¢« mobileye-

Instruction Cache Prefetching

Oriel Avraham

Compiler Engineer (@ Mobileye




Ag<

Instruction Cache
Prefetch Instruction

LLVM Analyses
Performance Impact



© MOBILEYE

Instruction Cache



What is an Instruction Cache (I$)

A small, fast memory inside the CPU that stores recently fetched instructions.

Fetch stage Decode stage
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Cache mlss




How do we keep the I$ Updated?

Modern CPUs Custom CPUs
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Dedicated HW
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Prefetch Instruction



Prefetch Instruction - Specifications

A prefetch instruction is a hint to the processor to fetch instructions into the 1$.

Syntax prefetch(&Label)
Semantics Signals to fetch the cache line associated with Label

Sync/Async  Asynchronous non-blocking behavior

Prefetch Instruction




Example

prefetch(& )

CachelLineN B // Some code
jump( & );

add (..);

Cache Line N+1— | subi(.)

sw(..);

Prefetch Instruction
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Useful Analyses

CachelLineN

Cache Line N+1 —

Cache LineN+2 _

—

MBB

getAnalysis<MachinelLoopInfo>();

6efetch(

) | <

add(..);

;ub( )

—/
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Compiler Solution




Useful Analyses

N+1—

N+2 —

MBBI

prefetch(Label);

getAnalysis<MachineDominatorTree>();

MBB3

.

MBB2
(I_abel: \
\ J

j\ump(LabeI);

Compiler Solution

— M+]
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Useful Analyses

N+1—

N+2 —

MBBI

prefetch(L1);

'Qmp_c(cond, );

getAnalysis<MachineBranchProbabilityInfo>();

MBB2

\_

Compiler Solution
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Performance



Performance Impact

|$ Performance Total Performance

45% reduction in stalls 3-4%

Performance




Conclusion

« Advanced architectures handle I$ efficiently, but simpler ones don't.
*  LLVM framework makes this optimization comfortable to implement.

«  Compiler-driven prefetching is a viable software solution.
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