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CopneprxaHue :intel'
e BBeageHue

e [ eHepaunga BEKTOpPHOro Kkoga

e KNtoum KoMnuasaTopa AJSie aBTOMaTUUYECKOW BeKTopu3aumnm

e [I[poBepKa yCcnewHOCTU BEKTOpU3aLmnn

e Korga Bektopmsaunsa He paboTtaer
— 3aBUCUMOCTb MO AdAdHHbIM
— BblpaBHMBaHue

— Apyroe: HeeaAMHUYHbIN War A0CTyNa K AaHHbIM, Bbi30Bbl MYHKLM
nT.a. ..

e BekTOpn3auus cneumanbHbIX KOHCTPYKLIMIA
— OnpepeneHne namom
— CNnoXHble TUMNbl AaHHbIX

e HLO npeobpazoBaHns LUMKNIOB
e Pe3loMe, CCbIIKU
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BBeaeHue :intel'

BeKTOpHbIe onepauuu

= I'IapanneanOCTb Mo AdHHbIM

— OaoHa onepaunsa oaHOBpeMeHHO npuMeHsieTcs K N >1
3/1eMEeHTaM BeKTopa — O4HOMEPHOro MacCcmBa AaHHbIX,
COoCTOSsILLEro n3 ckanspHblix obbekToB - integers, floats, u
T.A.

- [IpenMyLecTBo BEKTOpU3aLmm B TOM, YTO BPEMS
BbIMNO/IHEHUS BEKTOPHOM onepauunmn, Takoe Xe Kak u
CKansipHon, HO noJsie3HoOM paboTbl BbINOSIHAETCS 60obLUeE.

CkansapHas ! ! BekTopHas

onepauums onepauus

ZAVE

ANWHa
add.d r3, rl, r2 addvec.d v3, vl, v2 BeKTOpa
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SIMD UHCTpYKLUUMN :i@

— SIMD (Single Instruction Multiple Data) nHcTpykunm — 3710
Habop KoOMaHA npoueccopa A9 BEKTOPHbIX onepauun, rae:

— OaHa BeKTOpHas onepauuns — 3To 0Ha MHCTPYKLMS
npoueccopa

- OdnnHa BekTopa pukcuposaHa VL=2,4,8,16

— BbIMOSIHEHME ONepauun Haa BCEMU 3e€/1IEMEHTAMU BEKTOPa
CUHXPOHHO, T.€.

— Bce pe3ynbTaTbl 4OCTYMHbI B O4HO M TOXE BpeMs

— SIMD uHcTpyKuuun B npoueccopax Intel:
- 64 bit Multi-Media Extension — MMX™
— 128 bit Intel® Streaming SIMD Extension - Intel® SSE
— 256 bit Intel® Advanced Vector Extensions - Intel® AVX

— 512 bit vector instruction set extension of Intel® Many
Integrated Core Architecture - Intel® MIC

Software & Services Group, Developer Products Division
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SIMD: Tnbl gaHHbIX [1] (intel'

64 0
MMX™
BekTop: 64bit
Tunbl gaHHbIX: 8, 16 and 32 bit integers
VL: 2,4,8

X4o0pY4 X30pY3 X20pY2 X1opY1
Intel® SSE

BekTop: 128bit

Tunbl AAHHbIX:
8,16,32,64 bit integers
32 and 64bit floats

X40pY4 X30pY3 X20pY2 X1opYl VL: 2,4,8,16

Software & Services Group, Developer Products Division

Optimization
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SIMD t™vnbl AaaHHbIX [2] (intel'

255 128 127
8 X7 X6 X5 X4 X3 X2 X Int el ® AVX
mEEEEEs Bexrop: 256bit
8 Y 7 Y6 Ll Y5 Y B Y2 Tunbl gaHHbIX: 32 and 64 bit
floats
VL: 4, 8, 16

HeT apudmeTnyeckmnx onepauymn

nornyeckune: OR, XOR, AND ...

511 255 0 Intel® MIC
] 1 x9 | X8 X7 I x6 | X5 X4 | x3 | x2 | x1 BekTop: 512bit
IIIIIII LB d Tune panneix:
YOl Y8 !Y7lY6!Y5!|v4!lVY3! Y2|Yl 32 and 64 bit integers
32 and 64bit floats
VL: 8,16

... 1 X90pY9H X8opY8H ...

Software & Services Group, Developer Products Division
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CopneprxaHue :intel'
e BBepeHune

e [eHepauua BeKTOpPHOIro koaa

o Kfitoum KOMNuUaTopa A8 aBToMaTUM4YeCKoW BeKTopusaunm

e [[poBepKa ycnewHoCTn BeEKTOpU3aumnm

e Korga Bektopmsaunsa He paboTtaer
— 3aBUCUMOCTb MO AdAdHHbIM
— BblpaBHMBaHue

— Apyroe: HeeaAMHUYHbIN War A0CTyNa K AaHHbIM, Bbi30Bbl MYHKLM
nT.a. ..

e BekTOpn3auus cneumanbHbIX KOHCTPYKLIMIA
— OnpepeneHne namom
— CNnoXHble TUMNbl AaHHbIX

e HLO npeobpazoBaHns LUMKNIOB
e Pe3loMe, CCbIIKU
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YTOo Takoe BekTopu3auuma? (intel')

cnonb3oBaHWe BEKTOPHbIX MHCTpYKUun (SIMD, SSE)

ansa obpaboTkn AaHHbIX. MOXHO caenaThb:
e Bpy4Hyto
e ABTOMaTmnyecku (KoOMNmnaTop)

for (i=0;i<MAX;i++)
c[i]=a[1]+b[1];
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CkanisipHble U BEKTOPHbI€ UHCTPYKLUM (intel.

“BekTopHasa” popMa UHCTPYKLUMMN Ha3biBaeTcd "ynakoBaHHOU”
(packed) — a BeKTOpHbIXK KO “YynaKoBaHHbIM KOAOM” ©

e BOJIbWNHCTBO BEKTOPHbIX MHCTPYKLMA UMEIOT CKANAPHYIO
cbopMy, onepupytowyto ¢ 1 3N1eMeHTOM BeKTopa

add Scalar Single-FP Add

4 1single precision FP data
scalar execution mode

!
add Packed Single-FP Add !

| _-
single precision FP data
acked execution mode
3 y— -
X4o0pY4  X3opY3 X20pY2
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Bonpochobi: (intel.

1. Kak BekTOopu3oBaTb KoAa?

e Halwa uenb - aBTOMaTMYeCcKasa BeKTopusauuma C
MOMOLW b KOMIMUIATOPA, XOTHd €CTb U ApPpYIHne cnocobsl ...

