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Kypc "IlporpammMupoBaHue U ONTHMHU3ANHUS JJIA APXUTEKTYPHI
Intel Xeon Phi"

C.A. bacrpakos, A.B. I'opuikos, A.B. Jlunes, 1.b. Meepos, A.H. CBuctynos, A.B. CrsicoeB

Hwxeropoackuii rocynapctBeHHbIi yauBepcuter uM. H.W. JloGaueBckoro

B pabore obcyxnmaercs mpoOnema oOydeHus mporpammupoBanuto aias Intel Xeon Phi.
[IpencraBneH MpaKkTHKO-OPUCHTUPOBAHHBIN TOAX0]] K 00Y4IeHHI0, OCHOBAHHBINA Ha 0OIIHp-
HOM JIa00paTOPHOM IpakTUKyMe. OTINYUTEILHOW 0COOCHHOCTHIO MOAX0/A SBISETCS KOM-
OMHaIMA KJIACCHYECKUX 3a/ad Ha OCBOCHHE KOHLEMIMH M MPHUEMOB IapaJuIeIbHOTO Hpo-
IrpaMMHUPOBAHUS M PEAbHBIX MIPUMEPOB, BOSHUKIIMX TPH PELICHHH HAYYHBIX 3a1a4 (u-
HAHCOBOW MaTEMaTHUKH U BBIYHCIUTENbHON (u3uku. B pabore mpuBeneHo onucaHue pas-
paborannoro kypca «I[IporpammupoBanue st Intel Xeon Phi», npencrasiena napopma-
1ust 00 OMbITE ero NMpoYTeHHs. MaTepHranbl Kypca Ha PyCCKOM SI3bIKE BBUIOXKEHBI B OTKPbI-
TBIN TOCTYIH Ha caiite www.intuit.ru [1-2].

1. BBenenune

[IpoGiema BBIPaOOTKH IPPEKTUBHBIX METOJUK OOYYCHHUS MapallielbHOMY MPOrPaMMHUPOBAHUIO
CTOUT Tepesi HaydHO-00pa30BaTeIbHBIM COOOMIECTBOM Ha MPOTSHKEHUH MHOTHX JIET, €CIIH OTpeiene-
HUE «MHOTHX» B NPUHIUIE MPUMEHUMO K JaHHOW, JOCTATOYHO MOJIOJIOW 00JIaCTH KOMIIBIOTEPHBIX
Hayk. HecMOTpsi Ha CylecTBEHHbIE HOCTMXKEHUS, K YMCIY KOTOPBIX MOJKHO, B YAaCTHOCTH, OTHECTH
pa3pabOTKy €IHHBIX CBOJOB 3HaHHH [3-5], mpobiema moaHOCThIO He perreHa. CIoXHOCTh 00yJIeHH s
Pa3IMYHBIM aCIEeKTaM MapajlieIbHBIX BBIUYUCICHHN 3aKIIOYeHa B CaMOM MpUpOje MNapaluiein3Ma.
[IpuBBIKIIME K CTPOHHOMY IOCIIEI0BATEIbHOMY MOTOKY MCIIOJIHEHHUS] KOMaH[ IPOrPaMMHUCThI Hepea-
KO HCIIBITHIBAIOT 3HAYUTEIbHBIC 3aTPYAHEHHS [IPU OCBOCHUH HOBBIX HENPUBBIYHBIX MOZEIEH Mmapa-
nenu3ma. Ha mepBbiid B3I MOXKET BOZHUKHYTH BIIEUATIICHHE, YTO OCBOUTH MMapajlieIbHOE MPOrpam-
MUpoBaHue mpocto. M3ydenne Heckonbkux QpyHkmmii (MPI), nmparm (OpenMP), aBTOBekTOpH3anuu
mukinoB (SIMD), xa3anoch Obl, TOJKHO HEM30EXKHO MPUBECTH K ycrnexy. B psne mpuioxeHuit sto
JEHCTBUTEIBHO TaK M €CTh, PACUETHI JIETKO paclapaljIeIMBalOTCs €CTECTBEHHbIM o0pazoMm. Tem He
MeHee, U3BECTHO HeMaslo 3aj1a4, 3pPEeKTHBHOE paclapajieIMBaHue B KOTOPBIX TpeOyeT pa3zpaboTKu
HOBBIX JITOPUTMOB, BHEAPEHMS Pa3HbIX IMOAXOAOB K OpraHM3aluy Hapajuiein3Ma (3a4acTyi0 METo-
JoM 1po6 u ommnboK). [ToAroToBKa crenuanucToB, CHOCOOHBIX K TaKOH paboTe, SBISIETCS BeCbMa He-
MPOCTHIM JEJIOM.

OnHUM U3 BaXXHBIX (AKTOPOB, C OJJHOM CTOPOHBI ONPEEISIONINX MOIIb M BBIPA3UTENILHYIO CHITY
napayieNbHBIX TEXHOJIOTHH, HO C JIPYrol CTOPOHBI TPeOYIOIIMX MOCTOSHHOTO COBEPIICHCTBOBAHUS
METOAUK OOYyYEHHsI, TEOPETUUECKUX 3HAHWUH M MPAKTHIECKUX HABBIKOB, SIBJSICTCS] Pa3BUTHE BHIYHCIIH-
TENBHBIX apXuTekTyp. ONHO W3 HaNpaBICHWHA Pa3BUTHS CBS3aHO C CO3JJAHHEM BBICOKOIPOHM3BOIM-
TEJIBHBIX YCKOPUTENeH BBIYMCICHUH, NMPUMEpPaMU KOTOPBIX SBISIOTCA rpaduuecKue MpOLecCOpbl
(GPU) u comporueccoprr Intel Xeon Phi. Kpatko xapakrepusys cocrosiHue Bompoca o0 00y4eHUH
GPU-nporpaMMupoBaHnio, HEOOXOUMO OTMETHTh, YTO HECMOTPSI Ha OOJIBIIOE KOJIMUYECTBO 00yUaro-
et murepatypsl [6-13], Hayuutscs 3¢ dexruBHO mporpammupoBats GPU Becbma HempocTo. He mpe-
TEH/lys Ha UCTHHY B MOCJIECAHEH MHCTAHIIMM, OTMETHM, YTO HAIlla IPAKTUKA MOKA3bIBAET, YTO CHCTEM-
HBIE TIPOTPaMMHUCTHI B OCHOBHOM ocBamnBaroT GPU, Torna kak mpukiiajHbie MPOrPaMMUCThI CTaJIKH-
BAIOTCS CO 3HAYUTENLHBIMHU TPYJHOCTSMH, B YACTHOCTH, N3-32 HEOOXOJIUMOCTH CYIIECTBEHHBIX H3Me-
HEHMH B CBOMX mporpammax. [ npeonoseHus ykasanHoU mpobiemMsl mpu paspadoTtke Xeon Phi Obl-
Ja 3aj0’keHa BO3MOXKHOCTh TOCIIE MEPEKOMITMIISIIAK BBIOJHSITE TPAIUIIMOHHbBIE X86-TIPOrpaMMbI €
JIOCTATOYHOU CTENeHbI0 P(PGEKTUBHOCTH TIPU YCIOBHU MX TIOJIHOTO IMapajuielli3Ma, Kak Ha IMOTOKaXx,
Tak ¥ Ha ypoBHe SIMD-uncrpykumii. Ho MHOrO /M TakMx NMpMIIOKEHUH, I7le BCE U cpa3y MOTYyUUTCS
camo co0oii? [IpakTrka mokaseiBaet, 4o 3((eKTUBHOE Ucnoibp30Banue Xeon Phi Bo3MoXHO He Bce-

