bubanorekn ¢ moaaep>kKoii JJIMHHOI
apudpmernku Ha GPU

Cobstaun 11.1.

PaccmaTpuBatoTcst BEIIUCIATE/IbHBIE OMOINOTEKH, UCIOIL3YIONINE APXU-
rekTypy CUDA juist paboTbl ¢ IEJbIME YUCIAMU I[IPOU3BOJILHON JIJIMHDI.
CpaBHUBAIOTCS BO3MOXKHOCTH W ITPOU3BOAUTETHLHOCTh HAXOISAINIAXCA B OT-
KPBITOM JOCTYIIE TAaKUX OUOJIMOTEK.

Kurouessie cioBa: jqunnas apudmernka, GPU, CUDA.

1. BBenenne

Yacro B 3a/1a9ax KpunTorpapuu ¢ OTKPBITHIM KJIIOYOM TPEDOYETCs UCIIOIb30-
BaHUE TUIIOB JIAHHBIX, HE ABJISIONINXCS OA30BBIMU, B T.H. YUCEJI IPOU3BOJILHOM
JJIAHBL:

® CYIIECTBYIOT aJrOPUTMBI C OTKPBITBIM KJIIOYOM, KOTOPbIE OCHOBAHBI Ha
BO3BEJICHUN B CTEEHb B TPYIINE WM KOblle. Hanmpumep, B anropurme
RSA[1] — mnst mmdpoBanusi mepe1aBaeMoro CooOIIeH I, B aJIlOPUTMe
DSA[1] — ms1 reHepanuu OTKPBITOro Kio4a, B cxeme Diib-lamass|1] u
uporokosie Juddu-Xemmana|l| — ajisi reHepanuy ceKpeTHOro Kroda
i poBaHUSI.

e st Kpuirrorpadun BazkKHO UCCIIEJ0BATD perenne 3a1a4 pakropusarmu|1]

U JucKperHoro Jiorapudmuposanusi|l| (Hanpumep, Juisi TEX XKe ajro-

purmoB RSA u DSA);

B pabote ucciieayercst BOSMOXKHOCTD peain3aliuu IInHHON apudmMeTn-
ku Ha GPU myrem npussiiedeHust CyImieCTBYIOINIMX PEIIEHUIA.

3ajiaua JAHHOM CTAThU — UCCJIEIOBATH BO3MOXKHOCTH U ITPOU3BOUTE b=
HOCTB Gubsmorek, ucnosbdytonmx apxurekrypy CUDA|2]. Hackonbko Mox-
HO CYJIUTDH [0 UMEIOIINMCS IIyOJIMKAIUAM, CPABHEHHE MMEIONIUXCS UHCTPY-
MEHTOB €Ille He MPOBOIUIIOCE.
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Baecy Mbl cpaBHuM e Takux Oubiamorekn — GARPRECI3|[4] u
CUMP|5].

Janbreiinmmas 9acTh cTaThbl HOCTPOEHA CIIEAYIONMM 00Pa30M: B pasJiee
2 paccMaTpHBAIOTCs IIPUEMbl Pean3aiui 6MOJNOTEeK 1 pacriapalie/MBaHus
AJITOPUTMOB; PA3JI€JT 3 MOCBSIIEH OIUCAHUIO CPABHUTEIHHOIO SKCIIEPUMEHTA,
ero pesyJibraTaM U BbIBOJAM; B pas/iesie 4 0jiBeIeHbl UTOIU TEeKYIel paboThl
U OCBEIIEHbI JIAJbHENIINe IAHbl B IPEIMETHON 00I1acTH.

2. O630p peaam3aruii

B macrosimuit MoMeHT pa3paboTaHO HECKOJBKO OMOJIMOTEK, PeasU3yIONIX
nuaHyo apudmernky Ha GPU: GPUMP (6] u yxke ynmomunaBimmecs
GARPREC u CUMP. Bkparte onuireMm KazKIy¥o.

