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Two types of vectorizers

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

e Acronym: Superword Level Parallelism
e Same goal, different means:

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

e SLP vectorizes across instructions, *NOT?* iterations
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for (i=0; i<N; i+=4)
AJi] = B[i]
Afi+1] = BJi+1]
Afi+2] = B[i+2]
Ali+3] = B[i+3]
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e SLP vectorizes across instructions, *NOT?* iterations

Loop Vectorization (LV) with VF =4
M for (i=0; i<N; i+=16)
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Loop Vectorization (LV) with VF =4
M for (i=0; i<N; i+=16)

Ali, i+4,i+8, i+12] = B[i, i+4,i+8, i+12]
Afi+1,i+5,i+9, i+13] = BJi+1,i+5,i+9, i+13]
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Loop Vectorization (LV) with VF =4
M for (i=0; i<N; i+=16)

Ali, i+4,i+8, i+12] = B[i, i+4,i+8, i+12]
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Ali+1] = B[i+1] A[i+3,i+7,i+11,i+15] = B[i+3,i+7,i+11,i+15]
A[!+2] = B[!+2]
Ali+3] = B[i+3] SLP Vectorizer with VF = 4

for (i=0; i<N; i+=4)
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Introduction to SLP

o Superword Level Parallelism [Larsen et al. PLDI'00]
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SLP and loop-vectorizer complement each other:
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Introduction to SLP

o 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:

e Unroll loop and vectorize with SLP
e 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 7
e Missed opportunities by both SLP and LV

slide 6 of 16 http://vporpo.me


http://vporpo.me

Why do we need PostSLP 7
e Missed opportunities by both SLP and LV

® SLP regions restricted by seed selection and graph formation

slide 6 of 16 http://vporpo.me


http://vporpo.me

Why do we need PostSLP 7
e Missed opportunities by both SLP and LV

® SLP regions restricted by seed selection and graph formation
@® SLP can partially vectorize code, leaving instructions scalar

slide 6 of 16

http://vporpo.me


http://vporpo.me

Why do we need PostSLP 7
e Missed opportunities by both SLP and LV

® SLP regions restricted by seed selection and graph formation
@® SLP can partially vectorize code, leaving instructions scalar
® 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 7
e Missed opportunities by both SLP and LV

® SLP regions restricted by seed selection and graph formation
® SLP can partially vectorize code, leaving instructions scalar
® LV may vectorize the loop such that the largest datatype fits the architecture

e 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 7
e Missed opportunities by both SLP and LV

® SLP regions restricted by seed selection and graph formation
® SLP can partially vectorize code, leaving instructions scalar
® LV may vectorize the loop such that the largest datatype fits the architecture

e PostSLP: SLP-style pass capable of mixed vectorization of scalars
and/or vectors
e Runs after both vectorizers

SLP Vectorizer
PostSLP
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1/3 Missed opportunities by SLP due to regions

long A[l, B[l, C[], D[]

A[i+0] = B[i+0] + C[i+0] — D[i+0]
Afi+1] = B[i+1] + C[i+1] - D[i+1]
A[i+3] = B[i+2] + C[i+2] - D[i+2]
Ali+4] = B[i+3] + C[i+3] - D[i+3]
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long A[l, B[l, C[], D[]
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2/3 Partially Vectorized Code by SLP

long A[l, B[l, C[], D[]

A[i+0] = BJ[i+0] + C[i+0] — D[i+0]
A[i+2] = B[i+1] + C[i+1] - D[i+1]
A[i+3] = B[i+2] + C[i+2] - D[i+2]
A[i+5] = B[i+3] + CJ[i+3] — D[i+3]
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Tmp = B[i:i+3] + C[i:i+3] — D[i:i+3]
A[i+0] = shuffle<0>(Tmp)
A[i+2:i+3] = shuffle<1:2>(Tmp)

dide 8 of 1A[I+5] = shuffle<3>(Tmp)
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3/3 LV Vectorizing for the Widest Data Type

double A[], B[], C[l, D[J;

float E[], F[1, G[l, H[I;

for (i=0;i!=N;i+=4+UF){
Alizi+3] = Bli: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]
Ali+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]
/I Repeats due to unrolling UF times
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3/3 LV Vectorizing for the Widest Data Type

lOr!l=0;l!=N;|+=4+UF”

/I Repeats due to unrolling UF times

for (...

