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B pacrpezneneHHbIX BBIYMCIUTENFHBIX CUCTEMax BAKHYIO POJIb MIPAIOT pas3jIMuHbIE CETEBBIE YCTPOMCTBA,
TaKUE€ KaK MapaipyTu3aropbl U T.II. B Takmx yCTpOﬁCTBaX OOJIBIIIOE 3HAYEHHE HMMEIOT TaKHe MCTO/bI YIIPABJICHUSA
OrPaHUYEHHBIMU pECypcaMu IIaMATH, KOTOpBIE IIPU IIEPErpy3Kax MUHHUMM3UPYIOT IIOTE€PH, BO3ZHMKAIOLIME IIPU
NEepenoIHeHN NaMsATH. B j1okiane mpemiararoTcs MareMaTHYecKHe MOIEIH W alTOPUTMBI, KOTOPBIE HOMOTAlOT
onTUMHU3UPOBaTh paboty ¢ HeckombkuMu FIFO-ouepemsmu, LIFO —cTekaMu U ¢ IPHOPUTETHOH O4epensio B 00IIeM
npocTpaHcTBe mamatd. i psima 3amad pa3paboTaHbl aNrOPUTMBI ONTHMHU3AIMU C HCIIOJIb30BaHUE IapauIeIIbHBIX
BelYMCIeHNA. Takke B JIOKJIaAe OMWCAH OMNBIT NPEMOAaBaHMS HEKOTOPBIX KypCOB 10 OOYy4YCHHIO HH(pOpMATHKE H
napajuleNbHBIM ~ BBIYUCICHUSIM B [leTpo3aBOICKOM TOCYAapcTBEHHOM YHHBepcureTe. Pabora BbIONHEHAa NpHU
nozanepxkke rpanta POOU Ne09-01-00330.

1. OntumansHOE YIIpaBJIC€HUEC CTCKaAMU U OYEPCASAMUA B ITaMATH OJJHOI'O YPOBHSA

Hdus pabotsr ¢ n FIFO-ouepensmu u LIFO-crekamu B 0Omiell mamMsATH MOXHO HCIIONB30BAaTh HECKOJIBKO
METOOB. MBI HccieayeM MOoCIeIOBaTeNbHBIN U CBS3aHHBIN CIIOCOOBI MPEACTaBICHUA. B ciIydae mociemnoBaTebHOTO
MIPE/ICTABICHUS] CTEKOB PACCMOTPEH ONTHMAJIBHBIA METOJ MpEICTaBICHHs, KOTAa CTEKH pa3OMThI Ha Mapbl CTEKOB,
pacTyIux HaBCcTpedy JIpyT APYTY, a B CIydae ouepesei pacCMOTPEHO IIUKIMYECKOE MIPEACTABICHUE KaXI0H OYepenH. .
[MpenmnonoxxuM, 4To BpeMsi TUCKPETHO, W 3a OJMH IIar BO3MOXKHA OJHA MJIM HECKOJIbKO (IapaulesIbHBIX) ONeparui
BKJIFOYEHUS W/WIIM WCKIIIOUEHHUS! JIEMEHTOB M3 CTPYKTYP AAaHHBIX C HEKOTOPBIMH HM3BECTHBIMU BEPOSTHOCTSIMU. MBI
peuracM 3ajia4yy OITUMAJIBHOI'O p336I/IeHI/I${ naMATH MEXKAY CTPYKTYpaMH OJaHHBIX B ClIy4da€ HUX IMOCJICAO0BATCIBHOI'O
MPE/ICTAaBICHUS U 3ajauy aHajin3a CBA3aHHOTO IPEACTaBJCHUs. B KauecTBe MareMaTHMYecKHX MOJelieil MpeioKeHbl
CirydaiHbIe OMy)KITaHUS IO IETOYHCICHHBIM PEIIeTKaM B Pa3IMYHBIX O0NACTSIX N-MEPHOTO NMPOCTPAHCTBA. B kadecTBe
Kkputepust 3(p(HeKTUBHOCTH pPacCMOTPEHO MaKCHMAaJbHOE CPEJHEE BPEMs 0 MEPETONHEHUS MaMsTH, a sl odepenci
TaK’kKe MUHHMMallbHas oOmiasi 1o BPEMEHH, KOTOpPOE MPOLECC MPOBOJWT B COCTOSIHHSIX «cOpoca XBOCTa» IIpH
GeckoHeYHOM BpeMeHH paboThl ¢ odepensiMu [2]. [ToTepio 31€eMEHTOB MOXKHO paccMarpuBarh Kak OIIMOKH, U 3HAYUT,
MHHUMH3HPYS CpEIHEE YHCIIO TaKMX CUTYallWid, MBI IOBBINIAEM HAIEXKHOCTh HPOrPAMMHOIO WIIM alnapaTHOro
ycTpoicTBa [3-4].

