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OBPABOTKA PEJIAIIMOHHBIX BA3 /TAHHBIX
HA TPAONYECKUX ITPOITECCOPAX

. A. JIsipapsb

Review of existing technologies which can be used to process relational data-
bases on graphical processor units (GPU). Short description of GPU primitives
like prefixsum, Map-Reduce, parallel sort and solutions which are built on them
are provided.

1. Bsenenue

[Touck u obuapyzkenue mHpoOpManuu B 6a3ax JAHHBIX SBJIAETCA OJIHON M3 BaxK-
Helmux 3a/1a49 B I/IH(I)OpMaI_[I/IOHHbIX TEeXHOJIOTNAdX CeroaHdg. AKaﬂeMI/I“IeCKI/Ie oeH-
Tpbl Takux kommanuil, kak Oracle, Microsoft, SAP, zaunrepecoBanbl monckom mac-
mrabupyeMpix perrennii Ha 6ase rpadudeckux nponeccopos (GPU). Beraucienns
Ha TrpadUyuecKux I[IPONeccopax MOJYUUIN CepbE3HBIl TOJYOK B pPa3BUTUU JIHMIIb
HEJABHO U II0 BO3MOXKHOCTSIM, KOTOpBIe mpenocTtapiaor tekymme APl pna GPU
(OpenCL/CUDA) npubiuzKaroTcs K MeHTPAJbHBIM MPOIECCOPaM, 9TO CIOCOOCTBO-
Byer nossiaennio xnanpasienns GPGPU (Generic Programming on GPU). Dra 06-
JIACTH OTHOCHTE/IbHO MOJIOJ/IA, OJHAKO PsiJi UCC/AEJTOBAHUI MMOKA3BIBAET, YTO C IIOMO-
mpio GPU Bo3MoxkKHO 3 dekTuBHO pemaTh 3a/a4u O0IIero Ha3HavYeHusI, B YaCTHO-
cTH, Takue Kak: data mining u o6paboTka 3ampocoB K O0JIbIIHNM 00bEMaM JIAaHHbLIX.

OCHOBHBIM IIPEIATCTBAEM B 00padOTKe Oa3 JaHHBIX HA IpadUIeCKOM IPOIeccope
siBJisiercst orpannderubiit 00bem namstu GPU. Tpajgunuonno npousBouTe IbHOCTD
06a3 JIaHHBIX YIUPAETCsd B IMOJACUCTEMY BBOJA-BbIBOJ/A, T.€. IEHTPAJIbHbII LPOIEC-
COp He [BJIFeTCd Y3KHM MecTOM. XOTs JIUCKH CYIIEeCTBEHHO JIelIeBje OllepaTHBHOMI
HaMITH U UMEIOT BBICOKYIO éMKOCTb, OHH I'Opa3/0 Me/lJIEHHee OllepaTHBHON IaMs-
ti. C pacnpocTpaHéHHON CKOPOCTBIO BpAIleHUs MIuHest, pasuoit 7200 o6 /muH,
obopor Tpedbyer npumepHo 8,33 Mc, 4TO MOYTH HA D HOPKOB HPEBBIIIAET BPEMSI
obpaienusi K oneparuBHoii nmamsru (koropoe cocrapisier 100 ne). Ognako ceiidac
¢ pocroM 00bEMa ONEPATUBHON MAMSTH CEPBEPOB, KOTOPbIE OOBITHO 00C/IYZKHBAIOT
CYB/I, ckopocTb 006pabOTKN CTAHOBUTCS HEMAaJIOBazKHBIM (paKTOpOM, TaK KaK 3ada-
cTyto BCst Tabsuia(bl) MOMENAaeTcst B OepaTuBHOil namsaTi. Ha pblHKe cylecTByer
Takoe MoHsATHe, Kak commodity hardware. B pycckoit unrepuperainuu 310 03Ha4aer
HEJIOPOToe arapaTHoe obeciedeHne, B IPOTUBOBEC JIOPOIUM CEPBEPHBIM CHCTEMAM,
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U3 KOTOPBIX MOXKHO HOCTPOHMTDb BBIYUCIUTETbHBIA KOMILIEKC II0JI HY2KJbl OH3Heca.
B nannbrit Moment commodity hardware MokKHO Ha3BaTh KOMIIBIOTED ¢ 4—8 sapamu,
8-16 I'6 oneparuBHoii mamsTu u auckamu B 15K 06 /mun. Tak kak mogobuoe 060py-
JIOBaHME UMeeT DOJIBIIOe IPEBOCXO/ICTBO M0 0ObEMY aMsITH HA/l FPADUIECKIM [PO-
[ECCOPOM, TO 00JIACTD, IJIe Mbl MOZKEM IOJIYYUTh IIPUPOCT HPOU3BOAUTETBHOCTH, —
9TO HEMOCPEJICTBEHHO caMa 06paboTKa JaHHBIX (MOJIATrasCh Ha BO3SMOKHOCTD HapaJi-
JIETHHOTO UCIOJTHeHUs 3aad Ha BeKTOpHOiT apxutektype GPU). B sroit ctarbe Mbr
cjiesiaeM 0030p CYIIECTBYIONIUX PeIIeHui, IpeHa3HaYeHHbIX /i 00paboTKu 60/1b-
mux 00bémoB manubix Ha GPU, pacemorpum jierasu peajn3anud U KOMIOHEHTBI
cucrembl yupasjienus 0a3 jganabix na GPU.

