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Two types of vectorizers

• The traditional Loop Vectorizer (LV)
• Straight-line code Vectorizer (SLP)

• Acronym: Superword Level Parallelism

• Same goal, different means:
• LV: parallelism exposed by loops
• SLP: parallelism in straight-line code (e.g., basic-blocks)
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SLP compared to Loop Vectorization

• SLP vectorizes across instructions, *NOT* iterations
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A[i+2] = B[i+2]
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Introduction to SLP

• Superword Level Parallelism [Larsen et al. PLDI’00]
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Introduction to SLP

• Superword Level Parallelism [Larsen et al. PLDI’00]

• Graph isomorphism problem

• GCC and LLVM implementations are based on Bottom-Up SLP
[Rosen et al. GCC-DEV’07]

• SLP and loop-vectorizer complement each other:
• Unroll loop and vectorize with SLP
• Even if loop-vectorizer fails, SLP could partly succeed

• Run SLP after the Loop Vectorizer

• Algorithms can also do SLP-aware LV
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Why do we need PostSLP ?

• Missed opportunities by both SLP and LV

slide 6 of 16 http://vporpo.me

http://vporpo.me


Why do we need PostSLP ?

• Missed opportunities by both SLP and LV
1 SLP regions restricted by seed selection and graph formation

slide 6 of 16 http://vporpo.me

http://vporpo.me


Why do we need PostSLP ?

• Missed opportunities by both SLP and LV
1 SLP regions restricted by seed selection and graph formation
2 SLP can partially vectorize code, leaving instructions scalar

slide 6 of 16 http://vporpo.me

http://vporpo.me


Why do we need PostSLP ?

• Missed opportunities by both SLP and LV
1 SLP regions restricted by seed selection and graph formation
2 SLP can partially vectorize code, leaving instructions scalar
3 LV may vectorize the loop such that the largest datatype fits the architecture

slide 6 of 16 http://vporpo.me

http://vporpo.me


Why do we need PostSLP ?

• Missed opportunities by both SLP and LV
1 SLP regions restricted by seed selection and graph formation
2 SLP can partially vectorize code, leaving instructions scalar
3 LV may vectorize the loop such that the largest datatype fits the architecture

• PostSLP: SLP-style pass capable of mixed vectorization of scalars
and/or vectors

slide 6 of 16 http://vporpo.me

http://vporpo.me


Why do we need PostSLP ?

• Missed opportunities by both SLP and LV
1 SLP regions restricted by seed selection and graph formation
2 SLP can partially vectorize code, leaving instructions scalar
3 LV may vectorize the loop such that the largest datatype fits the architecture

• PostSLP: SLP-style pass capable of mixed vectorization of scalars
and/or vectors

• Runs after both vectorizers
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1/3 Missed opportunities by SLP due to regions

A[i+4] = B[i+3] + C[i+3] − D[i+3]

A[i+1] = B[i+1] + C[i+1] − D[i+1]
A[i+3] = B[i+2] + C[i+2] − D[i+2]

A[i+0] = B[i+0] + C[i+0] − D[i+0]

long A[], B[], C[], D[]
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3/3 LV Vectorizing for the Widest Data Type

for (i = 0; i != N; i += 4 + UF) {

}
// Repeats due to unrolling UF times

A[i:i+3] = B[i:i+3] + C[i:i+3] + D[i:i+3]
E[i:i+3] = F[i:i+3] + G[i:i+3] + H[i:i+3]

double A[], B[], C[], D[];
float E[], F[], G[], H[];

A[i+4:i+7] = B[i+4:i+7] + C[i+4:i+7] + D[i+4:i+7]
E[i+4:i+7] = F[i+4:i+7] + G[i+4:i+7] + H[i+4:i+7]
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PostSLP Algorithm

• Seeds: Consecutive Vector/Scalar
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Find seed instructions for vectorization 1.

Scalar and/or Vector IR
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Up to 2.5% Faster in Full Benchmarks
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Conclusion

• Motivated the need for a post-vectorization pass
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Conclusion

• Motivated the need for a post-vectorization pass

• Missed opportunities by SLP or LV

• PostSLP: A vectorization pass that can vectorize scalars and/or
vectors

• Implementation in LLVM

• Up to 2.5% speedup in Full SPEC CPU2006 benchmarks

• Negligible compilation time increase
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