2. YTO0 genaTtb C pasnnyHbiMn Habopamm SIMD komaHa: SSE,
SSE2, SSE3, SSSE3, SSE4.1, SSE4.2, AVX .7

e Kaxabln Habop MHCTPYKUMIN BKOUaeET B cebsa Bce
npeabliaylime, nosToMy XenaTteabHO UCMNOJIb30BaTb
nocneaHmMn AOCTYNHbIN HAbop KOMaHA.

e ECnu Mbl YETKO 3HaeM rge nporpamma 6yaeTt BbINOHATLCS —

TYT BCE MPOCTO, UCMOSIb3YEM TO YTO NOAAEPXKMBAET Ball
npoLeccop

e Ecnu HeT, ucnonb3yem onumio Bbibopa npoueccopa B
peaJibHOM BpeMeHM, KOTopas UCMNOoJib3yeT
COOTBETCTBYIOLLYO BETKY KOZa B 3aBMCMMOCTM OT NpoLeccopa
Ha KOTOPOM BbIMOJIHAETCS
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Kak BeKTopn3oBaTb KoA

KomnunaTtop: NONAHOCTbIO aBTOMATUYEKU MpocTora

Komnunatop: noackasku (#pragma
ivdep, ...)

SIMD intrinsic class (F32vec4 add)

Vector intrinsic (mm_add_ps())

Accembnep (addps) KoHTponb

Software & Services Group, Developer Products Division
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Pa3Hble Habopbl KOMaHA — pa3HbIn KoAa! G"te")

static double A[1000], B[1000], ‘Bi;fr;és m2. A [odx*]
C[1000]; Xorps xmmO, xmmO
void add() { cmpltpd  xmmO, xmm2
int i; movaps xmml, B[rdx*8]
for (i=0; i<1000; i++) andps xmml, xmmO
if (A[i]>0) ‘ andnps xmm0, C[rdx*8]
A[i] += B[i]; orps xmml, xmmO
Ly addpd xmm2, xmml
) ) movaps A[rdx*8], xmm2
LRI eleh add rdx, 2

} = r;hlg,zlooo SSE?2
l \ 3 BL.

.B1.2::
.B1.2:: movaps xmm2, A[rdx*8]
vmovaps ymm3, A[rdx*8] xorps xmmO0 , xmmO
vmovaps ymml, C[rdx*8] cmpltpd  xmmO, xmm2
vempgtpd  ymm2, ymm3, ymmO movaps xmml, C[rdx*8]
vblendvpd ymm4, ymml,B[rdx*8], ymm2 blendvpd xmml, B[rdx*8], xmmO
vaddpd ymm5, ymm3, ymm4 addpd xmm2, xmml
vmovaps  A[rdx*8], ymm5 movaps A[rdx*8], xmm2
add rdx, 4 add rdx, 2
cmp rdx, 1000

51 .B1.2 AV X ;Tp :.::>1<f21000 SSE4.1

Software & Services Group, Developer Products Division

QnteJ Copyright © 2011, Intel Corporation. All rights reserved. Optimization u
Notice

Software *Other brands and names are the property of their respective owners.
Products



NMpumep ncnonb3doBaHua Intrinsic (intel,
Ycnoeua 6e3 nepexonos

© for (i=0,.) R[i] = (A[i]<B[1])? C[i]:D[il; |

U

Software & Services Grot
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NMpuMmep ncnonb3oBaHua Intrinsic (intel,

// R[i] = (A[i] < B[i])? C[i] : D[i]

__ml28d mask = mm cmplt pd(a, b);
= mm or pd(

_mm and pd (mask, c),

_mm nand pd(mask, d)

) ;

* Jlydwe mncnonb3dosarts Intrinsic unn SIMD BeKTOpHbIE
Kflaccbl YeM NpPsAMOE KoAMpoBaHME Ha accembnepe
= I'IpaKqueCKw OoANHaKoOBadA Nnpon3BoanTESIbHOCTb
— CkKpblBaloT Takme aetanu Kak npamoe obpalleHne K permctpam

— bonee noptabenbHbl — NOAAEPXKNBAKOTCS MHOTUMU
KoMmnunatopamu! 3
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PyuyHou Bbi6bop npoLeccopa (intel.

e B Intel® C++ Compiler ectb API ana sBHOW
peanmsauunmn onpeneneHHbIX @yHKUMnM noa
KOHKPETHbIX npoLeccop

e lMaeHTndumnkauma npoueccopa no KaroyeBoMy
CNoBY cpuid, HanpwuMmep core_i/_sse4 2 pns
Intel® Core™ i7

e J[lBa pacwumpeHunsa gnsa onpeaeneHns GyHKUUn:

— [lon onpenenéHHbIN CMUCOK apXUTEKTYP:

__declspec( cpu dispatch(cpuid-list) ) func(..)
— [loa KOHKPETHYIO apXUTEKTYpPY:

__declspec( cpu specific(cpuid) ) func(..)

e JlononHutenbHo — software.intel.com

Software & Services Group, Developer Products Division

Copyright © 2011, Intel Corporation. All rights reserved. Optimization D

*Other brands and names are the property of their respective owners. Notice



http://software.intel.com/en-us/articles/how-to-manually-target-2nd-generation-intel-core-processors/

CopneprxaHue

e BBepeHue

e [eHepaunsa BEKTOPHOro Kkoaa

o Knoun koMmnunaTopa AN aBTOMaTUUYECKOM
BEeKTOpM3auum

e [I[poBepKa yCcnewHOCTU BEKTOpU3aLmnmn

e Korga Bektopmsaunsa He paboTtaer
— 3aBUCUMOCTb MO AaHHbIM
— BblpaBHMBaHue

— [Apyroe: HeeaAMHUYHbIN War A0CTyNa K AaHHbIM, Bbi30Bbl (YHKLM
nT.a. ..

e BekTOpn3auuns cneumanbHbIX KOHCTPYKLIMIA
— OnpepeneHne namom
— CNnoXHble TUMNbl AAaHHbIX

e HLO npeobpazoBaHns UMKNOB
e Pe3loMe, CCbIIKU
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Knoun koMmnunatTopa AN aBTOMaTUYECKOM (inl:er
BEKTOpMu3auum

Ha6op komaHA PacwupeHue
Intel® Streaming SIMD Extensions 2 (Intel® SSE2) ans SSE2
Pentium® 4 nnu coBmectumbix He-Intel npoueccopos

Intel® Streaming SIMD Extensions 3 (Intel® SSE3) ans SSE3
Pentium® 4 wnaun coeMmecTtuMbix He-Intel npoueccopos

Intel® Supplemental Streaming SIMD Extensions 3 (Intel® SSSE3

SSSE3) ans Intel® Core™2 Duo npoyeccopos

Intel® SSE4.1 ana Intel Core™ micro-architecture SSE4.1

Intel® SSE4.2 Accelerated String and Text Processing SSE4.2

instructions ans Intel® Core™ i7 npoueccopoB

Pacuumpenus ansa Intel® ATOM™ npoueccopos : Intel® SSSE3 SSE3_ATOM
and MOVBE instruction

Intel® Advanced Vector Extensions (Intel® AVX) ansa 2-oro AVX
nokosieHun Intel® Core™ i7 npoyeccoposB
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Knoumn Bekrtopusauum [1] (intel'

