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This talk

ÅParallel Computing for Graphics: In Action

ÅWhat does it take to write a programmable pipeline?

ïMany questions

ïSome answers

ÅWe will focus on the Reyes pipeline



Graphics on parallel devices

ÅOver the years

ïIncreasing performance

ïIncreasing programmability

ÅHow is that useful for real-time graphics?

ïImprove existing pipeline

ïRedesign the pipeline



Redesign the pipeline

ÅAn Exploration

ïMay not be the answer for everyone

ÅMy Goals

ïInteractive performance

ïHigh visual quality

ÅHow should I choose a pipeline?



My real-time pipeline

ÅAn improvement in real-time rendering

ïBuild around shading

ïRemove existing rendering artifacts

ÅDesired features

ïHigh-quality anti-aliasing

ïRealistic motion-blur, depth-of-field, volume effects

ïGlobal Illumination

ïOrder-independent transparency



Reyes

ÅIntroduced 1987

ÅPhotorealistic rendering

ïSmooth surfaces

ïComplex shading, lighting

ïDepth of field, motion blur

ïOrder-independent blending

ÅDesigned for offline use

ïBut favors SIMD Image courtesy: Pixar
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Input

ÅHigher-order surfaces

ïBézier surfaces

ïNURBS

ïSubdivision surfaces

ÅDisplacement-mapped

ÅAnimated

Hand image courtesy: Tamy Boubekeur, Christophe Schlick 



Task ïSplit and Dice

ÅAdaptively subdivide the input surface

ÅTessellate when small enough

ÅRinse and repeat



Challenges

ÅRecursive, irregular computation

ïBad for parallelism, SIMD

ÅToo many micropolygons

ïLimited memory



Ideas

ÅBreadth-first Traversal

ÅBucket Rendering



Works in real-time!

ÅKilleroo: 11532 Patches

ÅSplit and dice in 9.8 ms

Å29.69 fps at 512 x 512

ÅParametric surfaces only

ÅSubdivision cracks

Patney and Owens, 2008

Killeroo Model Courtesy Headus Inc.



Geometry Output ïUnshaded Grids
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Task

ÅRun shader(s) for each grid

ïDisplacement

ïSurface

ïLight

ïVolume

ïImager

ÅGood behavior

ïHighly parallel, SIMD friendly

ïGood locality behavior
Image courtesy: Saty Raghavachary 



Challenges

ÅMassively parallel is great

ïBut is it good enough?

ÅShaders can be complex

ïToo many instructions, conditionals

ïGlobal illumination

ïFile I/O

ïArbitrary texture fetches



Ideas

ÅCache redundant computation

ïAcross a grid

ïAcross frames

ÅArchitectural support

ïVirtual memory



Interactive Relighting

ÅLpics [Pellacini 2005]

ïCache image-space samples

ïInteractive feedback

ïManual pre-processing

ÅLightspeed [Ragan-Kelley 2007]

ïShader caching

ïInteractive preview

ïSlow pre-processing
Images belong to respective paper authors



Output ïShaded Grids



Bust: Many micropolygons
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Task
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ÅGenerate samples

ïJittered grid

ïParallel Poisson sampling [Wei 2008]

ÅFor each sample, find all intersecting micropolygons

ïRaycast or Rasterize?

ÅOutput: A (depth-sorted?) list of samples

Challenges
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Task 1: Blend
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Task 2: Filter to get pixel colors



Challenges

ÅRepresent the irregular work-list

ïTraditionally: linked-list per sample (arbitrary size)

ÅSort and Reduce

ïUnequal work-items

ÅGenerate and apply filter kernels

ïBox

ïGaussian



Stencil-Routed A-buffer

Myers and Bavoil, NVIDIA, 2007



Summary: What is easy?
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Summary: What is hard?
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Subdivision Surfaces, cracks

Long shaders

File I/O, arbitrary textures

Raycast or Rasterize?

Sort and reduce irregular work-

lists 



Conclusion

ÅReyes is promising for real-time

ïEnables natural high-quality rendering

ïPortions map well to current hardware

ÅBut there are challenges

ïEverything isnôt easy to implement

ïArchitecture limitations

ÅLots of interesting questions
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