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BeKkTOpHbIe npoueccopbl

= BekmopHbil npoyeccop (vector processor)— npoueccop, NoaaepHKnBatoLLmnim
Ha YpOBHE CMCTEeMbl KOMaHA onepauun ana paboTbl C 0O4HOMEPHbIMW MacCUBamMMm
(BekTopamm)

CKanapHblii npoueccop BeKTOpHbI Npoueccop
(Scalar processor) (Vector processor)
X [ [ % [ ] %a | [ Yo | Yo ]| Yoo |
+
[ x+v | [ %+ ¥, | %o+, [ ] Xa+v,. |

add Z, X, Y add.v Z[@:n-1], X[@:n-1], Y[@:n-1]



BeKTopHbIX npoueccop vs. CKansipHbIX npoueccop

MosnemeHTHOE cymmupoBaHue aByx maccmsoB U3 10 umcen

CkanapHbiit npoueccop (scalar processor)

for i = 1 to 10 do

ID - Instruction Decode
Load Operandl
Load Operand2
Add Operandl Operand2
Store Result

end for

IF - Instruction Fetch (next)

BeKTOpHbIN npoueccop (vector processor)

IF - Instruction Fetch

ID - Instruction Decode

Load Operandl[0:9]

Load Operand2[0:9]

Add Operandl[©:9] Operand2[0:9]
Store Result

MeHble npeobpa3oBaHU aapecos
MeHble IF, ID

MeHblue KOHGJMKTOB KOHBEeWepa,
owmnbOoK npeackasaHMAa Nepexonos
ddPeKkTMBHEE AOCTYN K NAMATH

(2 BbIGOPKM Vs. 20)

Onepauna Hag onepaHaaMM BbINMOJHAETCA
napannenbHo

YMeHbLlKnACA pa3mep Koaa



Mpou3BoaAUTENbHOCTb BEKTOPHbIX NPOLLECCOPOB

dakTOopbI BAMAIOLWME Ha NPOU3BOAUTE/IbHOCTb
BEKTOPHOTro npoueccopa

[ona Koaa B BEKTOpPHOU dopme
[nnHa BeKTopa (BEKTOPHOro permcTpa)

JIaTEHTHOCTb BEKTOPHOM MHCTPYKUMM (vector startup latency) —
Ha4yaNbHasA 3aJeprKKa KOHBeMepa Npu 0b6paboTke BEKTOPHOM UHCTPYKLMK

KonnyecTBo BEKTOPHbIX PErnMcTpoB

KonnyectBo BEKTOPHbIX MOAY/1IeN A0CTYNa K NaMATH
(load-store)



Knaccndukauma BeKTOPHbIX cUCTeM

BeKTOpHble npoLeccopbl NamMmATb-NaMATb
(memory-memory vector processor) — BEeKTOPbl pa3mMmelleHbl B onepaTMBHOM NamsATH,
BCE BEKTOPHbIE onepauumn NnamaTb-namsaThb

[Tpyumepsi:
(J CDC STAR-100 (1972, BekTOop 65535 sanemeHTOB)
1 Texas Instruments ASC (1973)

BeKTOpHble npoueccopbl perucTp-perucTp
(register-vector vector processor) — BeKTOpbl pa3mMeLleHbl B BEKTOPHbIX PErNCTPaX,
BCe BEKTOPHbIe onepaLnun BbINOJNHAKTCA MeXXay BEKTOPHbIMU pernctpamm

[TpMepbl: NPaKTUYECKM BCE BEKTOPHbIE CUCTEMbI HA4YNHAA
¢ KoHua 1980-x: Cray, Convex, Fujitsu, Hitachi, NEC, ...




BEKTOprIe BblYNC/iTeéNibHblie CUCTEeMbDI

Cray 1 (1976) 80 MHz, 8 regs, 64 elems

Cray XMP (1983) 120 MHz 8 regs, 64 elems

Cray YMP (1988) 166 MHz 8 regs, 64 elems

Cray C-90 (1991) 240 MHz 8 regs, 128 elems

Cray T-90 (1996) 455 MHz 8 regs, 128 elems

Conv. C-1(1984) 10 MHz 8 regs, 128 elems

Conv. C-4 (1994) 133 MHz 16 regs, 128 elems

Fuj. VP200 (1982 133 MHz 8-256 regs, 32-1024 elems
Fuj. VP300 (1996) 100 MHz 8-256 regs, 32-1024 elems
NEC SX/2 (1984) 160 MHz 8+8K regs, 256+var elems
NEC SX/3 (1995) 400 MHz 8+8K regs, 256+var elems