GPU Multiple-Precision library (GPUMP). B 2010-m roay Kaiion-
rom 2Kao (Kaiyong Zhao) n CsioBenem Hiky (Xiaowen Chu) 6blia npecras-
stena 6ubmoreka GPUMP, nojiep:kuBatoriast "yIMHAY0” apuMETUKY J1JTsT
CUDA. Omna crnocobHa BBITOJHITH apupMeTUIECKNe OTEepaIii C TeJTbIMI
YUCJIAME TPOM3BOJIBHON (pUKCHpOBaHHOM TouHOCTH Ha apxurekType CUDA.
Dra 6GubINOTEKA MOJJIEPKUBACT OIEPAINN CJIOKEHUsT U BBIYUTAHUA (B T.9.
U 10 33JJaHHOMY MOJLYJIIO), YMHOXKEHUs, JIEJIEHUsI, YMHOXKEHUST U HaXOXK /e
HUsI ocTaTKa OT Jenenusi Merogamu Monrrromepu|7]. Bee onepanuu ucmosis-
3YIOT MOCJIEIOBATEIbHBIE aJITOPUTMBI BhIUuC/IeHni. Peaim3oBano mapaJuieib-
HO€e [TOKOOP/IMHATHOE BBIIIOJIHEHNE OIEPAIHil /IJIsi BEKTOPOB OIEPAH/IOB.
ABTOpBI cpaBHUBAIOT MPOU3BOAUTENBHOCTE 6uboTek GPUMP 1 GNU
MP, uro nopaepkusaer "anunnbie” sorancienus na CPU. IlpoBoasrcest TecTnl
IPOU3BOJIUTEIBHOCTH JIJIsi KaKJ0# omeparuun HaJl OOJBITUM KOJUIECCTBOM
map 4ucesJ pasHOTO pasmepa. B Kaxjoil mape pasmep YHCeT OJMHAKOB —
512, 1024 mubo 2048 6ut. [Ipon3BoaUTEIBHOCTD U3MEPSIETCS B KOJUYECTBE
omeparuit B CeKyHIy. ABTOPBI IMOKA3BIBAIOT, YTO IPOU3BOIUTEILHOCTD H6UO-
smoreku GPUMP B 7-9 pa3 Bblille B 3aBUCUMOCTU OT OIEPAIMHA U PA3MEPOB
qyncesi. Vcrnonb3zoBannoe st pacderoB obopyunoBanue: CPU — Intel Core i7
¢ paboueit gacroroii 2.8 I'T'n, Bugeokapra — XFX GTX280 ¢ GPU NVIDIA
GT200 (240 BeraMCIUTENBHBIX s1JIED, paboTaoomux Ha dacrore 1.24 T'T).

GARPREC. Dra 6ubnmoreka ocHoBana Ha 6ubimoreke ARPREC |[§],
9TO TOJIEPKUBAECT apUPMETHIECKHE OIEPAINN C ~IMJITUHHBIME YHCIaMHA Ha
CPU. GARPREC rakke mojiiep>KuBaeT OCHOBHbBIE apUPMETHIECKIE OIIePa-
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MU, TaKWe Kak CJOYKEeHHe, YMHOXKEHHe, B3ATHe JaCTHOIO, KOPHS, SKCIIOHEH-
TBI, 8 TaK 2Ke jorapudma, CuHyca W KocumHyca. Kak m y mepsoit 6ubanore-
KU, BCE OIEPAIUU UCIOIB3YIOT IMOCIeI0BATE/IbHBIE AJITOPUTMbI BBIYUCJIEHUN.
BerauciurebHast CJI03KHOCTD aJITOPUTMa CJIOXKEHUSI JIMHEHHAS [0 pasMepy
orepanioB, a ymHoxkenus — O(nlogn).