) ABTOpBI OIarogapsAT komnanuio Intel 3a GrHAHCOBYIO MOAMEPKKY pa3pabOTKH Kypca.
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r7a, a TaM, I7ie¢ BO3MOXKHO, HEPEAKO TpeOyeT CyLIEeCTBEHHBIX 3HAHUK M HaBBIKOB. OOCYXICHUIO BO-
mpoca 00 o0y4eHnu nporpaMMupoBanus 1t Xeon Phi u mocssmena qanaas padora.

B pabore mpuBoguTCs onmcaHue Moaxoaa K 00ydeHuto mporpaMMupoBanuio Ha XeonPhi, pa3pa-
6orannomy B HHI'Y mpu ¢uHancoBoit nonaepxke kommnanuu Intel. OTIHUNTENHHON 0COOEHHOCTHIO
YKa3aHHOT'O MOJXOJA SIBIIACTCS MPAKTUKO-OPUEHTHPOBAHHOE IPEMOJAaBAHUE, COUETAIOIIEEe KaK Kilac-
CHYECKHUE MPUMEPHI Ha OPraHU3aLHI0 apauIeIbHbIX BIYUCICHUI (MAaTpUUHBIE ONIEPALlUH, COPTUPOB-
KU | JIpYTHE), TaK U aBTOPCKHE pa3pabOTKH, BHIPOCIINE U3 peallbHBIX HAYYHBIX MPOCKTOB U3 Pa3HBIX
npeaMeTHBIX oOmacTei (puHAaHCOBas MaTeMaTHKa, BEIYUCIUTEIbHAS (PU3UKA), BHIIOJIHACMBIX B YHH-
Bepcutere. Pabora mocrpoena crnemyromuM odpa3zoM. B pasznene 2 paccMOTpeHbI HEKOTOpbIE aHAJIO-
ruuHble padoTel. B paspene 3 mana kpaTkas XapakTepUCTHKa METOIUKH IpenojaBaHus. B pasznene 4
NpUBEACH Y4eOHO-TEeMAaTHUYeCKUH IUTaH JIEKIHMOHHOM dacTu Kypca «IIporpammupoBanme mis Intel
Xeon Phi». B paznene 5 npuBenena madopmanus o6 opraHnzanuu 1ab0paTOpHOTO MpakTUKyma. B
pasnerne 6 maHa KpaTKas XapaKTepUCTHKa METOJMKH OIEHKH 3HaHWH o0ydaeMbIxX. B pasnmene 7 mpen-
CTaBJICH OMBIT uTeHHs Kypca Ha dakynsrere BMK HHI'Y. B 3akimroueHnn npuBeaeHO onMcaHUe Oc-
HOBHBIX PE3yJbTaTOB U IJIAHOB IO WX JAlbHEUIIIEMY Pa3BUTHIO.

2. CyuiecTByIoIIMe Kypchbl M MaTepHAJIbI 10 MPporpaMMupoBanuio AJjsi Intel
Xeon Phi

O06mnacTe BBICOKOIPOU3BOAUTENBEHBIX BEIUMCICHUN PAa3BUBACTCA OUYCHb HHTEHCUBHO, IPAKTUIECKU
KaXIbIid OJ] IPOUCXOAUT OOHOBJIEHHE aKTyaJIbHON COBOKYIHOCTH aIlllapaTHBIX CPEACTB, TEXHOIOTUI
MPOTPaMMHUPOBAHUS U MHCTPYMEHTAILHBIX CPEACTB, KOTOPHIMH JIOJDKEH BiafeTh paspaborunk HPC-
npuioxeHui. [loAroToBka BHICOKOKBATM(HUINPOBAHHBIX CHELMANKUCTOB B JAHHOH obsacTu TpedyeT
(opMHUPOBaHUS KOMIUIEKCHBIX YY€OHBIX IMPOrpPaMM, OXBATHIBAIOILIMX PA3IUYHBIC ACHEKTHI O0Y4eHUs,
U B TO € BpeMsl IIO3BOJISIOIINX OMEPATHBHO MX JOMOJNHSATH MPH MOSBICHHHA HOBBIX TexHoNorui. [Tpn
MOSIBJICHUH apXUTEKTyphl Xeon Phi pa3nudnbie By3bl HCTIONB30BANN CIEAYIOIUE OCHOBHBIEC MTOIXOIBI.

— Bxarouenne napopmanmu 06 apxurektype Xeon Phi m ocoOeHHOCTSX IpOTpaMMHUPOBAHUS NS
HEro0 B CYLIECTBYIOIIME KypChl MO apxutekrype OBM, mapamiensHOMy NpOrpaMMHPOBAHHUIO WM
CMEXHbIM ¢ HUMHU [14-17].

CTpyKTypa U colepKaHue MOAOOHBIX KYpPCOB JOCTATOUYHO CTaHIAPTHBI, MOCKOJBKY LIMPOKO 00-
CYXIaINCh aKaJeMUYEeCKUM COOOIIECTBOM MU ONHMCaHBI B psAfe pa3padoTaHHbIX pexoMeHnanuii (ACM
Computer Science Curricula 2013 [3], NSF/IEEE-TCPP Curriculum Initiative [4], CBox 3Hanu#t u
ymenwuit B oonmactu CKT [5] u 1.1.) Apxurektypa Intel Xeon Phi ucronbs3yer aneMeHTBl apXUTEKTYPhI
Intel Pentium (P54C) u npoekta Larrabee, u ero n3yueHue B paMKax yKa3aHHBIX KYPCOB SIBJISIETCS €c-
TECTBEHHBIM M OOBIYHO BKIIIOYAET 0030p amnmapaTHBIX BO3MOXKHOCTEH ¢ 00CY»XJIEHHEM CIEHU(HKH,
paccMOTpeHue MOJIeNIel MPOrpaMMUPOBaHHS U 00CYKIEHUE TPUMEPOB PEILICHUS 3a/1a4.