{L&M} -x<extension> {W}: /Qx<extension>
e Tonbko ansa Intel® npoueccopos (cneumanbHble ONTUMU3ALNN)

o [lobaBnseTcs nposBepka npowueccopa B nporpamMmmy (koa He byaet paboTaTb Ha
He-Intel npoueccopax)

{L&M}: -m<extension> {W?}: /arch: <extension>

e HeT npoBepkn Ha Intel/He-Intel npoueccopsl

e HeT cneymanbHbIX ONTUMU3ALNN

e Koa paboTaeT Ha BCex npoueccopax NogaepXuBarowmx JaHHOe pacluMpeHmne

{L&M}: -ax<extension> {W}: /Qax<extension>
e [1BOMHOWN KOA - ‘YHUBEpPCasbHbIN' 1 'ONTUMN3NPOBAHHbIN'
e CneuunanbHble ontuMmsaunm gns Intel npoueccopos

e 'YHMBepcanbHbIN' KOA, TOXe camoe 4To —msse2 (Windows: /arch:SSE2)

— ‘YHuBepcanbHbIN' TMN KOAA MOXHO U3MEHUTb, eCcnn cneyndunumpoBaTb KIKOYM —M UIn —
X (/Qx or /arch)
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Knoumn Bekrtopusauum [2] (intel'

Mo ymonydaHuto —msse2 (Windows: /arch:SSE2)
e AkTUBMpyetcda npmn —0O2 Unum Bblwe
e HeobxoanM npoueccop noaaepxmparowmm Intel® SSE2

e Hy>XHO ncnonb3oBaTb —mia32 ( Windows /arch:IA32) B cny4dae ecnu
npoueccop He noaaepxusaet SSE2 ( Intel® Pentium™ 3 )

CneuunanbHbin koY -xHost (Windows: /QxHost)

e KOMNUNATOP NpoBepsSeT Kakue MHCTPYKLMKU NOoAAEPKMUBAET MPOL,ECCOp
Ha KOTOPOM MPOUCXOANT KOMMUAALUMNSA, U ONTUMU3UPYET NOJA HEro

e Henb34 ncnosib3oBaTb €C/in Heob6XoaUM 3arnyCcK NMPUIOXeHUs Ha pa3HbIX
nnatgpopmax

MoanepxunBaetcs KobHauna kKnouen -x<extl> n -ax<ext2>
(Windows: /Qx<extl> and /Qax<ext2>)
e B pe3ynbTaTe reHepmnpyeTcsd HECKOJIbKO BEPCUM KOAaa

e MOXHO ncnosb3oBatb extl = ia32 B cniyyae ecnu ‘yHuBepcanbHas'
BepCcus Koda AO0JIKHa noaaepXXmnBaTb CTapble npoueccopbl, 6e3 SSE2
(Intel® Pentium™ 3)
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BGKTOPMBBLIMSI — AONOJIHUTEJ1bHbIE€ KJIHOYUYM .

(el

BbIKNIOUYNTbL BEKTOPU3ALIUIO
e [o6anbHO: {L&M}: -no-vec {W}: /Qvec-
° ,D,J'IFI LUMKNa. AUPEKTMBA novector

— BbIKNOYEHME BEKTOPU3aLMM O03HAYaeT 3anpeT Ha "packed”
MHCTPYKUMM SSE/AVX. OcTanbHble MHCPYKLUMN BXOoAsLLIMNE B
paclwnpeHne MoryT UCrnosib30BaTbCH

MpMHYANTENnbHAa BEKTOpM3aumsa LUMKNa:
#pragma vector always

— LUnkn HY>XHO BEKTOPU30BATb, HECMOTPS Ha TO YTO KOMMOUAATOP
CYMTAET MHauye (B Cc/y4yae He eANHMYHOro Lara AoCTyna Uamn He
BbIPOBHEHHbIX AAHHbIX HanpuMep)

— Llmkn BCce paBHO He BEKTOPM3YETCSH, €C/IN KOMMUIATOP HE MOHUMaET
ero CEMaHTUKY

— Ucnonb3oBaHue #pragma vector always assert pAacT owMOKy
B C/ly4dae eCnun UUKJ1 BEKTOPMU30BATb HE yAa10Ch

Software & Services Group, Developer Products Division

Copyright © 2011, Intel Corporation. All rights reserved. Optimization u

*Other brands and names are the property of their respective owners. Notice




CopneprxaHue :intel'
e BBegeHue

e [ eHepaunga BEKTOpPHOro Kkoga

o Kfitoum KOMNuUaTopa A8 aBToMaTUM4YeCKoW BeKTopusaunm

e [IpoBepkKka ycnewHOCTU BEeKToOpu3aLuum

e Korga Bektopmsaunsa He paboTtaer
— 3aBUCUMOCTb MO AdAdHHbIM
— BblpaBHMBaHue

— Apyroe: HeeaAMHUYHbIN War A0CTyNa K AaHHbIM, Bbi30Bbl MYHKLM
nT.a. ..

e BekTOpn3auus cneumanbHbIX KOHCTPYKLIMIA
— OnpepeneHne namom
— CNnoXHble TUMNbl AaHHbIX

e HLO npeobpazoBaHns LUMKNIOB
e Pe3loMe, CCbIIKU
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NNpoBepka ycnewHoCTU BEKTOpMU3auum (intel'

e lccneaoBaHue acceMbnepHoro Koaa
— JlInctuHr: {L&M}: -S and {W}: /Fa

— [1poBEPUTb HA HaNN4UYME CKaNSPHbIX WU BEKTOPHbIX MHCTPYKLNN
Ans onpegeneHHoro Mmecra koga (B JIMCTUHIe eCTb MHOpMauus
No CTpokaM Koaa)

e OTYET 06 onTuMM3aumnm no dase “High-Performance-
Optimizer” (HPO)
— {L&M}: -opt-report<N> -opt-report-phase:hpo
— {W}: /Qopt-report:<N> /Qopt-report-phase:hpo
- N=1,2,3 ypoBeHb getanmsaunn, N=2 no yMon4aHuio
e OTUET BeKTOpmM3aTopa

e C6bop npodunnga c nomowbto Intel® VTune Amplifier™, ans
NnoACYETa BEKTOPHbIX SSE nHCTpyKuUunm

— Hy>HO cobpaTtb cobbiTne
FP_COMP_OPS_EXE.SSE_FP_PACKED ans Intel® Core™ i7
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Products

OTyeTr BekTOpM3aTopa (intel.

e [leTasibHbIN OTYET O BEKTOPU3aLUN:
- L&M: -vec-report<n>, n=0,1,2,3,4,5
- W: /Qvec-report<n>, n=0,1,2,3,4,5

35: subroutine fd( y )

36: integer :: 1

37: real, dimension(10), intent(inout) :: y

38: do i=2,10

39: y(i) = y(i-1) + 1

40: end do

41 : end subroutine fd

novec.f90(38): (col. 3) remark: loop was not vectorized: existence of
vector dependence.

