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1. luciunimHa OTHOCUTCS K BapHaTHBHOM YacTu Maructepckoit mporpammel OITOIT BO, nzyuaercst B TpeTheM ceMecTpe.

2. Bxoanble TpeOOBaHUS ISl OCBOSHHS TUCIMILIHHBI (MOYJIs), IPEABAPUTEIBHBIC YCIOBHS (€CITH €CTh):
VYyamuecs: JOJDKHBI BIAJETh 3HAHUSAMHE 10 OTIEPAIIMOHHBIM CUCTEMaM, KOMITBIOTEPHBIM CETsM, 0a3aM JIaHHBIX, TUCKPETHONH MaTeMaTHKE U OCHOBAM

KHOEpPHETHKH.

3.P C3YyJIbTAThI 06yquH$1 IO AMCHUIIIIMHE (MOI[y.]'IIO), COOTHCCCHHBLIC C Tpe6yeMbIMI/I KOMIICTCHIHUAMUA BBIITYCKHUKOB.

KomMnerenuuu

Pe3yabTarsl 00yueHust

YK-3. CnocobeH pa3pabaTbiBaTh, peaJn30BbIBATH
Y yIPaBIATH MPOEKTOM Ha BCEX 3TAIax ero
YKU3HEHHOTO 1MKJIa, IPEeyCMaTpUBaTh U
YUUTHIBATH MPOOJIEMHBIEC CUTYAIIMH U PUCKU
MPOEKTA.

3HaTL

OpTraHU3AIMOHHBIE CTPYKTYPHI POEKTHOM NIEATENEHOCTH; METO Il aHATTN3a HHPOPMAIIHH.

YmeTh:

pa6OTaTb C HOpMaTI/IBHO-HpaBOBBIMI/I nu Hay‘IHbIMI/I NCTOYHUKAMHU I/IH(I)OpMa]_[I/II/I.

Baagern:

CUCTEMOM MOHSTHI, XapaKTePU3YIOIINX OTINYHNS B CHCTEMaX HAyYHBIX TUTIOTE3 U HAYYHBIX METOIOB;
HaBbIKAMHU U TOTOBHOCTBIO K CaMOCTOHTeJ'H)HOMy BBIITOJTHCHUIO 33I[aHI/II7L

OIIK-3. CnocoGeH co3maBaTh M aHAJIU3UPOBAThH
MaTeMaTHYeCKue H WH(GOPMAIMOHHBIE MOIEIH

HpO(l)eCCI/IOHaJIBHBIX 3ajaa4, YUYUTBHIBATDH
OrpaHUYCHHA u T'paHUIIbI MMPUMCHUMOCTHU
MOI[CJ'ICI\/’I, HHTCPIIPETUPOBATDH IMMOJIYYCHHBIC
PE3YIbTATHI n co3aaBaThb WHHOBAIIMOHHBIC

MCTOJbI PCHICHUA 3ala4 B obiactu I/IH(I)OpMaTI/IKI/I
N MaTEMaTUYCCKOIro MOACITIUPOBAHUA.

3HATE:

MaTeMaTHYeCKue 1 WHGOPMAIIMOHHBIC MOJIEIIH, HEOOXOIUMBIE JUIS PEIISHHs 3a/1a4, CBS3aHHBIX C
peanuzanuel NpoQPecCHOHATEHON AesITeTbHOCTH.

YMmeThb:

HpI/IMeHSITI) MAaTEMATUYCCKUC U I/IH(bOpMaHI/IOHHBIe MOACIIN IJIA peIHeHI/ISI 3aJa4, CBA3aHHbIX C
peanuzanuei IpoPecCHOHATTEHON JeATETFHOCTH C YIETOM WX OTPaHHYEHUH U TPAaHUIIBI IPUMEHHUMOCTH.
Baagern:

CITIOCOOHOCTH CO3/1aBaTh MHHOBAIIMOHHBIE METOIBI PEIICHUS 3a/1a4, CBI3aHHBIX C pean3aIiueit
po(ecCHOHATBHOMN IEATENbHOCTH.

OIIK-5. CnocobeH OCyHIeCTBIATh YIpaBiIeHHE
pa3paboOTKOM U CONMpPOBOXKAECHUEM IPOEKTOB B
chepe MIPOTPaMMHOTO obecrieueHus
UH(POPMALIMOHHBIX CHCTEM.

3unatp

OCHOBBI OpraHu3alui MPOEKTHOH JIEATENbHOCTH, CXEMBI OPTaHN3aLIMU TPYIIIIOBON PabOTHI MPH
CO3/IaHMU TIPOTPAMMHOTO oOecTieueHusI HH()OPMAITMOHHBIX CHCTEM.

Ymern:

MIOCTAaBUTH 33J1a4y, JEJIETHPOBATh O0A3aHHOCTH 1 PUHATH KOHEYHBIN PE3yNIbTaT C yUETOM
BO3MOYKHOCTEMH, YIEHOB TPOEKTHOW KOMaH/IbI.

Bnapern:

CrniocoOHOCTh YIpaBIIsATh pa3padOTKON M COMPOBOKACHNUEM IPOEKTOB B cepe MPOrpaMMHOTO
obecrieueHusT HHOOPMAITHOHHBIX CHCTEM.




[IK-6. CnocoGeH paspabaThiBaTh apXUTEKTYDPY,
QITOPUTMUYECKHE U MPOTPaMMHbBIE PEIICHUS
CUCTEMHOTO M NPHUKJIAJAHOTO IPOrPaMMHOTO
o0ecrieyeHus.