— [IpuBnedeHne CTOPOHHNUX OPraHU3aLMI ATl IPOUTEHUS Kypca.

CymecTByeT psl OpraHu3aunui, pa3padoTaBIIMX KypC MM KOMIUIEKT KypCOB MO MPOTrpaMMHUPO-
BaHuio s Intel Xeon Phi u BeimonHsiromux o0ydeHue 1o qaHHoN TeMe 1o 3amnpocy [18-19]. B nep-
BYIO OYepellb, TUM 3aHMUMaeTcs caMma koMmmnaHus Intel, moarorosuBmas 60JbII0 KOMIUIEKT y4eOHBIX
MaTepHajoB U OpPraHU30BBIBAIOIAss 00yUYeHHE HA MHOTHMX MEPONPHATHUSX, CBSI3aHHBIX C BBICOKOIPO-
U3BOJMTEIbHBIMU BhuuciaeHussMu [20], mubo cBouMH cuiiamu, JuOO ¢ TPUBICYCHHEM TIperoiaBare-
nei u3 yauBepcuTeToB. OOBIYHO TaKUe KYpPChl YATAOTCS B JOpME MacTep-KIaccoB C MPAKTHYECKIUMHU
3aHATHUSIMH, [TO3BOJISIIOILIEH 32 KOPOTKOE BPEMs M3YUYUTh OCOOEHHOCTH apXUTEKTYPhl U MOJENEH Mpo-
rpaMMHPOBaHUs U TIONPOOOBATh HX HA MPAKTHKE.

— Pa3paboTka OT/IeNIbHOT0 Kypca 1o porpaMmmMupoBanuio st Xeon Phi [1-2, 21-26].

B OonpmmHCTBE ciy4aeB momoOHBIA Kypc pa3pabaThiBacTcs MOAPa3AeIeHUEM, 3aHUMAIOIIUMCS
BBICOKOIIPOM3BOIUTEIBHBIMU BBIYUCICHUSMH, U TPOBOIUTCSA B (popMe MacTep-KiIaccoB M MpaKTHUE-
CKuX 3aHATHI. Ho CylIecTBYIOT W KypChl KJIIACCHUYECKOTO THIA (JIGKIIMU + MPaKTHKa/IabopaTopHbIe
paboThI), B KOTOPBIX OCHOBHOE BHUMAHHE yeIseTCS NPAKTUIECKON YaCTH.

Ha nam B3risin Bce mepedMciIeHHbIE MOAXOMABI SBISIOTCS NPUEMIIEMBIMH, U BBIOOD 3aBHCUT OT
CTPYKTYPBI IPOTPaMMBbI OOYUEHUSI B IIEJIOM U IIeJiel 00y4eHUs.

OCHOBHBIMH HCTOYHHKaMHU MH(OpMAIIHH, CITOH30BaHHBIMI HaMU TIpHU pa3zpadoTke Kypca "Ilpo-
rpaMMHpPOBaHUE U ONTUMHU3ALMA 17151 apxuTeKTypsl Intel Xeon Phi" sBistmucs:
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— caiit kommanuu Intel (pa3paboTyMK apXUTEKTYPHI), COACPIKAIIMNA TEXHHUYECKYIO JTOKyMEHTa-
1110, YUeOHbIC MATEPUAIIBI M CTaThH pa3padboTynkoB [27-33];

— peIKHe CTaTh¥ U KHWUTH, TIOCBAIIEHHEIE TporpaMMupoBanmio s Intel Xeon Phi [34-36];

— Ham COOCTBEHHBIN OMBIT pa3pabOTKU U MEPEHOCA MPHJIOKEHUIN B BHIUUCIIUTENBHON (U3MKE U
¢buHaHCcOBOM MaTemartuke s Intel Xeon Phi.

Iocnemuss u3 xumr — "High Performance Parallelism Pearls: Multicore and Many-core
Programming Approaches” [36] — Bkmouaetr rmaBy 19 "Performance optimization of black-scholes
pricing", MOATOTOBJICHHYIO C YYACTHEM JIBOMX Pa3pabOTUYMKOB MPEICTABIIEMOTrO Kypca.

3. MeTomea npenogaBaHnus

Kypc 6b11 pazpaboTaH B HECKOJBKMX BapHaHTAaX - HA PYCCKOM U aHIJIMHCKOM SI3BIKAaX, B BUAE
€AMHOTO Kypca U pa30ouToro Ha 0a30BYI0 M PACIIMPEHHYIO YacTH, B BUAE MOZIYJEH IJIs MpelcTaBie-
HUSI Ha MEPOIPUATHSIX U MacTep-kiaccax. [lanee mbl OyznemM paccMaTpuBaTh HauOoJiee MOJHBIA BapH-
aHT Kypca.

OcHoBHas Lesb Kypca — U3y4UTh 0a30Bble NPUHIMIIEI U COPMUPOBATh HABBIKK Pa3pabOTKU Mpo-
rpamMM, OPHEHTHPOBaHHBIX Ha 3(dekTuBHOE Hcmonb3oBanue Intel Xeon Phi. IIpu stom pematorcs
CJIEAYIOIINE 3a1a4H:

— N3yuenne ocobenHocterr apxurektypbl Intel Xeon Phi, a Takke OCHOBHBIX MEXaHH3MOB,
BIIMSAIOLINX HAa IPOU3BOAUTENBEHOCTD IIPOTPAMM.

— N3yuenue mozeneli ucnonp3opanus Intel Xeon Phi, a Takke COOTBETCTBYIOIIETO CHCTEMHOIO
nporpamMmmHoro obecriederns. OCBOeHHE CIIOCOOOB pa3pabOTKU, COOPKH M 3aITyCKa MPHUIIOKEHUH Ha
Intel Xeon Phi.

— M3ydenne npuHOUIIOB 1 0COOEHHOCTEH MPUMEHEHHUS! TEXHOJIOTHI MapajieIbHOrO MPOrpaMMu-
poBaHUsI IJ1sl pa3pabOTKK M ONTUMH3ALWU PAacUeTHBIX MPOrpamMM, OpMeHTHpOBaHHBIX Ha Intel Xeon
Phi, Bxirouas Bonpocs! ucmonb3oBanus HHCTpykiwid SIMD, texnomoruit OpenMP u Cilk Plus.