Bo MHOTHX NpHIOKEHUSX TpeOyeTcsl CTPYKTypa IAHHBIX, B KOTOPOH OCHOBHBIMH OIEPALUSMH SBISIOTCS
oTiepaliiy BCTaBKH HOBOTO 3JIEMEHTA M YJaJCHHsI 3JIeMEeHTa ¢ HauOOJbIIUM 3HaYeHHEeM Kiroua (mpuoputeTa). Takyro
CTPYKTYpY IAHHBIX Ha3bIBAIOT MPHOPHUTETHOH ouepeapto [1-2,5-6]. Hampumep, B Cisco 10S [2] umcmomssyrores
MIPUOPUTETHBIE odepenu ¢ 4 mpuopureramu. B 3Toif paboTe paccMOTpEHBI CIOCOOBI IPENCTABICHHUS MTPUOPUTETHON
odepenr B BUJE MacCUBa (371ech TpeOyeTcsl XpaHUTh BMECTE C JJIIEMEHTaMU O4Yepey M KITIOUH(IIPUOPHUTETHI)) U B BUAE
HEeCKOJbKHMX TocienoBarenbHblx FIFO-odepenelt (XpaHuTh NpHOpHTETHI HE Hano). Llenbio mccnenoBaHust siBisieTcs
CpaBHEHHE H3y4YaeMBIX CIIOCOOOB MPEACTABICHUS C TOYKH 3PEHHS CPEIHEr0 BPEMEHH pPa0OTHI O MEpErOIHEHHS
ramsTH[ 8].

Taxxe B paboTe uCCleAyeTCss METOJ MPEACTaBISHUS HECKOJIbKUX TOCIeNOBaTeNbHBIX IuKIndeckux FIFO-
ouepeneit B oOImiell mamsTH, NpeqIoKeHHbIH B [9]. B aToM MeTone ouepenu OBHTaroTCs MO KPYTry, APYT 3a IPYIoM,
Ha4YMHasi ¢ HEKOTOPOTrO HAadaJIbHOTO MECTa B MaMSTH M MaMATh 3apaHee HE NEIHUTCS MEXIy odepensmu. B manHOH
paboTe 3TOT METOA MCCIeNyeTcs B CIydae peajlHu3aliy Ha ero 0a3e MPHOPUTETHOH odepenn. AHalIW3 3TOr0 MeTona
MIPOU3BOJUTCS C IOMOIIBIO pa3paboTaHHOW CHCTEMbl MMHTAIIMOHHOTO MOZIEINPOBAHUS. JKCIIEPUMEHTHI IIPOBOAMINCEH C
UCIIONIb30BAaHUEM YJAJICHHOTO JIOCTYIIa 10 MPOTOKONY Ssh K MHOTONpPOLIECCOPHOW BBIYMCIMTENBHON cucteme IBM
PSeries 690 (Regatta), ycranosnennoit Ha BMK MI'Y,

3ajaya ONTUMAJIBHOTO YIPABJICHUS JBYMS I1OCIEIOBATEIbHBIMHE O4YEPEAsSIMHU, sl KPUTEPHsT MaKCUMU3U3AIHN
CpellHero BpeMeHH paloThl J0 MEpernoIHeHus, paHee pemanack B [10] ¢ moMompio moromarnmx memneid Mapkosa.
Brruucnenue KpUTEpHA ONTUMAJIBHOCTH U MOUCK ONTHUMAJIBHOI'O p336I/IeHI/ISI MMaMsATH SABJIIAKOTCA OYCHb peCprOCMKOﬁ
3agadeii. [ToaToMy B JaHHOH paboTe MPEIOKEHBI MAPAIIICTBHBIN AITOPUTM BBIYHCICHHUS KPUTEPUS ONTHMAIBHOCTH U
AITOPUTM COKPAIICHUS MOWCKA ONTUMAIBHOTO pa3OMEHHUs] MaMsATH C IIOMOLIBI0 METOAA BETBEH M BEPOSTHOCTHBIX
rpanur [11]. Takxe B paboTe M3II0KEH ONBIT MCIONB30BaHUs MHOTOnoToyHoi omnbmmnorexu Intel MKL ms pemenus
3a7aud aHalM3a METOJOB pealn3aluu ABYXIPHOPUTETHOH ouepenu. lcmomp3oBamach Ombmmoreka Pardiso s
pELICHUS] CUCTEM JIMHEHHBIX alreOpandeckuX ypaBHEHHMH C pa3psDKCHHBIMM MaTpUIIAMHU. DTH 33Jaudl peulajuch Ha
knacrepe KapHI[ PAH.
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Bo BTOpOoM cemecTpe ydeOHOro roja Haml KOJUIEKTHB BEAET 3aHATHS 1o aucnuiuinae «MHbopmartnka» mist
cTyneHToB 1 Kypca maremarmdeckoro Qakynsrera IlerposaBoackoro yHuBepcurera. Llenp maHHONW IWCIMITIMHBI —
00y4UTH CTYJCHTOB 0a30BBIM IHOHATHSIM OOBEKTHO-OPHEHTHPOBAHHOTO S3bIKa MporpaMMupoBaHust C-++, HEKOTOPHIM
0a30BBIM CTPYKTYpaM JAQHHBIX M QJITOPUTMaM UX 00paboTku. V3noxkeHue pas3aenos, CBA3aHHBIX C IPOrpaMMHUPOBAHHEM
3aJa4 CO CJIOXKHBIMH CTPYKTypaMH JaHHBIX, B OCHOBHOM OITMPAacTCsl Ha CTaBIIYIO KJacCHUecKod MoHorpadwuio /.
KHnyta u HekoTopble Ipyrue ucTouHuku [5-6,9,12-14].