3HaTB:

TunoBbie MeTOMBI Pa3pabOTKH APXUTEKTYPHI, ATOPUTMUYECKUX U MPOTPAMMHBIX PEIICHHI CHCTEMHOTO
Y TIPUKJIAHOTO TPOrPAaMMHOTO 00CCIICUSHUS

YMeTh:

pa3pabaTeiBaTh APXUTEKTYPY, AITOPUTMUUECKHAE U IIPOrPAMMHBIE PELIEHUsS CUCTEMHOIO U
MPUKJIATHOTO IPOrPAMMHOTO O0eCTIeUeHUs

Baagern:

OrmbiTOM pa3paboTKu APXUTEKTYPbI, AITOPUTMUUYECKUX U IIPOrPAMMHBIX PEIIEHUN CUCTEMHOIO U
MIPUKJIATHOTO IPOTrPAMMHOTO 00ECIIEYCHUS 110 TEME BBIIOIHIAEMBIX padboT

MIIK-2  CnocobGHocTh  pa3pabarbiBaThb U
peaIn30BbIBaTh MacUITAOUpyeMble MapajuieabHble
METOJbl W  QITOPUTMBI,  y4yacTBOBaTb B
MEKIMCLUIUTMHAPHBIX UCCIIEIOBAaHMSIX C
IPUMEHEHUEM CYHNEPKOMIIbIOTEPHBIX CUCTEM.

3HaTh:

MaciTabupyeMbie apajieIbHbIe METOBI U alITOPUTMBI, UCTIONb3yEeMbIe TIPH MPOBEACHUH
KpYITHOMAcCIITaOHOTO MaTeMaTHIECKOTO MOJCITUPOBAHUS U 00PaOOTKH TaHHBIX Ha
CYHEPKOMITBIOTEPHBIX CUCTEMAX;

Ymersn:

pa3pabaTbiBaTh M pealn30BbIBaTh MacIITaOUpyeMble NapajlieIbHbIe METOABI U allTOPUTMBI IS
MPOBEACHUS KPYITHOMACIITAOHOTO MaTEMaTHIECKOTr0 MOJICTTMPOBAHUS M 00PaOOTKH JaHHBIX HA
CYHEPKOMITBIOTEPHBIX CUCTEMAX;

Baagers:

HaBBIKAMH TTOCTPOSHHS, TTAPAJUICIBHON PeaTn3alliy U UCCIIC0OBAHHS MOJIeNIe U METOJI0B
pacnpezienieHHo 00paboTKH HH(OPMAITHH.

MIIK-3 CrniocobHOCTh pa3pabarbIBaTh
3 exkTUBHOE  CHUCTEMHOE W  TMPUKIATHOE
IpOTrpaMMHOE oOecrieueHue s
CYNEPKOMIBIOTEPHBIX CHCTEM u

BBICOKOITPOU3BOAUTCIILHBIX KJIACTCPOB.

3HATE:

OCHOBHBIE METOIBI U ITOAXOABI I ONITUMU3ALUN ITOCIEA0BATENbHBIX U NTapaJUIEIIBHBIX
porpamMm;

YMmeThb:

OIleHUBaTh 3(PPEKTUBHOCTD PaCIPEIeIEHHBIX AITOPUTMOB;

Baagern:

HaBBIKaMU UCIIOJB30BaHUSI COBPEMEHHBIX HHCTPYMEHTAIBHBIX CPEICTB TSl MPOGUITUPOBAHUS U
aHajaM3a NPOU3BOAUTEIBHOCTH NAPAUIENBHBIX ITPOrPaAMM.

4. ®opmat o0yuyeHus JIEKIIMOHHBIE 3aHATHSI POBOJSATCS C UCIIOJIb30BAHUEM MEJIOBO IOCKU U MPOEKTOpa.

5. O0BeM AUCIUTIIMHBI (MOIYJISI) COCTABIISET 4 3.€., Bcero 144 akaieMHUuecKuX 4acoB, B TOM YhCie 72 akaJIeMUUECKUX YaCOB, OTBEICHHBIX Ha
KOHTaKTHYIO paboTy 00yJaromuxcs ¢ mpernoiaBarenemM, 72 akaJeMHUYeCKHX 9YacoB Ha CAMOCTOSTEIbHYIO paboTy 00yJaromuxcsl.

6. Conepxanue TUCIUILIMHBI (MOIYJIs), CTPYKTYPHUPOBAHHOE 1O TeMaM (pa3jieniaM) ¢ yKa3aHHeM OTBEEHHOTO Ha HUX KOJMYECTBA aKaJCMHUECKUX YacOB