— @opMHUpOBaHHE HABHIKOB ONTHMHU3AIMA W BEKTOPH3ALMU PACUETHBIX IMKIIOB, ONTHMH3ALUH
paboThI ¢ MaMATHIO, OATAHCUPOBKH HATPY3KH NP paclapauieIiBaHHH.

—O3HaKOMJIEHHE C JOCTaTOYHO YCHEIIHBIMH NpPUMEpaMH ONTHMH3ALMU MPOrpaMM, W3HAYAIbHO
HE COBCEM MOIXOASIIUX 1Tt 3P HEKTUBHOTO UCIIOB30BaHMs BO3MoXkHOCTei Intel Xeon Phi.

Kypc paccuutan Ha 32 yaca, B TOM 4HCIIE:

— 10 yacoB sekuuii, Ha KOTOPBIX pacCMaTPUBAIOTCS apXUTEKTypa MPOLEccopa, MOAEIH OpraHu3a-
UM BBIYUCIICHUN M MTOJXO/BI K ONITUMH3ALIUH ITporpaMM (cM. 1.4.);

— 10 yacoB MpakTHYECKUX 3aHATHH, KOTOPBIE MOTYT IMPOBOJUTHCS B PEKHUME JIAOOPATOPHBIX pa-
00T (CiymIaTeny MONIAroBO BBITONHSIOT 3aJIaHUsI MOJ] PYKOBOJCTBOM HHCTPYKTOPa WM CaMOCTOS-
TEJIBHO PEIIAOT MOCTAaBJICHHYIO 3a7ady, IPU HEOOXOAMMOCTH MOJb3YSICh COBETAMU U IOJCKA3KAMHU
MIpernoaaBatens) 1100 B peXUMe MacTep-KJIaccoB (MHCTPYKTOP IMOMIArOBO MOKAa3bIBaeT TO, UTO HEOO-
XOJIUMO CZIeJIaTh, aBasi HEOOXOIUMbIE TIOSICHEHHS ); TEMBI JTA0OPATOPHBIX PadOT MPUBEICHBI B I1.5;

— 12 gacoB BbIAETSAECTCS HA CAMOCTOSITENBHYIO PaboTy, B X0/1€ KOTOPOH CTYAEHT JOJKEH BBIIOJI-
HUTH NPAKTUYECKUE JOMAIIHUE 33aJaHMs, a TAKKE BBITYCKHYIO padoTy, CBI3aHHYIO C ONTUMM3ALUEH
HekoToporo anroputMa jiisi Intel Xeon Phi; mpumepom 3amanus Juist BBITYCKHOW paOOTHI SBISIETCS
noctiwkenne 50% OoT MaKCMMaIbHOM MPOM3BOAUTENBHOCTH B 3a7ja4€ YMHOXKEHHSI IUIOTHBIX MAaTPHL.

JJ1st OLICHKH 3HAHUI CTYACHTOB UCIOJIb3YETCS CHCTEMa TeCTUPOBaHUs (CM.I.6), U IPOCMOTD BBI-
TIOJTHEHHBIX UMH JIOMAIITHUX 32/IaHUI U BBITYCKHON paboTHI.

Bce marepuansl kypca Obutd pa3paboTaHbl HA PYCCKOM M aHTIIMICKOM sI3bIKax. Pycckosi3pranHast
Bepcusl Kypca IpeacTaBieHa Ha caiite IHTYUT B BHIE ABYX CBSI3aHHBIX KyPCOB AJisi 0a30BOTO U IPO-
JBHHYTOTO ypoBH: [1-2].

4. JIeKUMOHHAA YaCTh Kypca

TeopeTtrueckas 4acTh BKIFOYAET CIEAYIONINE JIEKITUH.

1.Apxurektypa Intel Xeon Phi.

2.Bemonuaenue nporpamm Ha Intel Xeon Phi. Moaenu opranu3amuy BEIYUCICHUH ¢ HCIIOIB30Ba-
nueMm Intel Xeon Phi.

3.Bekropnsie pacmmpenus Intel Xeon Phi.
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4.2neMeHTHl ONTUMU3ALNH TpUKIagHbIX porpamm 1t Intel Xeon Phi. Intel C/C++ Compiler.

5.9MeMeHTHl ONTUMU3ANH TPUKIaAHBIX TTporpamMm i Intel Xeon Phi: Intel MKL, Intel VTune
Amplifier XE.

dakTryecky, IEKIUOHHAA YacTh Kypca JeTUTCS Ha TPH OJIOKA: 3HAKOMCTBO C apXuUTeKTypoi Intel
Xeon Phi, m3yduenne mozeneil mporpaMMupoBaHus, odecriedeHre d3PGEeKTUBHOTO MCTIONH30BAHNS BBI-
YHCIIMTEIbHOM MOIIM apXUTEKTYPHI (€CJIN 3a/1a4a 3TO JOIYCKAaeT).

B nekuun 1 paccMaTpuBaroTCS OCHOBHBIE apXUTEKTYPHBIE OJIOKM M OCOOCHHOCTH COIpOIeccopa:
Ap0, OJIOK BEKTOpHOH 00pabOTKH JaHHBIX, BCTPOCHHAS BEICOKOTIPON3BOIUTEIIbHAS ABYHAIIPABIICHHAS
KOJIBLIEBAs ILIMHA, MOJHOCTbIO KOTEPEHTHbIE K3MM L2 M NpuUHUMOBI B3aMMOJICHCTBUS KOMIIOHEHT.
OmnwuceiBaeTcsl NpUHUMI PabOTHl KOHBeHepa siapa, paccMarpuBaeTcs uepapxus namatu. OcHOBHOe
BHUMAaHHUE YAEJSIETCS dJIeMeHTaM, HanOoJjee CYNIECTBEHHO BIUSIOMIMM Ha MPOU3BOJUTEIBHOCTD BbI-
YHCIICHUH, U TIOHUMAaHHUIO apXUTEKTYPHOH OCHOBBI CIIOCOOOB ONTHMHU3ALUK MIPOrPaMM JUIS APXUTEK-
Typsl Intel Xeon Phi.

Jlekuus 2 cOAEPKUT OMMCAHUE MPUHIUIIOB BHIIOJTHEHHSI IPOTPaMM U MOJIEIIei OpraHu3aluy Bbl-
YyHCIIeHUH ¢ ucmonb3oBanueM compoiieccopa Intel Xeon Phi (offload model, coprocessor-only model,
symmetric model). OOcykaaroTcst ciocoObI co3aanust mpriokennid s Xeon Phi. OnuceiBatores ap-
xutekrypa u cocras [10, obecnieunBaroniero BoinojiHeHue nporpamMm Ha Intel Xeon Phi. Jlaercs kpat-
koe onmcanue Intel Manycore Platform Software Stack n cMMMeTpUYHOTO KOMMYHHKAIIMOHHOTO HH-
Tepdeiica.

