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Instruction Level Parallelism

ApXUTEKTYpHbIe pelleHua gnAa obecneyeHMAa napannenbHoro
BbINOJIHEHMA KOPOTKUX NOCNAeA0BaTeNIbHOCTEN UHCTPYKLUIA

" BbluucaurenbHbin KoHBeuep (Pipeline) — coBmeweHune
(overlap) Bo BpemeHn BbINOAHEHUNA UHCTPYKLUIN

* CynepcKanapHoe BbinoaHeHue (Superscalar) — Bblgaya
1 BbINO/IHEHNE HECKONbKNX MHCTPYKUMI 3a TakT (CPl < 1)

= BHeouepegHoe BbinonHeHUue (Out-of-order execution) —
AMHaMM4yecKas Bblgavya MHCTPYKLWIA Ha BbINOJHEHME NO
FOTOBHOCTU UX AAHHbIX



Instruction Level Parallelism

ApXUTEKTYpHbIe pelleHua gnAa obecneyeHMAa napannenbHoro
BbINOJIHEHMA KOPOTKUX NOCNAeA0BaTeNIbHOCTEN UHCTPYKLUIA

= BbluucaurenbHbi KoHBeuep (Pipeline) — coBmeleHmne
(overlap) Bo BpemeHn BbINOAHEHUNA UHCTPYKLUIN

* CynepcKanAapHoe BbinoaHeHue (Superscalar) — Bblgaya
1 BbINO/IHEHNE HECKONbKNX MHCTPYKUMI 3a TakT (CPl < 1)

= BHeouepegHoe BbinosnHeHue (Out-of-order execution) —
AMHaMM4yecKas Bblgavya MHCTPYKLWIA Ha BbINOJHEHME NO
FOTOBHOCTU UX AAHHbIX

Ka)xabi¥ noaxoa nmeeT cBOU NJIKOCbl U MUHYCbI
CyuiecTtsyeTt M anbTepHaTUBa 3TUM noaxoaam?



BeKTOpHbIe npoueccopbl

= BeKtopHbi¥ npoueccop (Vector processor) —

3TO npoueccop, NoAAEPHKMUBAIOLLMIN Ha YPOBHE CUCTEMbI
KomMaHA onepauuu ana paboTbl ¢ 04HOMEPHbIMU MacCUBaMMU

— BeKTopamu (vector)

CKanapHblii npoueccop BeKTopHbI Npoueccop
(Scalar processor) (Vector processor)
[ x, | x, | Yoo |
[ x+v | [ %o+ ¥, | xo+v, [ ] Xa+v,. |

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



Vector CPU vs. Scalar CPU

NMNosanemeHTHOE cymmuposaHue Asyx maccusoB 3 10 yncen

CkanapHbIv npoueccop (Scalar processor)

for i = 1 to 10 do
IF - Instruction Fetch (next)
ID - Instruction Decode
Load Operandl
Load Operand2
Add Operandl Operand2
Store Result
end for

BeKTOopHbIN 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




Vector CPU vs. Scalar CPU

NMNosanemeHTHOE cymmuposaHue Asyx maccusoB 3 10 yncen

CkanapHbIv npoueccop (Scalar processor)

for i = 1 to 10 do
IF - Instruction Fetch (next)
ID - Instruction Decode
Load Operandl
Load Operand2
Add Operandl Operand2
Store Result

end for
BekTopHbIU npoueccop (Vector processor) " MeHblle NnpeobpasoBaHWii aapecos

. = MeHbuwe IF, ID
IF - Instruction Fetch =  MeHblue KOHGIMKTOB KOHBENEPa,
ID - Instruction Decode ownbOK NpeacKasaHNA Nepexonos
Load Operandl[0:9] »  JddeKTnBHEE A0CTYN K NaMATH
Load Operand2[0:9] (2 BbIGOPKM VS. 20)
Add Operand1[@©:9] Operand2[0:9] " Onepauua Hag onepaHaamm
Store Result BbINO/IHAETCA NapannesbHoO

" YMmeHbWMnACA pa3mep Koaa




NMponssoauTeNnbHOCTb BEKTOPHOrO npoueccopa

dakTOopbl BAUAIOLLME HA NPOU3BOAUTENBbHOCTD
BEKTOPHOro npoteccopa

= Jlons Koaa, KOTOPbIN MOXKET ObITb BblpaXXeH B BEKTOPHOM popme
(c ncnonb3oBaHMEM BEKTOPHbIX MHCTPYKLNN)

= J111Ha BEKTOpa (BEKTOPHOro perncrpa)

" JlaTeHTHOCTb BEKTOPHOM MHCTPYKUKK (Vector startup latency) —
Haya/IbHaA 3a4eprKKa KoHBenepa npu ob6paboTKe BEKTOPHOWM
NHCTPYKLMK

= Konnm4yecTtBO BEKTOPHbIX PErncTpos

=  Ko/MyecTBO BEKTOPHbIX MOAY/1Ier AOCTYMNa K NaMATH
(load-store)



Buabl BeKTOPHbIX Npoueccopos

= BeKTOpHbIe npoLleccopbl NamATb-NaMATb
(Memory-memory vector processor) — BEeKTOpbl pa3MeLlLeHbl
B OMepaTUBHOM NaMATU, BCe BEKTOPHbIe onepaLmnm namaTb-NnamaTb

= [lpumepsl:
(J CDC STAR-100 (1972, BeKTop 65535 anemeHTOB)
d Texas Instruments ASC (1973)

"= BeKTOpHbIEe NPOoLEeCccopbl PerucTp-pernctp
(Register-vector vector processor) — BeKTOpbl pa3meLLeHbl
B BEKTOPHbIX PErNCTPax, BCE BEKTOPHbIe onepaLum BbINOAHAIOTCS
MeXK Y BEKTOPHbIMU perncTpamm

= [lpnmepbl: NPaKTUYECKMN BCE BEKTOPHbLIE CUCTEMbI HAYMHAA
¢ KoHua 1980-x: Cray, Convex, Fujitsu, Hitachi, NEC, ...