TecTb! TPOM3BOAUTENLHOCTA AHAJOTHIHBI TEM, UTO IIPUMEHSIIOTCS K On0-
smoreke GPUMP — 6unaphble u yHapHBIE OII€PAIIME TPUMEHSIIIUCH K 00JIb-
IIIOMY MHOXKECTBY UHCE]I PA3HBIX PA3MEPOB; BBIUUCIEHUS TPOU3BOIMINCH KAK
na GPU, tak u CPU. Ilpupocr npoussogurensuoctu pacieroB na GPU no
cpapaeruto ¢ CPU MHOrOKpaTHBId: st cioxkeHust — B 12 pa3s, jyjiss yMHO-
KeHus — B 8-9 pa3 B 3aBUCHMOCTH OT pa3Mepa 4uces, Jiyid jenennd — B 10
pas.

CUMP. Dra Oubimoreka 6buta pazpaborana Takaromwu Hakasimoit
(Takatoshi Nakayama) B 2012 romy. Ona ocHoBana na Gubimoreke GMP
[9]. CUMP nojjiepkuBaeT omnepanuu CIOXKEeHHs, BEIYUTAHUS U YMHOKEHUSI.
BeruncsmresbHast CI02KHOCTD aaropurMa cjoxkenusi — O(n), CJI02KHOCTD Ole-
paryy yMHOXKEHUsI 3aBUCUT OT aJrOPUTMa, KOTOPbIl aBTOMATHYECKU BbIOH-
paercsi caMoit 6GubJIMOTEKOH B 3aBUCUMOCTH OT Pa3MEPOB ONEPAaHJIOB, U MO-
et coctapaaTh Kak O(n?) (as anropurMa yMHOXKeHHS “cTOMOHKOM”), TaK
u O(nlogn) (st anropurma 6eicrporo npeobpasosanust Pypoe|10]). Hucsto
n 3J1eCh — pa3Mep OllePaHIOB B OUTAX.

Bo Bcex bubamorekax Kaxiast apupMeTUIECKas OTIEPAIHsT BBITOJTHIETCS
Ha ojHOoi "HuTH” (BerunCcUTeNbHOM siipe) GPU, r.e. coorBercTByIOIIMe 1po-
[eJlyphl HE paciapaJiiesieHbl. Pean3oBaHo mapaJjuiebHOe ITIOKOODIMHATHOE
BBITIOJTHEHUE OTepaInii 11 BEKTOPOB.

Heobxomumo oTMETHTH, UTO TOJBKO ABE M3 OIMUCAHHBIX OMOJIMOTEK HAa-
xosress B oTkpbiToM gocryie — 310 GARPREC u CUMP. B cuny sroro
obcrosaTenbeTBa TectupoBanne 6budbanoreku GPUMP ne mpososguiocs.

3. dKcnepuMeHT

Onucanme. Mpl TecTUPOBAJIH JIBE OIEPAIUU: CJIOKEHIE U YMHOXKEHUE T1a-
pbt gucesn. Takoit BeIOOp 00yCJIOBJIEH Te€M, UTO MMEHHO THU JIBE OIEpaIliu
O IepP2KaHbl OJIHOBPEMEHHO B KaXKI0i u3 Oubsmorek. B KadecTBe BXOIHBIX
JAHHBIX YKCIIEPUMEHTa MeHEPUPOBAJIUCH JIBA CIYyJIalHbIX BekTopa. JIs Kax-
JI0# omepaluy MpOBOJINJIOCH JIBa TECTa: B IEPBOM BapbUPOBAJICS pa3Mep BeK-
TOpa IIPU KOHCTAHTHOM pasmepe uuces (o 6bu1 paBed 1000 necaTuaHbIX 3HA-
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KOB), BO BTOPOM — pa3Mep 4HceJI [IPU KOHCTAaHTHOM pasMepe BekTopa (100000
KOMITOHEHT ).

Mpsr TectupoBasu 6ubsumoreknu Ha Buieokapre Tesla C2070, vHa xoTOpOit
ycranosjeH rpadudeckuii mnporeccop Tesla T20 ¢ 448 BorauciuTe/IbHBIMU
sgapaMu, paboratomux Ha dacrore 1.15 I'T'm.