SIMD-MHCTPYKLUM COBPEMEHHbIX NpoLeccopos

Intel MMX: 1997, Intel Pentium MMX, 1A-32

AMD 3DNow!: 1998, AMD K6-2, IA-32

Apple, IBM, Motorola AltiVec: 1998, PowerPC G4, G5, IBM Cell/POWER
Intel SSE (Streaming SIMD Extensions): 1999, Intel Pentium IlI
Intel SSE2: 2001, Intel Pentium 4, 1A-32

Intel SSE3: 2004, Intel Pentium 4 Prescott, 1A-32

Intel SSE4: 2006, Intel Core, AMD K10, x86-64

AMD SSE5 (XOP, FMA4, CVT16): 2007, 2009, AMD Buldozzer
Intel AVX: 2008, Intel Sandy Bridge

ARM Advanced SIMD (NEON): ARMv7, ARM Cortex A

MIPS SIMD Architecture (MSA): 2012, MIPS R5

Intel AVX2: 2013, Intel Haswell

Intel AVX-512: 2013, Intel Xeon Skylake, Intel Xeon Phi
ARMVS -- Scalable Vector Extension (SVE, 2016)



CPUID (CPU Identification): Microsoft Windows

Windows CPU-Z

CPU lCan:hes ] Mainboard ] Memary ] SPD ] Graphics ] About ]

Processar
Mame Intel Core i5 2520M _

Code Name Sandy Bridge maxToP | 35w [ intel insige:
Package Socket 9888 rPGA
Technology | 32 nm CoreViD | 0786V CORE'i5 = MMX

Specification Intel{R} Core(TM} i5-2520M CPU @ 2.50GHz = SSE

Famihy 6 Model A Stepping ) = AVX
Fxt Family | B Ext Model | 2A Revision | D2

Instructions | MMX, S5E (1, 2, 3, 35, 4.1, 4.2), EMS4T VT-x, AES, A ——_

Clocks (Core #0) Cache
Core Speed 7974 MHz L1 Data 2 x 32 KBytes B-way
Multiplier *a.0 L1 Inst. 2 ¥ 32 KBytes B-way
Bus Speed 99.7 MHz Level 2 | 2x 255 KBytes B-way
Level 3 3 MBytes 12-way

Selection |Processor #1 J Cores | 2 Threads | 4

Version 1.58 Validate QK




CPUID (CPU Identification): GNU/Linux

= daiin [proc/cpuinfo: B none flags xpaHuTca nHpopmaumsa o npoueccope
= dainn [/sys/devices/system/cpu/cpuX/microcode/processor_flags

= YcrpouncTteo /dev/cpu/CPUNUM/cpuid: uteHue BbinonHsaeTca yepes Iseek n pread
(TpebyeTcs 3arpy3Ka moayna sapa cpuid)

$ cat /proc/cpuinfo

processor : 0
model name : Intel(R) Core(TM) i5-3320M CPU @ 2.60GHz

flags : fpu vme de pse tsc msr pae mce cx8 apic sep mtrr pge mca cmov pat

pse36 clflush dts acpi mmx fxsr sse sse2 ss ht tm pbe syscall nx rdtscp 1lm
constant_tsc arch_perfmon pebs bts rep _good nopl xtopology nonstop tsc aperfmperf
eagerfpu pni pclmulqdq dtes64 monitor ds _cpl vmx smx est tm2 ssse3 cx16 xtpr pdcm
pcid ssed4 1 sse4 2 x2apic popcnt tsc_deadline_timer aes xsave avx fl6c rdrand

lahf _1m ida arat epb pln pts dtherm tpr_shadow vnmi flexpriority ept vpid fsgsbase
smep erms xsaveopt




CPUID (CPU Identification): GNU/Linux

inline void cpuid(int fn, unsigned int *eax, unsigned int *ebx,
unsigned int *ecx, unsigned int *edx)

{
asm volatile("cpuid"
: "=a" (*eax), "=b" (*ebx), "=c" (*ecx), "=d" (*edx)
: "a" (fn));
}

int is_avx_supported()

{

unsigned int eax, ebx, ecx, edx;

cpuid(1l, &eax, &ebx, &ecx, &edx);
return (ecx & (1 << 28)) ? 1 : ©;
} Intel 64 and IA-32 Architectures Software Developer’s
Manual (Vol. 2A)
int main()
{
printf("AVX supported: %d\n", is_avx_supported());
return 0;



Intel MMX

1997, Intel Pentium MMX

MMX — Habop SIMD-unHcTpyKumnm ana obpaboTtkm
LLeNOYNCNEHHbIX BEKTOPOB A/IMHOM 64 bUT

