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__mm256 x, y; float x, y;
_mm256_add_ps(x,Yy); X +y,;




SIMD Instruction Set Evolution
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Header files

'SIMD extensions on top of x86/x87

: MMX <mmintrin.h>
128b SSE <xmmintrin.h>
64b : SIMD SSE2 <emmintrin.h>
SIMD SSE3 <pmmintrin.h>

SSSE3 <tmmintrin.h>
SSEA4.1 <smmintrin.h>
SSE4.2 <nmmintrin.h>

AES <wmmintrin.h>
| IR \D WY <immintrin.h>
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Data types

SSE Data Types (16 XMM Registers)

_m12s | Float | Float | Float | Float | ax32-bitfloat

_mi2sd | pouble | Double | 2x64-bitdouble
__m128i |B|B|B|B|B|B|BIB|B|BlBlBlBlBIBlBI 16x 8-bit byte
s (RN 22t nteger

__m128i I long long I long long | 2x 64bit long
__m128i I doublequadword | 1x 128-bit quad
AVX Data Types (16 YMM Registers)
. mm256 Float Float Float Float Float Float Float Float 8x 32-bit float
~ mm256d Double Double Double Double 4% 64-bit double

__mm256i 256-bit Integer registers. It behaves similarly to _m128i.0ut of scope in AVX, useful on AVX2



Functions

float
_mm_*_ps()
_mm256_*_ps()
_mm512_*_ps()

double
_mm_*_pd()
_mm256_*_pd()
_mm512_*_pd()

acos ceil fabs round
acosh Cos floor sin
asin Cosh fmax sinh
asinh erf fmin sqrt
atan Erfc log tan
atan2 Erfinv log10 tanh
atanh Exp log2 trunc
cbrt exp2 pow rsqrt




Addition

AVX Operation

__mm256 X7 X6 xs | xa | x3 | x X1 X0

ot
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 mm256 Y7 Y6 s | va

| —

__mm256 X7+Y7 X6 +Y6 XS5+Y5 X4+Y4 X3+Y3 X2+Y2 X1+Y1 X0+Y0

#1nclude <cstdio>
#1nclude <xmmintrin.h>
1nt main() {
float al[4];
for (1int 1=0; 1<4; 1++) al[1] = 1 + 1;
__ml28 b = _mm_load_ps(a);
b = _mm_add_ps(b, b);
_mm_store_ps(a, b);
for (int 1=0; 1<4; 1++) printf("%f\n",a[1]);




Greater than

_mm2se [ 20f | 20f 3.0f a0f | s.of 6.0f 70f | sof |
>
_mm2ss | 30f | 3o0f 3.0f 30f | a.of 3.0 30f | 30f |
_ mm2s6 | FALSE | FALSE FALSE TRUE | TRUE TRUE TRUE | TRUuE |
#1nclude <cstdio>
#1include <immintrin.h>
int main() {
float a[8];
for (1nt 1=0; 1<8; 1++) a[1] =1 + 1;
__m256 b = _mm256_load_ps(a);
__m256 three = _mm256_setl_ps(3);
__m256 mask = _mm256_cmp_ps(b, three, _CMP_GT_0Q);

int 1 = _mm256_movemask_ps(mask);

printf("%d\n",1);
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Conditional load

mask FALSE FALSE FALSE TRUE TRUE TRUE TRUE TRUE

value true “ ' * 4.0f 5.0f 6.0f 7.0f 8.0f

result 0.0f 0.0f 0.0f 4.0f 5.0f 6.0f 7.0f 8.0f

int main() {
float al[8];
for (int 1=0; 1<8; i1++) a[i1] = 1 + 1;
__m256 b = _mm256_load_ps(a);
__m256 three = _mm256_setl_ps(3);
__m256 mask = _mm256_cmp_ps(b, three, _CMP_GT_0Q);
__m2561 maski = _mmZ256_castps_si1256(mask);
b = _mm256_maskload_ps(a, maski);
_mm256_store_ps(a, b);
for (int 1=0; 1<8; i++) printf("%f\n",a[1]);