Y BUJIbI YICOHBIX 3aHATHIA




HaumeHoBaHMe M KpaTKoe cojepxxanue pa3aejoB | Bcero B ToMm uncne
U TeM JUCUMILUINHBI (MOYJIs1), (4aceI) KonrakTHas paGora CamocrosiTesibHas padoTa
(paboTa BO B3aMMO/1€liCTBHH C o0yuaromerocs,
DopMa NPOMEKYTOUYHOM ATTECTALUHM 110 npenogasaresiem) 4achbl
AMCHUIJIMHE (MOLYJII0) Buabl KOHTAKTHOH PadoThI, Yachl (6U0bI camocmosmenbHoU
pabomwi — dcce, peghepam,
KOHMPOIbHAs paboma u np. —
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Tema 1. CoBpeMeHHBbIE CYyIIePKOMIIbIOTEPHbIE 15 8 - 8 7
APXUTEKTYPHI
Bunp! napannenuzma - MIMD, SIMD, notokoBast 00paboTKa.
FI/I6pI/II[HaH KJIaCT€pHas CUCTEMA U €€ XapaAKTCPUCTUKU. BI/I)II:I
BBIYUCIINTCIIBHBIX yCTpOﬁCTB 1 cucTeM. TOI0JIOrHH BEIUUCIUTEIBLHBIX
cucTeM. YPOBHH MapajuieNin3Ma 1 cpelncTBa pazpabdorku. [lapamtenmsm
CPU sigpa. ApXHUTEKTypa BEIMUCINTENHOTO y37a. [IpuHIumer paboTst
OHepaTHBHOﬁ namsati. CBOMCTBA KaHAIOB nepeaain JaHHbIX. OHeHKa
BPEMECHHU IME€peaavn JaHHBIX MEKAY BBIYUCIIUTECIIbHBIMU Y3JIaMU.
O0nacTi MPUMEHEHHS MHOTOIPOLIECCOPHBIX CHCTEM.
CynepKoMIbIOTEPHOE MOAETUPOBAaHUE CIIOMIHON cpenibl. [IprmMepsr
ra3oAMHaMU4YCCKUX pacyE€TOB.
Tema 2. IlapajienbHbIe a1TOPUTMbI, OCHOBHbIE 15 8 - 8 7
NMOHATHS U MPUHUMIIBI OCTPOEHUS
Buytpennuii napamienusM. OLeHKa CII0KHOCTH, YCKOPEHUS,
3(1)(1)GKTI/IBHOCTI/I, MaCH_ITa6I/IpyeMOCTI/I napauIeJIbHOTO aJIroOpruT™Ma.
OHeHKa BPEMCHHU BbINIOJIHECHHUS ITPOTPAMMBI. 3akoH AMI[a.IISI.
CBerHHHeﬁHOC YCKOPCHHUE. Crartuueckas u JUHaAMHUYCCKasA




6aaHCHPOBKA 3arpy3KHU MPOLECCOPOB. METOABI: CIBaUBAHHE,
FEOMETPUYECKUH MapajuIenn3M, KOHBEHEPHBIN NapaiennusM,
KOJUISKTUBHOE pelenue, nuddysnas 6anancuposka. Cratudeckas U
JUHaAMUUecKas GalaHCHPOBKA 3aTrpy3KH MPH PEIICHUH 3a]ad,
HCTIOJIb3YIONIMX HEeperyJsipHble pacyeTHbIE CeTKH.

Tema 3. Texnosiornu pacnapajijieJJMBaHUs sl
MIMD cucrem ¢ o01eil U pacnpeaejeHHON
NaMSATHIO, OPTraHU3aL MU B3aUMO/1eiiCTBUS

napajjieJibHbIX MPOIEcCOB

Buner 06MenoB nanaeiMu (MPI). Oprann3anust oOMeHa TaHHBIMH,
ontumusanyst. COKpeITHEe 0OMEHOB 3a BBIYMCICHUSIMHU. [Iporiecch u
MIOTOKH B ONEPAIOHHBIX cucteMax. [loToku n cemadopsl crangapra
Posix. Kputrnueckue cekuun U GIIOKHPOBKa MOTOKOB. CHHXPOHH3ALIHS
nporeccoB. OcHOBHBIE TupekTHBB OpenMP, npocreiimme mpumepsl.
Haxmagnsie pacxons! u mpobiemsl. CiocoObl ycTpaHEHUS! KOH(PIINKTOB
0 JOCTYIY K JJAHHBIM Ha IPUMEPE CETOYHOIO METOJA.

15

Tema 4. FeTepOFeHHble BbBIYHUC/ICHHUA HA

npoueccopax u yCKOPUTEJIAX
YerpoiictBo rpaduueckoro nponeccopa GPU. IToTokoBast o6paboTka.

Boruucnurenshsiit crangapt OpenCL. Opranuzanus 10cTyna K IaMsaTH.

IMprMeps! peanu3aluy BeUKHCIeHHH. Metouka noptuposanus kernel-
Koma. MHoroypoBHeBast gekoMmo3unus. COKpeITHE 0OMEHOB 3a
BBIYHCICHUSIMH Ha YCKOpUTEIsiX. IIpuMepsl pean3aiiy BEYUCICHHUIL.

15

Tema S. JlexkoMno3Hums ceTO4YHbIX rpagoB
[Tpumeps! pacyeTHBIX ceTok. Kpurepnn nexommnosuimy rpados.
Kpurepuii 1: kimaccuueckuit KpuTepuid IeKOMITO3UIMH rpada.
Kpurepnii 2: BeiieneHne 000co0IeHHBIX TOMeHOB. Kpurepnit 3:
MUHHMH3AIHs MaKCUMaIbHO cTereHn qoMeHa. Kpurepuit 4:
obecrniedeHne CBA3HOCTH IrpadoB KaXKIOTO U3 JOMEHOB. JleKOMITO3UIIUS
Ha OCHOBE HCXOIHOM HyMeparuu y3ioB. PekypcuBHast OHCEKIusL.
JlekoMIo3uIuMs peryisipHbIX rpagoB. MeToab! IeKOMITO3UIMN
NpOM3BONIbHBIX TpadoB. Mepapxudeckas: IeKOMIIO3UIIHS.
Koopaunataas ouceknus. CriekTpanbHas OUCeKIus. AJTOPUTM
MHKPEMEHTHOTO POCTa JOMEHOB. J{eKOMIO3UIUs OONBLINX CETOK.
JIByXypoBHEBas CTpaTerus 00paboTKn U XpaHeHHs ceToK. [TakeTst
JIEKOMITO3HIIHH rpados.

18

10

10

Tema 6. O06padoTka u BU3yau3auus JaHHBIX,

3a/IaHHBbIX HA PEIICTKAX

Kmment-cepBepnas texaonorus. Online wmn Offline Busyanmu3arms:
IUTIOCHI X MHHYCBI. DTallbl BU3yanu3aluu. Busyanuzauus
H30MOBEPXHOCTEH. ANPOKCUMAaNKs U30MOBEPXHOCTH. CrIoCOOBI
omnucaHus TpuaHrysuuu. Meron penykuuu. [lapaniensusie
ITOPUTMbI HOCTPOCHUS AINPOKCHMHUPYIOIINX TPHAHTYIALMIL.

