bool Register_File_Reader( const char* magic_number,
SWIFT_File_Reader* file_reader ) const;

Thefirst parameteris thestringthat is matchedat thebeginningof thefile thatis read.It is
referredto asthefile’s magicnumber. Thesecondparameteris a file readerobjectpointer
thatreferencesareaderableto readfileswith thegivenmagicnumber. If a readeris already
assignedto thegivenmagicnumberthanthenew readerwill replaceit. Only onereadercan
handlea giventypeof file. A singlereadercanhowever readdifferenttypesof files sothis
methodcanbeinvokedwith multiplemagicnumbersandthesamereader. Thereturnvalue
indicatessuccess.On failureamessageis written to stderr.

7 Easeof UseTips

SWIFT++hassomeconvenientfeatureswhichcanmake theapplication’s job easier. They are:

� UsetheCHOOSE typefor boundingboxessothatSWIFT++candecidewhatthebesttype
of box to useis. Keepin mind however, that the applicationis responsiblefor settingthe
thresholdaspectratio for thisdecision.Theprovideddefault is not thebestoverallsolution.

� Usethe copy featurewhenever possible.This is possiblewhentwo pieceshave the same
input geometryandthesameinput transformation.

� Insteadof applyinginput transformationson fixedobjects,applythetransformationsasthe
moving (initial andonly) transformationsfor them. This allows copying if multiple fixed
objectshave theexactsamegeometry. Thiswill notwork if scalingis involvedhowever.

� Takeadvantageof thetriangulationandvertex sharingfeaturesthatSWIFT++provides.
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� Take advantageof the fact that SWIFT++ reportsa large quantityof contactinformation
from the contactdeterminationquery. Normally, this would be theapplication’s responsi-
bility but SWIFT++includesthis functionalityto increaseoverall efficiency of applications
needingthestandardcontactinformation.

8 Efficiency Tips

Therearevariousthingsto keepin mind in orderto useSWIFT++ in an optimalmanner. They
are:

� Only setfixedobjecttransformationsat thebeginning(beforethefirst query).

� Only seteachmoving object transformationat mostonceper query. Also, do not setan
objecttransformationif it hasnot moved from the previous transformationsincesettinga
transformationincursanoverhead.

� Try to reusegeometryby usingthecopy featureif at all possible.The replicationstorage
costcanquickly becomequitelargesotry to avoid replicationif possible.

� Whenquerying,only querywhatis absolutelynecessary. Thequeriesareorderedfrom most
efficient to leastefficientas:

1. Intersection

2. ToleranceVerification

3. ApproximateDistance

4. ExactDistance

5. ContactDetermination

For example,whenrunninga dynamicsimulation,usethe intersectiontestuntil an inter-
sectionis detected,thenusethe contactdeterminationqueryduring the bisectionsearch.
Furthermore,only askthecontactdeterminationqueryfor theminimal amountof informa-
tion required(by settingsomeof theparametersto their default values).

� If not many piecesaremoving relative to thetotal numberof pieces,it might bebeneficial
to considerusinglocalboundingbox sortinginsteadof globalboundingboxsorting.

9 Application DefinedPlug-In’ s

SWIFT++ allows the applicationto provide classderivationsthat act asextensions.Currently,
the only extensionis a file readerextensionwherethe applicationcancreateits own file reader,
register it with SWIFT++, anduseit to accessapplicationspecificfile types. No othersimple
extensionshaveyetcometo mindbut if ourusersconceiveof any usefulones,pleaselet usknow.
In this sectionwedescribetheconstructionof plug-in’s. For plug-in registrationseesection6.6.
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9.1 File Readers

Theheaderfile SWIFT fileio.h in theSWIFT++/includedirectoryincludestheabstractbaseclass
from whichto derivenew file readers.An exampleis givenby theSWIFTBasic File Readerclass
(seealsoSWIFT++/src/fileio.cpp).All thatmustbeprovidedis a methodthatdoesreading.The
methodis givenas:

virtual bool Read( ifstream& fin, SWIFT_Real*& vs, int*& fs,
int& vn, int& fn, int*& fv ) = 0;

The fin parameteris the input file streamto be readfrom. The vs parameteris a referenceto
the vertex coordinatearray. The fs parameteris a referenceto the facevertex index array. The
parametersvn and fn are the numberof verticesand facesrespectively. The parameterfv is a
referenceto thefacevalences.