novec.f90(39): (col. 5) remark: vector dependence: proven FLOW
dependence between y line 39, and y line 39.

novec.f90(38:3-38:3) :VEC:MAIN : loop was not vectorized: existence of
vector dependence

Software & Services Group, Developer Products Division

Copyright © 2011, Intel Corporation. All rights reserved. Optimization D

*Other brands and names are the property of their respective owners. Hotes




YnpaBneHue ypoBHEM ANArHOCTUKM -—n
L&M: -vec-report<N> W: /Qvec-report<N> (IN€

N CoobuweHunsa

0 HeT

1 TONbKO BEKTOPU30BAHHbIE LUKIIbI (MO YMONYAHUIO)

2 BekTOpM30BaHHble/HE BEKTOPU30BaHHbIE LIMKIbI

3 Toxe 4Tto n N=2 + nHdopMaumsa o npeanonaraemMbiX U AOKA3aHHbIX
3aBUCUMOCTAX MO AAHHbIM

4 TONbKO HEe BEKTOPMU30OBaAHHbIE

5 Toxe uyto U N=4 + 0bbsACHEeHMe noyemy

[IpMmevaHune:

— Ecnn ncnonblyetca (-ipo nnun /Qipo) HY>XHO nepedaBaThb
S3TOT KJIHOY Ha 3Tane JIMHKOBKMU
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CopneprxaHue :intel'
e BBeageHune

e [ eHepaunga BEKTOpPHOro Kkoga

e KNtoum KoMnuasaTopa AJSie aBTOMaTUUYECKOW BeKTopu3aumnm

e [I[poBepKa yCcnewHOCTU BEKTOpU3aLmnn

e Korga Bektopm3sauumsa He paboTaer
— 3aBUCUMOCTbDb NO AaHHbLIM
— BblpaBHMBaHue

— Apyroe: HeeaAMHUYHbIN War A0CTyNa K AaHHbIM, Bbi30Bbl MYHKLM
nT.a. ..

e BekTOpn3auus cneumanbHbIX KOHCTPYKLIMIA
— OnpepeneHne namom
— CNnoXHble TUMNbl AaHHbIX

e HLO npeobpazoBaHns LUMKNIOB
e Pe3loMe, CCbIIKU

Software & Services Group, Developer Products Division

Copyright © 2011, Intel Corporation. All rights reserved. Optimization D

*Other brands and names are the property of their respective owners. Notice




Korpa Bektopusaums He pa6otaer ...  (intel.

e Hanbonee yacTto: 3aBMCMMOCTb
i l/ITepau,vwl LUUNK1a OA0J1>KHDbI 6bITb He3aBNCUUMBbI

e [lpyrue cny4dawu
— BblpaBHMBaHue
— BbI30B PDYHKLUNUN B LMUKIIE
— CNOXHbIN UMK / YCNOBHbIE nepexoabl
- Unkn “He cuntaembin”
— T.e. BEpXHAA rpaHMuUa UMKNa BblYNCISETCA B paH-TauM
— He BHYTPEHHUN UnKnN
— BHewWwHWe ynkibl HEe BEKTOPU3YHOTCH

— CMelaHHble TUMbl AaHHbIX (MHOrMe crydae MoryT ObITb
BEKTOPM30BaHbI)

- HeeaAMHWYHbIN WIar a3N1eMeHTOB MaccuBa
— CNNWKOM CNOXHbIN — He XBaTaeT perncrpos
— BekTopunsaumnsa He apPeKTUBHA

- Apyroe ...
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3aBUCUMMOCTb NO AaHHbIM (intel’

OnpepneneHne

— 3aBUCUMOCTb MO AaHHbIM MeXAay CTpokaMu S; n S, (
nmweTtca S, 6 S, ) Toraa U ToNbKO TOoraa :

— Korpa BbinonHeHne MAET OT S; K S,

— S1 1 S2 UCcnonb3yT OAUH U TOT Xe 610K NaMATU n
nnb6o S, , Nnbo S, NULWIET B HEro AaHHbIe

— lMpumMeyaHune: S; ' S, MoryT 6bITb OAHOMN U TOXE CTPOKOM

Knaccmndpukauus 3aBUCMMOCTEMN.
S, 8FS, : S; nnwert, S, yntaet : “Flow” 3aBUCMMOCTb
S, S, : S, uutaet, S, nuwert : “Anti” 3aBnCcMMOCTb
S,08°S,: S, umtaeT, S, nuweTt: “"Output” 3aBnCMMOCTb

Software & Services Group, Developer Products Division
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3aBUCUMMOCTM B LIMKJ1aX ('ntel')

3aBUCUMOCTM B LMKIax Hanbonee MHTEPECHbI C TOYKU
3PEHNSA BEKTOPU3ALNN

— YT106bI NOHATbL €CTb 1IN 3aBUCUMOCTb B LMK/IE€ — MOXHO
ero "BMpTyanbHO"” pa3BepHYyThb:

F S; A(2)_= A(1) + B(1)
S, 87S DO I =1, N Sy A(3)ZS A(2) + B(2)
<> Sl1: A(I+l) = A(I) + B(I) S, A(4).= A(3) + B(3)
ENDDO S, 1.\(5)\=A A(4) + B(4)

B cny4yae ecnu angd BO3HUKHOBEHMSA 3aBUCMMOCTM Heob6XoanMo
BbIMO/HUTL 60/1ee yueM 1 ntepauunto UMKIa — Mbl Ha3blBaeM 3TO
“ynknunyeckas” 3aBUCUMOCTbL. B NpOTUBHOM cny4dae - “LMKI/10-
He3aBucumas” 3aBUCUMOCTb

DO I =1, 10000 (S; &7 S,) UMKNO-HE3aBUCMMaS

S, A(I)—= _B(I) * 17
\ (S, 87 S,) unknumyeckas
S, X(I+l) = X(I) + A(I)
ENDDO
ces uroup, vevel

Per rroaucts vivision
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3aBUCMMOCTU U BeKTopusauumsa (intel')

Teopema: Linkn mMoxeT ObITb BEKTOPU30OBaH TOraa U TONbKO
TOraa, ecnm B HEM He CYLLEeCTBYET LMKNUYECKoun
3aBMCUMOCTW MexXay onepaunamu.

— [JlokasatenbCcTBO — cChbinka [3]

— Teopema npeanonaraet “GeckoHedHyo” anmHy Bektopa (VL). B cnyyae
ecnu VL KoHcTaHTa — 2,4,8, ... YTO cnpaBeasinBo ANA pearbHbIX
cnydaeB (SSE/AVX), unMknuyeckne 3aBMCUMOCTU, 4S9 BO3SHUKHOBEHUA
KOTopbIX Tpebyetca VL+1 nnm 6onee ntepaunmn, Moryt ObiTb
NPOUTHOPUPOBAHHDI.

— Taknm obpasom, B onpeneneHHbIX criydasix, BeKTopmsauus ons
SSE/AVX MoOXeT ObITb OCyLWeCTBMMA, TOr4a Kak TeopemMa roBOpuUT — HeT.