8 BUPTYa/ibHbIX perncrtpos mmd, mml, .., mm/7 —
CCbINKW Ha du3mnyeckue pernctpol x87 FPU

(OC He TpebyeTca coxpaHATb/BOCCTaHaBAMBATb PErucTpbI
mmo, .., mm7 npu nepexkarYeHNN KOHTEKCTa)

Tunbl BeKTOopoB: 8 X 1 char, 4 x short int, 2 x int

MMX-nUHCTpyKUuuun pasgenann x87 FPU ¢ FP-uHcTpykumnamm —
TpeboBanoCb ONTUMMU3NPOBATL MOTOK MHCTPYKLUMN
(oTmaBaTb NpeanoYTEHME UHCTPYKLUMAM OAHOro TMNa)

intgle
~ pentiume
w/ MMX™ tech

Pentium Processo:
with MM X Technology

See It! Hear It! Experience It!

mm7

mme
mm5
mmd
mma3
mm?2
mm-1

mmO
63 1]




Intel SSE

1999, Pentium IlI 157

8 BEKTOPHbIX PErMCTPOB WHUPUHOM 128 buUT:

AT
ZMML

%Xmmo, %xmml, .., %xmm7

ZMM2

ZMM3

ZMM4

Tunbl aaHHbIX: Tloat (4 anemeHTa Ha BeKTOp)

ZMM5

70 MHCTPYKUMIN: KOMaHAbl NEPECbINKN, apuPmeTniYeckme KomaHabl,
KOMaHAbl CpaBHeHUA, Npeobpa3oBaHMa TMNOB, NOH6UTOBbLIE ONepaLUm

NHCTPYKUUMN ABHOM NpeaBblOOPKU AaHHbIX, KOHTPOAA K3LWNPOBAHMUS
NAHHbIX U KOHTPO/1S NOpAAKa onepauuin coxpaHeHus

XMMO | float | float | float |[float

XMM1 | float | float | float |float

mulps %xmml, %xmm@ // xmm@ = xmm@ * xmml

ZMME
HMMT

31
MXCSR |



Intel SSE

" OauH 13 paspaboTtumKos pacumpeHma SSE —
B.M. lNenmkoeckKuii (1946 — 2012 r.)

= Jlo nepexopn, B Intel aBnsanca cotpyaHnkom Hosocubupckoro punmana
NTMuBT (nporpammHoe obecneyeHrne MHOToNPOLECCOPHbIX KOMMIEKCOB
Inbbpyc 1 1 2, A3bIk I1b-76, npoueccop Inb-90, ...)

d Jagannath Keshava and Vladimir Pentkovski: Pentium Ill Processor Implementation
Tradeoffs. // Intel Technology Journal. — 1999. — T. 3. — Ne 2,

[ Srinivas K. Raman, Vladimir M. Pentkovski, Jagannath Keshava: Implementing Streaming
SIMD Extensions on the Pentium Ill Processor. // IEEE Micro, Volume 20, Number 1,
January/February 2000: 47-57 (2000)



Intel SSE2

2001, Pentium 4, IA32, x86-64 (Intel 64, 2004)

16 BEKTOPHbIX PETUCTPOB LLNPUHON 128 BUT:
%Xmmo, %xmml, .., %xmm7; 7%xmm8, .., %Xmml5

[obasneHo 144 nuctpyKumm K 70 nHcTpyKkumam SSE

Mo cpaBHeHuto ¢ SSE conpoueccop FPU (x87) obecneunsaer
6onee TOYHbIN pe3ynbTaT Npu paboTe ¢ BeL,eCTBEHHbIMU YNC/IaMU

16 x char

8 x short int

4 x float | int
2 x double

1 x 128-bit int

char | char | char | char | char char
short int short int short int
float float float float
double double

128-bit integer




= [1o6aBneHOo 13 HOBbIX MHCTPYKLUMU K MHCTPYKLUMAM SSE2

Intel SSE3, SSE4

Intel SSE3: 2003, Pentium 4 Prescott, IA32, x86-64 (Intel 64, 2004)

" BO3MOXHOCTb FOPM30HTA/IbHOMN PaboTbl C pernMcTpamm — KOMaHabl CNOKEHUA U

BbIHUTAHUA HECKOJIbKUX 3Ha‘—IEHVIl7I, XPaHAWNXCA B OAHOM PETrNCTpe

Intel SSE4: 2006, Intel Core, AMD Bulldozer

= [lobaBneHo 54 HOBbIX UHCTPYKLNU:

o SSE 4.1: 47 HCTPYKUMN,
Intel Penryn

o SSE 4.2: 7 HCTPYKUUNY,
Intel Nehalem

XMMo

XMM1

XMM1

Horizontal instruction

a3

a2

al

a0

b3

b2

bl

bo

haddps %xmml, 7%xmmo

b3+b2

bl1+bo

a3+a2

al+aod




Intel AVX

2008, Intel Sandy Bridge (2011), AMD Bulldozer (2011)