SIMD - Single Instruction Stream, Multiple Data Stream
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BeKTOpHbIe BblYUCAUTE/IbHDbIE CUCTEMDI

= 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
= NECSX/2 (1984) 160 MHz 8+8K regs, 256+var elems
= NEC SX/3(1995) 400 MHz 8+8K regs, 256+var elems



Mopaynu BeKTOpHOro npoteccopa

" BeKTOpHble PYHKLMOHANbHbIE YCTPOMUCTBA
(Vector Functional Units): nonHoCTbio KOHBEMEPU3NPOBAHDI,
FP add, FP mul, FP reciprocal (1/x), Int. add, Int. mul, ...

" BeKTOpHble MOAYy/AM AOCTYNA K NaMATU
(Vector Load-Store Units)

"= BeKTOpHble perncTtpbl (Vector Registers):
pernctpbl PUKCUPOBAHHOM ANNHbI (Kak npaBuno, 64-512 6uT)
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SIMD-UHCTPYKUUM COBPEMEHHbIX NPOLLEeCCOpPOB

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

AMD 3DNow!: 1998, AMD K6-2, 1A-32

Apple, IBM, Motorola AltiVec: 1998, PowerPC G4, G5, IBM Cell/POWER
Intel SSE (Streaming SIMD Extensions): 1999, Intel Pentium Il
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 (2015), Intel Xeon Phi
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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 MaxTDP | 35W 'Int'EI inside”
Package Socket 9338 rPGA e
Technology | 32 nm CoreViD | 0786V CORE"i5

Specification Intel{R} Core(TM} i5-2520M CPU @ 2.50GHz
Famihy 6 Model A Stepping )
Ext. Family 6 Ext. Model 24, Revision D2
Instructions | MMX, SSE (1, 2, 3, 35, 4.1, 4.2), EM84T, VT-x, AES, AVX _

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
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CPUID (CPU Identification): GNU/Linux

®aiin /proc/cpuinfo: B8 none flags xpaHutca nHpopmaums o npoleccope
®aiin /sys/devices/system/cpu/cpuX/microcode/processor_flags

Yctpomncteo /dev/cpu/CPUNUM/cpuid: uteHue BbinonHsaeTca yepes Iseek
n pread (TpebyeTtcsa 3arpy3ka moayna sapa cpuid)

$ cat /proc/cpuinfo

processor : 0

vendor _id : Genuinelntel

cpu family : 6

model name : Intel(R) Core(TM) i5-2520M CPU @ 2.50GHz

flags : fpu vme de pse tsc msr pae mce cx8 apic sep
mtrr pge mca cmov pat pse36 clflush dts acpi fxsr
ss ht tm pbe syscall nx rdtscp 1lm constant_tsc arch_perfmon
pebs bts nopl xtopology nonstop_tsc aperfmperf pni pclmulqdq
dtes64 ds_cpl vmx smx est tm2 cx16 xtpr pdcm pcid
x2apic popcnt tsc_deadline_timer xsave lahf _1m ida
arat epb xsaveopt pln pts dtherm tpr_shadow vnmi flexpriority
ept vpid




CPUID (CPU Identification): Microsoft Windows

#include <intrin.h>

int isAVXSupported()

{

bool AVXSupported = false;

int cpulnfo[4];
__cpuid(cpulnfo, 1);

bool osUsesXSAVE XRSTORE = cpulInfo[2] & (1 << 27) || false;
bool cpuAVXSuport = cpulnfo[2] & (1 << 28) || false;

if (osUsesXSAVE XRSTORE && cpuAVXSuport) {
// Check if the 0S will save the YMM registers
unsigned long long xcrFeatureMask =
_xgetbv(_XCR_XFEATURE_ENABLED MASK);
AVXSupported = (xcrFeatureMask & ox6) || false;

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

[




Intel MMX

= 1997, Intel Pentium MMX

= MMX — Habop SIMD-UHCTpYKUUN 06paboTKK
LLENOYNC/IEHHbIX BEKTOPOB ANNHOMN 64 6UT

= 8 BUPTYyaNbHbIX peructpos mmod, mml, .., mm/ -—
CCbINIKM Ha Ppunsnyeckune permctpol x87 FPU

(OC He TpebyeTcs coxpaHATb/BOCCTaHaBAMBATb PErNCTPbI

mmo, .., mMm7 npu NepekntoYeHNn KOHTEKCTA)
*" Twunbl BeKTOopoB: 8 x 1 char, 4 x shortint, 2 x int

= MMX-nHcTpyKumm pasaenann x87 FPU
¢ FP-nHcTpyKUunsmm — TpeboBanocb ONTUMM3NPOBATL
NOTOK MHCTPYKUMIN (OTAaBaTb NpeAnoYTeHne
NHCTPYKLUMAM OAHOTO TUNA)

~ intgls
~ pentiume
w/MMX™ tech

mm7

mme6

mm5

mmé4

mma3

mm?2

mm1

mmO

63
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Intel SSE

1999, Pentium IlI 127

ZMMO

8 BEKTOPHbIX PErnMcTpoB WnpuHom 128 bur:

AWML

%Xmmo, %xmml, .., %xmm7

XMM2

ZMM3

Tunbl gaHHbIX: float (4 anemeHTa Ha BeKTOP)

ZVIMA

ZMM5

70 MHCTPYKLUMW: KOMaHAbl Nepecbiikn, apudmeTmyeckme

ZMME

KOMaHZbl, KOMaHAbl CpaBHeHMS, Npeobpa3oBaHUS
TMNOB, NOBUTOBbLIE ONEepaLumn

NHCTPYKLUUM ABHOM NpeaBblOOPKM AaHHbIX, KOHTPOAA
K3LWMPOBaHUA AAHHbIX U KOHTPOAA NOPAAKA onepaumi
COXpPaHeHUA

XMMO | float | float | float |float

XMM1 | float | float | float [float

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

XZMM7T

31
MXCSR |

17



Intel SSE

" OauH 13 paspaboTumKos pacimpenma SSE —
B.M. lNenmkoecKuii (1946 — 2012 r.)