PesyabraTrbl. Ha puc. 1-2 o ocu X oTjoxkeHa JJIMHA OIIEPAHJIOB, Ha, PHUC.
3-4 — nyuua BekTOpoB. 110 ocu Y Ha Bcex pucyHKax OTJIOXKEHO BPEMsI BBITIOJI-
HeHWs OoIeparuu B cekyHaax. Ha Bcex m300pakeHusix MyHKTUPHBINA rpaduk

oTpazkaeT pe3yabrarhl paborsl 6ubmoreku GARPREC, crtomuoit — 6u6-
smoreku CUMP.
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0.002 —
\
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Puc. 1. CkopocTh CJIOXKEeHUsT B 3aBUCUMOCTH OT pa3Mepa JIhCell.

PesysnbraThl TECTOB MOKA3BIBAIOT, UTO MOPSAIOK POCTa (DYHKIHI COBIIa-
JIAET C TEOPETUYECKUM: B TPeX CJIydasix U3 deThbIPeX POCT JIMHEHHbIH, a B
ocrasiemcs — nopsika O(nlogn), Kak 1 0XKUIAIOC.

Taxxke BugHO, 6ubMOoTeKa CUMP siBjistercst 6oJiee pOU3BOUTENBHOIM,
geM GARPREC: croxenne B yKazaHHBIX YCJIOBUSIX MPOU3BOINTCS B 5 pas
obicTpee, ymMHOXKeHne — B 20 pa3 Ipu OIMHAKOBOH CJIOKHOCTH UCIOTB3YEMbIX
anroputmoB. [Ipuannsl sToro ormedens B [11].

Ho menb3st He oTMETUTH OYEHBb OrPAHUYEHHYIO (DYHKIIMOHAJIHLHOCTH
CUMP: Bcero mojjepzKaHbl JINIIb TPHU MIPOCTEIe apudMeTnIecKue orre-
pAIUH, U 9TO BPsiJl JIU JIEJACT €e IMPUTOIHON I MPUMEHEHUSAX B KaKUX-TO
cepbe3nbix obnacTax. Hamesarbes na passurue GpyHKIIMOHAJA 3TOW Oubino-
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TEKH TaK»Ke He IPUXOJUTCSI — [OCIIe/IHee OOHOBJIEHIE €€ UCXOJHOIO KO Jia-
tuposano 2012-M rogom[5).
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Puc. 2. CkopocTh yMHOXKEHUsT B 3aBHCUMOCTH OT pa3Mepa JIhCell.
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Puc. 3. Ckopoctb ciioXKeHUsi B 3aBUCUMOCTH OT pa3Mepa BEKTOPOB.

4. 3akKJjro4deHune

Omepanyu ¢ 1eJIbIMA IUCJIAME TPOU3BOJIBHON JJIUHBI SIBJISTFOTCST BayKHOI CO-
CTaBJIAIONIEH KPUITOIPAOUN ¢ OTKPBITBHIM KJIIOYOM. B cTarbe Mbl OIUCAIN U
CPaABHUIM BOBMOXKHOCTHU U ITPOU3BOJAUTE/IHHOCTD CYIIECTBYIOMNX OUOINOTEK,
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Puc. 4. CkopocTh yMHOXK€EHUST B 32BUCUMOCTH OT pa3Mepa BEKTOPOB.

MO/IIEP2KUBAIONNX PabOTy ¢ TAKUM THUIIOM JAHHBIX. B majbHENIeM IIIaHu-

pyercst peaJim30BaTh COOCTBEHHYIO OMOIMOTEKY ¢ 6ojiee MUPOKUM (DYHKIIHO-
HAJIOM.

ABTOp BBIpaXkaeT UCKPEHHIO Tpu3HaTeabHOCTh A. B. Tamarerko 3a mo-

CTAHOBKY 3a/1a4n U 0OCy KJeHUE Pe3yIbTaTOB PabOTHI.
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