[Tpnmep:
_ ECTb umMknmyeckass 3aBUCMMOCTb, HO
DO I=1,N LUK MOXET 6biTb BEKTOPU30BAH A/
A(I) = A(I+3) 4+ C SSE, B cny4vae ecnuv Tun AaHHbIX
double precision float HO He ans
END DO single precision float

Software & Services Group, Developer Products Division
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Y10 penartb c 3aBUCcMMocTaMm #1
NMNoackaszku KOMMUIATOPY

e MHOrMe 3aBUCUMOCTU TOJIbKO npeanosararTcd
KOMMUAATOPOM, HO HE CYLLEeCTBYIOT Ha CaMOM Aene,
HanpuMep nepecevyeHne ykasarteneu

- KoMnunaTop KoHCepBaTUBEH U BCerda npearnonaraetr
CaMbl NNIOXOWU criydau

// Sample: Without additional information (like inter-procedural
// knowledge) compiler has to assume ‘a’ and ‘b’ to alias
void scale(int *a, int *Db)
{
for (int i=0; i<10000; i++) b[i] = z*a[i];
}

Software & Services Group, Developer Products Division
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NMoackasku (intel'

KnroueBoe cnoBo “'restrict” ana ykasareneun

{L&M}: -restrict {W}: /Qrestrict
{L&M}: -std=c99 {W}: /Qstd=c99

— YKa3bIBaeT, YTO TOJ/IbKO CaM yKasaTeslb Uin 3HauyeHue
OCHOBaHHOe Ha yKa3saTene, Takoe Kak (pointer+1) — éyaner

NCMOSIb30BAHO AJ1 A0CTYyMna K 06beKkTy
— Tonbko ana C, He anga C++

void scale(int *a, int * restrict b)

{
for (int i=0; i<10000; i++) b[i] = z*a[i];

}

// two-dimension example:
void mult (int a[] [NUM],int b[restrict] [NUM]) ;

Software & Services Group, Developer Products Division
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NMoackasku [C/C++] (intel,

HekoTopble AUPEKTUBbI U KJ1IO4UYM

#pragma ivdep
— “Ignore Vector Dependencies” — koMnunatop 6yaet urHopuposaTb

npeanosiaraemble (HO He AOKa3aHHbIE) 3aBUCUMOCTUN B LMKIIE
criegyrouwem 3a AUMPEKTUBOU

— B cnyyae ucnonb3oBaHus Cc Kto4voM —ivdep-parallel (/Qivdep-
parallel), urHopmnpytoTcs ToNbKO LUMKINYECKNE 3aBUCUMOCTH

HeT annmacuHra B nporpamMmme
- {L&M}: -fno-alias {W}: /Oa

AnnacuHr B nporpamme coortseTceyeT npasunam ISO C
- {L&M}: -ansi-alias {W3}: /Qansi-alias

— A pointer can be de-referenced only to an object of the same type
or compatible type

HeT anuacuHra ansg apryMeHToB yHKUUN
- {L&M}: -fargument-noalias {W3}: /Qalias-args-

— [Ons Kaxkaown oTaeslbHO B3ATOW PYHKLUWUKU, apryMeHTbl 3TOU PYHKLUU
He CCbl1aloTCcs Ha 06LWmin 06beKT

Software & Services Group, Developer Products Division
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YTO genartb C 3aBUCUMMOCTAMU #2 (intel

e [IMHAMNYECKMNIN aHa/IN3 3aBUCUMOCTEN

- Komnunnartop MoxeT (!) B peanbHOM BpeMeHU onpeaensTb
nepecekarTCs JI MAaCcCUBbI AaHHbIX

— B 3aBMCMMOCTU OT pe3ysibTaTa BbIMOJHAETCHA CKansapHasa Uiu
BeKTopHas Bepcusa umkna (“Loop Versioning”)

— DBPUCTUKA KOMMNUNATOPA HACTpoeHa Ha 6anaHc Mexay
oBepxeaoM OT MPOBEPKKU U NMOSydYaeMOM BbiUrpbille B
Npon3BoANTENbHOCTU

— Hanpumep Ang npucBoeHus
A[..] = B;[..] + B,[.]1+ .. + By[..]
npoBepka genaetca angd N=2 He gna N=5
- Knou -opt-multi-version-aggressive (/Qopt-multi-version-
aggressive gng Windows) no3sosisseT yrnpaBsndaTb 3TOW 3BPUCTUKOMN
e MexnpoueaypHbl aHann3 3aBUCUMOCTEN

— AKTMBUpPYeTCH Kak “inter-procedural optimization”: -ipo (/Qipo ans
Windows)
- [Ana -02 n -03, IPO BHYTpK panna BKAKYEHO N0 YMOSIYaAHUIO
— [lo3BoOSISEeT KOMNUNATOPY BUAETb OonpeaesieHnd n co3gaHne aprymeHToB
dyHKUMIM BO BCeU nporpamme, BEKTOpU3aums AenaeTcs nocsae aHanamsa
BCeX pannos NporpaMmmsl
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CopneprxaHue :intel'
e BBeageHune

e [ eHepaunga BEKTOpPHOro Kkoga

e KNtoum KoMnuasaTopa AJSie aBTOMaTUUYECKOW BeKTopu3aumnm

e [I[poBepKa yCcnewHOCTU BEKTOpU3aLmnn

e Korga Bektopm3sauumsa He paboTaer
— 3aBMCUMOCTb MO AAHHbIM
— BbipaBHUBaHue

— Apyroe: HeeaAMHUYHbIN War A0CTyNa K AaHHbIM, Bbi30Bbl MYHKLM
nT.a. ..

e BekTOpn3auus cneumanbHbIX KOHCTPYKLIMIA
— OnpepeneHne namom
— CNnoXHble TUMNbl AaHHbIX

e HLO npeobpazoBaHns LUMKNIOB
e Pe3loMe, CCbIIKU

Software & Services Group, Developer Products Division
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BbipaBHMBaHue @

o [1ns1 BEKTOPHbIX SSE MHCTpYKLUMN HEOBXOAMMO YTOObI AaHHbIE
6bl1n BbipaBHEHbI N0 16 6anT

e [1ns BekTOpHbLIX AVX — no 32 6anta

e He BbIpOBHEHHbIE AAaHHbIE 3arpy>atoTcs C MOMOLLbIO KOMaHA
HE BbIDOBHEHHOW 3arpy3ku, KoTopble paboTatloT MeaneHHee.

e KOMNUAATOP MOXET AenaTb 'versioning’ B ciiyyae ecnu
BblpaBHMBAHWE HE MOHATHO Ha 3Tane KOMMUIsaunm