Crnenyroumii Kypc — 370 «TeXHOJOTHHM NMPOrpaMMHUPOBAHU», KOTOPBIM YUTAETCS B MEPBOM CEMECTpe i
crynenToB Il kypca. 31ech CTYJEHTbI H3y4alOT HEKOTOPbIE NPAKTUYECKUE ACIIEKThI IPOrpaMMUPOBAHUs Ha 0ase s3bIKa
Java [15]. Y cTyneHTOB MOSBISIETCS BO3MOXKHOCTH CPaBHUTENBHOTO aHAJNHM3a pealn3alliil HEKOTOPHIX 0a30BBIX
anroput™MoB Ha si3eikax C++ u Java.

OpvH U3 aBTOPOB AOKIAJa YUTAET CHEUKYypC «MEeTOAbl M aJrOpUTMBbl MapajUIeIbHBIX BBIYHCICHHN» Ui
CTYIEHTOB CTapIIUX KypcOB U MariuCTpaHTOB. B mepBol wacTu 3TOro CHELKypca pacCMaTpUBAOTCS MPAKTHYECKUE
TEXHOJIOTHH MapauIelIbHOro nporpammuposanus, Takue kak OpenMP, MPI u np.[16-19]. Bo Bropoii uacTu crerkypca
paccMaTpuBarOTCd TEOPETHUECKHE BOMNPOCHl IOCTPOECHUS MapajUlelbHBIX alropuTMOB. BBoauTcs mnonsatue
MapajijielbHON MaluHBI ¢ MPOU3BOIBHBIM J0CTyIOM (c o01ieit mamsTeio) PRAM. Ha 6ase sToii Monenu u3ydaeTcst psi
napauieNbHbIX aJIrOPUTMOB OOpPa0OTKM MAacCHUBOB, CIIUCKOB U JAPYTMX CTPYKTYp HaHHbIX [5,17]. Ha mpakrtnueckux
3aHATHSAX CTYACHTHI BBHIONHSIOT 33JaHUS 0 pa3paboTKe MapauIeNbHBIX alTOPUTMOB M MPOTPAaMM C HCTIOIb30BaHUEM
texHonoruii OpenMP 1 MPI Ha si3pike C++. Pemenue 3aga4 BRINOTHAETCS HA MHOTOIPOIIECCOPHON BBIYHCIUTENTFHON
cucreme IBM PSeries 690 (Regatta), ycranosnennoit Ha BMK MI'Y, a ¢ 2009 rona u na knactepe KapHL] PAH. Psn
CTYIEHTOB, B TOM YHUCII€ TPOE U3 aBTOPOB 3TOr0 JOKJIAJa, OCIIE U3Y4YE€HUs JaHHOIO Kypca , IPUMEHSIOT TEXHOJIOTHH
napaJuIeNbHOTrO MPOrpaMMUPOBAHUS B CBOEH Hay4qHOH padore.

Taxxe B moxiazne OynyT 00CYXKIAThCsl MPEAJIOKEHHS 10 BBEJCHUIO M3YUSHUs IapajuIe/IbHBIX BBIYHUCICHUH B
6a30BbIe Kypchbl HHPOPMATUKH. MBI CUMTaeM, YTO HACTAJIO0 BpeMs 00ydaTh CTYIEHTOB MapajuIeIbHBIM TEXHOJIOTHIM Ha
MIIAJIIIUX Kypcax.
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