= Jlo nepexopn, B Intel aBnsanca cotpyaHnkom Hosocubupckoro punmana
NTMuBT (nporpammHoe obecneyeHrne MHOIONPOLECCOPHbIX KOMMAEKCOB
Inbbpyc 1 1 2, a3bIk I1b-76, npoueccop Inb-90, ...)

d Jagannath Keshava and Vladimir Pentkovski: Pentium lll 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)
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Intel SSE2

%Xmme, Z%xmml,

16 x char

8 x short int

4 x float | int
2 x double

1 x 128-bit int

2001, Pentium 4, 1A32, x86-64 (Intel 64, 2004)

16 BEKTOPHbIX PErMCTPOB WNpuHom 128 bur:

ey HXMM7; %Xmm8, .., %Xmml5

[JobasneHo 144 nHCTpyKunm K 70 nHCTpyKumam SSE

Mo cpaBHeHuto ¢ SSE conpoueccop FPU (x87) obecneumBaet
bonee TOYHbIN pe3ynbTaT Npu paboTe ¢ BewecTBEHHbIMM YUCAAMU

char | char | char | char | char char
short int short int short int
float float float float
double double
128-bit integer
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Intel SSE3 & SSE4

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

= J1o6aBneHOo 13 HOBbIX MHCTPYKLUUN K MHCTPYKLUMAM SSE2

" BO3MOXHOCTb TOPMU30HTA/IbHOM PabOTbI C perncTpamm —
KOMaH/bl CIOXKEHMSA N BbIYUTAHUA HECKONbKUX 3HAYEHUN,

XPaHALWMXCA B OAHOM PErUCTPE

= |ntel SSE4: 2006, Intel Core,

XMMO
AMD Bulldozer
= Jlo6baBneHo 54 HOBbIX MHCTPYKL MU XMM1
o SSE 4.1: 47 HCTpyKumn,
Intel Penryn
XMM1

o SSE 4.2: 7 UHCTPYKUUN,
Intel Nehalem

Horizontal instruction

a3

a2

al

a0

b3

b2

bl

bo

haddps %xmml, %xmmo

b3+b2

bl1+bo

a3+a2

al+aod
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Intel AVX

= 2008, Intel Sandy Bridge (2011), AMD Bulldozer (2011)
= Pasmep BEKTOPOB yBean4yeH ao 256 our

= BeKTopHble PerncTpbl nepenmeHoBaHbl: ymmoQO, ymml, ..., ymm15

= Pernctpbl xmm# — 310 mnagwme 128 6ut pernctpos ymm#

= TpexonepaHAHbIM CUHTAKCUC AVX-UHCTPpYKumin: C=A + B

" Jcnonb3oBaHUE ymm PerncTpoB TpebyeT NoaaepKKu

CO CTOPOHbI ONepPaLUOHHON CUCTEMBI (4151 COXPaHEHUA PErMcTpoB

NPW NePeKNOYEHNN KOHTEKCTOB)

o Linuxagpa>=2.6.30
o Apple 0OS X 10.6.8
o Windows 7SP 1

= [logaepXKa KOMNMUNATOPAMMU:

O

©)
©)
©)

GCC4.6

Intel C++ Compiler 11.1
Microsoft Visual Studio 2010
Open644.5.1

YMMO
YMMIL
YMM2
YMM3
YMM4
YMMS
YMMG6
YMM7
YMMB
YMMS
YMMIL0
YMMI1
YMMI12
YMMIL3
YMM14
YMMIS

XMMO

XMM1

XMM2

XMM3

XMM4

XMM5

XMMG

XMM7

XMMB

XMM9

XMM10

XMMI11

XMM12

XMM13

XMM14

XMM15
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dopmat SSE-MHCTPYKLUMUA

ADDPS

—

HasBaHue UHCTPYKUuUU

TN UHCTPYKUUU
S — Hapa ckanapom (scalar)

P — Hag, ynakoBaHHbIM BEKTOPOM
(packed)

ADDPS - add 4 packed
single-precision values
(float)

ADDSD — add 1 scalar
double-precision value
(double)

* Tun anemeHTOB BeKTopa/cKansapa
S —single precision (float, 32-6uTa)
D — double precision (double, 64-6uTa)
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CKkanapHbie SSE-MHCTPYKUUUK

= CKanapHble SSE-nHcTpyKumm (scalar instruction) —
B onepaLmMmn y4acTBYIOT TO/IbKO MAaLlimMe 3/ieMeHTbl AaHHbIX (CKanapbl)
B BEKTOPHbIX perncrpax/namarm

= 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 XMMo 8.0 6.0

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

XMM1| 4.0 | 3.0 | 2.0 | 8.0 XMM1 8.0 13.0

" Pe3ynbTaT NOMeLaeTca B Miajllee ABOMHOe
cnoBo (32-bit) onepaHaa-Ha3HayeHums (xmm1l)