18

10

10




MHoroypoBHeBoe orpy0neHue 6ospmux ceTok. [Ipumeps
BU3yanu3aluu. BBOI-BBIBOJ CETOYHBIX JaHHBIX. COOTHOLICHUE
BPEMEHH YTCHHS TAHHBIX M BPEMEHH UX 00paboTku PacripeneneHHbli
BBOJI-BBIBOJ. Orpy0OJieHHE U CKaTHE CKATSIPHBIX CETOYHBIX (DYHKITHIA:
0e3 oTepr TOYHOCTH, C KOHTPOJIMPYEMOH MOTepel TOUHOCTH.
®dopmatsl XpaHeHHs! JaHHbBIX. [1akeThl BU3yaln3aliy JaHHBIX
OoubIioro o0bEMa.

Tema 7. OTKa30ycTOHYMBBIE AJTOPUTMBI IS 18 10 - 10

BBICOKOIIPOU3BOAUTEC/ILHBIX CUCTEM

KonTponbhbie Touku. JIokanbHble KOHTPOJIbHBIE TOUKH. [IpuHIMI
JIOKAJIbHOCTH JUIS aITOPUTMOB Ha OCHOBE SIBHBIX PA3HOCTHBIX CXEM.
Oynknn MPI, obeciednBaromune BO3MOKHOCTb PaOOTHI B YCIOBHIX
0TKa3a YaCTH BBIYHCIUTEIBHBIX Y3710B. DPdeKTHBHOCTH
O0TKa30yCTOMYMBBIX aITOPUTMOB. PacnipeneneHnoe xpaHenue
JIOKQJIBHBIX KOHTPOJBHBIX ToueK. COBMEIIEHNE BO BPEMEHH JTaIlOB
pacnpeeNeHHOH 3aIHCH JIOKAIBHBIX KOHTPOJIBHBIX TOUEK U
BBIUMCIICHUI.

Tema 8. [1apa/uteIbHbIE AJTOPUTMbBI PeIIEHU s 18 10 - 10

NPUKJIAAHBIX 32124

[MapannensHbIe aITOPUTMBI COPTUPOBKH JAHHBIX. AJTOPHTMEI
TeHepaIiH TICeBOCTYIaifHBIX YHCEI T CYePKOMIBIOTEPHBIX
npuiiokeHui. banancupoBka 3arpy3ku mpoueccopoB IpU peleHun
3aj1a4 YNCIEHHOTO HHTETPHPOBAHNS, MHOTOMEPHOI ONTHMH3AIHY,
PELICHUU CUCTEM JIMHEHHBIX alropuTMOB. JlMHaAMu4ecKkas
GanaHCHPOBKA 3arpy3KH MPOLIECCOPOB IPU MOJSIHPOBAHUH IIPOLIECCOB
TOpEHUsL.

HpOMe)KyTO‘{Haﬂ ATTECTAIMSA — pe3yNbTaThl BLINOTHEHUE
IIPAKTUYECKUX 3aJaHUH 110 CO3AaHHIO MOJEIbHBIX MapaslleIbHbIX
MIPWIIOKEHUH M MCCIIEJOBAHHUIO UX MapaJuIeNIbHOH 3 (HEKTUBHOCTH Ha
KJIaCTEPHOM CHCTEME.

IIpoMe:xxyTOo4YHast aTTECTALUA — YCTHBIN IK3aMeH

Htoro 144 | 72

7. ®onp oneHouHbIx cpeacts (POC) aisa olleHUBaHUS PE3yIbTaTOB 00yUEHUS MO AUCIUILTHHE (MOIYIIIO)
7.1. TumoBbIe KOHTPOJIbHBIE 33JIJaHUS WM WHBIE MaTePUAIIBI JIJIs1 TPOBEICHUS TEKYIIETO KOHTPOJIS YCTIEBAEMOCTH.
[Ipumepsl 3aaHuil 111 CAMOCTOSITEILHON pabOTHI CTY/IEHTOB

[IpakTrueckoe camocTosiTenbHOE 3ananue Ne 1




Mmuoronorounas peanusanus consepa CG mns CJIAY ¢ pa3pexxenHoi MaTpuiieid, 3aganHoi B popmate ELLPACK.

TpeGoBaHus K OTUETY:

1. TUTYNIBHBIN JUCT, COACPKALTUN

1.1 Ha3Banue kypca

1.2 Ha3Banue 3aganust

1.3 ®amunmto, Ums, OtuecTBO(IpU HATTUYINH)

1.4 Homep rpynimsl

1.5 Jlata mogauu

Coneprkanue oTyeTa:

2 OnucaHue 3a/1aHus U IPOrpaMMHOM peanu3auu

2.1 Kpatkoe onucanue 3agaHus

2.2 KpaTkoe onucaHue IporpaMMHON peaan3aliy Kak OpraHu30BaHbl JaHHbIE, KaKue (yHKIUH

peain30BaHbl (Ha3BaHUE, apryMEHTbI, HA3HAUYEHUE)