Pasmep BEKTOPOB yBe/IMYeH A0 256 6ur

BeKkTOpHbIe perncTpbl nepenmmeHoBaHbl: ymmO, ymml, ..., ymm15
Pernctpbl xmm# — 310 mnaawue 128 6umt pernctpos ymmét

TpexonepaHAaHbIN CMHTAaKcUC AVX-MHCTpyKumn: C=A +B

Mcnonb3oBaHMe ymm PerucTpoB TpebyeT noaaepKKu
CO CTOPOHbI ONEepPaLMOHHOM cucTemMbl (A8 coXxpaHeHuUn
PErncTpoB NP NepPeKtoYeHNN KOHTEKCTOB)

o Linuxaapa>=2.6.30
o Apple 0OS X10.6.8
o Windows7SP 1

Moaaep»KKa KOMNUASTOPaMM:

o GCCA4.6

o Intel C++ Compiler 11.1

o Microsoft Visual Studio 2010
o Open644.5.1

YMMO
YMMI1
Y MM2
YMM3
YMM4
YMMS
YMME
YMMT
YMMB
Y MMY
YMMI10
YMMI1
YMMI12
YMMI13
YMM14
YMMI15

255

128

XMMO

XMM1

XMM2

XMM3

KMM4

XMM5

XMME

XMMT

XMME

XMM9

XMM10

KMMI11

XMM12

XMM13

XMM14

XMM15




Tunbl BeKTOPHbIX MHCTPYKUMi Intel SSE/AVX

ADDPS

= ADDPS — add 4 packed
= Ha3BaHWe UHCTPYKLUUMU single-precision values
(float)
¢ = ADDSD - add 1 scalar
* TUn UHCTPYKLUM double-precision value

S — Hag ckanapom (scalar) (double)

P — Hag ynakoBaHHbIM BEKTOPOM
(packed)

= Twun anemeHTOB BeKTopa/cKanapa
S —single precision (float, 32-6uTa)
D — double precision (double, 64-6uTa)



CkanapHble SSE/AVX-UHCTpYKLUUMn

= CKanapHbie SSE-nHcTpyKuum (scalar instruction) — B onepaumm y4acTByrOT TO/IbKO MaaLLne
3N1EeMEeHTbI AaHHbIX (CKanapbl) B BEKTOPHbIX perncrpax/namstm

= ADDSS, SUBSS, MULSS, DIVSS, ADDSD, SuBSD, MULSD, DIVSD, SQRTSS, RSQRTSS, RCPSS,

MAXSS, MINSS, ..

Scalar Single-precision (float)

Scalar Double-precision (double)

XMMO | 4.0 3.0 2.0 1.0

XMM1 | 7.0 7.0 7.0 7.0
addss 7%xmm@, 7%xmml

XMM1 | 4.0 3.0 2.0 8.0

XMMO 8.0 6.0

XMM1 7.0 7.0
addsd 7%xmm@, 7%xmml

XMM1 8.0 13.0

= Pe3ynbTaT NOMELLAETCA B MaLlee ABOMHOe
cnoBo (32-bit) onepaHaa-HasHayeHums (xmm1l)

= Tpwu cTapwmx ABOMHbIX C/IOBA U3 ONepaHaa-
MCTOYHMKA (xmmO) KonupytoTcsa B onepaHa-
Ha3HayeHue (xmm1l)

* Pe3ynbtaT nomellaeTca B maagwme 64 6uta
onepaHga-HasHavyeHua (xmml)

= Crapwue 64 6MTa U3 onepaHAa-UCTOMHMKA (xmmO)
KONMPYIOTCA B onepaHg-Ha3HayeHue (xmm1)



UHCTPYKUMM HAZ, YNaKOBAaHHbIMUM BEKTOPaMM

* SSE-MHCTPYKUMA HaZ ynakoBaHHbIMM BeKTopamum (packed instruction) —
B OMepaLummn y4acTBYIOT BCE 31€MEHTblI BEKTOPHbIX PerncTpos/namaTu

= ADDPS, SUBPS, MULPS, DIVPS, ADDPD, SUBPD, MULPD, DIVPD, SQRTPS, RSQRTPS, RCPPS, MAXPS, MINPS, ...