* Tpu cTapLUMX ABOMHbIX C/IOBA U3 onepaHaa-
MCTOYHMKA (XmmO) KonNupyoTcA B onepaHa-
Ha3Ha4yeHue (xmm1l)

» Pe3ynbTaT nomellaeTca B Maaawue 64 6uta
onepaHaa-HasHavyeHunsa (xmm1)

= Crapwue 64 6uTa U3 onepaHaa-nUCTo4HUKa (xmmoO)
KONUpPYOTCA B onepaHa-Ha3HayeHue (xmm1l) 73



UHCTPYKUMM HAZ yNaKOBAaHHbIMW BEKTOPaMM

= SSE-UHCTPYKUMA Hag yNnaKoBaHHbIMU BeKTopamum (packed instruction) — 8
onepaumm y4acTBYIOT BCE 3/1EMEHTbI AAHHbIX BEKTOPHbIX
peructpos/namsTu

= ADDPS, SUBPS, MULPS, DIVPS, ADDPD, SuUBPD, 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 %xmm@, %xmml addpd 7%xmm@, %xmml

XMM1 | 11.0 | 10.0 | 9.0 | 8.0 XMM1 15.0 13.0
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UHCcTpYKLUMI SSE

* Onepauumu KONUPoBaHUA AaHHbIX (mem-reg/reg-mem/reg-reg)

o Scalar: MOVSS

o Packed: MOVAPS, MOVUPS, MOVLPS, MOVHPS, MOVLHPS, MOVHLPS
= Apudmetnyeckue onepauuu

o Scalar: ADDSS, SUBSS, MULSS, DIVSS, RCPSS, SQRTSS, MAXSS, MINSS,
RSQRTSS

o Packed: ADDPS, SUBPS, MULPS, DIVPS, RCPPS, SQRTPS, MAXPS, MINPS,
RSQRTPS

= Onepauyuun cpaBHeHUA

o Scalar: CMPSS, COMISS, UCOMISS
o Pacled: CMPPS

* [opa3paaHblie norMuecKkue onepauum
o Packed: ANDPS, ORPS, XORPS, ANDNPS

25



SSE-UHCTPYKUUM KONUPOBAHUA AAHHDIX

= MOVSS: Copy a single floating-point data

= MOVLPS: Copy 2 floating-point data (low packed)

= MOVHPS: Copy 2 floating-point data (high packed)

= MOVAPS: Copy aligned 4 floating-point data (fast)

= MOVUPS: Copy unaligned 4 floating-point data (slow)
= MOVHLPS: Copy 2 high elements to low position

= MOVLHPS: Copy 2 low elements to high position

Mpn KoNUpPoBaHMM AaHHbIX U3 NAMATU B BEKTOPHbIN
pernctp (M HaobopoT) pekomeHAayeTca UTObbl agpec
6bln BbIPOBHEH Ha rpaHuuy B 16 6amT

26



SSE-UHCTPYKUUM KONUPOBAHUA AAHHDIX

movaps (%[v]), %xmmo

movlps %xmm@, (%[v])

XMMO

vl

\V[%)

V2
v3
XMMO
v3 V2 vl \Y{%)
movlhps %xmm@, %xmml
XMMO vl \Y{%)
XMM1 vl \V{%)
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Apundmetuueckmne SSE-MHCTPYKLUUMU

Arithmetic Scalar Operator Packed Operator
y=y+x addss addps
F=ry-4a subss subps
y=yxx mulss mulps
y=y-a divss divps

1
y=- rcpss rcpps
y=alx sqriss sqrips

1
¥ = E rsqriss rsqrips
y = mazl ¥, x) maxss maxps
F = mnfp,x) minss minps
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Ucnonb3oBaHUe MHCTPYKUMN SSE

AccembnepHble  BcTpoeHHble C++ Knaccbl ABTOMaTUUeECKan
BCTaBKMU PyHKLUUNU BeKTopusauuA
KOMnNUaaTtopa KoMnunaatopa
(Intrinsic)
Jlydywiaa ynpassnaemocmse [Iphocmoma
(nosHb6IU KOHMPOsb) UCosb3080HUSA
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ABTOBEKTOpU3aLMA KOMNMUAATOPOM

= Clang (LLVM) — BeKkTOpM3aLMa BK/HOYEHA MO YMOAYAHUIO

clang -mllvm -force-vector-width=8 ...
opt -loop-vectorize -force-vector-width=8 ...

clang -fslp-vectorize-aggressive ./prog.c

= Visual C++ 2012 — BeKTOpU3aLMUA BKAOYEHA MO YMOIYaHUIO (Npwu
ncnonb3sosaHum onuum /02, noapobHbI oT4eT dopmUpyeTcs
onumen /Qvec-report)

" Intel C++ Compiler — BeKkTOpM3aLUKMA BKIHOYEHA NO YMONYAHUIO
(npun ncnonbsosaHuu onumm /02, -02, NoAPOOHbLIN OTYET
dbopmupyetca onumen /Qvec-report, -vec-report)

= Oracle Solaris Studio — BekTopn3auma BKAOYAETCA COBMECTHbIM
Ncnosib3oBaHmem onumm -xvector=simd n —x03
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ABTOBEKTOpPU3aALUA KOMMUAATOPOM

= GNU GCC - BeKkTOpM3aumA BKAOYAETCA NpU UCNO/Ib30BaHUM ONuUU
-03 nnn -ftree-vectorize

= BekTtopusaumusa ansa PowerPC (Habop nHcTypKumi AltiVec)
BK/toYaeTca onumen —maltivec

= Bektopuzauusa ana ARM NEON: -mfpu=neon -mfloat-abi=softfp
nnn -mfloat-abi=hard

http://gcc.gnu.org/projects/tree-ssa/vectorization.html
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ABTOBEKTOpU3aLMA KOMNMUAATOPOM