2.2.1 Yka3arp Kak IporpamMma 3amyckaercs (CTaBUTCS B OYepe/ib) C KAKMMU ITapaMeTpaMH, C OIIMCAaHUEM 3THX [apaMeTpOB

2.3 Onucanue onmpoOOBaHHBIX CIIOCOOOB ONMTUMHU3AIUY TTOCIEOBATEILHBIX BEIYUCICHUH (I10 YKEJIAHUIO)

3 HccnenoBanue NpoM3BOIUTEILHOCTH

3.1 XapakTepuCTUKH BBIYUCTUTEIILHONW CHUCTEMBI:

OTHCaHKE OJTHON WJIM HECKOJIBKMX CHCTEM, Ha KOTOPBIX BBIIIOJIHEHO HCCle0BaHue (IOJONIET 10001 MHOTOSIEPHBIN POLIECCOD).
THUI TIPOLIECCOPa, KOJIMUYECTBO sJI€p, MMKOBask IPOU3BOIUTEIBHOCTD, MIMKOBask IPOIMYCKHAs CIIOCOOHOCTh MaMATH. TI0 KEJIAHUIO -
POMEpPSATh U Ha CBOEM JIEKCTOIE/HOYTE, U Ha KJlacTepe

3.1.1 Ykazarp 3/1eCh ¥ UJIU B CIEAYIOLIUX IMyHKTaX KaK MporpaMmma KOMIMIUpPOBaiach (KaKUM KOMIMIISTOPOM, C KaKUMHU
napaMeTpamu)

3.2 Pe3ynbTaThl U3MEPEHUI IPOU3BOAUTENBHOCTH

3.2.1 IlocnenoBaTenbHas MPOU3BOAUTENBHOCTD

Jlns kaxx0i U3 Tpex 0a30BBIX ONEpalii U AJI BCEro aJlrOpPUTMa COJIBEpa UCCIIEI0BATh 3aBUCUMOCTD JOCTUTaeMOM
POM3BOIUTENLHOCTH OT pa3mepa cuctemsl N, moctpouts rpadpuku GFLOPS ot N. Heckonpkux N pocrarouno: N=1000, 10000,
100000, 1000000

J1J1s1 TOBBIIEHHSI TOYHOCTH U3MEPEHUH, 3aMephl BPEMEHH JTy4llle IPOU3BOUTh, BHIIOJIHSS HA0Op Onepariii MHOTOKPaTHO B LIUKJIE, YTOOBI OCPEIHUTD
Bpems usmepenuil. CymmapHoe BpeMsl H3MepeHUi 4TOObI MOTy4aoch MOpsiiKa HECKOIbKUX CeKYHI.OLEHUTh BHIUTPHIII OT IPUMEHEHHON ONTUMU3aLUU
(110 >KeTaHuIo)

3.2.2. IlapaienpHOE YCKOpEHHE

Nzmeputs OpenMP yckopenue juist paznuyabix N Uit Kaxkaoi u3 3-x 6a30BbIX omnepariuii u st Bcero anropurma consepa. [lpu ¢pukcupoBannom uucne N
BapbUPYETCs YMCIIO HUTEH U U3MepsieTCs NapalyieIbHOE YCKOPEHUE.

4. AHanu3 NOJyYEHHBIX PE3YJIbTaTOB



4.1 TIpouieHT OT MUKa OLIEHUTH IS KaXKI0M U3 TpexX 0a30BBIX ONepanuii, Kakol MPOIEHT OT MMKOBOH MPOU3BOAUTEILHOCTH YCTPOUCTBA COCTABIISAET
MaKCHMasbHasi JOCTUraeMasi B TECTE IIPOU3BOJUTEILHOCTD

4.2 IIpoueHT OT HOCTH)KUMOM NPOU3BOAUTEIBLHOCTH

aHAJIOTUYHO OLICHUThH JUISl KaXKA0H onepaniy IpoLeHT OT MaKCUMaJIbHO JTOCTUKUMOM POU3BOAUTENILHOCTH C YUETOM MPOINYCKHOM CIIOCOOHOCTH MaMSATH.
[Tpunoxennel : HICXOAHBII TEKCT MPOTPaMMBI B OTAETBHOM c/c++ aiine

TpeboBaHus K mporpamme:

1 Ilporpamma nomxna ucnonb3oBats OpenMP wimm posix threads /i1 MHOTOIOTOYHOTO pacnapaieIuBaHUs

2 ConBep 10JKEH KOPPEKTHO paboTaTh, T.€. IOKa3bIBaTh OBICTPYIO CXOAUMOCTb.

[IpakTuueckoe camocrosTeNbHOE 3a1aHue Ne 2
Pacnipenenennas peanuzanus consepa CG mis CJIAY ¢ paspexxeHHol matpulielt, 3aaannoil B popmare ELLPACK
TpeboBaHus K OTUETY:
TuTynbHBIN JTUCT, COAEPKALUI
1.1 Ha3zBanue kypca
1.2 Ha3Bauue 3amanus
1.3 ®amunuto, Ums, OtuecTBo(Iipyu HAIUUKN)
1.4 Homep rpymisl
1.5 JlaTa nmogauun
Conepxanue oTyera:
2. Kpatkoe onucaHue 3a/laHusi ¥ IPOTpaMMHON peanu3aluu
2.1 Kpatkoe onucanue 3aJaHus
2.2 Kparkoe onrcanue nporpaMMHOM peain3alii Kak OpraHW30BaHbl JaHHbIE, Kakie (PYHKLINN peaan30BaHbl (Ha3BaHUE, apryMEHThl, Ha3HAYCHH €)
[Tpocb0a yka3bIBaTh, Kak MpOrpamMma 3alycKaeTcsi ¢ KakUMH [apaMeTpaMu, ¢ OITMCAHUEM 3TUX apaMeTpOB.
3. HccnenoBanue npom3BOAUTEILHOCTH
3.1 XapaKTepUCTUKH BBIYMCIUTEIBHON CUCTEMBI: OITMCAHUE OJHON MIJIM HECKOJIBKUX CUCTEM, Ha KOTOPBIX BBIIIOJIHEHO MCCIIEI0BAaHUE.
Hcnonp3oBaHue Kaactepa B 3TOM 33/1aHUU 0053aTEIbHO.
[Ipocwba yka3bIBaTh 37€Ch WK B CIEAYIOIUX MTYHKTAX, KaK MpOrpaMMa KOMIMIUPOBAIACh (KAKUM KOMITMIISITOPOM, ¢ KAKUMH ITapaMeTpaMu).
3.2 Pe3ynbTaThl N3MEPEHUN IPOU3BOIUTEIBHOCTH
3.2.1CpaBuenue MPI ¢ OpenMP na MHOTOsIIEpHOM IIpOLIECCOPE.
Jlnsa kaxxoi u3 Tpex 6a30BBIX ONEpaluii U AJIs BCErO allfOPUTMa COJIBEpa CPaBHUTh YCKOPEHUS Ha pa3HOM uucie aaep, noaydeHusie BMPI u OpenMP

