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Outline TRIEREEY

@ Auto-Vectorization with ICC

© C/C++ Intrinsics
@ Arithmetic
@ In-Register Transformations
@ Other intrinsics
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Example TRIEREEY

Algorithm 3.1 Cell-List.
Force calculation for LJ potential

1: for all local-boxes iBox do

2 for all neighboring boxes jBox do
3 for all atoms ¢ of iBox do
4 r; + 7[i]
5 fi< 0
6: for all atoms j of jBox do
i rj < r[j]
8 dr =r; —1j
9: rsq = dot(dr,dr)
10: if rsq < r. then
11: sr2 =1.0/rsq
12: sr6 = 512 X ST2 X Sr2
13: f=sr6x (sr6 —0.5) x sr2
14: fi+ f;— fxdr
15: force[j] < force[j]+ f xdr
16: end if
17: end for
18: end for
19: end for no
20: end for Clels)
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Outline TRIEREEY

© C/C++ Intrinsics
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C/C++ Intrinsics FONTRNERSTY

@ Explicit vectorization

@ Advantage: Great control over vectorization

e Sometimes it enables vectorization where it was not possible before
e Sometimes it exceeds auto-vec speedups

@ Disadvantage: Programmability and Maintenance

_mm256_op_suffix(...)
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Overview R THRREY

Load/Store Arithmetic In-register ~ Data | Other
movement
store[u] add blend[v] cmp
load[u] mul shuffle and
maskstore div permute or
maskload rcp permute2f128
stream dp insertf128
hadd extractf128
movehdup
moveldup
unpackhi
unpacklo
castps256_ps128
castps128_ps256
an
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Advanced Vector Extension R THRREY

Sandy Bridge
( 54 Entry Unified Scheduler )
Port 0 Port 1 Port 5
AL Y| SViD @ Sustain 16 SP or 8 DP
Shift ALU

Branch )| shuffle FP operations per cycles

@ 1x Mul, 1x Add and 1x
shuffle per cycle

Source: www.realworldtech.com

Figure: Intel Sandy Bridge Execution Units.
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Advanced Vector Extension AT

Type Meaning

__m256 | 8 SP FP values

__m256d | 4 DP FP values

__m256i | 256-bit as integer (bytes, words, ...)
__m128 | 4 SP FP values

__m128d | 2 SP FP values
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p1Operations NSRS

@ Intrinsics might consits of multiple ©Ops

@ More detailed information can be found at:
o http://www.agner.org/optimize/instruction_tables.pdf

Number of intrinsics can only be used as a rough
performance estimate.
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http://www.agner.org/optimize/instruction_tables.pdf

Memory Load/Store i

void _mm256_store_ps (float * mem addr, _m256 a)

MEM [mem_addr+255:mem_addr] := a[255:0]

@ MEM must be aligned to 32byte

void _mm256 maskstore ps ( float * mem_addr,

__m256i mask,
__m256 a)

FOR j := 0 to 7
i = j*32
IF mask[i+31]
MEM [mem_addr+i+31:mem_addr+i] := al[i+31:i]
FI
ENDFOR
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Memory Load/Store i

void _mm256_storeu_ps (float * mem_addr, _m256 a)

MEM [mem_addr+255:mem_addr] := a[255:0]

@ MEM does not need to be aligned

void _mm256 maskstore ps ( float * mem_addr,

__m256i mask,
__m256 a)

FOR j := 0 to 7
i = j*32
IF mask[i+31]
MEM [mem_addr+i+31:mem_addr+i] := al[i+31:i]
FI
ENDFOR

4

wi
cle]s]

Paul Springer (AICES) Vectorization 20.04.14 12 / 30



Memory Load/Store i

_m256 mm256_load ps (float const * mem_addr)

dst[127:0] := MEM[mem_addr+127:mem_addr]

@ MEM must be aligned to 32byte

- m128 _mm maskload ps (float const * mem_addr, _m128i mask)

FOR j := 0 to 3
i = j*32
IF mask[i+31]
dst[i+31:1]
ELSE
dst[i+31:i]
FI
ENDFOR

MEM [mem_addr+i+31:mem_addr+i]

]
o
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Memory Load/Store i

_m256 mm256_loadu ps (float const * mem addr)

dst[127:0] := MEM[mem_addr+127:mem_addr]

@ MEM does not need to be aligned

- m128 _mm maskload ps (float const * mem_addr, _m128i mask)

FOR j := 0 to 3
i = j*32
IF mask[i+31]
dst[i+31:1]
ELSE
dst[i+31:i]
FI
ENDFOR

MEM [mem_addr+i+31:mem_addr+i]

]
o
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Arithmetic R THRREY

_m256 mm256 rcp_ps (_m256 a)