Shuffle

res = mm256 permute ps(vec, 0b01110100)

vec

020 [20 40506070 e0
Y Y

- »
02040 20 [s0] 60 a0 s0

res

int main() {
float al[8];
for (1nt 1=0; 1<8; 1++) a[1] =1 + 1;
__m256 b = _mm256_load_ps(a);
b = _mm256_permute_ps(b,0b01110100);
_mm256_store_ps(a, b);
for (int 1=0; 1<8; 1++) printf("%f\n",a[1]);




Horizontal add

112(3|4(5|6(7|8

| +2+3+4+5+6+7+8=36

36/36|36(36|36|36|36|36

int main() {
float a[8];
for (int 1=0; 1<8; 1++) a[i1] =1 + 1;
__m256 b = _mm256_load_ps(a);
__m256 ¢ = _mm256_permutel2f128_ps(b,b,1);
C = mm256 add_ps(c,b);
c = _mm256_hadd_ps(c,c);
c = _mm256_hadd_ps(c,c);
_mm256_store_ps(a, c);
for (1nt 1=0; 1<8; 1++) printf("%f\n",a[1]);




|0_nbody.cpp

#pragma omp parallel for
for (1nt 1=0; 1<N; 1++) {

for (1int 3j=0; j<N; J++) {
float dx = x[1] - x[3];
float dy = y[1] - y[]];
float dz = z[1] - z[]];
float r2 = dx * dx + dy * dy + dz * dz;
float 1nvR = 1.0f / sgrtf(rl2+le-6);
p[1] += m[J] * 1inVR;




SIMD N-body

#pragma omp parallel for
for (int 1=0; i<N; i+=4) {
__m128 pi = _mm_setzero_ps(Q);

__m128 axi = _mm_setzero_ps(Q);
__m128 ayi = _mm_setzero_ps();
__m128 azi = _mm_setzero_ps(Q);
__m128 xi = _mm_load_ps(x+1i);
__m128 yi = _mm_load_ps(y+1i);

__m128 zi = _mm_load_ps(z+1i);

for (int j=0; j<N; j++) {
__m128 R2 = _mm_setl_ps(EPS2);
__ml128 x2 = _mm_setl_ps(x[j]1);
x2 = _mm_sub_ps(x2, xi);
__ml128 y2 = _mm_setl_ps(Cy[jl);
y2 = _mm_sub_ps(y2, yi);
__ml128 z2 = _mm_setl_ps(z[3j]l);
z2 = _mm_sub_ps(z2, zi);
__ml128 xj = x2;
x2 = _mm_mul_ps(x2, x2);
R2 = _mm_add_ps(R2, x2);
__ml28 yj = y2;
y2 = _mm_mul_ps(y2, y2);
R2 = _mm_add_ps(R2, y2);
__ml28 zj = z2;
z2 = _mm_mul_ps(z2, z2);
R2 = _mm_add_ps(R2, z2);
__m128 mj = _mm_setl_ps(m[j]);
__m128 invR = _mm_rsqgrt_ps(R2);

mj = _mm_mul_ps(mj, invR);

pi = _mm_add_ps(pi, mj);

invkR = _mm_mul_ps(invR, invR);
invR = _mm_mul_ps(invR, mj);
xj = _mm_mul_ps(xj, invR);

axi = _mm_add_ps(Caxi, xj);

yj = _mm_mul_ps(Cyj, invR);
ayi = _mm_add_ps(Cayi, yj);
zj = _mm_mul_ps(zj, invR);
azi = _mm_add_ps(Cazi, zj);
ks
_mm_store_ps(p+i, pi);
_mm_store_ps(ax+1i, axi);
_mm_store_ps(ay+i, ayi);
_mm_store_ps(az+i, azi);