peXHUMe, OLICHUTD MapauIenbHyI0 3)PeKTUBHOCT. Jl0OCTaTOYHO OJHOTO pa3Mepa CHCTEMEI, N=106. JlaHHBIE TIPEICTABUTH B BUIC TAOIHUIIBI.

3.2.2. IlapamnenbHoe yckopenue M3meputs MPI yckopenue nis paznuuasix N nmopsijika 105, 106,,... JUTSL KXKI0M U3 3-X 0a30BBIX OMEpanuii U sl BCETO
aJIropuTMa cojBepa: Mpu GUKCUpPOBaHHOM yucie N BapbUpPyeTCs YUCIIO MPOIIECCOB U U3MepsieTcs napajuiesbHoe yckopenue. [loctpouts rpaduku



YCKOPEHUSL.

3.2.3. MacmtabupoBanue M3aMepuTs MacmTabupoBaHue JIs pa3iudHbIX GpukcupoBaHHbIX N/P mopsiaka 104, 105, 106. 3nech N/P — konuecTBo
HEHM3BECTHBIX Ha Imporecc. B aTom Tecte uncino N BapbupyeTcs MPOOpIHOHAIBHO YUCITY IPOIeccoB, P.
JlaHHBIC TIPEICTaBUTh B BHJIE TaOJIUIIBI U rpaduKa.

[Tpunoxxenuel: UCXOTHBIN TEKCT IPOrPaMMbI B OTACIBHOM ¢/c++ (aiine

TpeboBanus K mporpamme:

1 I[Iporpamma gomxkna ucnonb3oBate MPI mist pacnapamienuBanus ¢ pacnpenenennoi mamstoeio, OpenMP umn posix threads 1151 MHOrOmoTOYHOTO
pacnapaiearBaHus (KOTOpoe yxe uMmeercs u3 1 -ro 3agaHus)

2 ConBep J0MKEH KOPPEKTHO paboTaTh, T.€. MOKA3bIBaTh OBICTPYIO CXOJIUMOCTb.

3 PacnapaiienuBaHue J0JKHO ObITh KOPPEKTHO.

7.2. Tumnossie KOHTPOJIbHBIC 3aaHW UM HMHBIC MAaTCPUAJIbI IJIA IIPOBCACHUA HpOMG)Ky’IO‘IHOﬁ aTTeCcTanuu.

N =

10.
11.

Bomnpocs! Kk 3k3aMeHy
[Mapamienn3m npoueccopHOro siipa ¥ OCHOBHBIC XapakrepucTuku. Konseiiep, out-0f-order, cymepckaasipHOCTb U IpyTHE.
OCHOBHBIE XapaKTEPUCTUKU CYNEPKOMIIbIOTEPA - TPOU3BOAUTENBLHOCTh MIUKOBAs, TEOPETUUECKH JOCTHKUMAs, TPOITYCKHbBIE CIIOCOOHOCTH.
OcHOBHBIE XapaKTEPUCTHUKH MapaJlJIeIbHOTO aJITOPUTMa — OLIEHKA CJI0’KHOCTH, BBIUMCIIMTEIbHAS HUHTEHCUBHOCTD, YCKOpEHUE, 3 PEeKTUBHOCTD,
MacIITaOupyeMOCTb.
VYeTpolcTBO ONEpaTUBHOM MaMATH, KIOYEBbIE XapaKTEPUCTUKH, CHUKEHHE TOTeph U onTtuMu3anus goctyna (DDR, TaiiMmuHru, nepapxus namsatu 1
T. 1.)
Muoronponeccopssie cucteMsl ¢ 00meit namsatbio (UMA, NUMA, ccNUMA), ycTpoiicTBO MHOTOIPOIIECCOPHOTO y3J1a, CHIXKEHHE TIOTEPh Ha
NUMA s¢dekTsl.
MsuoromnotouHoe pacnapamienuBanue Posix, OpenMP, MIMD, o6rmmiue npusiunst 1 npodiems (race condition, false sharing, NUMA, affinity),
CHOCOOBI YCTPaHEHHs 3aBUCUMOCTH 110 JJaHHBIM B CETOYHBIX METO/IaX.
MHoronpoueccopHble CUCTEMBI C paclpeeIeHHON MaMAThi0. Y CTPOHCTBO U OCHOBHBIE XapaKTEPUCTUKH (TPOU3BOIUTENBHOCTD, JATEHTHOCTh U
IPOMYCKHAas CIIOCOOHOCTDH CETH, OLIEHKa BPEMEHH Iepejauu JaHHBIX, TOIOJIOTHS CUCTEMbI U 0TOOpaskeHHe IPYIIIBI IPOLIECCOB HA PECYPCHI).
PacnapannenuBanue ¢ pacnpezaenaeHHoi namsatsio, MIMD, MPI, ocHOBHBIE IPUHIIUIIBI, BUbI OOMEHA JaHHBIMU (P2p, IPYNIIOBbIE OOMEHBI
Pa3IUYHbBIX BUJIOB), CHHXPOHHBIE U aCHHXPOHHbIE OOMEHBI
I'eomerpuueckuil mapamuiennsm, paluoHaIbHAs JEKOMIIO3HUIINS PACUETHON CETKH, OpraHn3aus ooMeHa 1aHHbIMU. CrIocOOBI CHUKEHUS HaKJIaJHBIX
pacxonos (DMA, overlap, 1ByxypoBHEBasi AEKOMITO3UIINS).
YcrpoiicTBo rpaduueckoro mporeccopa, oodume npuHIUIbL, apxutekrypa GPU, mapaaurma motokoBoi 00paboTku, ocHoBHBIC oTinuyunst oT CPU.
[ToToxoBoe pacnapawienuBanue, OpenCL wmm CUDA, o061mmue NpuHIKITBE ¥ TIOJIXOIBI K pean3aiiuu (nepapxus namstu, oydepa, kernel, ouepenu
3a/laHui, HAKJIaJHbIE PACXO/IbI)