LV

/I Repeats due to unrolling
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| (‘-
-—— =

256 bits

| -
-
-
bits

1
/I Repeats due to unrolling

slide 9 of 16 http://vporpo.me


http://vporpo.me

3/3 LV Vectorizing for the Widest Data Type

double A[l, B[], C[l, D[I;

float E[], F[l, G[I, HI;

for (i=0;i!=N;i+=4+UF){
Alizi+3] = Bli:i+3] + C[izi+3] + D[i:i+3]
E[i:i+3] = F[i:i+3] + G[i:i+3] + H[i:i+3]
Ali+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]
/I Repeats due to unrolling UF times

}
for (.){
st iter.
>
-
2nd iter.
} /I Repeats due to unrolling
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(intel

3/3 LV Vectorizing for the Widest Data Type

/I Repeats due to unrolling UF times

for (...) {

1stiter.

LV

2nd iter.

Il Repeats due to unrolling

PostSLP
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intel.

3/3 LV Vectorizing for the Widest Data Type

double A[, B[], C[], D[J;

!0r!|=0;|!=N;|+:4+UFH
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PostSLP Algorithm

Scalar and/or Vector IR
. |
e Seeds: Consecutive Vector/ScaIar 1.[ Find seed instructions for vectorization |
Loads and Stores
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Scalar and/or Vector IR
. |
e Seeds: Consecutive Vector/ScaIar 1.| Find seed instructi?ns for vectorization |
Loads and Stores 2 [Get next seed group
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PostSLP Algorithm

o Seeds: Consecutive Vector/Scalar
Loads and Stores

e Grow vectorization graph towards defs
and uses
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Scalar and/or Vector IR

1.| Find seed instructions for vectorization ]

2.[Get next seed group]

3/

Generate the PostSLP graph
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PostSLP Algorithm

Scalar and/or Vector IR

. |
e Seeds: Consecutive Vector/ScaIar 1.[ Find seed instructi?ns for vectorization |
Loads and Stores 2./Get next seed group|
o Grow vectorization graph towards defs 3. Generate the PostSLP grapfi
and uses 4.[Calculate cost of re-vectorization|

e Cost: weighted instruction count
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and uses 4.[Calculate cost of re-vectorization|
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e Check overall profitability
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PostSLP Algorithm

Scalar and/or Vector IR

. |

e Seeds: Consecutive Vector/ScaIar 1.[ Find seed instructi?ns for vectorization |

Loads and Stores 2./Get next seed group|
o Grow vectorization graph towards defs 3.[_Generate the PostSLP grapf]

and uses 4.[Calculate cost of re-vectorization|

5.
e Cost: weighted instruction count
. - 6. g

e Check overall profitability Code géneration

e Generate code for groups
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Scalar and/or Vector IR

. |

e Seeds: Consecutive Vector/ScaIar 1.[ Find seed instructi?ns for vectorization |

Loads and Stores 2./Get next seed group|
o Grow vectorization graph towards defs 3. Generate the PostSLP grapfi

and uses 4.[Calculate cost of re-vectorization|

5.
. . . NO
e Cost: weighted instruction count
. - 6. g

e Check overall profitability Code géneration

e Generate code for groups
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PostSLP Algorithm

Scalar and/or Vector IR

. |

e Seeds: Consecutive Vector/ScaIar 1.[ Find seed instructi?ns for vectorization |

Loads and Stores 2./Get next seed group|
o Grow vectorization graph towards defs 3. Generate the PostSLP grapfi

and uses 4.[Calculate cost of re-vectorization|
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e Cost: weighted instruction count
. .- 6. -

e Check overall profitability Code géneratin
e Generate code for groups 7.[Remove current seed group|
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PostSLP Algorithm