}

#pragma omp parallel for
for (int 1=0; i<N; i+=8) {

}

__m256 pi = _mm256_setzero_ps();
__m256 axi = _mm256_setzero_ps(Q);
__m256 ayi = _mm256_setzero_ps();
__m256 azi = _mm256_setzero_ps();
__m256 xi = _mm256_load_ps(x+1);
__m256 yi = _mm256_load_ps(y+1i);
__m256 zi = _mm256_load_ps(z+1);
for (int j=0; j<N; j++) {
__m256 R2 = _mm256_setl_ps(le-6);
__m256 x2 = _mm256_setl_ps(x[j]);
x2 = _mm256_sub_ps(x2, xi);
__m256 y2 = _mm256_setl_ps(Cy[j]);
y2 = _mm256_sub_ps(y2, y1i);
__m256 z2 = _mm256_setl_ps(z[j]);
z2 = _mm256_sub_ps(z2, zi);
__m256 xj = x2;
x2 = _mm256_mul_ps(x2, x2);
R2 = _mm256_add_ps(R2, x2);
__m256 yj = y2;
y2 = _mm256_mul_ps(y2, y2);
R2 = _mm256_add_ps(R2, y2);
__m256 zj = z2;
z2 = _mm256_mul_ps(z2, z2);
R2 = _mm256_add_ps(R2, z2);
__m256 mj = _mm256_setl_ps(m[j1);
__m256 invR = _mm256_rsqrt_ps(R2);
mj = _mm256_mul_ps(mj, invR);
pi = _mm256_add_ps(pi, mj);
invkR = _mm256_mul_ps(invR, invR);
invR = _mm256_mul_ps(invR, mj);
xj = _mm256_mul_ps(xj, invR);
axi = _mm256_add_ps(axi, xj);
yj = _mm256_mul_ps(Cyj, invR);
ayi = _mm256_add_ps(ayi, yj);
zj = _mm256_mul_ps(zj, invR);
azi = _mm256_add_ps(azi, zj);
ks
_mm256_store_ps(p+i, pi);
_mm256_store_ps(ax+i, axi);
_mm256_store_ps(ay+i, ayi);
_mm256_store_ps(az+i, azi);

#pragma omp parallel for
for (int i=0; i<N; i+=16) {

}

m512 pi = _mm512_setzero_ps();

m512 axi = _mm512_setzero_ps();
m512 ayi = _mm512_setzero_ps();
m512 azi = _mm512_setzero_ps();

m512 xi = _mm512_load_ps(x+1);
m512 yi = _mm512_load_ps(y+1);
m512 zi = _mm512_load_ps(z+1);

for (int j=0; j<N; j++) {

}

__m512 xj = _mm512_setl_ps(x[3j]1);
xJ = _mm512_sub_ps(xj, x1);
__m512 yj = _mm512_setl_ps(y[jl);
yJ = _mm512_sub_ps(yj, yi);
__m512 zj = _mm512_setl_ps(z[j]);
zj = _mm512_sub_ps(zj, zi);
__m512 R2 = _mm512_setl_ps(EPS2);
R2 = _mm512_fmadd_ps(xj, xj, R2);
R2 = _mm512_fmadd_ps(yj, yj, R2);
R2 = _mm512_fmadd_ps(zj, zj, R2);
__m512 mj = _mm512_setl_ps(m[j]);
__m512 invR = _mm512_rsqrtl4_ps(R2);
mj = _mm512_mul_ps(mj, invR);

pi = _mm512_add_ps(pi, mj);

invR = _mm512_mul_ps(invRk, 1invR);
invR = _mm512_mul_ps(invRk, mj);

axi = _mm512_fmadd_ps(xj, invR, axi);
ayi = _mm512_fmadd_ps(yj, invR, ayi);
azi = _mm512_fmadd_ps(zj, invR, azi);

_mm512_store_ps(p+i, pi);

_mm512_store_ps(ax+1i, axi);
_mm512_store_ps(Cay+i, ayi);
_mm512_store_ps(az+i, azi);




Operator overloading

template<int N, typename T>
class vec {};

template<>

class vec<8,float> {

__m256 data;

const vec &operator+=(const vec & v) {
data = _mm256_add_ps(data,v.data);
return *this;

s

Agner Fog
http://www.agner.org/optimize/
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