[Ipexie BCEro CTouT PaccMOTPETb aPXUTEKTYPY CYMIECTBYIOMUX 0a3 JIAaHHBIX.
[IpakTudyecku B ocHOBe J1I000I 6a3bl JIAHHBIX B Ka4eCTBE CTPYKTYPBI JIAHHBIX IS
xXpaHenus JiexkuT B-1epeBo. OHo mnpejcrapisgeT coboii cOalaHCHPOBAHHOE JIEPEBO I0-
HCKa, CO3/IAHHOE CIIEIUAJIBHO I OBICTPOiT PAOOTHI C IMCKOBOM HaMATHIO. B-/1epeBbs
OTJIMYAIOTCA OT KPACHO-YEPHBIX JIEPEBBEB TE€M, YTO y3/ibl B-jepeBa MOryT mmerb
MHOTO JIOYEPHUX y3JI0B — JI0 THICSY, TaK, YTO CTEleHb BeTBjeHus B-iepesa mMoxker
OBITH OYeHBb GOJIBIION (XOTsI OHA OBGBIYHO ONPE/IEJISETCS XapAKTEePUCTHKAME HCIIOJIb-
3yeMbIX JINCKOB. B-JiepeBbs CX0XKHU € KpacHO-4EéPHBIMH JIEPEBbIMU B TOM, YTO BCe
B-siepeBbs ¢ 1 ysiaamu umetor Boicory O(lgn), xorst camo 3Ha4eHUE BBICOTBI B 9TOM
JIepeBe CyIIeCTBEHHO MEHbIIe, YeM Y KPaCcHO-9EPHOro, 3a c4ér H0jee CUIbHOIO BETB-
Jienusi. Takum oOpasom, B-jiepeBbst Takzke MOIYT MCIIOJIB30BATHCS JIjIsl peaJin3aluu
MHOIHX Olepaluii HaJi TuHaMudecKuMu MHOzKecTBaMu 3a Bpems O(lgn).

Mpbl yKasbIBa/l, 9TO Y3KUM MECTOM CHCTEeMBbI 0OpabOTKH 0a3 JAHHBIX SABJISIET-
cd TIPOM3BOJIUTEILHOCTD JIMCKOBOM ITOJICHCTEMBI, 110 3TOW IPUYUHE B aJrOPHUTMax
0OpaboTku 0a3 JIaHHBIX JIeJIAI0T aKIEHT Ha:

® KOJIMYeCTBO OOpalleHuil K JUCKOBOM MOICUCTEME,

® BBLIYHC/IUTEILHOE BPeMsl (BPeMsi POIECCOPa).