B nauane nexuun 3 naercst BBoaHas uH(poOpManys O BEKTOPHBIX pacinpenusx. Jlanee paccmart-
pHUBaIOTCS OCOOCHHOCTH BEKTOPHBIX pacimupenuii Intel Xeon Phi: maercs kpaTkoe onmcaHue OCHOB-
HBIX THUIIOB JAaHHBIX U PETHCTPOBOIO Mysa, IPUBOIUTCA 0030p OCHOBHBIX THUIIOB ONEpaurii, yHOMHHA-
eTcs pacIIMpeHHas MOoJAep’KKa MaTeMaTHdecKux (QyHKuuid. PaccmarpuBaercst Bompoc O IocTyme K
BEKTOPHBIM PACIIUPEHUSIM IIPH MPOrPAMMUPOBAHHUU Ha SI3bIKaX BBICOKOTO ypoBHS. ONUCHIBAIOTCS HE-
CKOJIBKO CIIOCOOOB BEKTOPHU3AIMH PacueTOB M MX OCOOEHHOCTH. B 3akiounTenbHON 4acTH JIEKIUU
3aTparuBaeTCsl BAXKHBIM BOPOC O CBSI3M BEKTOPU3ALMHU C BEIYUCICHUEM MaTEMAaTHUECKUX (YHKIIUH.

Jlekius 4 TOCBAIICHA U3YYCHUIO HEKOTOPBIX MPUEMOB onThMu3anuu koja s Intel Xeon Phi. B
MIEPBOM YacTH JIEKIUH 00CYX Ial0TCSl HOBBIE 3JIEMEHTHI SI3bIKOB MIPOTPaMMHUPOBAHUS, MPEIHAZHAYCH-
HBIE JUI1 pabOTHl ¢ MaMATHIO NIPH MCTIONb30BaHuH pexxuma offload. PaccmarpuBatoTcst siBHast U HesiB-
Hasi cXeMbl PabOTHI C MAMATHIO, 1AeTCS X CPaBHUTENbHAS XapaKkTepucTuka. Bo Bropoit yacTi npuBo-
JIUTCSL TOTIOTHUTENBbHAS HHPOPMAIUS O CIIoco0ax BEKTOPHU3AIMHU KOJ/ia, He PacCMOTpEeHHas OAPOOHO
B IpeablayIieil jJekuru. BHOBb 00cyxmaeTcss aBTOMaTHYECKasi BEKTOPHU3aLUs KOJA, UCIIOIb30BaHUE
JUPEKTUB JJIsl BEKTOPH3alMH, HOBbIE BO3MOXHOCTH Array notation u Elemental functions, a Taxke
Jpyrue BO3MOXXHOCTH KOMIHJIATOpa. B TpeThell uacTu paccMaTpUBAETCsl BCTPOCHHBIH B KOMITHJISITOP
NPOQIITUPOBIIUK IHUKIIOB, 00CYKIAaeTCsl NCIOIb30BaHHE OTYETOB KOMIIMJISTOpA, OalaHCHPOBKA Ha-
Ipy3Kd B NapajiesbHBIX MIPOrpaMMax, JAar0TCsi HEKOTOPBIE JOMOJHUTENIbHbIE peKoMeHaanuu. W3io-
JKEHHE COIPOBOXKIAETCS IPUMEPAMHU IIPOTPaAMM.

B nekumu 5 w3ydaroTcsl nBa BaXHBIX M aKTUBHO MPHMEHSEMBIX MHCTpyMEHTa W3 makera Intel
Parallel Studio XE — npodunuposimuk Intel VTune Amplifier XE (nanee Amplifier) u 6ubnuorexa
Ma-treMatudeckux anroputMmoB Intel Math Kernel Library (MKL) — u BO3BMOXHOCTH M TIpaBHIIa HX
UCTIONIb30BaHMs Tipu nporpammupoBanuu st Intel Xeon Phi. Brayane nzyuatorcss ocoOeHHOCTH HC-
nosbp3oBanHus Oudmuorekn MKL npu nporpaMMupOBaHNH Ha COIPOIIECCOPE: BO3MOKHOCTH OTHPABKU
yacTW BBIYMCIICHWH Ha compoueccop B pexumax Automatic offload, Compiler assisted offload, BbI-
MoJTHEHNE pacdyeToB Ha Xeon Phi m pekoMeHmanny mo BBIOOPY MOAENH MPOTPAaMMHPOBAHHA. 3aTeM
paccMaTpuBaeTCsl ONTHUMHU3AIMS MPUIIOKEHUH ¢ moMotibio Amplifier: npuBoauTcst 0030p UHCTPYMEH-
Ta, pacckaspIBaeTcsi 00 aHam3e 3P PEeKTUBHOCTH MPHUIIOKEHUH Ha COMpoILieccope, 00CYKAAIOTCS HEKO-
TOpBIE Ba’KHBIE METPUKH IS OLIEHKU MPOU3BOINTEIHHOCTH.

5. JIabopaTopHbIil NPAKTHKYM

KomrutekT 1abopatopHbix paboT oOecriedrBaeT MmojiydeHrue 0a30BbIX HABBIKOB Pa0OTHI C CHCTE-
Mamu, ucrons3yomume Intel Xeon Phi, Bkirtoyaer paccMOTpeHHe CTaHIAPTHBIX 33]1ad MareMarnde-
CKOTO MPOrpaMMHUpPOBaHMs, a TAK)KE€ 3HAKOMCTBO C CUTYalMsIMM, BOSHHKAIOIIMMH IIPH pEIICHHE pe-
aIBHBIX HAyYHO-MCCIIEJIOBATENBCKUX 33724 B OOJACTH BBHIYUCIUTENHHON (MUK U (PUHAHCOBOH Ma-
TEMaTHKH.
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1. Kommusiumst u 3anmyck npunoskeHuid Ha Intel Xeon Phi.

2.0nTuMuzanys OpuKiIagHeix nporpamm s Intel Xeon Phi ¢ mcmonmb3oBanmem Intel C/C++
Compiler. Bexropuzarusi.

3.0nTrMu3anMs BEIYUCICHUH B 3aJaue O Pa3IOKECHUU YHCEN Ha MPOCThIE COMHOXKHTENU. BekTo-
puzanus u GaTaHCUPOBKA HATPY3KH.

4.0nTIMHU3anys BRIYUCICHUHM B 3a7ade O BRIYMCIICHUM CIPaBEIIMBOM IIEHBI OIMIHOHA EBporeii-
ckoro tuma. ONTUMH3ALKS: [Iar 3a [IaroM.

