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Results

Original Triangles Traversal
(max. 128 steps)

Ray Traced
(with added reflections)

�L�G���6�R�I�W�Z�D�U�H�µ�V
Quake 3 Arena, 1999.
Map: q3dm1, 25k triangles
RT: 6 fps @ 800 x 600

�5�D�Y�H�Q���6�R�I�W�Z�D�U�H�µ�V��Star Trek
Voyager: Elite Force, 2000.
Map: Breach, 90k triangles
RT: 1 fps @ 800 x 600

Images rendered on an AMD Athlon X2 3800+ (2005)
with 3 GB RAM running 64-bit UbuntuLinux 7.10.

Introduction

Code generation using the Low-Level Virtual Machine

A ray tracing based rendering backend for id Tech 3
Therenderingbackendof the id Tech3 engineservesasa connection
between the graphics API and the �H�Q�J�L�Q�H�¶�Vfront end, which is
responsiblefor maintainingthe stateof the virtual environment. In
eachframethe backendreceivesa streamof renderingrequests(e.g.,
to draw an object or a list of triangles),applies filtering, such as
frustumculling, and issuesthe correspondingdraw calls. In order to
supplya ray tracerwith a completedescriptionof the environment,a
few modificationshadto beintroduced:
�‡Dynamic geometry(players,items, �« ) is collectedeachframe by
interceptingdraw calls within the engineand is stored in a BVH.
Frustumculling is notappliedandthePVSis ignored.
�‡Staticgeometry(i.e., walls but not doors)is extractedandstoredin a
kd-treewhenthesceneis loaded.

For downloads and further information please visit http://stephanreiter.info/

static world geometry

dynamic geometry (item, weapon )
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Creationof materialsfor the ray traceris implementedby extending
the �H�Q�J�L�Q�H�¶�Vinternal script parsing function to load the referenced
texturesandto generatetheshadingcodeusingtheLLVM.

Eachframe is renderedwith ray tracing after the dynamicgeometry
has been collected. Rays are spawnedfor tiles of 8x8 pixels and
tracedby first traversingthekd-treefollowed by theBVH. Shadingis
performedongroupsof raysthathit thesameprimitive:
�‡Dependingon the requirementsof the associatedmaterial,normals,
texturecoordinates,andlighting information(dynamiclights & static
lighting in the�V�F�H�Q�H�¶�Vlightmap) aregathered.
�‡The shadingfunction is then invoked to determinethe color of the
hit points. Texture samplingor tracing of secondaryrays (e.g., for
reflections)mayberequestedby thefunctionin theprocess.

In orderto facilitate comparisonsof the
original and the new ray tracing based
look of the game,toggling of rendering
modesis supportedat run-time.
Furthermore it is possible to display
traversalstatistics,material-ids, texture
coordinatesandnormals.

textures / gothic_block /demon_block15fx
{

{
map textures / sfx /firegorre.tga
tcmod scroll 0 1
tcMod turb 0 .25 0 1.6
tcmod scale 4 4
blendFunc GL_ONEGL_ZERO

}
{

map textures / gothic_block /demon_block15fx.tga
blendFunc GL_SRC_ALPHAGL_ONE_MINUS_SRC_ALPHA

}
{

map $lightmap
blendFunc GL_DST_COLORGL_ONE_MINUS_DST_ALPHA

}
}
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id Tech3 is a gameengineusedin severalwell received
products,suchas id �6�R�I�W�Z�D�U�H�¶�VQuake3 Arena,andwas
releasedunderanopensourcelicensein 2005. Within the
scopeof my diplomathesisI investigatedtheuseof real-
time ray tracing in gamesand found id Tech3 to be an
excellentbasisfor evaluatingthe qualitiesof ray tracing
in creatingvisuallypleasingvirtual environments.

id Tech3 usesa complexmaterialsystemthat allows the
specificationof the look and the behaviorof surfacesin
scripts. Support for this systemin the new ray tracing
basedrenderingbackendwas crucial to recreatingand
augmentingthe original look. Noting that interpretation

would have resultedin an unacceptableloss of speed,
run-timegenerationof machinecodewasemployed.

Materialsin id Tech3 canbecomposedof multiple layers
thatareblendedto getthefinal colorvalue:
�‡An animatedor static texture can be sampledin each
layer at coordinatescomputedby a chain of modifiers,
which apply transformationsto the texturecoordinatesof
thesurfacethematerialis appliedto.
�‡Color andalphavaluescanbegeneratedper layer (e.g.,
basedon noise and waveforms) and may be used to
modulatethetexturecolor (typically usedfor lighting).
�‡Alpha testing,fog, environmentmapping,�«

The �/�/�9�0�¶�Vcodegenerationinterfaceis object-oriented
and built on the notion of value-objects, which are
createddirectly by wrappingconstantsor indirectly asthe
result of emitting virtual instructions(e.g., alloca , load ,
add, cmp, call , ...) with other valuessuppliedas input.
Codeis arrangedin basicblocks,which are linked with
branchesto implementcontrolflow in a function.

Code generation using the LLVM is type-safe and
supportsthecompositionof complexdatastructuresfrom
primitives, such as ints and floats . Vectors are also
nativelysupportedfor theemissionof SIMD-stylecode.

The basisfor codegenerationis an abstractsyntax tree
derivedfrom the parsedmaterialscript. It describesthe
operationsinvolved in calculatingthesurfacecolor based
on inputs such as texture coordinates,normals and
lighting information. Code is emitted as the tree is
traversedin postorderwith nodesreturningvalues(a.k.a.
items)thatrecordtheresultof therepresentedoperation.

After thebodyof a functionhasbeencreateda varietyof
optimizationscan be appliedto the code. In order to be
ableto invokethefunctionit hasto bepassedto thejitter,
which returnsapointerto thegeneratedmachinecode. Value *EmitAdd(Value *a, Value * b) {

return Builder() - >CreateAdd (a, b);
}