12.
13.

14.
15.

16.
17.
18.
19.
20.
21.
22.
23.

24.

25.
26.
217.
28.
29.

I'ereporennsbie BerauciaeHus. OOIIMe MPUHIIMITEI, OCHOBHBIE TIPOOJIEMBI, CIOCOOBI peatn3aliii, MHOTOYPOBHEBAS JICKOMITO3UIIH.

®dopmartsl Xxpanenust paspexennbix Matpull (CSR, ELLPACK, ...), oco6ennoctu onepanuu SpMV 1 ee pacnapajijieTuBaHus, CIIOCOObI TOBBIIIEHUS
npousBogutensHocTH (RCM reordering, coalescing, u ap.)

[TapannensHOE ycKOpeHue, napamienbHas 3G (GeKTUBHOCTh, MacIITAOMpPOBaHHUE, 3aKOH AMaJIs, TPUYUHBI CBEPXIUHEHHOTO YCKOPEHUS

Bappep. Cxembl peanu3anuy 1 OLEHKH BPEMEHHU BBINIOTHEHH. Peanu3anus 6appepa Ha OCHOBE CHHXPOHHBIX 00MEHOB. Peanu3anus 6aprepa Ha
ocHoBe cemadopoB JleHKCTpHI.

MeTo/Ibl CTaTUYECKON U TMHAMUYECKOW 0ATaHCUPOBKY 3arpy3KH MPOILIECCOPOB.

Meton ciBauBaHusl.

MeTo/1 KOJIJIEKTUBHOTO PELICHHUS.

MeTto1 KOHBEHEPHOTO Mapaienn3ma.

Metox nuddy3Hoit GaaHCHPOBKH 3arpy3KH.

MeTton cepBepHOTo Mapaienn3ma.

OTtnaaka napayiieIbHbIX TPUIOKEHUHN, BBHITIOJIHEHUE KOTOPBIX COMPOBOXKAAECTCS HEIETEPMUHUPOBAHHBIM MTOTOKOM COOOIIEHUH.

[TapannenpHble aITOPUTMBI COPTUPOBKY JaHHBIX. CIMsHIE METOIOM ClIBaUBaHMUsI, IBycTOpoHHee cnusinue. CeTu coptupoBku. [lapannenbabie
ITOPUTMBI COPTHUPOBKH JIJIs1 THOPUTHBIX BBIYUCITUTEIIBHBIX CUCTEM.

[TapanienpHble aITOPUTMBI TEHEPAIIMU TICEBAOCTYYaiHbIX yncel. TpeboBaHUs K reHepaTopaM ICeBAOCTYYalHbIX yucell. JINHeHHO-KOHTpYIHTHBIE
reHepaTopsl. M-niocieioBaTeIbHOCTH. JI0OCTOMHCTBA U HEAOCTATKU T€HEPATOPOB CIIYYalHbBIX U MCEBAOCIYYaHBIX YHCE.

Hepapxuueckue anropuTMel pazoueHus rpados. JlokanbHOe yTOUHEHHE.

Mertop ciekTpaibHON OuceKIu rpadoB.

HMHKpeMEeHTHBIN alrTOPUTM JIEKOMIIO3UIIUH TpadoB.

AJnanTuBHOE MHTETpUpoBaHUE. MeTo1 TOKaIbHOro cTeka. MeTo | rio6anbHOro cTeka.

OTKa30yCTONYMBBIE AITOPUTMBI JJIsI MHOTOMPOLECCOPHBIX BBIUMCIUTENBHBIX cCUCTEM. JIOKaIbHbIE KOHTPOJIbHBIE TOUKH. JIOKaIbHOE HCIPABIICHHE
OIMMOOK MPHU PEIICHUN TUTIEPOOTMIECKUX CHCTEM YpaBHEHUM.