5.0nTrMuU3anMs BEIYMCICHUH B 3a7a4e MaTPUYHOTO yMHOKeHH. ONTHMU3aus paboThl ¢ mamsi-
TBIO.

B nabopartopnoii padore 1 (JIP1) u3y4aroTcsi OCHOBHBIE MOJIEIH TIPOTPAMMHUPOBAHHUSA U PEXKUMBI
KOMIIWISIIMK U 3aIlycKa MpOrpaMM, a TaKKe paccMaTpUBAETCs Psii MPUMEPOB, TEMOHCTPHPYIOLIHX
mporiecc mepeHoca kona Ha comnporeccop Intel Xeon Phi. JlemoHCTpHpYIOTCS MOAXOABI K HAITUCAHHIO
KOZa B KaX/JIOM M3 PEKHMMOB H TOCIIEI0BATEIHHOCTh IIIaroB, KOTOPhIE HEOOXOAMMO BBIIOJIHHUTE IS
KOMIIWISIIMY | 3aIycKa mporpamm. B pamkax ganHOH nabopaTOpHOM pabdOTHl paccMaTpUBAIOTCA pe-
s)kumbl offload, coprocessor only u symmetric mode.

JIP2 ¢opmupyeT HaBBIKM BEKTOpH3alMK KOJAa B mMporpaMMax Ha si3blke C C HCIIONB30BaHUEM
IntelC/C++ Compiler. MmirocTpupyroTCs OCHOBHBIC CIIOCOOBI HUCIOJIB30BAHUS BEKTOPHBIX WHCTPYK-
ui Ha conporeccope IntelXeonPhi: ncnonp3oBanue KIrO4YEBOro ciiopa restrict u #pragma ivdep s
rapaHTUH OTCYTCTBUS MMOTCHIMAIBHBIX 3aBUCHMOCTEH, SBHAs BEKTOpU3aIus yepe3 #pragma simd, nc-
nonk30BaHue Array notation n Elemental functions, paccmaTtpuBatoTcsi BOIIPOCH BEKTOPHU3ANNHN ITHK-
JIOB C BBI30BAaMH MaTeMaTHUecKuX (QyHKIMiA. B 3aBepiieHne paccMaTpuBaroTcs 0oiee CIOKHBIE MPH-
Mepbl. AktieHT B JIP2 crmenan Ha 0030pHOM PacCMOTPEHHUH PAa3IMYHBIX CPEJICTB Ha MPOCTHIX MpUMe-
pax W TpEeNCTaBICHUH MHOrooOpa3us JHOCTYITHBIX B HACTOSIIEE BPEMS CPEACTB BEKTOPH3AIMHA U 00-
HIel UJIC0JOTHU MX MCIIOIb30BaHMUSL.

B JIP3 wmmmocTpupyroTCs HEKOTOPbIE PEUICHUs], MO3BOJISIIOIINE JOOUTHCS pe3yibTaTa Tam, TIe
3TOTO, Ka3aJIoCh OBI, CIIeNaTh He yaacTcs. PaccMOTpeH OffH U3 CaMBIX MPOCTHIX AITOPUTMOB PEIICHHS
3aJ]auyl pa3oKeHUs] HaTypalbHBIX YUCE Ha MIPOCThIE MHOYKHUTEIH (BBHIOOD alNropuTMa 00yCIOBJICH HE
ero 3((eKTUBHOCTHIO, a yIOOCTBOM JUIsl JIEMOHCTPALIMK MPUEMOB ONTUMH3aluK.) OnuceIBaeTCs Mo-
clemoBaTeNbHas peaju3alys alTOPUTMa, BEITIONHSETCS IEPEHOC BBIUYMCICHWH Ha COIPOLECCOp.
[IpemnaraeTcst mpocTeiinias mapainiebHas peaju3alys alrOpUTMa, BEITIONHSETCS aHanmn3 ee dddex-
TUBHOCTH, 00CYXIAIOTCSI BOBMOKHBIE CIIOCOOBI OaJaHCUPOBKHM HArPy3KH JIJISl TIOBBILICHUST TIPOU3BO-
JTUTENLHOCTU. JIeMOHCTpHUPYETCSl OJJUH M3 METOJIOB BEKTOPU3AIIMU CIIOKHBIX ITUKIOB. [lokaspiBaeTcs
Croco0 TOCTPOeHMsI THOPUIHOW CXEMBbl BRIYHCIICHHIA, TTO3BOIISIONIEH 3a/ieiicTBoBaTh B pacyerax CPU
u Xeon Phi.

B JIP4 nmmocTpupyloTcs HEKOTOpBIE MPUEMBbl ONTHMHU3ALMK BBHIYUCICHUNA B HAYYHBIX M HHXKE-
HEPHBIX NPUJIOKEHUSIX, pacCMaTpUBaeTCA JOCTATOYHO MpocTas 3ajada (GUHAHCOBOW MATEeMAaTUKH —
BBIUMCIICHHE CIIPABE/UINBOI IIEHbI OMIOHA EBpOMeiicKoro THIa B TOM cllydae, KOT/1a 3Ta [IeHa MOXEeT
OBITH BBIYHCIICHA aHATTMTHYECKHU. JlaeTcs KpaTKoe OmMrcaHue MoJiesd (PMHAHCOBOTO PHIHKA, (DOPMYITH-
PYIOTCS OCHOBHBIE TTOHSITHSA, PUBOUTCS UX HMHTYUTHBHOE OMFCAaHUE, CITOCOOCTBYIOIIEe TOHUMAHUIO
CyTH U CMBICIIA pelIaeMoi MpUKIaTHON 3anaun. [lanee onvceiBaeTcs 0a30Basi MporpaMMHas peamn3a-
[UsI, TPOBOJIUTCS aHAIIN3 MPOM3BOJUTENBHOCTH, IIAr 3a [IaroM B MPOTPaMMy BHOCSTCS W3MEHEHUS,
WITIOCTPHUPYIOIINE TMPHUEMbI ONTHMHU3AIUN: YCTPaHEHNE HEHY)KHBIX MpeoOpa3oBaHUid THIIOB, BBIHOC
WHBApUAHTOB, 3KBUBAJICHTHBIE MPEOOPA30BAHUS C 3aMEHOM «TSHKENBIX» MaTeMaTH4eCKuX (yHKUIUH
Ooyiee «IETKMMMW», BEKTOPW3allMsl BBIYKMCICHUH, pacnapajulelMBaHUe, «IIPOTPEeB» — CHIDKEHHE Ha-
KJIQJTHBIX PACXO/IOB HA CO3JIaHHE TIOTOKOB, MOHMKEHUE TOYHOCTH BBIYMCIICHUH C TUIABAIOIIEH 3aIsITOM,
onTuMH3anus paboThl C TaMATHIO (MCIONIb30BaHKeE streaming stores). DPQEKTs OT ONTUMUBALIH JIe-
MOHCTpHUpYIOTCs Kak Ha Intel Xeon, Tak u Ha Intel Xeon Phi.