Packed Single-precision (float) Packed Double-precision (double)
XMMO | 4.0 | 3.0 | 2.0 | 1.0 XMMO 8.0 6.0
XMM1 | 7.0 | 7.0 | 7.0 | 7.0 XMM1 7.0 7.0

addps %xmm0, %xmm1 addpd %xmm0, %xmm1

XMM1| 11.0 | 10.9 | 9.0 | 8.0 XMM1 15.0 13.0




UHCTPYKLUUU

Onepauun KonuposaHUa AaHHbIX (mem-reg/reg-mem/reg-reg)
o Scalar: MOVSS

o Packed: MOVAPS, MOVUPS, MOVLPS, MOVHPS,

Arithmetic |Scalar Operator Packed Operator
MOVLHPS, MOVHLPS

y=y+x addss addps
ApudmeTnueckue onepauum y=y—x subss subps
o Scalar: ADDSS, SUBSS, MULSS, DIVSS, RCPSS, Y=Y rRX mulss mulps
SQRTSS, MAXSS, MINSS, RSQRTSS y=y+x divss divps
o Packed: ADDPS, SUBPS, MULPS, DIVPS, RCPPS, 1
SQRTPS, MAXPS, MINPS, RSQRTPS - P33 "cpps
Onepauuun cpasHeHUA ¥=ax sqriss sqrtps
o Scalar: CMPSS, COMISS, UCOMISS 1
o Pacled: CMPPS a ﬁ 'Sqriss rSarips
Mopa3pagHbie normyecKkue onepauum ¥ = max(y, x) Maxss Maxps

o Packed: ANDPS, ORPS, XORPS, ANDNPS F =iy, x) minss minps



SSE-UHCTPYKUUM KONUPOBAHUA AAHHbDIX

Memory Memory
v[]— V[ ]=—>
vo vo
movaps (%[v]), %xmmo i movlps %xmm@, (%[v]) L
v2
v3
XMMO XMMO
v3 v2 vl vo vl vo

movlhps %xmm@, %xmml

XMMo vl \V{%)

—

XMM1 vl VO

21



Ucnonb3oBaHUe MHCTPYKUMN SSE

BcTpoeHHble C++ Knaccoil ABTOMaTHM4YECKan
Accembnephble dYyHKUUN BEKTOpU3aLuua
BCTaBKM yHKG pusai}
KOMMNUAATOPA KOMMNUAATOPA
(Intrinsic)
Jlydwasa ynpasnaemocmso [lpocmoma
(nosHbIG KOHMPOsb) UCros1b308aHUSA

22



CnoxeHue BeKTOpOB

void add(float *a, float *b, float *c)
{

int i;

for (1 =0; 1 < 4; i++) {
c[i] = a[i] + b[i];

}

23



BctraBKa Ha accembnepe

void add_sse asm(float *a, float *b, float *c)

{
__asm_ _ volatile
(
"movaps (%[a]), %%xmm@ \n\t"
"movaps (%[b]), %%xmml \n\t"
"addps %%xmml, %%xmm@ \n\t"
"movaps %%xmm@, %[c] \n\t"
[c] "=m" (*c) /* output */
[a] "r" (a), [b] "r" (b) /* input */
: "%xmm@", "Z%xmml" /* modified regs */
)5



SSE Intrinsics (builtin functions)

" |ntrinsics — Habop BCTPOEHHbIX GYHKLMIM N TUMOB AAHHbIX, NOAAEPKMUBAEMbIX
KOMNUNATOPOM, ANS NPEeAO0CTaB/IeHMS BbICOKOYPOBHEBOIO A0CTyNa K SSE-MHCTpYKUMAm

= Komnunsatop camocTosATenbHo pacnpeaenset XMM/YMM pernctpbl, npUHUMAET peLleHue
0 crnocobe 3arpy3Ku AaHHbIX U3 NaMATU (NpoBepPSeT BbIPaBHEH aAapec UM HET) U T.N.

= 3aroso0BoYHble pannbl:

#include <mmintrin.h> /* MMX */

#include <xmmintrin.h> /* SSE, HyxeH Takxe mmintrin.h */
#include <emmintrin.h> /* SSE2, HyxeH Takxe xmmintrin.h */
#include <pmmintrin.h> /* SSE3, HyxeH Takxe emmintrin.h */
#include <smmintrin.h> /* SSE4.1 */

#include <nmmintrin.h> /* SSE4.2 */

#include <immintrin.h> /* AVX */



void main()

SSE Intrinsics: TUNbI AaHHbIX

{
~_ml28 f; /* float[4] */
__ml28d d; /* double[2] */
__ml128i i; /* char[16], short int[8], int[4], uint6d4 t [2] */
}
_mm_<intrinsic_name>_ <suffix>
{

