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Loop Branch If the branch target is back to the head of a loop, predict taken.

Pointer If a branch compares a pointer with NULL, or if two pointers are compared, predict in the
direction that corresponds to the pointer being not NULL, or the two pointers not being equal.

Opcode If a branch is testing that an integer is less than zero, less than or equal to zero, or equal to a
constant, predict in the direction that corresponds to the test evaluating to false.

Guard If the operand of the branch instruction is a register that gets used before being redefined in the
successor block, predict that the branch goes to the successor block.

Loop Exit If a branch occurs inside a loop, and neither of the targets is the loop head, then predict that the
branch does not go to the successor that is the loop exit.

Loop Header Predict that the successor block of a branch that is a loop header or a loop pre-header is taken.

Call If a successor block contains a subroutine call, predict that the branch goes to that successor
block.

Store If a successor block contains a store instruction, predict that the branch does not go to that

successor block.

Return If a successor block contains a return from subroutine instruction, predict that the branch does
not go to that successor block.

£ "Branch Prediction for Free “ Ball and Larus; PLDI '93.
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WMR—NHD3zmatchZMheuristics, EAT?

--- 753%1: First match

If (test == 0) {
call handle_error()

}

gV = V;
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Miss Rate Order

26.00 Opcode  Call Return Store Point Loop Guard
25.52 Call Opcode  Return Store Point Loop Guard
25.50 Point Call Opcode  Return Store Loop Guard
25.59 Point Loop Call Opcode  Return  Store Guard
27.12 Opcode  Call Return Store Point Guard Loop
25.99 Point Opcode  Call Return Store Loop Guard
26.64 Call Opcode  Return Store Point Guard Loop
26.04 Loop Call Opcode  Return Store Point Guard
25.55 Call Opcode  Return Point Store Loop Guard
26.02 Opcode  Call Return Point Store Loop Guard

1252

1253 // Walk the basic blocks in post-order so that we can build up state about

1254 /f the successors of a block iteratively.

1255 for (auto BB : post_order(&F.getEntryBlock())) {

1256 LLVM_DEBUG(dbgs(} << "Computing probabilities for ™ << BB-rgetName()
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f{ If there is no &t least two successors, no sense to

if (BB-:getTerminator()-rgetMumSuccessors{) < 2)

continue;

if (calcMetadataWeights(BE))

continue;

if (calcEstimatedHeuristics(BB))

continue;

if (calcPointerHeuristics(BE))

continue;

if (calcZeroHeuristics(BB, TLI))

continue;

if (calcFloatingPointHeuristics(BB))

continue;

set probability.
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--- 3752 probability§F

tRIEDempster-ShaferiHEEL :
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taking branch Hrp: bigEAbranch; m1/m22/EREZb EM®Mheuristic; uZS—heuristicii{T

AOEER, vESEZAHITARR;
Loop Branch 88%
Pointer 60% Zﬁ{ﬁu :
9 0.5%0.7
- = mi®m{bi}h) = 550750503 = *7
Opcode 84% ’ 0"3“0.’% ‘
Loop Exit 80% m; @ mp({bz}) = 050740503 = 03
Return 72%
Store 55% 0.7*0.6
b = ‘ = 0.778

Loop Header 75% M Oma@m3({br}) 0.7%0.6+0.3%0.4
Guard 62% M @m®m3({ba}) = o7=~<g'§f}'§xo ;= 0222

&% "Static Branch Frequency and Program Profile Analysis “ Wu and Larus; MICRO-27.
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3) getFirstUnplacedBlock: 18R LA B%ZEIBest BB, NFEE—NEBEHMNERIBB.
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* GCCHEXAE
A 5 0
— profile-count.c  // profile_probability2SAIEN.
— profile-count.h // profile_probabilityZ&A97=HH
— Predict.def // AN[EpredictorBIEN
predict.c // Branch Prediction, Static Branch Frequency and Program Profile Analysis

> EARREHE
~ bb-reorder.c /| EAXREHEX

* LLVMFERACHS
A 5 0
- llvm/lib/Analysis/BranchProbabilitylnfo.cpp

- llvm/lib/Analysis/LazyBranchProbabilitylnfo.cpp
- llvm/lib/CodeGen/MachineBranchProbabilitylnfo.cpp

> EANREHF

- llvm/lib/CodeGen/MachineBlockPlacement.cpp
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1. "Branch Prediction for Free “ Ball and Larus; PLDI '93.
https://www.classes.cs.uchicago.edu/archive/2017/fall/32001-1/papers/ball-larus-branch-
predict.pdf

2. "Static Branch Frequency and Program Profile Analysis “ Wu and Larus; MICRO-27.
https://dl.acm.org/doi/pdf/10.1145/192724.192725

3. Profile Guided Code Positioning, https://dl.acm.org/doi/pdf/10.1145/989393.989433

4. Software Trace Cache,
https:.//www.tesisenred.net/bitstream/handle/10803/5969/05CHAPTER4.pdf?sequence=5&isAllo

wed=y



https://www.classes.cs.uchicago.edu/archive/2017/fall/32001-1/papers/ball-larus-branch-predict.pdf
https://dl.acm.org/doi/pdf/10.1145/192724.192725
https://dl.acm.org/doi/pdf/10.1145/989393.989433
https://www.tesisenred.net/bitstream/handle/10803/5969/05CHAPTER4.pdf?sequence=5&isAllowed=y

@ OpenEuler x Compiler SIG

Tnank Yol

Compiler SIG T X THRIFRVHARAZRANHLZE, BfF
GCC/LLVM/OpenJDK AR BRI IR, RER
ERARNENFE . TR FAFET, XEEHRFBEXK
ANHIKEE