TheRead()methodis to readthecontentsof a file referencedby fin. Thefile is openandthe
position is set to be the beginning. This allows the readerto be ableto readthe magicnumber
for itself if needbe. The vs array is to be allocatedto a lengthequalto 3 timesthe numberof
vertices(coordinatesin 3D) andvn setto thenumberof vertices(not thenumberof coordinates).
The fs arrayis to be allocatedto a lengthequalto the total numberof faceverticesrequiredto
describeevery faceand fn setto the numberof faces(not the numberof vertex indices). If the
facesareall triangular, fswill have lengthequalto 3 timesfn. In this case,fv maybesetto NULL
whichsignifiesthatall facesaretriangular(which is thecasea lot of times).If notall thefacesare
triangular, fv shouldbeallocatedto a lengthequalto fn andeachentryshouldreflectthenumber
of verticesperface.Thecaller(SWIFT++)will beresponsiblefor deallocationof thearrays.

10 SWIFT++ File Formats

SWIFT++providesfour file formatsin orderto import geometry. Thehierarchyanddecomposi-
tion file formatsarenot requiredto beunderstoodby a SWIFT++userso they arenot discussed
further here. The othertwo formatsarediscussedhere. They areusedto import geometryinto
thedecomposerprogramaswell. If they areusedto import geometryinto SWIFT++, thegeom-
etry mustbeclosedconvex polyhedra.Thereareotherwaysto import geometrysuchasthrough
arraysor by readingnon-SWIFT++file typesby providing oneor moreplug-in file readers(see
section9).

This sectiongivesa descriptionof the formats’ simplesyntaxandsemantics.The first file
formatis for triangularmodelsandwill becalledtheTRI file format. Theotherprovidedformat
is for generalpolyhedralmodels(with facesnotnecessarilytriangular).It will becalledthePOLY
file format.Whitespaceis ignoredin bothfile formats.They arebothascii.

10.1 TRI format

TheTRI formatis afile formatfor triangularmodels.It supportsarbitrarytriangularmodels(some
of whichmaynotbesuitablefor usewith SWIFT++).Following arethesyntaxandthesemantics:
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TRI

nv<int> = number of vertices
nf<int> = number of faces

coordinates<real> = list of the vertex position coordinates as reals.
There are 3*nv coordinates.

face indices<int> = list of the vertex indices given in CCW orientation
for each face. There are 3*nf indices.

First the magicnumber“TRI” is given. Thenthe numberof vertices,thenthe numberof faces,
thenthevertex coordinates,thenthefaceindiceswhichindex into thevertex list by identifyingthe
vertex position(not thecoordinateposition).Vertex indicesstartat 0. An exampleof aTRI file is
includedin thedistribution in theexample/directory.

10.2 POLY format

ThePOLY format is a file format for arbitrarypolyhedralmodels.Following arethesyntaxand
thesemantics:

POLY

nv<int> = number of vertices
nf<int> = number of faces

coordinates<real> = list of the vertex position coordinates as real.
There are 3*nv coordinates.

-- for each face
nfv<int> = number of vertices in the face
face indices<int> = list of the vertex indices given in CCW orientation.
-- end for

First themagicnumber“POLY” is given.Thenthenumberof vertices,thenthenumberof faces,
thenthevertex coordinates.Following arethe faces.Eachfaceconsistsof an integerspecifying
thenumberof verticesin thefacesfollowedby theindicesof thatmany vertices.Thefaceindices
areusedto index the vertex list by identifying the vertex position(not the coordinateposition).
Vertex indicesstartat0. An exampleof aPOLY file is includedin thedistribution in theexample/
directory.

11 Futur eWork

Therearemany ways in which SWIFT++ canbe expandedand improved upon. Thereare no
promiseson whatwill bedonebut we would like feedbackfrom our usersif thereis futurework
thatthey would like to see.Someof our improvementideasare:
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� LessGeometryReplication: allow scaledobjectsto sharegeometry.

� Articulated Bodies: allow a scenegraphfor multiple pieceobjects. In addition,have the
optionof detectingself-collisionor not.

� Penetration Depth: provideapproximatepenetrationdepthoverall directionsor exactpen-
etrationdepthin asingledirection.

Let usknow if any of theseareof interest.
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