-Float V[4] — {1.@, 2.@, 3.@, 4°@};

_ m128 t1

_ ml128 t2

~mm_load _ps(v); // v must be 16-byte aligned

_mm_set ps(4.0, 3.9, 2.0, 1.0);




CnoxeHue BeKTopoB: SSE intrinsics

#include <xmmintrin.h> /* SSE */

void add(float *a, float *b, float *c)

{

__ml28 to, ti;

t0 = mm_load ps(a);
tl = mm_load ps(b);
t0 = mm_add ps(to, tl1);
_mm_store ps(c, t0);

27



BbipasHuBaHue agpecos namartu: Microsoft Windows

= BblpaBHUBAHUE NAMATU

XpaHumble B NamATK onepaHAabl SSE-MHCTPYKUNN A0/IKHbBI ObITb Ppa3melleHbl N0 agpecy
BbIPOBHEHHOMY Ha rpaHuuy B 16 6anT

/* OnpepeneHne ctaTuyeckoro maccuea */
__declspec(align(16)) float A[N];

/*
* [InHaMM4yecKoe BbloesieHue namMaTwu
* C 3apaHHbLIM BblpaBHMBAHMEM ajpeca

*/
#include <malloc.h>
void * aligned malloc(size_t size, size_ t alignment);
void aligned free(void *memblock);



BbipasHuBaHue agpecos namatu: GNU/Linux

/* OnpepeneHve cTaTU4Yeckoro maccuea */
float A[N] _ attribute ((aligned(16)));

/*
* [INHaMM4eckoe BblaeneHne namsaTu
* C 3afaHHbIM BbipaBHMBAHWEM ajpeca
*/
#include <malloc.h>
void * mm malloc(size t size, size t align)
void mm free(void *p)

#include <stdlib.h>
int posix memalign(void **memptr, size t alignment, size t size);

/* Cl1 */
#include <stdlib.h>
void *aligned alloc(size t alignment, size t size);



Intel Intrinsics Guide

https://software.intel.com/sites/landingpage/IntrinsicsGuide

(intel Intrinsics Guide The Intel Intrinsics Guide is an interactive reference tool for Intel intrinsic instructions, which are C style functions that provide access to *
many Intel instructions - including Intel® SSE, AVX, AVX-512, and more - without the need to write assembly code.

Technologies

MMX
SSE
SSE2 B __m256d _mm256_broadcast_pd (__m128d const * mem_addr)

= 225; I__m256 _mm256_broadcast_ps (__m128 const * mem_addr)

B0 ssean B __m256d _mm256_broadcast_sd (double const * mem_addr)

I SSE4.2 I__m128 _mm_broadcast_ss (float const * mem_addr)

I 7 awx B __m256 mm256_broadcast_ss (float const * mem_addr)

I AVX2 I__m2561' _mm256_1lddqu_si256 (__m256i const * mem_addr)

| B B __m256d _mm256_10ad_pd (double const * mem_addr)

I AVX-512 I__m256 _mm256_load_ps (float const * mem_addr)

KNC I__m2561' _mm256_load_si256 (__m256i const * mem_addr)

I SVML I__m256d _mm256_loadu_pd (double const * mem_addr)

Other I__m256 _mm256_loadu_ps (float const * mem_addr)

Categories I__m2561' _mm256_loadu_si256 (__m256i const * mem_addr)
Application-Targeted I__m256 _mm256_loadu2_m128 (float const* hiaddr, float const* loaddr)
Arithmetic I__m256d _mm256_loadu2_m128d (double constx hiaddr, double const* loaddr)
Bit Manipulation I__m2561' _mm25é_loadu2_m128i (__ml128i const* hiaddr, __ml128i const* loaddr)
Cast I__m128d _mm_maskload_pd (double const * mem_addr, __m128i mask)
Eznm\::e I__m256d _mm256_maskload_pd (double const * mem_addr, __m256i mask)
Cryptography I__m128 _mm_maskload_ps (float const * mem_addr, __ml128i mask)
Elementary Math B __m256 _nm256_maskload_ps (float const * mem_addr, __m2561 mask)

Functions
General Support

¥ Load
Logical

Mask



https://software.intel.com/sites/landingpage/IntrinsicsGuide

UHuumnanusauma BeKTopos

4.9 | 3.0 | 2.0 | 1.0 t

~mm_set ps(4.9, 3.0, 2.0, 1.0);

1.0 | 1.0 | 1.0 | 1.0 t

~mm_setl ps(1.0);

.0 | 0.0 | 6.0 | 1.0 t = mm _set ss(1.0);

9.0 | 0.0 | 0.0 | 0.0 t = _mm_setzero ps();

https://software.intel.com/sites/landingpage/IntrinsicsGuide
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ApudmetTnyeckme onepauuu

