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o Superword Level Parallelism [Larsen PLDI'00]

e GCC and LLVM implementations are based on
Bottom-Up SLP

QHIQ} _ EHI% - Ali+1:i+0] = B[i+1:i+0]

e SLP and loop-vectorizer complement each other:

e Unroll loop and vectorize with SLP
e Even if loop-vectorizer fails, SLP could partly succeed

e |t is missing features present in the Loop vectorizer
(e.g., Interleaved Loads, Predication)

e Usually run SLP after the Loop Vectorizer
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SLP not effective in more complex cases

e SLP reordering not effective for:

® Load address mismatch further up the graph
® Opcode mismatch further up the graph
® Reodering across chains of commutative operations

e Look-Ahead SLP (LSLP) provides a solution to all
three.
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1/3 Load address mismatch

long A[],B[],Cl[];
A[i+0]=(BJ[i+0]<<1)&(CJi+0]<<2);
Ali+1]=(C[i+1]<<3)&(BJi+1]<<4);
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2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
Ali+0]=((B[2*]<<1)&0x11)+((C[2*]+ 2)&0x12);
Ali+1]=((D[2*]+ 3)&0x13)+((E[2*i]<<4)&0x14);

slide 7 of 18

http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
A[i+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12);
Afi+1]=((D[2*i]+ 3)&0x13)+((E[2*i]<<4)&0x14);

B2]  C[2*i] D[2*] E[2*]
5 .0, B L0

€90x11 () Ox12  (+)0x13 &9

A[i+0] AJi+1]
Lane 1 Lane 2

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[1,D[.E[l; o
A[i+0]=((B[2*]<<1)&0x11)+((C[2*]+ 2)&0x12); —
Afi+1]=((D[2*i]+ 3)&0x13)+((E[2*i]<<4)&0x14); n

A[ii+1]

B[2+] %z*i] D[2%] E[2*i]
@ 1 2

3 4

£90x11 (+) Ox12 (+)0x13 €9 O0x14

&) (&) &) (&)
® ®
[©) [©)

Ali+0] Ali+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
A[i+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12);
Afi+1]=((D[2*i]+ 3)&0x13)+((E[2*i]<<4)&0x14);

SLP

Al

B[2*|] %}2’%] D[2*|] E[2*|]

3 Ox112 14

A[|+0] A[|+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
A[i+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12);
Afi+1]=((D[2*i]+ 3)&0x13)+((E[2*i]<<4)&0x14);

Al

B2]  C[2*i] D[2*] E[2*]
b .6, 650

£90x11 (+) O0x12

A[i+0] AJi+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[1,D[l,E[]; o
Ali+0]=((B[2*i]<<1)&0x11)+((C[2}i]+ 2)&0x12
A{=:1%=§EDE2*=]]i<3))&3)):( [ i]|]<+<4g&0§14g£:‘ F (7|)

Al

B2]  C[2*i] D[2*] E[2*]
b .6, 650

3
Eois . oxe
®

A[i+0] AJi+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
Ali+0]=((B[2*i]<<1)&0x11 C[2fi]+ 2)&0x12
A{=:1%=§ED%2*=]]i<3))&3)):( [ i]']<+<4§&o§14§;D

Al

B2]  C[2*i] D[2*] E[2*]
b .6, 650

3
Eois . oxe
®

A[i+0] AJi+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
Ali+0]=((B[2*i]<<1)&0x11 C[2fi]+ 2)&0x12
AHil%:gED%Z*Ii]]i<3))&3)):( [ i]']<+<4§&o§14§;D

Al

B2]  C[2*i] D[2*] E[2*]
b .6, 650

3
Eois . oxe
®

A[i+0] AJi+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
A[i+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12);
Afi+1]=((D[2*i]+ 3)&0x13)+((E[2*i]<<4)&0x14);

Al

B[2+] %2*%] D[2%] E[2*i]
@ 1 2 @

3 4

€90x11 () Ox12  (+)0x13 &9

&) :

®

A[i+0] AJi+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[1,D[.E[l; o
Ali+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12); -
Afi+1]=((D[2*i]+ 3)&0x13)+([E[ZFi]<<4)&0x14) 1 [1 N

Al

B2*]  C[2*] D[2*|] E[2*I]
N

A[i+0] AJi+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[1,D[.E[l; o
A[i+0]=((B[2*]<<1)&0x11)+((C[2*]+ 2)&0x12); —
Ali+1]=((D[2#i]+ 3)&0xA3)+((E[ZF]<<4)&0x14)[ ] [ 1 )

Al

B2*]  C[2*] D[2*|] E[2*I]
N

A[i+0] AJi+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[1,D[.E[l; o
A[i+0]=((B[2*]<<1)&0x11)+((C[2*]+ 2)&0x12); —
Ali+1]=((D[2#i]+ 3)&0xA3)+((E[ZF]<<4)&0x14)[ ] [ 1 )

A+
B[2+] (E)Z*i] D[2%] E[2*i]
@ 1 2 @

3 4

A[i+0] AJi+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

+2 +2 +2 +2

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
Ali+0]=((B[2*]<<1)&0x11)+((C[2*i]+ 2)&0x12);
Ali+1]=((D[2*i]+ 3)&0x13)+((E[2fi]<<4)&0x14) ] [