Software & Services Group, Developer Products Division
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Noacka3ku anna BbipaBHUBaHuA [C/C++] (inter
e BbipaBHeHHasa annokauus
void* mm malloc (int size, int base)
Linux & Mac OS X:
int posix memaligned(void **p,size t base,size t size)
e [InpeKkTuBssbl
#pragma vector aligned | unaligned
o ATpnbyTbl AN NepeMeHHbIX
{W,L,M}: declspec(align(base)) <array decl>
{L&M}: <array decl> attribute ((aligned(base)))

e Pacwunpenus ana C/C++
__assume aligned(<variable>,6 base)

Software & Services Group, Developer Products Division
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CopneprxaHue :intel'
e BBegeHue
e [ eHepaunga BEKTOpPHOro Kkoga
o Knoum KoMmnmnaTopa Aas aBToOMaTUYEeCKOW BEKTOpM3aLmnm
e [IpoBepKa ycnewHoCTU BEKTOpU3aLmnm
e Korga Bektopm3sauumsa He paboTaer
— 3aBUCUMOCTb MO AdAdHHbIM

— BblpaBHMBaHue

- [pyroe: HeeAMHWYHbIN WAr A40CTyna K AaHHbIM, Bbi3OBbl
¢hyHKUMN K T.A4. ...

e BekTOpn3auus cneumanbHbIX KOHCTPYKLIMIA
— OnpepeneHne namom
— CNnoXHble TUMNbl AaHHbIX

e HLO npeobpazoBaHns LUMKNIOB
e Pe3loMe, CCbIIKU
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Henoapnep>xnBaemas CTpyKTypa UuMKna (intel')

* “Unsupported loop structure” yalle Bcero o3Hadaet 4To

KOMMNUATOP NPOCTO HE MOXET BbIYUCINUTL KONTMYECTBO
nTepauumn B LUKIe

— Hanpumep while umnkn, rge konnmyecTBo ntepaunm onpeaensaeTcs B
npoLiecce BbINONMHEHUS

— BepxHasa/HWkHASA rpaHuua for umkna He ABNAeTCs LUKNNYeCcKu-

HEe3aBUCUMON

e B HEKOTOPbIX CJ1y4HadX 3TO MO>XHO J1erko NcrnpaBunTb.
struct x { int d; int bound;}; struct x { int d; int bound;};
doitl (int *a, struct x *x) doitl (int *a, struct x *x)
{ {

for (int i=0; I < x->bound; i++) int local ub = x->bound;

a[i] = 0; for (int i=0; I < local ub; i++)

} afi] = 0;
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Copyright © 2011, Intel Corporation. All rights reserved. Optimization u
*Other brands and names are the property of their respective owners. Notice




HenocnepoBsatenbHbin (Non-Unit) gocryn (inl:el'

Non-unit stride: [ocTyn B namM4aTb B LUK/E NMPONCXOAUT

HEenocneaoBaTtesibHO

e BekTOopunsaums B HEKOTOPbIX Cliy4asax BO3MOXHa ( B cny4dae ecnum
AOCTYyN AeTepMUHUPOBAHHbLIN/NNHENHBIN), HO “Aoporue”
HenocsiegoBaTes/IbHbIe onepaunn C NaMAaTbo MOryT NepeKkpbITb BCe

MJKCbl OT BEKTOPU3aALNUA

— OTUYET BeKTopM3aTopa: “Loop was not vectorized:
vectorization possible but seems inefficient”

[Mpumep:
for (I=0;I<=MAX;I++)
for (J=0;J<=MAX;J++)
{
D[I][J]+=1;
D[J][I]+=1;
A[J*J]+=1;
A[B[J]]+=1;
if (A[MAX-J])==1) last=J;

Software & Services Group, Developer Products Division
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Kak nsbexxartb? '

(el

“BbiBepHYyTb” unkn, (loop interchange), B cny4yae ecnu
AOCTYN JINHENHbIW

YacTo KOMNUNATOP MOXET cAefiaTb 3TO aBTOMAaTUUYECKMU,
HarnpunMmep UK YMHOXEHNA MaTpuLl,.

for (i=0;i<N;i++)
for (j=0;j<N; j++)
for (k=0;k<N;k++)

c[1][3] = c[1][3] + a[1][k]l*b[k][]]’

Ho He Bceraa, B cnydae HUXE, HYXXHO AeNnaTb 3TO pyKaMu:

// Non-unit access // Unit access

for (j = 0; j < N; j++) for (i = 0; i < N; i++)
i; i <= N; j++)
= a[1][J]1+b[1][3]];

for (i = 0; i <= j; i++) for (j =
c[i][J] = a[1][J]1+b[1][]]; cl[i] []]

Software & Services Group, Developer Products Division
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Bbi30Bbl pyHkuun / In-lining (intel.

e Boob6lue, BbI30B QPYHKUMM B LUKIE HE OAET KOMMUMIATOPY ero
BEKTOPM30BaTb
- UcknoueHne #1 : tintrinsic” pyHKUnKM, Tnna
MaTeMaTU4YeCKnx

— NcknoueHne #2 : Ecnn pyHKUNA MHNAUHUTCA

for (i=1l;i<knx;i++) {
x = x0 + i*h;
sumx = sumx + func(x,y,xp,ypP):

Intel Compiler: }
15 times
faster by

float func(float x, float y, float xp, float yp)
: : {

u5|r_lg —Upe float denom;

(/Qipo on denom = (x-xp)*(x-xp) + (y-yp)*(y-yp);
Windows) * denom = 1./sqrt(denom) ;

return denom;

}

*: Intel® C++ Compiler 12.0 U1 for Linux, Redhat Enterprise Linux 64bit 6.0, Intel XEON® X5560 proce
Software & Services Group, Developer Products Division
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BekTopusyemblie MaTeMaTnueckme pyHKLUnMU .

BoNbWKMHCTBO MaTeMaTUYeCKux @yHKunm “Bektopmnsyercsa”
NyTEM Bbl30Ba UX BEKTOPHbIX Bepcun u3 “Short Vector Math
Library” — libsvml

OYHKLUNN ANda KOTOPbIX ceil
eCTb BEKTOPHbIE BEPCUU cos
libsvml cosh
( Intel® Composer XE

2011) et

erfc
erfinv
exp
exp2

Software & Services Group, Developer Products Division
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YCNnoBHbIE 3aBUCUMOCTM (intel'

e CNOXHble YCNIOBUSA B LMKEe HE AAOT KOMMUNATOPY €ro
BEKTOPM30BaTb

e HO TeM He MeHee, “onpeaesiéHHbIe yC1oBnUA” MOXHO
BEKTOPU30BaTb C MOMOLLbIO BUT-Macok

- Wpesa cnepyowas:

for (i=1l; i<=U; i++) MASK[1:U] = (R1[1:U] > R2[1:U]);
if ( R1[i] > R2[i] ) L1[1:U] = (MASK[1:U] & R1[1:U]) |
L1[i] = R1[i]; ('MASK[1:U] & L1[1:U]);

else L2[1:U] = (MASK[1:U] & L2[1:U]) |
L2[i] = R2[i]; ('MASK[1:U] & R2[1:U]);

e T.e. CHa4yasna BblYMC/IAEM MACKY — @ MOTOM MO HEN AENAEM
NpucBOeHne

e B SSE MHCTpYKUMAX ecTb KoMaHAabl (blend) ana adpdekTMBHON
peanusaumnm Takmx aaropnTMoB