Scalar and/or Vector IR

. |

e Seeds: Consecutive Vector/ScaIar 1.[ Find seed instructi?ns for vectorization |

Loads and Stores 2./Get next seed group|
o Grow vectorization graph towards defs 3. Generate the PostSLP grapfi

and uses 4.[Calculate cost of re-vectorization|

5.
) ) : NO
e Cost: weighted instruction count
. .- 6. -

e Check overall profitability Code géneration
e Generate code for groups 7.[Remove current seed group|

8.
Seeds left

slide 10 of 16 http://vporpo.me


http://vporpo.me

PostSLP Algorithm

Scalar and/or Vector IR

e Seeds: Consecutive Vector/ScaIar 1.[ Find seed instructié)ns for vectorization |
Loads and Stores 2.[Get next sjeed groupf————

e Grow vectorization graph towards defs 3. Generate the PostSLP grapfi
and uses 4.[Calculate cost of re-vectorization|

o Cost: weighted instruction count NO

e Check overall profitability ® [ Code generaion

e Generate code for groups 7.[Remove current seed group]

o Repeat YES
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PostSLP Algorithm

Scalar and/or Vector IR

. |
o Seeds: Consecutive Vector/Scalar 1.[ Find seed instructi?ns for vectorization |
Loads and Stores 2.[Get next sieed groupf————
e Grow vectorization graph towards defs 3. Generate the PostSLP grapfi
and uses 4.[Calculate cost Oif re-vectorization|

e Cost: weighted instruction count

| Code generation

e Check overall profitability

e Generate code for groups 7.[Remove current seed group|
8.
e Repeat L
TNO
DONE
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Experimental Setup

e Implemented in LLVM trunk
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Experimental Setup

e Implemented in LLVM trunk

e Target: Intel® Core™ i5-6440HQ CPU

o Compiler flags: -O3 -ffast-math -march=native -mtune=native
o SPEC CPU2006
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Experimental Setup

e Implemented in LLVM trunk
Target: Intel® Core™ i5-6440HQ CPU
Compiler flags: -O3 -ffast-math -march=native -mtune=native

SPEC CPU2006
We evaluated the following:
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Experimental Setup

Implemented in LLVM trunk
Target: Intel® Core™ i5-6440HQ CPU
Compiler flags: -O3 -ffast-math -march=native -mtune=native

SPEC CPU2006
We evaluated the following:
@ O3 : All vectorizers enabled
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Experimental Setup

Implemented in LLVM trunk

Target: Intel® Core™ i5-6440HQ CPU

Compiler flags: -O3 -ffast-math -march=native -mtune=native
SPEC CPU2006

We evaluated the following:

® O3 : All vectorizers enabled
® O3 + PostSLP : All vectorizers + PostSLP
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Static Cost Savings in 9 Full Benchmarks
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Up to 1.8x Faster in Kernels

1.9x
1.8x
1.7x
1.6x
1.5x
1.4x
1.3x
1.2x
1.1x
1.0x
0.9x

O3 mmm O3+PostSLP mmm

48 2.

CO/n Qi X
- /i (o}
SUS pus{@%%ffg\maha slzeljc/ http://vporpo.me

oty Moy

Gy,
. (S%)

St ¢ Qtrg ce O,


http://vporpo.me

Static Cost Savings in Kernels

-100

O3 mmm
90 | O3+PostSLP ==
-80 |
-70 F
-60 |
50 |
-40

Lo lnaa il

43 43 48 48 m m
&SU ~rdj Te /l‘rajgs‘co/j A g/: [M Ca/; W /O'e S
‘ e‘sUS U{@%dlsg ’ha d/sLeUCfS s ¢ http://vporpo.me



http://vporpo.me

Conclusion

e Motivated the need for a post-vectorization pass
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e Motivated the need for a post-vectorization pass
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o PostSLP: A vectorization pass that can vectorize scalars and/or
vectors
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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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