#define N 100

int main()

{

int i, a[N];

for (i

= 0; 1 < N; i++) {
ali] =

ali] >> 2;
}

return 0;




ABTtoBeKkTopusauma Komnunaropom GCC5.1.1

$ gcc -02 —-ftree-vectorize -mssed

--save-temps /prog.c

L2:

movdga (%rax), %xmmo
addg $16, %rax

psrad $2, %xmmo

movaps %xmmo, -16(%rax)
cmpq %rbp, %rax

jne L2




ABTOBEeKTOpu3auua Komnuaaropom Intel

$ icc -xP -0 prog ./prog.c

#if defined (__ _INTEL COMPILER)
#pragma vector always

#endif

for (i = 0; 1 < 100; i++) {
k = k + 10;
a[i] = k;
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C++ knaccbl SSE (Intel Compiler only)

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

{
int i;
for (i =0; 1 < 4; i++) {
c[i] = a[i] + b[i];
}
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C++ knaccbl SSE (Intel Compiler only)

#include <fvec.h> /* SSE classes */
void add(float *a, float *b, float *c)
{
F32vec4 *av = (F32vecd *)a;
F32vec4 *bv = (F32vecd *)b;
F32vecd *cv = (F32vecd4 *)c;
*cv = *av + *byv;
}

= F32vec4 — Knacc, npeacTtaBnAoWmMmM MaccmnB N3 4 3fleMeHToB
TMna float

Intel C++ Class Libraries
for SIMD Operations User’s Guide 36



C++ knaccbl SSE (Intel Compiler only)

| M64 ' | M128 :
- SFE L D,
[ 164vact | [132vec2| [116vecs| [ 1Bveca | l2swect| |164vecz | [1azveca | [116veca | |iBvects |
lsbvecs | |lusvecs [1sBvects| [luavecis|
s =]
[1s16vecs| [ur6vecs] [116vecs]| [lu1avecs]
—=— ——
|1s32vecz| |luazvecs| [1s32vecd| |luazvecs|
f——
[1s64vecz| [lusavecs)

OMO0R34

Classes Quick Reference

https://software.intel.com/en-us/node/524434
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BcTtaBKU 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 */
"%xmmet, "Z%xmml” /* modified regs */

)5

38



SSE Intrinsics (builtin functions)

" Intrinsics — Habop BCTPOEHHbIX GYHKLUNIM U TUMOB AAHHbIX,
noaaeprKMBaAEMbIX KOMIUAATOPOM, ANA NPEeAOCTaB/EeHUA
BbICOKOYPOBHEBOIO A0CTYyMa K SSE-UHCTPYKUMAM

= KoMnuaaTtop camocTtoAaTenbHo pacnpegenaetr XMM/YMM
PErnucTpbl, NPMHUMAET peLleHmne o cnocobe 3arpy3kun JaHHbIX
n3 namaTn (NnposepseT BbipaBHEH aapec Uan HeT) u T.0.

= 3aros10BOYHblIe paunbl:

#include
#include
#include
#include
#include
#include
#include

<mmintrin.h>

<xmmintrin.
<emmintrin.
<pmmintrin.
<smmintrin.
<nmmintrin.

<immintrin.

h>
h>
h>
h>
h>
h>

/*
/*
/*
/*
/*
/*
/*

MMX */

SSE, HyxXeH Takxe mmintrin.h */
SSE2, HyxeH Takxe xmmintrin.h */
SSE3, HyxeH Takxe emmintrin.h */
SSE4.1 */

SSE4.2 */

AVX */




SSE Intrinsics: TUNbI AaHHbIX

void main()
{
__ml128 f;
__ml128d d;
__ ml128i i;

/* float[4] */

/* double[2] */

/* char[16], short int[8], int[4],
uinté4_t [2] */
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SSE Intrinsics

= HasBaHusa Intrinsic-pyHKUMMK

_mm_<intrinsic_name> <suffix>

void main()

{
float v[4] = {1.9, 2.9, 3.0, 4.0)};
_ml128 t1 = _mm_load_ps(v); // v must be 16-byte aligned
~ _ml128 t2 = mm _set ps(4.0, 3.0, 2.0, 1.0);

}

41



SSE Intrinsics

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

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

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

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

{
_ m128 to, ti;

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




BbipasHuBaHue namartu: Microsoft Windows

= BblpaBHUBAHUE NAMATU

XpaHnmble B namAaTn onepaHabl SSE-MHCTPYKLUMIA A0/13KHbI ObITb
pasmelleHbl MO aZipecy BbIPOBHEHHOMY Ha rpaHuuy B 16 6ainT

/* OnpepeneHne ctaTu4yeckoro maccuea */
__declspec(align(16)) float A[N];

/*
* [IMHaMU4YecKoe BblaesieHne MNaMATU
* C 3a4aHHbIM BblpaBHUBaHUEM ajpeca

*/
#include <malloc.h>
void * aligned malloc(size t size, size_t alignment);
void aligned free(void *memblock);
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BbipaBHuBaHue namatn: GNU/Linux

= BblpaBHUBAHUE NAMATU

XpaHnmble B namAaTn onepaHabl SSE-MHCTPYKLUMIA A0/13KHbI ObITb
pasmelleHbl MO aZipecy BbIPOBHEHHOMY Ha rpaHuuy B 16 6ainT

/* OnpepeneHne ctaTu4yeckoro maccusa */
float A[N] _ attribute ((aligned(16)));

/>I<
* NMHAMM4YeCKOe BblAesIeHNe MNaMATH
* C 3apaHHLIM BblpaBHMBAHMEM 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);
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OYHKUMN KONMPOBAHUA AAHHbIX