A+
B[2+] %z*i] D[2%] E[2*i]
@ 1 2 @

3 4

A[i+0] AJi+1]
Lane 1 Lane 2

[ @ Non-Vectorizable== Vectorizable +/~#Cos}

slide 7 of 18 http://vporpo. me


http://vporpo.me

. +2 +2 +2
2/3 Opcodes mismatch
unsigned long A[1,B[,C[I.DII.E[; D_—JJ & &| [& &]-1
Ali+0]=((B2*]<<1)&0XL1)+((C[2*i]+ 2)&0x12); 5 NoReordering
Ali+LI=((D[24il+ 3RO+ (EZT<<Ae0A ] [ e -]
[Not Vectorized|!
S ST I Cost=+4
Alizi+1]

B[2*i] (E}Z*i] D[2*i] E[2*i]
@ 1 2 @ 3 4

A[i+0] AJi+1]
Lane 1 Lane 2

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

slide 7 of 18 http://vporpo. me


http://vporpo.me

. +2 +2 +2
2/3 Opcodes mismatch
unsigned long A[],B[],C[],D[l,E[]; -& &] [& &]-1
Ali+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12); % NB\IReord%ﬂng
Afi+1]=((D[2*1]+ 3)&0x13)+((E[2*]]<<4)&0x14); @) gy I

[Not Vectorized|!
S S| ICost=+4

Al
B[2i] %z*i] D[2*i] E[2%i]
© . 2 Q 3Q
€90x11 () Ox12  (+)0x13 &9
o
—
(9p]
-
S
A[i+0] AJi+1]
S S
Lane 1 Lane 2 A[

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

slide 7 of 18 http://vporpo. me


http://vporpo.me

. +2 2 42 42
2/3 Opcodes mismatch

unsigned long A[1,B[,C[I.DII.E[; -l& &] [& &]-1

Ali+0]=((B2*]<<1)&0XL1)+((C[2*]+ 2)&0x12); Q NoReordering

Ali+1]=((D[2*]+ 3)&0x13)+((E[2*]<<4)&0x14): ) e

[Not Vectorized|!
S S[~ICost=+4

A+
B[2%]  C[2*i] D[2*i] E[2*]]
Q_; 6. 0.0 .
(+) O0x12 €9 0x14
&) (&) &) o
® D :LsLp O 2
S
A[i+0] Afi+1]
Lane 1 Lane 2 A[

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

slide 7 of 18 http://vporpo. me


http://vporpo.me

. +2 2 42 42
2/3 Opcodes mismatch

unsigned long A[1,B[,C[I.DII.E[; -l& &] [& &]-1

Ali+0]=((B2*]<<1)&0XL1)+((C[2*]+ 2)&0x12); Q NoReordering

Ali+1]=((D[2*]+ 3)&0x13)+((E[2*]<<4)&0x14): ) e

[Not Vectorized|!
S S[~ICost=+4

Ali+1]
C[2%] B[2*i] D[2*i] E[2*]]
3
*)0x13 &9
o
-
N
-
A[i+0]
Lane 1 Afii+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

slide 7 of 18 http://vporpo. me


http://vporpo.me

. +2 +2 +2
2/3 Opcodes mismatch
unsigned long A[],B[],C[],D[l,E[]; 0__]1 & & [& &]-1
Ali+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12); — NB\IReord%ﬂng
Afi+1]=((D[2*1]+ 3)&0x13)+((E[2*]]<<4)&0x14); @) gy I

[Not Vectorized|!
S S| ICost=+4

AT
Cl2*] B[2*i] D[2*|] E[2*|]
2 1
x12 ox11 x13 L] ox14
o
-
LSLP 0
-
Ali+0] A[|+1]
Lane 1 Lane 2 Ali:i+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

slide 7 of 18 http://vporpo. me


http://vporpo.me

. +2 +2 +2
2/3 Opcodes mismatch
unsigned long A[],B[],C[],D[l,E[]; 0__]1 & & [& &]-1
Ali+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12); — NB\IReord%ﬂng
Afi+1]=((D[2*1]+ 3)&0x13)+((E[2*]]<<4)&0x14); @) gy I

[Not Vectorized|!
S S| ICost=+4
Alizi+1]

C[2%i] B[2*i] D[2*I] E[Z*I]
2 1

&) @ ox11 x13 L] ox14

0x12

o
|
LSLP (%)}
-
Ali+0] A[|+1]
Lane 1 Lane 2

Afii+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

slide 7 of 18 http://vporpo. me


http://vporpo.me

. +2 2 42 42
2/3 Opcodes mismatch

unsigned long A[1,B[,C[I.DII.E[; -l& &] [& &]-1

Ali+0]=((B2*]<<1)&0XL1)+((C[2*]+ 2)&0x12); Q NoReordering

Ali+1]=((D[2*]+ 3)&0x13)+((E[2*]<<4)&0x14): ) e

[Not Vectorized|!
S S| ICost=+4
Alizi+1]