JIPS nocBsiiieHa M3y4eHU 0 0a30BbIX PUHIIATIOB IPHMEHEHHUST U3BECTHBIX CIIOCOOOB MOBBIIICHUS
MPOU3BOJUTENBHOCTH Ha IPUMEPE M3BECTHOM, MIMPOKO PACIIPOCTPAHEHHON B NMPHIIOKEHUAX U XOPO-
10 MCCIICAOBAHHON B JUTEpaType 3a/1ad — yMHOKEHHS IUIOTHBIX MaTpull. B oTnuume oT npensiay-
HIMX JTA00OPaTOPHBIX paboT, MOAPOOHO U3YUAIOIINX Pa3HbIE TEXHUKU ONTUMH3AINU PACYETOB, OCHOB-
HOE BHUMAaHHE YJIEISIETCS] BOIPOCAM ONTUMH3AIINU PA0OTHI C TaMAThIO. JIJisi cpaBHEHHS Pe3ybTaTOB
BBIYUCIICHUH M BpEMEHH PadOThl peain3yeTcsl yMHOKEHHE IUIOTHBIX MaTpPHIl C UCIOJIb30BAHUEM BBI-
cokonpou3BoauTesbHol 6ubmmoreku Intel MKL. TlpuBoauTcss HauBHAS peann3aiysi aJropuT™Ma yM-
HOXEHHsSI MaTpHil. PaccMaTprBaroTCsi BONIPOCH! BIUSHUS TIOPSIKA IIMKIOB HA BPEMs BBIYMCICHUH Ha
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comporeccop Intel Xeon Phi. U3yuaercs BnussHUE BhIpaBHUBAHUS M TOJICKA30K KOMITWIISITOPY Ha BEK-
TOPU3AIIMIO BBIYHCICHUH. Peann3yeTcs HECKONBKO pellakiiuii OJI0YHOTO alropuT™Ma YMHOXKEHHS MaT-
puir. opMyIHPYIOTCS 3aJIaHHs JJIST CAMOCTOSATENILHON MPOPabOTKH.

[Ipu BBIMONHEHUHU Ta00PATOPHBIX PA0OT M MPOBEICHUM MAaCTEP-KJIACCOB MbI UCIIOJIB3YyEeM KOMITb-
forep "JlobaueBckuit" HmKeropoIckoro rocyaapcTBEHHOTO YHHUBEPCHTETA, KOTOPHIA BKIFOYAET He-
CKOJIBKO Y3JIOB, OCHAIIIEHHBIX corporeccopamu Intel Xeon Phi [37].

6. MeToanKa OLlEeHKH 3HAHUI 00y4aeMbIX

OtieHKa 3HAHUH CTYICHTOB MPOU3BOIUTCS HA OCHOBAHHUH CJICIYIOIINX JTAHHBIX.

— OIICHKY BBIMOJIHEHUS TOMAIIHUX 33J[aHUH.

— PesynbpTaT npoxoxIeHus TecTa 1o MaTepuaiaMm Kypca.

B xome pa3pabotku kypca 0bu10 moaroroBieHo 6osiee 200 BOmpocoB, U3 KOTOPBIX COCTaBJICHBI
TECTHI IO Kypcy. TecTsl mpeacTaBieHbl Ha calite IHTYUT B cocTaBe Kypca (Www.intuit.ru) u Ha caiite
nporpammsl ceprudukarn HHI'Y - Intel (nncc.unn.ru).

— Pe3ynbTaT BRIIOTHEHUSI BBITYCKHOM paOOTHI.

B BBINYCKHO# paboTe OLCHUBACTCS JOCTUTHYTBIH YPOBCHb MPOU3BOAUTEIBHOCTH U THIT U Kade-
CTBO ITPOBE/ICHHBIX ONTUMHU3AIHH.

7. OnbIT npouTenns Kypca Ha pakyabrere BMK HHI'Y

3anstua mo kypey «llporpammupoBanme Ha Intel Xeon Phi» Ha Tpersem kypce dakynbreTa
BMK HHI'Y npoBoauimce 1o crneayromieii cxeme. B Hadane duTanoch HECKOIBKO 0030PHBIX JIEKIIHH,
BKIItouas «BBeneHue B mapajsienbHOE MPOrpaMMHUpPOBaHUE HA COBPEMEHHBIX apXUTEKTypax», «MHuk-
poapxurektypa Intel Xeon Phi» u «Monenu ncrolHEeHHS TPOrpaMM Ha COIIPOIIECCOpey. 3aTeM Kaxk-
Jasi IEKIUs YyepeoBalach ¢ MPAKTUYECKUM 3aHIATHEM, HA KOTOPOM CTYAEHTaM IPelJlarajioch caMo-
CTOSITENIFHO BBIMOJMHHUTH 2-3 HEOONBIIUX 3aJaHusl M0 MaTepually, PacCKa3aHHOMY Ha MpeIblaylnei
neknuu. [IpuMepaMu Takux map <«JICKIHS-TIPAKTHKAa» MOTYT CIIY>KUTh 3aHATHs 1o TemaM «IIporpam-
muposanue B pexume Offloady», «Bexropuzanus», «Iloaxoasl K ONTHMHU3AIMK IPOIPaMM Ha CONPO-
neccope» u ap. IIpakTudeckue 3aHATHS MPOBOAMINCH Ha 0a3e BeIMHCIMTENbHOrO Kinactepa HHI'Y
"JlobaueBckuii" ¢ Intel Xeon Phi Ha y3nmax. Kaxaplid CTYJCHT UMEJ TOCTYI K KJIacTepy CO CBOCH JIO-
KaJIbHOW MAaIlIMHBEI 110 TpoTokoy SSH.

Uro KacaeTcsl CTENIeHN YCBAaUBaHUS MaTEPHajbl CTYIEHTaMH, TO 110 HAIIMM HAOJIIOACHUIM JTy4Ile
BCETr0 YCBAaMBAIOTCS T€ YacCTH MPOTPAMMBI, aKIIEHT Ha KOTOPHIE JAENaeTCs B MPaKTHUECKOM 4acTH Kyp-
ca. B 1o e Bpems mMaTepuan JIEKIMA, HE BIOJHE MOJKPEIUICHHBIX MPAaKTUKOM, YCBaWBAaETCS XYXKeE.
OT0 crpaBeIMBO, HAIIpUMEp, K TeMe «Mukpoapxurektypa Intel Xeon Phi». Ilo okonuanuu kypca y
OOJIBIIMHCTBA CTYJICHTOB OCTAETCS TOJILKO 0a30BOE MOHMMAaHUEM apXUTEKTYphI COIMpOIeccopa, B TO
BpeMsI KaKk HU3KOYPOBHEBBIE JIETAlIM OCTAIOTCS 0€3 BHUMaHUSI.