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

Intrinsic Name

Operation

Corresponding
Intel® SSE Instruction

~ _m128 _mm_load_ss(float * p)

Load the low value
and clear the three
high values

MOVSS

~_m128 _mm_loadl ps(float * p)

Load one value into
all four words

MOVSS + Shuffling

~_m128 _mm_load_ps(float * p)

Load four values,
address aligned

MOVAPS

~_m128 _mm_loadu_ps(float * p)

Load four values,
address unaligned

MOVUPS

~_m128 _mm_loadr_ps(float * p)

Load four values
in reverse

MOVAPS + Shuffling

Intel® C++ Compiler XE 13.1 User and Reference Guides
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OYHKUMN KONMPOBAHUA AAHHbIX

#include <emmintrin.h> /* SSE2 */

Corresponding
Intel® SSE Instruction

__ml128d Loads two DP FP MOVAPD
_mm_load_pd(double const *dp) values

Intrinsic Name Operation

__m128d Loads a single DP MOVSD + shuffling
_mm_loadl_pd(double const *dp)| fp value, copying

to both elements

__m128d Loads two DP FP MOVAPD + shuffling
_mm_loadr_pd(double const *dp)| yaluesin reverse

order
__ml28d Loads two DP FP MOVUPD
_mm_loadu_pd(double const *dp) values
__ml128d Loads a DP FP MOVSD

_mm_load_sd(double const *dp) value, sets upper

DP FP to zero

47
Intel® C++ Compiler XE 13.1 User and Reference Guides



®YHKUMM KONUPOBAHUA OAHHDbIX

t| 4.0 3.0 2.0 | 1.0 = mm_set ps(4.0, 3.0, 2.0, 1.0);
t|1.0| 1.0 | 1.0 | 1.0 = mm_setl ps(1.90);

t| 0.0 | 0.0 | 0.0 | 1.0 t = mm _set ss(1.9);

t| 0.0 | 0.0 | 0.0 0.0 t = _mm_setzero_ps();

Intel® C++ Compiler XE 13.1 User and Reference Guides
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ApudmeTuyeckue onepaumm

#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_rsqgrt_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 2

Intel® C++ Compiler XE 13.1 User and Reference Guides



ApudmeTuyeckue onepaumm

#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

Intel® C++ Compiler XE 13.1 User and Reference Guides
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SSE Intrinsics

* Intel® C++ Compiler XE 13.1 User and Reference Guide (Intrinsics for SSE{2, 3, 4}), AVX //
http://software.intel.com/sites/products/documentation/doclib/iss/2013/compiler/cpp-
lin/GUID-712779D8-D085-4464-9662-B630681F16F1.htm

= GCC 4.8.1 Manual (X86 Built-in Functions) // http://gcc.gnu.org/onlinedocs/gcc-
4.8.1/gcc/X86-Built 002din-Functions.html#X86-Built 002din-Functions

= Clang API Documentation // http://clang.llvm.org/doxygen/emmintrin 8h source.html
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NMpumep 1

void fun(float *a, float *b, float *c, int n)
{

int i;
for (i = @; i < n; i++) {
c[i] = sqgrt(a[i] * a[i] +
b[i] * b[i]) + ©.5F;
}
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NMpumep

1 (SSE)

void fun_sse(
{
int i, k;
_ ml128 x,
__ml28 *a

float *a, float *b, float *c, int

Y, Z;
a = (__ml28 *)a;

~ ml128 *bb = (__ml28 *)b;

_ _ml28 *c

c = (__ml28 *)c;

/* Mpepnonaraem, 4To n KpaTHo 4 */
k = n / 4;

z = _mm_s
for (i =
X

y = _

X
X =
*cc
aa++;
bb++;
CC++;

et psl(0.5f);

9; i < k; i++) {
mm_mul ps(*aa, *aa);
mm_mul ps(*bb, *bb);
mm_add_ps(x, y);
mm_sqrt_ps(x);
~mm_add _ps(x, z);

(9]




Mpumep 1 (Benchmarking)

enum { N = 1024 * 1024, NREPS = 10 };

/* Implementation ... */

int main(int argc, char **argv)

{

int i;
float *a, *b, *c;
double t;

a = (float *)_mm_malloc(sizeof(float) * N,
b = (float *)_mm_malloc(sizeof(float) * N,
c = (float *)_mm_malloc(sizeof(float) * N,
for (1 = 0; 1 < N; i++) {

a[i] = 1.0; b[i] = 2.0;

t = hpctimer_getwtime();
for (i = @; 1 < NREPS; i++)

fun_sse(a, b, c, N); /* fun(a, b, c,
t = (hpctimer_getwtime() - t) / NREPS;
printf("Elapsed time: %.6f sec.\n", t);

_mm_free(a); _mm _free(b); mm free(c);
return 0;

16);
16);
16);

N); */
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Mpumep 1 (Benchmarking)

* |ntel Core 2i5 2520M (Sandy Bridge)
= GNU/Linux (Fedora 19) x86_64 kernel 3.10.10-200.fc19.x86 64

= GCC4.38.1

= dparm Komnuaaumm: gec -Wall -0O2 -msse3 -o vec ./vec.c

PyHKUMA Bpems, cek. YckopeHue (Speedup)
fun
0.007828 —
(McxoaHaA Bepcua)
fun_sse 0.001533 5.1

(SSE2 Intrinsics)
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AVX Intrinsics

__m256 f; /* float[8] */

__m256d d; /* double[4] */

__m256i i; /* char[32], short int[16], int[8],
uint64 t [4] */




Npumep

1 (AVX)

void fun_avx(float *a, float *b, float *c, int

{
int i,
. m256
. m256
. m256
. m256

k =n /
for (i

aa+
bb+
cc+

K

X, Y

*aa = (__m256 *)a;
*bb = (__m256 *)b;
*cc = (__m256 *)c;