IIpuMmepsI 3a1a4
Hanuiere anropuTm asis BBIYUCIUTEIBHON CUCTEMBI C pACIpeAeIEeHHON NaMAThIO, ONPEAEISIIOIIUN CyMMY 3J1EMEHTOB MaccuBa. Cuurtaire, 4To
MaccHB yXe pacipeiener Mexay mpi-poreccamu. OLeHuTe ycKkopeHrue U 3 PeKTUBHOCTD aJrOpUTMa B IPEANOI0KEHNH, UTO BpeMs
CYMMUPOBaHUS ABYX 3j1eMeHTOB paBHO TauC, a BpeMsi epeChUTKN OJJHOTO YKcia MeXAy MpoieccopaMu paBHo TausS.
Hanwumere anropuT™ i BBIYUCIUTEIBHONW CHCTEMBI C 00T MaMsIThI0, ONIPEACIISIONINN CYMMY 2JIEMEHTOB MaccuBa. OTIeHUTE YCKOPEHHE U
3¢ (HEeKTUBHOCTH ANTOPUTMA B MPEATIOIOKEHUH, YTO BPEMsI CYMMUPOBAHHUSI IBYX AJIEMEHTOB paBHO TauC, a MUHHMAaNbHOE BpeMsi oOpalieHus K
cemadopy paBno TauS.
Hapucyiite cetb ueTHO-HEUETHOTO CIUAHMS beTyepa /uist AByX yNOpsSA0UYEHHBIX TPYII 3JIEMEHTOB, cojiepkaiux 4 u 7 snemeHToB. Uemy paBHO
YUCJIO TAaKTOB PabOTHI TOCTPOCHHOM ceTn?
Omnpenenuts nepuoj reaeparopa ufi+1]=( 5*u[i+1]+3) mod 1024.



5. OnpenenuTh 3HaYCHUE dIIEMEHTA HOMEP 51 Mmociea0BaTeNnbHOCTH TPEXPA3PSAHBIX ABOMYHBIX YnCell, JOPMHUPYEMBIX reHepaTopoM X mod (x4+

X3+ 1).

6. Hano: u(t=0;i=0...n)=0, u(t,i=0)=0; u(t=0,...,m;i=n)=1, u(t+1;i=1,...,n-1)=F(u(t,i-1),u(t,i),u(t,i+1)). Hanumre napaiieabHy0 IporpamMmy s
BBIYUCIIUTEILHON CUCTEMBI C paclpe/leIEeHHON NaMAThbIO, ONIpeeIIAoNy o 3HadeHus u(t=m;i=0,...,n). [IpuBenute oLleHKY YCKOpEHUs U
3P PEKTUBHOCTH MTPOrPaMMBbI B ITPEANOI0KEHUHU, YTO BpeMsl 0JTHOKpaTHOro BeruucieHus pyakiuu f pasHo TauC, a Bpems nepechlIkKd OIHOTO
yuciaa MeXJy npoueccopamu paBHo TauS. Ykaxkute, Kakoil BUJI napajuiean3Ma UCIOJIb30BaH.
7. Hanmmute anroputM 6apbepa Ha OCHOBE CHHXPOHHBIX OOMEHOB.

IINKAJIA 1 KPUTEPUU OLUIEHHMBAHUA pesysibTatoB 06y4yenus (PO) nmo aucnunyiuHe (MOAYJII0)

OneHka 2 3 4 5
PO u
COOTBETCTBYIOIIIHE
BU/IbI OII€HOYHbIX
CpeACTB
3HaHUA OTcyTcTBUE 3HAaHUH @®parMeHTapHble 3HAHUSA 061ue, HO He CdopMupoBaHHbIE

(8udvl oyeHoYHbIX
cpedcma: ycmHble u
nUCbMeHHble 0NpPochl U
KOHMPpO/IbHble pabomol,
mecmbl, um.n. )

CTPYKTypUpPOBaHHbIEe 3HAHUS

CUCTeMaTHU4YeCKHEe 3HaHUA

Ymenua

(8udvl oyeHoYHbIX
cpedcmes: npakmuyeckue
KOHMPO/IbHblE 3a0aHUS,
Hanucavue u 3auuma
pedepamos Ha
3a0aHHy0 memMy u m.n.)

OTcyTcTBUE yMeHUH

B 1esiom ycneniHoe, Ho He
CUCTeMaTH4eCcKoe YMeHHe

B mesioM ycneuHoe, HO
coZieprkalliee OT/eIbHbIe
npo6esibl yMeHUe (A0MyCcKaeT
HETOYHOCTH
HENPUHIUIHUATBHOTO
XapakTepa)

Ycnemrnoe u
cUcTeMaTHU4YecKoe YMeHUe

HaBbiku

(B/1ageHMSs1, ONBIT
AeATe/IbHOCTH)

(8udsbt oyeHoUHbIX
cpedcme: 8blnoHeHuUe U
3aujuma Kypcosou
pabombwl, omyem no

OTCyTCTBHE HaBbIKOB
(Bs1ameHu, onbiTa)

Hanu4ue oT/ie/IbHBIX HABBIKOB
(Hannuue pparMeHTApPHOTO
OmbITa)

B nesiom, cbopMupoBaHHbIE
HaBbIKH (BJIaJleHHUs ), HO
HCI0JIb3yeMble He B aKTUBHOH

dopme

CdopmMupoBaHHbIEe HABBIKH
(B/1apeHus1), IpUMeEHsieMble
IpU pelleHUH 3a7a4




npakmuke, omuem no
HHUP um.n.)

8. PecypcHoe obecnieueHue:

OcHoBHas yueOHO-MeTOoAnYeCcKast JUTEepaTypa 1 MepedeHb pecypcoB HH(OPMAIIOHHO-TEIEKOMMYHHKAIIMOHHOM ceTH «HTepHeT»
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[Mporpammusiii npoaykt Red Hat Enterprise Linux Server for HPC Compute Node for Power, LE, Self-support
ITporpammusiii mpoaykt Red Hat Enterprise Linux Server for HPC Head Node for Power, LE, Standard
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Omneparmonnas cucrema Red Hat Enterprise Linux Server 5.0 for x86_64

Onepanuonnas cucrema SUSE Linux Enterprise Server 10 SP3 for ppc64
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24. TIporpammublit mpoykT Microsoft ProjectProfessional 2013 akagemudeckas uLeH3Us
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