OTMeTHM TaKKe, YTO JaHHBIA KypC ONUPAETCs Ha y>K€ W3yYEHHbIE CTYACHTAMU TEXHOJIOTMH Ma-
paJlIIeNBHOrO MporpaMMupoBanus, Takue kak OpenMP n MPI, noBropHOe ommcanue KOTOpBIX HE
BXOJWI0 B Marepuas. OjHako npoOieM ¢ UX MPUMEHEHHEM Ha MPaKTUKE B paMKax HOBOW MH(pa-
CTPYKTYPBI 3aMEUEHO HE ObUIO.

OCHOBHOH TEXHHYECKOH CJIO0KHOCTBIO NPU TNPOBEIACHWUHU 3aHATHH ABISETCS HEOOXOIUMOCThH
B3aMMOJICHCTBHUS CTYJCHTOB C KJIACTEPOM JUIsl JOCTyma HenocpeacTBeHHo K Intel Xeon Phi. [puyem
mpo0IieM 371ech JBe.

[lepBast cocToUT B TOM, YTO B CTAaHAAPTHYIO YU€OHYIO MPOrpaMMy HE BXOAHUT OOydeHHE CTyeH-
TOB paboTe C cucTeMaMH YIIpaBIEHHUS KIacTEPOM, a 3HAYUT, ITO MPUXOIUTCS Ie]aTh B paMKax JaHHO-
ro xKypca. [Ipuuem B cuily OorpaHHYE€HHOCTH BPEMEHH CTYACHTaM JIaeTCsl He 00Iee OMMCaHne CUCTEM
yIpaBlieHHs, a cKopee Habop MpaBuil, KOMaH, KOTOphIe HYKHO BBIIOJHUTH Ul 3aIlyCKa 3a/Jadyd Ha
corporeccope. ITO MPUBOIUT K TOMY, UTO JII000€ OTKIOHEHHE OT CTAaHIApTHBIX KOMaHJ 000paynBa-
eTcsi IpobiIeMaMu ¢ 3aIyCKOM, KOTOPBIE MMPUXOANUTCS PEIIaTh HHANBUAYAIBHO C KOKIBIM CTYIEHTOM
BO BpeMs IPAKTUUECKUX 3aHITHH.

Bropas npobiema — Hannune cBOOOIHBIX PecypcoB Kiactepa. B pamkax ampoOaunu Kypca mpo-
6s1eMy CBOOOJTHBIX PECYPCOB MBI PEIIAIH ITyTeM BBIAEIECHUS OTIEIBHOTO pa3jiesia, COCTOSAIIETO U3 He-
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CKOJIBKMX Y3JIOB KJIacTepa, HOCTYN K KOTOPHIM MOTJIM UMETh TOJIBKO CTYIEHTHI BO BpEMsl MPaKTHYE-
CKHX 3aHATHH.

B xone ampobariy TeXHHKa MPOBEACHHS 3aUeTa 10 Kypcy CBOIMIACh K ciemyromeMy. CTeneHsb
BBITIOJTHEHHUS 3a7]ay, MPEUIaraéMbIX CTYJCHTaM B paMKaxX KaKJOro U3 MPAaKTHUECKUX 3aHATUH, PUKCH-
poBanack npenonaBareneM. [1o pesynbraram cemecTpa CTYIEHTHI, KOTOPBIC YCIICIIHO CIPABHIINCH C
OoJIBIIICH YaCThIO 3aIaHNH, TIOTy4Yal 3a4eT aBToMaToM. CleyeT OTMETHTh, 9YTO B paMKax anpoOariin
TaKUX CTYIEHTOB ObLIO 0ONBIIMHCTBO. C OCTAIBHBIMH CTYACHTaMHU MPOBOJIWINCH YCTHBIE Oecelbl Ha
3HAHHE OCHOB MporpamMMupoBanus Ha Intel Xeon Phi.

[To okOHYaHMM JAHHOTO Kypca CTYIEHTHI MOJIYYMJIM KaK TEOpEeTHYECKUe 3HaHMSA 00 yCTpOHCTBE
comporeccopa, METOAax ero MporpaMMHPOBAHUS W OCHOBHBIX ITOAX0/aX K ONTHMH3ALUH IPOTpaMM
s Intel Xeon Phi, Tak u mpakTHdeckne HaBBIKM MPOTPAMMHUPOBAHHS COMPOLIECCOPa B Pa3IUYHBIX
pexXHuMax.

8. 3akiaouenue

Msr npencraBuim yueOHbINH Kype "lIporpamMmupoBaHne W ONTHMU3ANUS IS apXUTEKTYpHI Intel
Xeon  Phi", paspabGoransbiii B  HWKeropoIckoM  TrocylapcTBEHHOM  YHHUBEPCHTETE
uM.H.U. Jlo6aueBckoro. OCHOBHOI HENBIO Kypca SIBISICTCS H3ydeHHe 0a30BBIX MPHHLUIIOB HaHCa-
HUSI BBICOKOITPOM3BOIUTENBHBIX MPHIOKEHHH i apxutekTypsl Intel Xeon Phi. Mer npencrasiim
porpaMMy Kypca U METOOHUKY NPENoAaBaHusl, KOTOpPbIE, 110 HAllleMy MHEHHIO, TI03BOJISIIOT MOATOTO-
BUTH CHEIHANNCTOB, CIOCOOHBIX MPUHUMATH YYaCTHE B HAYYHBIX MCCIIEIOBAHUSAX B OOJIACTH BBIYHC-
muTensHON (hM3uKY 1 GrHAHCOBOM MateMaTuku. [lo pesynpratam nmpoaenanHoi paOoOThI IUTAHUPYETCS
u3IaTh yaeOHOe mocobue.
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In this work we discuss the problem of teaching programming for Intel Xeon Phi architecture.
We present practice-oriented approach accompanied with extensive practical part. Our
method has a distinctive feature of combined usage of classical teaching examples in the area
parallel programming and real problems form areas of computational physics and financial
mathematics. This work contains description of developed "Programming and Optimization
for Intel Xeon Phi" course and it's approbation results. Russian language version of this
course is freely available at www.intuit.ru.