FOR j := 0 to 7
i = j*32
dst[i+31:i] := APPROXIMATE(1.0/al[i+31:i])
ENDFOR

@ Higher throughput than ordinary division

_m256 mm256 hadd ps (_.m256 a, _m256 b)

dst[31:0] := a[63:32] + a[31:0]
dst[63:32] := a[127:96] + a[95:64]
dst[95:64] := b[63:32] + b[31:0]
dst[127:96] := b[127:96] + b[95:64]
dst[159:128] a[191:160] + a[159:128]
dst[191:160] a[255:224] + a[223:192]
dst [223:192] b[191:160] + b[159:128]
dst [255:224] b[255:224] + b[223:192] 55

y

Paul Springer (AICES) Vectorization 20.04.14 15 / 30



Arithmetic R THRREY

_m256 mm256 dp_ps (. m256 a, _m256 b, const int imm)

DP(a[127:0], b[127:0], imm[7:0]) {
FOR j := 0 to 3

i 1= j*32
IF imm[4+]]
temp[i+31:i] := ali+31:i] * b[i+31:i]
ELSE
temp[i+31:i] := 0
FI
ENDFOR

sum[31:0] := (temp[127:96] + temp[95:64]) + (temp[63:32] + temp[31:0])

FOR j := 0 to 3
i = j*32
IF imm[j]
tmpdst [i+31:i] := sum[31:0]
ELSE
tmpdst [i+31:i] := 0
FI
ENDFOR
RETURN tmpdst[127:0]
}

dst[127:0] := DP(a[127:0], b[127:0], imm[7:0])
dst[255:128] := DP(a[255:128], b[255:128], imm[7:0])

y

@ Dot-Product g
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In-Register Transformations i Y

@ Help to reduce the amount of memory operations

@ Typical problems:
e Transpose (e.g. row-major to column-major)

o AoS to SoA

o Avoid gather/scatter operations
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In-Register Transformations i Y

_m256 mm256_blend ps (_m256 a, _m256 b, const int imm)

FOR j := 0 to 7
i := j*32
IF imm[j]
dst[i+31:i] := b[i+31:i]
ELSE
dst[i+31:i] := a[i+31:i]
FI
ENDFOR |
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In-Register Transformations i Y

- m256 _mm256_permute2f128 ps (_.m256 a, - m256 b, int imm)

SELECT4 (srcl, src2, control){
CASE(control[1:0])
0: tmp[127:0] := src1[127:0]

1: tmp[127:0]
2: tmp[127:0]
3: tmp[127:0]
ESAC

src1[255:128]
src2[127:0]
src2[255:128]

IF control[3]
tmp [127:0]

FI

RETURN tmp[127:0]

I
o

}

dst[127:0] := SELECT4(a[255:0], b[255:0], imm[3:0])
dst[255:128] := SELECT4(al[255:0], b[255:0], imm[7:4])

1
A8
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In-Register Transformations

RWTHAACHEN
UNIVERSITY

_m256 mm256_insertf128 ps (_m256 a, - m128 b, int imm)

dst [255:0] := a[255:0]
CASE (imm[1:0]) of

0: dst[127:0] := b[127:0]
1: dst[255:128] := b[127:0]
ESAC

- m128 mm256_extractf128_ps (_m256 a, const int imm)

CASE imm of

0: dst[127:0] := a[127:0]
1: dst[127:0] := a[255:128]
ESAC
Paul Springer (AICES) Vectorization 20.04.14
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In-Register Transformations i Y

_m256 _mm256_movehdup_ps (_m256 a)

dst[31:0] := a[63:32]
dst[63:32] := a[63:32]
dst[95:64] := al[127:96]
dst[127:96] := a[127:96]
dst[159:128] := a[191:160]
dst[191:160] := a[191:160]
dst[223:192] := a[255:224]
dst[255:224] := a[255:224]

(A[1]
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In-Register Transformations

_m256 _mm256_moveldup-ps (_m256 a)

dst[31:0] := a
dst[63:32] :=

dst[95:64] :=

dst[127:96] :=
dst[159:128]
dst[191:160]
dst [223:192]
dst [255:224]

[31:0]

a[31:0]

a[95:64]
a[95:64]

:= a[159:128]
:= a[159:128]
:= a[223:192]
1= a[223:192]

RWTHAACHEN
UNIVERSITY
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In-Register Transformations i Y

_m256 _mm256_unpackhi ps (_m256 a, _-m256 b)

INTERLEAVE_HIGH_DWORDS (srci1[127:0], src2[127:0]){
dst[31:0] := src1[95:64]
dst[63:32] := src2[95:64]
dst[95:64] := srci1[127:96]
dst[127:96] := src2[127:96]
RETURN dst[127:0]

}

dst[127:0] := INTERLEAVE_HIGH_DWORDS(a[127:0], b[127:0])
dst[255:128] := INTERLEAVE_HIGH_DWORDS(a[255:128], b[255:128])
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In-Register Transformations i Y