#include <xmmintrin.h> /* SSE */
Intrinsic Name Operation Corresponding SSE Instruction
~ m128 mm_add ss(__ml28 a, _ ml28 b) Addition ADDSS
_mm_add_ps Addition ADDPS
_mm_sub_ss Subtraction SUBSS
_mm_sub_ps Subtraction SUBPS
_mm_mul_ss Multiplication MULSS
_mm_mul _ps Multiplication MULPS
_mm_div_ss Division DIVSS
_mm_div_ps Division DIVPS
_mm_sqrt_ss Squared Root SQRTSS
_mm_sqrt_ps Squared Root SQRTPS
_mm_rcp_ss Reciprocal RCPSS
_mm_rcp_ps Reciprocal RCPPS
_mm_rsqrt_ss Reciprocal Squared Root RSQRTSS
_mm_rsqrt_ps Reciprocal Squared Root RSQRTPS
_mm_min_ss Computes Minimum MINSS
_mm_min_ps Computes Minimum MINPS
_mm_max_ss Computes Maximum MAXSS
_mm_max_ps Computes Maximum MAXPS
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ApudmetTnyeckme onepauuu

#include <emmintrin.h> /* SSE2 */
Intrinsic Name Operation Corresponding Intel® SSE Instruction

~ m128d mm_add sd(_m128d a, Addition ADDSD

__ml128d b)

_mm_add_pd Addition ADDPD
_mm_sub_sd Subtraction SUBSD
_mm_sub_pd Subtraction SUBPD
_mm_mul sd Multiplication MULSD
_mm_mul pd Multiplication MULPD
_mm_div_sd Division DIVSD
_mm_div_pd Division DIVPD
_mm_sqgrt_sd Computes Square Root SQRTSD
_mm_sqgrt_pd Computes Square Root SQRTPD
_mm_min_sd Computes Minimum MINSD
_mm_min_pd Computes Minimum MINPD
_mm_max_sd Computes Maximum MAXSD
_mm_max_pd Computes Maximum MAXPD
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SAXPY: scalar version

enum { n = 1000000 };

void saxpy(float *x, float *y, float a, int n)
{
for (int i = 0; i < n; i++)
y[i] = a * x[1] + y[i];
}

double run_scalar()

{
float *x, *y, a = 2.0;
x = xmalloc(sizeof(*x) * n);
y = xmalloc(sizeof(*y) * n);
for (int i =0; i < n; i++) {
x[i] =1 * 2 + 1.0;
y[i] = i;
}

double t = wtime();

saxpy(x, y, a, n);
t = wtime() - t;

/* Verification ... */
printf("Elapsed time (scalar): %.6f sec.\n", t);

free(x); free(y);
return t;

SAXPY
Scalar Alpha X Product Y

Y[i] = a * X[i] + Y[i]



SAXPY: SSE version

#tinclude <xmmintrin.h>

void saxpy sse(float * restrict x, float * restrict y, float a, int n)

{
_ ml28 *xx = (__ml28 *)x;
~ ml128 *yy = (__ml28 *)y; ad
*
int k = n / 4; .
~ml128 aa = _mm_setl ps(a); x[0:18]
for (int 1 =0; i < k; i++) { +
_m128 z = _mm_mul_ps(aa, xx[i]); 1
yy[i] = _mm_add_ps(z, yy[i]); v{0:18]
} } 14 v A v J 1N v J ?
double run_vectorized() i=0 i=1 i=3
{
float *x, *y, a = 2.0;
X = _mm_malloc(sizeof(*x) * n, 16);
= _mm_malloc(sizeof(* *n, 16); .
:‘Cor‘ (int i = e§ i< n§ )'1/3-+) { ) # Intel(R) Core(TM) 1i5-3320M CPU @ 2.60GHz
x[i] =i * 2 + 1.0; $ ./saxpy
} yli] = i; SAXPY (y[i] = a * x[i] + y[i]; n = 1000000)
double t = wtime(); Elapsed time (scalar): 0.001571 sec.
saxpy_sse(X, y, a, Nn); Elapsed time (vectorized): 0.000835 sec.
t = wtime() - t; Speedup: 1.88




{

DAXPY: SSE version (double precision)