— [Npnmep Ha cnanae 12
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But-mMmacku — CKpbiTbie OLLNGKH (intel’)

e Takoe npeobpa3oBaHMe, NPpUBOANT K TOMY 4YTO obe
BETKUN YCJ1I0BUNA BbIHNCITAKOTCA ONA Ka)I(,D,OVI
ntepaunmn. KoMnmnaTop AesiaeT 3TO TOJIbKO B TOM
C/ly4dae, eC/im OH yBepeH 4YTO He BOSHUKHET HUKAKUX
owmnboK, KoTopble 6blsIN CKPbITbl B OPUrMHAIbHOM
Koae ycnoBueMm

— OTYéT BekTOpM3aTopa: ... condition may protect exception”

- B HaweM cnyyae BCe OK, TakK Kak BblpaXeHWe cripasa u Tak
BbIUMCNSIETCA HA KaXXA0W ntepaumnu

— B HEeKOTOpbIX Ccliydyasax KOMNMAATOp MoXeT Ao6aBuTb
NPOBEPKN HA KOPPEKTHOCTb

- AnpekTunebl TUNa “#pragma vector always” rosopaT
KOMNUNATOPY UYTO Takasi TpaHChopMaLumsa KOppeKTHa B
nobomMm cnyyae

Software & Services Group, Developer Products Division
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CopneprxaHue :intel'
e BBepeHue
e [ eHepaunga BEKTOpPHOro Kkoga
o Kfl0UM KOMNUAATOpa A5 aBTOMAaTUYECKOW BEKTOpMU3aLmnm
e [IpoBepKa yCcnewHoCTU BeKTopmu3auynm
e Korga Bektopmsaunsa He paboTtaer
— 3aBUCUMOCTb MO AdAdHHbIM

— BblpaBHMBaHue

- [lpyroe: HenocniegoBaTesbHbIA AOCTYN K AAHHbIM, Bbl30OBbI
dyHKUMN N T.A4. ...

e BekTOpM3aLuuma cneumasnbHbIX KOHCTPYKLIMA
- OnpepeneHve namom
— KoMnaeKCcHbIN TUN AaHHbIX

e HLO npeobpazoBaHns LUMKNIOB
e Pe3loMe, CCbIIKU
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OnpepeneHve mamom (intel')

KoMnunnatop onpeaensieT nporpaMMHble KOHCTPYKUMM (MANOMBbI)
N KOHBEPTUPYET ux B bonee apdPpeKTnBHbIE KOHCTPYKL NN

[lpnmep:

unsigned char a[N], b[N];

: : L: movdga xmml, b[ecx*4-4]
2
T01d swap32 (int n) pshufb xmml , xmmO
! . movdga alecx*4-4], xmml
e o dd ecx, 4
for (i = 0; i < n; i+=4) 2 /
cmp ecx, eax

t jle L

a[i+0] = b[i+3];

a[i+l] = b[i+2];

a[i+2] = b[i+1];

a[i+3] = b[i+0];

}

[NepecTaHoBKa 6anT onpeaeneHa TyT Kak namoma.
PSHUFB BxoauT B coctaB SSSE-3
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Idiom Recognition — Saturation (intel,

e To enable idiom recognition, the source code needs to
express exactly the conditions required to use the
corresponding SSE instruction

e In the sample below, the compiler will use PADDSB ( “Add
packed signed bytes with saturation”) because the source
code limits both, the upper and lower bound, of the add
operation

— Frequently the lower bound check is missing which would be ok
here only for unsigned char !

define N 1000
void sat signed char(char va[N],char vb[N], char vc[N])
{

int i;

for (1 = 0; 1 < N; i++)

vel[i] = ( (vb[i] + wva[i] > 127 ) ? 127
( ( vb[i] + va[i] < -128 ) ? -128 :
vb[i] + va[i] ) ) ;

Software & Services Group, Developer Products Division
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BeKkTOopu3aLuunsa KOMMNJIeKCHOU apudpMeTukm (intel’)

e C ( C99) u Fortran nopgaep>xmsatoT TN aAaHHbIX COMPLEX

o KOMNUNATOP MOXET BEKTOPU30BATb TakKMe KOHCTPYKLUUU C
Mcnosb3oBaHneM SSE3 MHCTpYKUUN

e Jlyywe He UCrnonb3oBaThb "CaMOMUCHbIE” KNnaccChbl/CTPYKTYpbl A4
paboTbl C KOMMJIEKCHBIMN YMNCNaMun

[Mpnmep:
float Complex zc[10];

float Complex za=4 + L WAL

//Real Part = 4
//Imaginary part = 2
void zscale() {
for (int i=0; i<10; i++)
zc[i] = za*csin(zc[i]):

}
//Compile (W): icl complex.c /Qstd=c99 /QxSSE3
//Compile (L & M): icl complex.c -std=c99 -xSSE3
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CopneprxaHue :intel'
e BBepeHue
e [ eHepaunga BEKTOpPHOro Kkoga
o Kfl0UM KOMNUAATOpa A5 aBTOMAaTUYECKOW BEKTOpMU3aLmnm
e [IpoBepKa yCcnewHoCTU BeKTopmu3auynm
e Korga Bektopmsaunsa He paboTtaer
— 3aBUCUMOCTb MO AdAdHHbIM

— BblpaBHMBaHue

- [lpyroe: HenocniegoBaTesbHbIA AOCTYN K AAHHbIM, Bbl30OBbI
dyHKUMN N T.A4. ...

e BekTOpn3auus cneumanbHbIX KOHCTPYKLIMIA
— OnpepeneHne namom
— KoMnieKCHbIN TUN AaHHbIX

e HLO npeo6pa3oBaHua LUKIIOB
e Pe3loMe, CCbIIKU
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TpaHcdhopMaLma LUKIOB (intel

e HacTto BekTopusaumsa (3apdeKkTnBHast) BO3MOXHA TOJSIbKO
nocne onpenenéHHbixX npeobpaszoBaHUN LNKIOB

e B koMnunatope 3a 310 otBe4vaeT HLO - High Level
Optimization
— HLO pabotaet anga 02 n O3, HO Tonbko Ha O3 ncnonb3yercs
MoNHbIA Habop TpaHcdhopMauunm

e OTYéET HLO:
{L&M}: —opt-report —opt-report-phase:hlo
{W3}: /Qopt-report /Qopt-report-phase:hlo

LOOP INTERCHANGE in loops at line: 7
(

8 9
Loopnest permutation (1 2 3 ) --> 2 3 1)

Loop at line 7 unrolled and jammed by 4
Loop at line 8 unrolled and jammed by 4
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NMpeo6pa3oBaHuA UMKNA (intel'

14: for (i=0; i<100; i++)

15: { af[0:99] = O0;

16: a[i] = 0; for (j=0; j<100; j++)
17: for (j=0; 3j<100; j++) a[0:99] += b[3j][0:99];
e g af[i] += b[j]l[i];

19: }

OT4eT BekTOopm3artopa:

file.c(16) : (col. 8) remark: PARTIAL LOOP WAS VECTORIZED.
file.c(14) : (col. 8) remark: loop was not vectorized: not inner loop.
file.c(18) : (col. 10) remark: PERMUTED LOOP WAS VECTORIZED.

