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Multi -Frusta Tracing (MFT)

Goals

Å Ray-traced soft shadows

Å Game-like scenarios

Å Want real-time performance

Å Target architecture: Larrabee

Á Many-core

Á n-wide SIMD (n = 16)

1



Multi -Frusta Tracing (MFT)

Previous Work

Å Special approaches for fast ray traced soft shadows

Á [Laine ó05, Lehtinen ó06, Overbeck ó07,é]

Å Complex global data structures

Å Complex state handling

Å Unclear how to efficiently map to many-core + wide SIMD
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Multi -Frusta Tracing (MFT)

Monte Carlo (MC) - Sampling

Å Robust  

Å Scales in #cores 

Å Need high #samples for sufficient quality

Å Traditional ray tracing performance not high enough for real-time
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Multi -Frusta Tracing (MFT)

Monte Carlo (MC) - Sampling

Å Robust  

Å Scales in #cores 

Å Need high #samples for sufficient quality

Å Traditional ray tracing performance not high enough for real-time

ÅReduce #samples without large quality impact

ÅSpeedup ray tracing performance
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Multi -Frusta Tracing (MFT)

Sampling

Å Interleaved Sampling[Keller ó01]

Á 4 x 4 pixel pattern

Á 16 different sampling sets, 16 samples each

Å Discontinuity Buffer [Kollig ó02]

Á Combines sampling sets

Á Filters neighboring irradiance in 1-2 pixel radius

Á Filtering is post-process, done after rendering
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Multi -Frusta Tracing (MFT)

Å Distributions exhibit coherence

Å Packet tracing 

Á Good SIMD utilization

Á Speedup is bound by SIMD width

Å Beam/frustum techniques

Á More rays (than SIMD width) at once

Å New (old) problems

Á Low utilization of wide SIMD

Á Many rays Č large state

Soft Shadow Ray Distributions 
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Multi -Frusta Tracing (MFT)

Multi-Frusta Tracing (MFT)

Å For n-wide SIMD trace ónô frusta in parallel (n = 16 for Larrabee)

Á Generalization of SIMD packet tracing to SIMD frusta tracing

Á High SIMD utilization

Á Optimizations due to common origin per frustum

Å Pure frusta-based tracing 

Á Traversal is independent of individual rays

Å For intersection tests generate rays quickly on demand

Á Minimal memory consumption

Å MFT for soft shadows and primary visibility
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Multi -Frusta Tracing (MFT) 8

Multi-Frusta Generation

Å Primary Visibility 

Å Single common origin

Å Single frustum = 4x4 pixel grid

Å 16 frusta = 16x16 pixel grid

Å Soft shadows 

Å Rectangular light source

Å Traces 16 frusta from 16 different

intersection points to the light source

Á Only track occlusion state



Multi -Frusta Tracing (MFT)

MFT Traversal

Å Shallow BVH

Å Pure interval arithmetic-based culling of AABBs

Å Complexity: 16 frusta vs. AABB ~ 16 rays vs. AABB  

Å Tracking of active/inactive frusta

Å Early frustum termination
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Multi -Frusta Tracing (MFT)

At The Leaf

Å Iterate over triangles

Å Two culling tests to reduce #active frusta per triangle

Á Back-face and corner ray culling

Á For all 16 frusta done in parallel (SIMD)

Å Iterate over all active frusta

Á Generate rays quickly on demand

Á 16-wide ray triangle intersection test (SIMD)
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back-face culling

corner ray culling

16-wide ray triangle intersection