8;

= 0; 1< k; i++) {
_mm256_mul ps(*aa, *aa);
~mm256_mul ps(*bb, *bb);
_mm256_add_ps(x, y);

= mm256_sgrt_ps(x);
+5
+5
+5
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NMpumep 2

void shift(int *v, int n)

{
int i;
for (i =0; 1 < n; i++) {
vii] = v[i] >> 2;
}
}
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Mpumep 2 (SSE)

void shift sse(int *v, int n)

{
int 1i;
. m128i *i4 = (__ml128i *)v;
/* NMonaraem, n - KpaTHoO 4 */
for (1 =0; 1< n / 4; i++) {
i4[i] = _mm_srai_epi32(i4[i], 2);
}
}

* ml1l28i _mm_srai_epi32(_ml1l28i a, int count);
= Shifts the 4 signed 32-bit integers in a right by count bits

al >> count
a3 >> count

ro :
r2 :

ad >> count; rl :
a2 >> count; r3 :
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Mpumep 2 (SSE)

void shift sse(int *v, int n)

{
int 1i;
_ ml128i *i4 = (__ml128i *)v;
/* NMonaraem, n - KpaTHoO 4 */
for (1 =0; 1< n / 4; i++) {
i4[i] = mm srai epi32(i4[i], 2);
}
}

Speedup 1.65 (65%)

Intel Core i5 2520M (Sandy Bridge)
Linux x86_64 (Fedora 19)

GCC 4.8.1, opt. flags: -O2 -msse3
n=16* 1024 * 1024
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Mpumep 3: Reduction/Summation

float reduction(float *v, int n)

{
int i;
float sum = 0.0;

for (i =0; 1 < n; i++) {
sum += v[i];

¥

return sum;
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Mpumep 3: SSE3 Reduction/Summation

#include <pmmintrin.h> /* SSE3 */

float reduction_sse(float *v, int n)
{
int i;
float sum;
~ ml128 *v4 = (__ml28 *)v;
__ml128 vsum = mm_setl ps(0.0f);

for (i =0; 1 < n / 4; i++)
vsum = mm_add_ps(vsum, v4[i]);

/* Horizontal sum: | a3+a2 | al+a@ | a3+a2 | al+ao@ | */

vsum = _mm_hadd _ps(vsum, vsum);

/* Horizontal sum: | a3+a2+al+a@ | -- | -- | -- | */

vsum = _mm_hadd _ps(vsum, vsum);
_mm_store_ss(&sum, vsum);
return sum;
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Mpumep 3: SSE3 Reduction/Summation

#include <pmmintrin.h> /* SSE3 */

float reduction_sse(float *v, int n)
{
int i;
float sum;
~ ml128 *v4 = (__ml28 *)v;
__ml128 vsum = mm_setl ps(0.0f);

for (i =0; 1 < n / 4; i++)
vsum = mm_add_ps(vsum, v4[i]);

/* Horizontal sum: | a3+a2 | al+a@ | a3+a2 | al+ao@ | */

Speedup 3.2 (220%)

= Intel Core i5 2520M (Sandy Bridge)
= Linux x86_64 (Fedora 19)

= GCC4.8.1, opt. flags: -O2 -msse3

= n=16*1024 * 1024




Mpumep 3: AVX Reduction/Summation

#include <immintrin.h> /¥ AVX */

float reduction avx(float *v, int n)

{

int i;
float vres[8] _ attribute  ((aligned(32)));

__m256 *v8 = (__m256 *)v;
__m256 vsum = mm256_setzero ps();

for (i = 0; i < n / 8; i++)
vsum = mm256 add _ps(vsum, v8[i]);

/* Horizontal summation */

vsum = mm256 hadd ps(vsum, vsum);
vsum = mm256 hadd ps(vsum, vsum);
vsum = mm256 hadd ps(vsum, vsum);

_mm256_store ps(vres, vsum);
return vres[0];
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Mpumep 3: AVX Reduction/Summation

#include <immintrin.h> /¥ AVX */

float reduction avx(float *v, int n)

{

int i;
float vres[8] _ attribute  ((aligned(32)));

__m256 *v8 = (__m256 *)v;
__m256 vsum = mm256_setzero ps();

for (i = 0; i < n / 8; i++)
vsum = mm256 add _ps(vsum, v8[i]);

/* Horizontal summation */
vsum = mm256 hadd ps(vsum, vsum);

Speedup 3.67 (267%)

Intel Core i5 2520M (Sandy Bridge)
Linux x86_64 (Fedora 19)

GCC 4.8.1, opt. flags: -O2 -mavx
n=16* 1024 * 1024




Npumep 4: Max

float vmax(float *v, int n)

{
int i;
float maxval = 0.0;
for (i =0; 1 < n; i++) {
if (v[i] > maxval)
maxval = v[i];
}
return maxval;
}

66



Mpumep 4: Max (SSE)

float vmax_sse(float *v, int n)

{

int i;

float res;

~ ml128 *f4 = (__ml28 *)v;

__m128 maxval = mm_setzero ps();

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

maxval = _mm_max_ps(maxval, f4[i]);
/* Horizontal max */
maxval = _mm_max_ps(maxval,

_mm_shuffle ps(maxval, maxval, 0x93));

maxval = _mm_max_ps(maxval,

_mm_shuffle ps(maxval, maxval, 0x93));

maxval = _mm_max_ps(maxval,

_mm_shuffle ps(maxval, maxval, ©x93));

_mm_store_ss(&res, maxval);
return res;
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Mpumep 4: Max (SSE)

float vmax_sse(float *v, int n)