_m256 _mm256_unpacklo_ps (_m256 a, _-m256 b)

INTERLEAVE_DWORDS (src1[127:0], src2[127:0]){
dst[31:0] := srci1[31:0]
dst [63:32] src2[31:0]
dst [95:64] src1[63:32]
dst[127:96] := src2[63:32]
RETURN dst[127:0]

}

dst[127:0] := INTERLEAVE_DWORDS(a[127:0], b[127:0])
dst [255:128] INTERLEAVE_DWORDS (a[255:128], b[255:128])
dst [MAX:256] 0

(A[1]
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In-Register Transformations

- m256 _mm256_permute_ps (_m256 a, int imm)

SELECT4(src, control){
CASE(control[1:0])
0: tmp[31:0] := src[31:0]
1: tmp[31:0] := src[63:32]
2: tmp[31:0] := src[95:64]
3: tmp[31:0] := src[127:96]
ESAC
RETURN tmp[31:0]

}

dst[31:0]
dst[63:32] :
dst[95:64] :
dst [127:96]

dst [159:128]
dst[191:160]
dst[223:192]
dst [255:224]

:= SELECT4(a[127:0], imm[1:0])
SELECT4(a[127:0], imm[3:2])
SELECT4(a[127:0], imm[5:4])

:= SELECT4(a[127:0], imm[7:6])
SELECT4(a[255:128], imm[1:0])
SELECT4(a[255:128], imm[3:2])
SELECT4(a[255:128], imm[5:4])
SELECT4(a[255:128], imm[7:6])

RWTHAACHEN
UNIVERSITY

@ Also allows to duplicate entries

@ Seperation between lower and upper 128bit
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In-Register Transformations i Y

_m256 _mm256_shuffle ps (_.m256 a, - m256 b, const int imm)

SELECT4(src, control){
CASE(control[1:0])

0: tmp[31:0] := src[31:0]
1: tmp[31:0] := src[63:32]
2: tmp[31:0] := src[95:64]
3: tmp[31:0] := src[127:96]
ESAC

RETURN tmp[31:

(e}
[t}

}

dst[31:0] := SELECT4(a[127:0], imm[1:0])
dst[63:32] := SELECT4(a[127:0], imm[3:2])

dst [95:64] SELECT4(b[127:0], imm[5:4])
dst[127:96] := SELECT4(b[127:0], imm[7:6])
dst[159:128] := SELECT4(a[255:128], imm[1:0])
dst[191:160] := SELECT4(a[255:128], imm[3:2])
dst [223:192] SELECT4(b[255:128], imm[5:4])
dst[255:224] := SELECT4(b[255:128], imm[7:6])

<
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Other Intrinsics AT

_m256 mm256 _cmp ps (_m256 a, _m256 b, const int imm)

FOR j := 0 to 7

i 1= j*32

dst[i+31:i] := ( a[i+31:i] OP b[i+31:i] ) ? OxFFFFFFFF : 0O
ENDFOR

(A[1]
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Other Intrinsics R THRREY

_m256 mm256_and ps (_m256 a, _m256 b)

FOR j := 0 to 7

i = j*32

dst[i+31:i] := (a[i+31:i] AND b[i+31:i])
ENDFOR

- m256 _mm256_or_ps (_m256 a, _-m256 b)

FOR j := 0 to 7

i = j*32

dst[i+31:i] := a[i+31:i] BITWISE OR b[i+31:i]
ENDFOR

o Alternative for blending
an
Cle[S]
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C/C++ Intrinsics FONTRNERSTY

Multiply Example
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Example TRIEREEY

Algorithm 3.3 Cell-List.
Force calculation for LJ potential

1: for all local-boxes iBox do
2 for all neighboring boxes jBox do

3: for all atoms i,i+ 1 of {Box do

4 rigy + (r[2],7[i +1])

5 fig1 <0

6: for all atoms j,j +1,j +2,j + 3 of jBox do

T rjor < (r[j],r[j +1]) > aligned 256-bit load
8: rjog < (r[j +2],7[j + 3]) > aligned 256-bit load
9: droo11 = rip1 — Cjo1

10: dro213 = rip1 — rj23

11: rjio < permute(rjo1) > 710 = {rji,vjo}
12: rjge < permute(rja3) > rj10 = {773,742}
13: dro110 = rip1 — rjio

14: dros12 = rip1 — rjs2

15: rsq = dot(droo11, droz13, dro110, drosi2)

16: if rsq < r. then

17: sr2 =1.0/rsq

18: sr6 = sr2 X sr2 X sr2

19: f = 876 x (s76 — 0.5) x s72 b f = {£00,02,01,03, f11,13,10, 12}
20: updateForces(force, f,drooi1, dro2is, drooi, drozi2)

21: end if

22: end for

23: end for

24: end for l@I
25: end for
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