Vectorization in LLVM




| LVM-based vectorizers

e AnySL  Hal's BB vectorizer

e |ntel OpenCL * |_oop vectorizer







matmul_164_4x4

linpack-pc

sgefa

paqep

Olden/Power

trisoly

oggenc

BenchmarkGame/puzzie

Performance

*x86, +AVX, Sandybridge



Performance
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**x86_604, +avx, sandybridge, higher better




Usage

e [oop Vectorizer.

e _fvectorize/ -tno-vectorize
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Features

e [oopswith unknown trip count




Features

e [Loopsthat count backwards




Features

 Runtime array bounds check




Features

e Reductions




Features

e Inductions




Features

e |f-conversion (loops with ifs




Features

 Pointerand C++ iterators vectorization




Features

* Partial vectorization (parts of the code are scalar)




Features

e \ectorization of mixed types




Features

e \ectorization of some function calls




Features

* Unrollingfor ILP during vectorization
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Profitability

Cost of load 164
Cost of add 164

Cost of load <2 x 164>
Cost of add <2 x 164>




HOWw It WOrks

 Asmuch as possible from TargetLowering

TLI->isOperationLegalOrPromote(Opcode)
TLI->getTypeLegalizationCost(Ty)

e (Genericrules




Transformation

if (A overlap B)
goto scalar Lloop




Unrolling for [LP

 Modern processors can execute many
instructions at once

e Reductionsintroduce data-hazards (compute




Unrolling In the vectorizer

forp (il = 0+ j¢ = - 1]

lteration 1




Unrolling In the vectorizer




Why unroll in the vectorizer?

 Same kind of analysis that the vectorizer does
.g. reductions + tail loop




| oop Vectorizer TODO

* Supportfor vectorizer #pragma

e Vectorization with library functions




#pragma

e Control vectorization width and unrolling

 Markas legal (no runtime checks needed)




Vectorization with library
functions

e Vectorized library function calls available

e Use vectorized library function




INnlining and restrict

e Afterinlining we lose 'restrict’ keyword

Wy A% ¥

int foo(int *restrict A, int *restrict B) -




Vectorization of interleaved
data

e Vectorizerlooks at each instruction individually

 Deemed too expensive due to gather/scather




| OoK at all accesses

B[2xi] B[2%i+1] Cl2%i] €l2%1+1]

4 Vector Loads




| P Vectorization
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SLP vectorizer

e Superword-Level Parallelism

 Combines multiple scalars into one vector operation

 Reduce code size and register pressure




Example

e 2Xboost in performance on matmul_f64_4x4-

static void mul4(double x0Qut, double A[4][4], double B[4][4]) {
unsigned n;  double Res[16];




How SLP Vectorization works

e Bottom-up search

e Vectorize profitable trees




SLP Vectorization Phases

. Build a vectorizable tree

stimate the cost of the tree




FINnding roots

e Consecutive stores - o

e Arithmetic reductions




Features




Features

 Multiple basic blocks



Features




Features




Features




TODO

e Function call vectorization

+ Costmodel for vector widih = 3
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How can you help”

* Analyze workloads

e Benchmark LLVM

 Compareto other compiler