{

maxval

v3 V2 vl vo
int i; ||
float res; shuffle(0x93) & max
_ ml28 *f4 = (__ml128 *)v; V2 vl Vo v3
__m128 maxval = mm_setzero ps(); !
shuffle(0x93) & max
for (i = 0; i < n/ 4; i++) vi | v | v3 | v2
maxval = _mm_max_ps(maxval, f4[i]);
/* Horizontal max */ shuffle(0x93) & max
maxval = _mm_max_ps(maxval, vo v3 v2 vl
_mm_shuffle ps(maxval, maxval, 0x93));
maxval = _mm_max_ps(maxval,
_mm_shuffle ps(maxval, maxval, 0x93));
maxval = _mm_max_ps(maxval,

_mm_shuffle ps(maxval, maxval, 0x93));

_mm_store_ss(&res, maxval);

return res;

maxXx

max

max

max
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Mpumep 4: Max (SSE)

float vmax_sse(float *v, int n)

{

maxval

v3 v2 vl vo
int i; ||
float res; shuffle(0x93) & max
_ ml28 *f4 = (__ml128 *)v; V2 vl Vo v3
__m128 maxval = mm_setzero ps(); !
shuffle(0x93) & max
for (i = 0; i < n / 4; i++) vl vo v3 v2
maxval = _mm_max_ps(maxval, f4[i]);
/* Horizontal max */ shuffle(0x93) & max
vo v3 V2 vl

maxval = _mm_max_ps(maxval,

_mm_shuffle ps(maxval, maxval, 0x93));

maxval = _mm_max_ps(maxval,

_mm_shuffle ps(maxval, maxval, 0x93));

Speedup 4.28 (328%)

Intel Core i5 2520M (Sandy Bridge)
Linux x86_64 (Fedora 19)

GCC 4.8.1, opt. flags: -O2 —msse3
n=16* 1024 * 1024




ARM NEON SIMD Engine

= BeKtopHble peructpbl: 64 nnm 128 6ut

= Tunbl gaHHbIX: sighed/unsigned 8-bit, 16-bit, 32-bit, 64-bit, single
precision floating point

Register Q0 (128-bit)
D1 (64-bit) DO (64-bit)

= CnoxeHue ayx 16-6utHbIx uenbix: DO = D1 + D2

VADD.I16 D@, D1, D2

ol ]| ) o] D1

0 [ ] 0 D2

=+

—] +
fe—
] +
—] +




ARM NEON SIMD engine

#include <arm_neon.h>

int sum_array(intl6_t *array, int size)
{
/* Init the accumulator vector to zero */
intléex4 t vec, acc = vdup_n _s16(0);
int32x2 t accl;
inte4x1l t acc2;

for (; size != 0; size -= 4) {
/* Load 4 values in parallel */
vec = vldl sl6(array);
array += 4;
/* Add the vec to the accum vector */
acc = vadd_sl6(acc, vec);
}
accl = vpaddl sl6(acc);
acc2 = vpaddl s32(accl);
return (int)vget lane s64(acc2, 0);

7]




AHanun3 SSE/AVX-nporpamm

" [Intel Software Development Emulator — asmynatop 6yayuimx
MUKPOAPXUTEKTYP M Habopos KomaHpA Intel (Intel AVX-512,
Intel SHA, Intel MPX, ...)

= [Intel Architecture Code Analyzer — no3sonser
aHa/NM3MPOBATb pacnpeaeneHne NHCTPYKLUMM No nopTam
NCNOJIHNTENbHbIX YCTPOMUCTB AApa NpPoLLeccopa
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AHanun3 SSE/AVX-nporpamm

void fun_avx(float *a, float *b, float *c, int n)
{

int i, k;

_ _m256 x, y;

__m256 *aa = (__m256 *)a;

~_m256 *bb = (__m256 *)b;

~_m256 *cc = (__m256 *)c;

k = n / 8;
for (i = 0; 1 < k; i++) {
IACA_START

X = mm256 mul ps(aa[i], aa[i]);
y = _mm256 mul ps(bb[i], bb[i]);
X = _mm256_add _ps(x, y);

cc[i] = _mm256_sqgrt ps(x);
IACA_END
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AHanun3 SSE/AVX-nporpamm

void fun_avx(float *a, float *b, float *c, int n)
{
int i, k;
_ _m256 x, y;
__m256 *aa = (__m256 *)a;
~_m256 *bb = (__m256 *)b;
~_m256 *cc = (__m256 *)c;
k =n / 8;
for (i = 0; 1 < k; i++) {
IACA_START
X = mm256 mul ps(aa[i], aa[i]);

$ gcc -02 -mavx -I ~/opt/iaca-1lin32/include ./vec.c

$ iaca.sh -64 -arch SNB -analysis LATENCY \
-graph ./mygraph ./vec
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Intel IACA report

Latency Analysis Report

Latency: 59 Cycles

| Inst | Resource Delay In Cycles

| o )

1 --> 3 1 Cycles Delay On Port

-D

| 4

vmovaps ymmo, y
vmulps ymm2, ym
vmovaps ymmo, y
vmulps ymml, ym
vaddps ymmo@, ym
vsqrtps ymmo, y
vmovaps ymmword




Intel IACA graph (data dependency)

0. vmovaps ymmO, ymmword ptr [rditrax*1] 2. vmovaps ymm0O, ymmword ptr [rsitrax*1]
1. vimulps ymm2, ymmO, ymmO 3. vmulps ymm1, ymmO, ymmO

\/

4. vaddps ymmO, ymm2, ymm1

'

5. vsqrtps ymmoO, ymmO

l

6. vmovaps ymmword ptr [rdx+rax*1], ymmO
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