Cl[2%i] B[2*]] D[2*|] E[2*|]
2 1

x12 ox11 x13 L] 0x14

,_
0
—
T
LSLP

Afi+0] A[|+1]
Lane 1 Lane 2

Alizi+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

slide 7 of 18 http://vporpo. me


http://vporpo.me

. +2 +2 +2
2/3 Opcodes mismatch
unsigned long A[],B[],C[],D[l,E[]; 0__]1 & & [& &]-1
Ali+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12); — NB\IReord%ﬂng
Afi+1]=((D[2*1]+ 3)&0x13)+((E[2*]]<<4)&0x14); @) gy I

[Not Vectorized|!
S S| ICost=+4
Alizi+1]

C[2*i] B[2*] D[2*I] E[Z*I]

N . D[2*]C[2*]

x12 ox11 x13 L] ox14
(o
_
LSLP (0]
i
Ali+0] A[|+1]
Lane 1 Lane 2

Afii+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

slide 7 of 18 http://vporpo. me


http://vporpo.me

. +2 +2 +2
2/3 Opcodes mismatch
unsigned long A[],B[],C[],D[l,E[]; -& &] [& &]-1
Ali+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12); % NB\IReord%ﬂng
Afi+1]=((D[2*1]+ 3)&0x13)+((E[2*]]<<4)&0x14); @) gy I

[Not Vectorized|!
S S| ICost=+4

AT+
H 1 *| *
C[2*] B[2*i] D[2 i] E[2 i] —
2 1
2.3
ox12 |€9] ox11 Ox13 ox14
© E" L“ U
0x12 , 0x13
L
LSLP 7 e &l [& &
- LSL
Ali+0] A[|+1]
Lane 1 Lane 2

Afii+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

slide 7 of 18 http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
A[i+0]=((B[2*i]<<1)&0x11)+((C[2*i]+ 2)&0x12);
Afi+1]=((D[2*i]+ 3)&0x13)+((E[2*i]<<4)&0x14);

Cl[2%i] B[2*]]
2 1

x12 ox11 x13 L] 0x14

D[2*|] E[2*|]

A[i+0]
Lane 1

slide 7 of 18

+2 +2 +2 +2

~reTe] [&&]-1

% NB\IReord%nng
n + +1-1
[Not Vectorized|!

S S[~ICost=+4

Alizi+1]
D[2*i]C[2*i]
2,3
0x12 , 0x13\ 0x11 0x14
5
7 [&&] [&&]
-l LSL

Alizi+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
Ali+0]=((B[2*]<<1)&0x11)+((C[2*]+ 2)&0x12);
Ali+1]=((D[2*]+ 3)&0x13)+((E[2*i]<<4)&0x14);

C[2%i] B[2*i] D[2*I] E[Z*I]
2 1

&) @ ox11 x13 L] ox14

0x12

slide 7 of 18

+2 +2 +2

o R A
n + +1-1
[Not Vectorized|!

S S[~ICost=+4
Alizi+1]

D[2*]C[2*] E[2%]  B[2*]

[& &] [& &]

LSLP

Afii+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
Ali+0]=((B[2*]<<1)&0x11)+((C[2*]+ 2)&0x12);
Ali+1]=((D[2*]+ 3)&0x13)+((E[2*i]<<4)&0x14);

C[2%i] B[2*i] D[2*I] E[2*I]
2 1

x12 ox11 x13 L] 0x14

slide 7 of 18

+2 +2 +2

o R A
n + +1-1
[Not Vectorized|!

S ST I Cost=+4
Alizi+1]

D[2*]C[2*] E[2%]  B[2*]
+2

LSLP
i
Ro
i

[& &1

Afii+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

http://vporpo. me


http://vporpo.me

2/3 Opcodes mismatch

unsigned long A[],B[],C[],D[].E[l;
Ali+0]=((B[2*]<<1)&0x11)+((C[2*]+ 2)&0x12);
Ali+1]=((D[2*]+ 3)&0x13)+((E[2*i]<<4)&0x14);

C[2%i] B[2*i] D[2*I] E[2*I]
2 1

&) @ ox11 x13 L] ox14

0x12

slide 7 of 18

+2 +2 +2

o R A
n + +1-1
[Not Vectorized|!

S ST I Cost=+4
Alizi+1]

D[2*]C[2*] E[2%]  B[2*]
+2

LSLP

Afizi+1]

r. Non-Vectorizable=—= Vectorizable +/—#Cosq

http://vporpo. me


http://vporpo.me

3/3 Chains of Commutative Operations

unsigned long A[],B[],C[1,D[],E[l;
AJi+0]=A[i+0]&(B[i+0]+C[i+0])&(D[i+0]+E[i+0]);
Ali+1]=(D[i+1]+E[i+1])&(B[i+1]+Cl[i+1])&A[i+1];
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Execution Speedup

Performance (normalized to O3)
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Static Cost (the higher the better)
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Performance (Full Benchmarks)
e About 1% speedup in 453.povray and 435.gromacs
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Total Compilation Time

e No significant difference in compilation time
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