~ m128d *xx = (__ml128d *)x;
~ m128d *yy = (__ml1l28d *)y;
X[O
int k =n / 2;
~_m128d aa = _mm_setl pd(a); v[O
for (int 1 = 0; i < k; i++) {
. m128d z = mm _mul pd(aa, xx[1]);

yy[i] = _mm_add_pd(z, yy[i]);

void daxpy sse(double * restrict x, double * restrict y, double a, int n)

aa
*
:18]
+
:18]
——
i=0

# Intel(R) Core(TM) i5-3320M CPU @ 2.60GHz
$ ./daxpy

daxpy (y[i] = a * x[i] + y[i]; n =

1000000)
Elapsed time (scalar): 0.002343 sec.
Elapsed time (vectorized): 0.001728 sec.
Speedup: 1.36



void saxpy sse(float * restrict x, float * restrict y, float a, int n)

{

SAXPY: SSE version + « AOKpPYTKa» UUKAA

_ m128 *xx = (__ml128 *)x; ad
~ ml128 *yy = (__ml28 *)y; *
x[0:18]
int k = n / 4; +
~ _ml128 aa = mm_setl ps(a); v[0:18]
for (int 1 =0; i < k; i++) { . N
. m128 z = _mm_mul _ps(aa, xx[i]); Y Y
yy[i] = _mm_add_ps(z, yy[i]); i=0 i=1

¥

for (int 1 = k * 4; i < n; i++)
y[i] = a * x[i] + y[i];

CKanapHasa yacTtb



SAXPY: AVX version

#tinclude <immintrin.h>

void saxpy avx(float * restrict x, float * restrict y, float a, int n)

{
. m256 *xx = (__m256 *)x; ad
_ m256 *yy = (__m256 *)y;
x[0:18]
int k = n / 8;
__m256 aa = _mm256_setl ps(a);
for (int i = 9; i < k; i++) { y[0:18]
~ m256 z = _mm256_mul ps(aa, xx[i]);
yy[i] = _mm256_add_ps(z, yy[i]);
}
for (int i = k * 8; 1 < n; i++)
\ y[i] = a * x[1] + y[i];

double run_vectorized()

{
float *x, *y, a = 2.0;
X = _mm_malloc(sizeof(*x) * n, 32);

(¢




Particles

enum { n = 1000003 };

void init_particles(float *x, float *y, float *z, int n) double run_scalar()

{ {

for (int i = @; i < n; i++) { float *d, *x, *y, *z;

x[i] = cos(i + 0.1); x = xmalloc(sizeof(*x) * n);
y[i] = cos(i + 0.2); y = xmalloc(sizeof(*y) * n);
z[i] = cos(i + 0.3); z = xmalloc(sizeof(*z) * n);
} d = xmalloc(sizeof(*d) * n);
) init_particles(x, y, z, n);
void distance(float *x, float *y, float *z, )
float *d, int n) double t = wtime();
or (int iter = 0; 1iter < 100; iter++
{ for (int i ' i ) o
for (int i = @; i < n; i++) { distance(x, y, z, d, n);
d[i] = sqrtf(x[i] * x[i] + y[i] * y[i] + b
z[i] * z[i]); t = wtime() - t;
} return t;



void distance vec(float *x, float

{

. m128 *xx = (__ml28 *)x;
~ ml128 *yy = (__ml28 *)y;
. ml128 *zz = (__ml28 *)z;
~ m128 *dd = (__ml128 *)d;

int k = n / 4;
for (int 1 = 0; i < k; i++) {

Particles: SSE

*y, float *z, float *d, int n)

- m128 t1 = mm mul ps(xx[i], xx[i]);
_m128 t2 = _mm_mul_ps(yy[i], yy[i]);
~ m128 t3 = mm _mul ps(zz[i], zz[i]);
tl = mm_add ps(tl, t2);

tl = mm_add _ps(tl, t3);
dd[i] = _mm_sqrt_ps(tl);
}

for (int i =
d[i] =
}

k * 4; 1 < n; i++) {
sqrif(x[i] * x[i] + y[i] * y[i] + z[i] * z[i]);



Particles: AVX

void distance vec(float *x, float *y, float *z, float *d, int n)

{

_ m256 *xx = (__m256 *)x;
_ m256 *yy = (__m256 *)y;
_ m256 *zz = (__m256 *)z;
__m256 *dd = (__m256 *)d;

int k = n / 8;

for (int 1 = 0; i < k; i++) {
~ m256 t1 = mm256 mul ps(xx[i], xx[i]);
_ m256 t2 = mm256 mul ps(yy[i], yy[i]);
_ m256 t3 = mm256 mul ps(zz[i], zz[i]);
tl = mm256_add ps(tl, t2);
tl = mm256_add ps(tl, t3);
dd[i] = _mm256_ sqrt_ps(tl);

}

for (int 1 = k * 8; i < n; i++) {
} d[i] = sqrtf(x[1] * x[1i] + y[1] * y[i] + z[i] * z[1i]);



