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« RenderMan Shading Language (RSL) 1s a de-facto
standard language for writing shaders

« RSL compiler targeting RPU makes it possible to fully
use power of the hardware
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COrner Cases

« Bugs are very likely
« Hundreds of tests to make bugs less likely

« Conservative compiler design
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« Driver that emulates tha complete hardware

« Drivers for testing that VM works correctly
« Objective Caml 1s fast, expressive and doesn't segfault

¢« Good for virtual machines
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« Separate assembler for compiling to actual hardware

« Implemented in Objective Caml

« ocamllex+ocamlyacc for parsing

« Objective Caml marshalling format for output to VM
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« Parser and intermediate code generator in Objective Caml

« Optimizer and assembly generator in Ruby
« Ruby handles complexity much better

¢ Performance not an 1ssue - shaders small, not real-time
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Not good enough for “production” compiler

« No good parser generators for Objective Caml
« ANTLR works with Ruby (and Java, Python, C++ etc.)

« Hand-coded recursive-descent parser would be OK too
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« Most modern compilers use SSA internally
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« drop the instruction

« Without SSA copy propagation 1is rather complex

« Advanced optimizations become possible

« Sparse Conditional Constant Propagation
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More complex and less powerful than SSA copy propagation
Works well with RPU quirks like S.w (too low level for SSA)
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« Each physical register has a different color

« NP-Complete

« efficient approximate algorithms exist

« We use heuristics for more efficient allocation
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2 D '&' * F (1 conflict)

Allocate 1in reverse order
. C,B,E,D, A
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rom those left, take one that most friends are allocated

« friend — variable that we want to share allocation with

¢ 1f we have “mov A, B” somewhere, A and B are friends

« In case of ties, take a register with least pressure

« Makes 1nstruction scheduling easier
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« are friends — because of the introduced MOV

« So the final code often looks like SSA never happened

« Result different 1f actual optimizations happened

« Extra MOVs more than compensated elsewhere
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« Object layout
« How to get normals from hit data

« Register use patterns

« Hardware architecture does not fully determine ABI
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« Strings represented by hashes — first 24 bits of MDS5
« “world” — 8223024.0

¢ 600 strings give collision probability ~1%, 4800 — ~50%

« Matrices not supported
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« color f(vector a, b; floatc) {...}

« a—R0.xyz, b — R1.xyz, ¢ — RO.w, return value — R0.xyz
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< Friends allocation removes the MOV 1n most cases

« Hard-allocation of a would make 1t conflict with
arguments to functions called from within {
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everything (except for S)

« At final code output, CALL uses its information which
variables are live to selectively preserve some.
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X allocated to RO.w @
Y allocated to R1.w
Z allocated to RO.w
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« No 1inlining for user-defined functions

« Late inlining (at code generation)

« Early inlining would make more optimizations possible
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Late inlining

SSA — Assembly
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« The worst case 1s minor performance degradation

« Avoiding overcrowded registers makes scheduling easier

« Other common register allocation strategy of using as few registers
as possible makes scheduling extremely difficult

« NP-Hard, “List scheduling” algorithm used
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« Until every instruction scheduled:

« Possible to execute any instruction in this cycle ?

« If so, execute one, if multiple candidates, select one by heuristics

« If not, wait one cycle and retry
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« Basic blocks too small — every conditional breaks a block

« Register allocation can introduce false dependencies

« Efficiently using all four S registers difficult
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« Code generator can easily adapt

Renderman Shading Language Compiler
August 28, 2006 Slide 39



|

Renderman Shading Language Compiler
August 28, 2006 Slide 40



Renderman Shading Language Compiler
August 28, 2006 Slide 41