[Mpeobpa3oBaHnsa caenaHHble KOMMUIATOPOM:

1) i-umkn distributed (pa3buT) Ha 2 unkna: oTAeNbHbIW LUK U BIIOXKEHHLIN LK
2) BrnoxeHHbIn uukn interchanged (“BbIBEPHYT”) ANSA nocnegoBaTesibHOro
goctyna K anemeHtam b[j][i]

3) MNepsbIn umkn BektopmsoBaH. (1-e VECTORIZED)

4) “BbiBEpHYTbIN” LUUKI BekTOopn3oBaH (2-e VECTORIZED)
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CopneprxaHue :intel'
e BBepeHue
e [ eHepaunga BEKTOpPHOro Kkoga
o Kfl0UM KOMNUAATOpa A5 aBTOMAaTUYECKOW BEKTOpMU3aLmnm
e [IpoBepKa yCcnewHoCTU BeKTopmu3auynm
e Korga Bektopmsaunsa He paboTtaer
— 3aBUCUMOCTb MO AdAdHHbIM

— BblpaBHMBaHue

- [lpyroe: HenocniegoBaTesbHbIA AOCTYN K AAHHbIM, Bbl30OBbI
dyHKUMN N T.A4. ...

e BekTOpn3auus cneumanbHbIX KOHCTPYKLIMIA
— OnpepeneHne namom
— KoMnieKCHbIN TUN AaHHbIX

e HLO npeobpazoBaHns LUMKNIOB
e Pe3roMe, CCbIJIKM
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Pe3oMe (intel'

o Komnunsatop Intel® C++ and Intel® Fortran nogaep>xmsatoT
reHepauunio BEKTOPHOro Koaa Aanas Bcex npoueccopos Intel®

o [laxke onga cny4yasa "aBToOMaTUYECKON” BEKTOpM3aumnm, MOXHO
YNYUYLWKUTb NPOMN3BOANTENBHOCTb MPOrpamMMbl, eCc/im noackasaThb
KOMMUNATOPY 4YTO AenaTb

— KoMnnndatop Aa€T NosIHbIM OTYET NO reHepaunm Koaa
o ,U,leeKTVIBbI N KJTIOYN NMO3BOJIAKOT NMOJIHOCTbKO KOHTPOJIMPOBATb
NpoLecc reHepaumm

e [lOHMMaHMe 4YTO TaKoe 3aBUCUMOCTU, BbipaBHUBAHNE —
HeobxoanMble 3HaHUA ANns 3PPEKTUBHOMO NCNOSIb30BAHUS
pacwupeHnnn SSE/AVX n ana nonyyeHmnsa Haunnyden
NpoOn3BOANTENbHOCTM Ballero Koaa
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Optimization Notice

Intel® compilers, associated libraries and associated development tools may include or utilize options that
optimize for instruction sets that are available in both Intel® and non-Intel microprocessors (for example SIMD
instruction sets), but do not optimize equally for non-Intel microprocessors. In addition, certain compiler
options for Intel compilers, including some that are not specific to Intel micro-architecture, are reserved for
Intel microprocessors. For a detailed description of Intel compiler options, including the instruction sets and
specific microprocessors they implicate, please refer to the “Intel® Compiler User and Reference Guides” under
“Compiler Options." Many library routines that are part of Intel® compiler products are more highly optimized
for Intel microprocessors than for other microprocessors. While the compilers and libraries in Intel® compiler
products offer optimizations for both Intel and Intel-compatible microprocessors, depending on the options you
select, your code and other factors, you likely will get extra performance on Intel microprocessors.

Intel® compilers, associated libraries and associated development tools may or may not optimize to the same
degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These
optimizations include Intel® Streaming SIMD Extensions 2 (Intel® SSE2), Intel® Streaming SIMD Extensions 3
(Intel® SSE3), and Supplemental Streaming SIMD Extensions 3 (Intel® SSSE3) instruction sets and other
optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on
microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are
intended for use with Intel microprocessors.

While Intel believes our compilers and libraries are excellent choices to assist in obtaining the best
performance on Intel® and non-Intel microprocessors, Intel recommends that you evaluate other compilers
and libraries to determine which best meet your requirements. We hope to win your business by striving to
offer the best performance of any compiler or library; please let us know if you find we do not.

Notice revision #20101101
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Legal Disclaimer Ttal

QB

INFORMATION IN THIS DOCUMENT IS PROVIDED "“AS IS”. NO LICENSE, EXPRESS OR IMPLIED,
BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS
OR IMPLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR
WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR
INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Performance tests and ratings are measured using specific computer systems and/or components
and reflect the approximate performance of Intel products as measured by those tests. Any
difference in system hardware or software design or configuration may affect actual performance.
Buyers should consult other sources of information to evaluate the performance of systems or
components they are considering purchasing. For more information on performance tests and on
the performance of Intel products, reference www.intel.com/software/products.

Intel and the Intel logo are trademarks of Intel Corporation in the U.S. and other countries.
*0Other names and brands may be claimed as the property of others.

Copyright © 2010. Intel Corporation.

http://intel.com/software/products

Software & Services Group, Developer Products Division

Qntegl Copyright © 2011, Intel Corporation. All rights reserved. Optimization D

Software *Other brands and names are the property of their respective owners. Notice
Products



http://www.intel.com/software/products

Student Exercise # 1 (intel.

Which Loops will Vectorize ?
#01: for (j=1; j<MAX; j++) al[jl=al[j-nl+b[jl;
#02: for (int i=0; i<SIZE; i+=2) DbI[i] += a[i] * x[i];

#03: for (int j=0; J<SIZE; j++)
for (int i=0; i<SIZE; i++)
b[i] += a[1][]J] * x[]]’

#04: for (int i=0; i<SIZE; i++)
b[i] += a[i] * x[index[i]];

#05: for (j=1; j<MAX; j++) sum = sum + a[j]l*b[]j]

#06: for (int i=0; i<length; i++)
if(s}:O)
x2[i] = (-b[i]+sqgrt(s))/(2.*a[i]);
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Student Exercise # 2 (intel')

Find (if any) all Dependencies in these Samples

Dependencies? Type ?

for (i=0;i<MAX-2,i++)
S: A[i+2]=A[i] + 1;

for (i=1;i<MAX,i++)

{

Sl1: A[i]=A[i-1] * 2;
S2: B = A[i-1];

}

for (i=0;i<MAX,i++)
S: A[i+1,3j] = A[i,k] + B;

for (i=0;i<MAX-1,i+=2)
S: A[i+1]=A[i] + 1;
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