Kak yze Ob110 yKa3aHO BbIIIe, paHee MPOU3BOAUTE/ILHOCTH 00PA0OTKH JIAHHBIX
yIUpaJach B JUCKOBYIO MOJCHCTEMY, B HACTOSMIINII MOMEHT MOYKHO OTMETUTH IOSB-
JIeHWe HOBBIX HCCJIeIOBAHUIl Ha 3Ty TeMy, B 4acTHOCTH 00paborku Ha GPU (uccieno-
sauue kommanuu Oracle [10]). CymecTByeT MHOXKECTBO apryMEHTOB B HOJIb3Y MOWUC-
Ka Macnrabupyembix perienuit Ha rpadpudeckom mporeccope. C TedeHneM BpeMeHu
9TO CTAaHOBUTCH HauboJiee dKoHOMUYEcKU 3hdexkTuBHbiM. Ha MoMenT Hanucanus
craThbd OJHA W3 caMbix ObIcTpbIX BHaeokapr or NVIDIA (GTX 285) copasmepna
110 IeHe ¢ YeTBIPEXSIIEPHBIM IPOIECCOPOM (uMest MOIHOCTh 0KoJo 200 BarT). Cko-
POCTh MaTeMaTHIeCKNX OMeparuil 1y 1oJo0HOTO BHIe0a anTepa Hopdaaka 1 Tpui-
JuoH B cekyHy (uro B 20 pa3 Geicrpee camoro osicrporo CPU). Tak kak Bujeo-
aJlanTepbl MOYKHO 00beAUHUTH B 0AHOM cepsepe, 10 derbipe GPU obecneunBaior
80-KpaTHOE MPeBOCXOICTBO HaJl cKopocThio ognoro CPU mpu yBeamyeHWN MOTIHO-
cTU JUIIb B 6 pa3, 9TO BEJET K CYMIECTBEHHOU SKOHOMUM MOTPeOIIeMOil MOIITHOCTH
U 3aTpar Ha OOC/IY:KHBaHHE CePBEPOB (MX CTAHOBUTCS CYIMIECTBEHHO MeHbIe). [To-
siBjieHne Kjiacrepubix pemennii mig GPU crocoberByer oMy, 910 B psijie 3a/1a9 110
obpaborke janabix GPU 6yayr nmers npuopurer mnepes CPU.
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2. (O0630p cymIecTBYONIUX pPeIneHmit
2.1. Hcnonnenme tabanuubix SELECT 3anpocos cpeacrBamu GPU

B obnactu obpaborkm 6a3 manubix Ha GPU yxKe cymecTByer psij UcCCe0BaHUIT
(16,7] m mp.). Pacemorpum ou0 U3 mocsietHuX 1 Hanbo/Iee GIU3KIX K HCCIETYEMOMY
Boupocy B pabore |1]. ITog 06paborkoit 6a3 jaHHBIX B 9TOi craThbe OyjieM IOHUMAThH
soinosHenue onepanuiit CRUD (910 cokpaingnnoe HanMeHOBaHHEe YeThIPEX HA30BbIX
dbyukuuit ynpasmenus namapivi: co3ganue (C), arenne (R), pegakruposanue (U)
u yranerue (D)) Haj MHOXKECTBOM JAHHBIX € MOMOIIBIO A3bIKa 3ampocoB. 1lesb yka-
3aHHBIX HMCCIeJOBAaHHNA — MOKa3arTh, HACKOIbKO GPU mpeBocxomdar oOBIYHBIE IIPO-
HECCOPBI HA, OLPEIEJIEHHOM MHOYKECTBE OHEepaIlnii.

Cpeu uccyeoBaHmil, KOTOpPbIE TAKKe MOYKHO OTHECTH K 00paboTke 6a3 JTaHHbIX,
MOYKHO BBIJEJIUTD: MOMCK IIOJCTPOKH, BBHISBICHHE 3aBHCHMOCTel, OBICTPYIO COPTH-
poBky (|5,8,9]), aBiustiomuecs: 6azoBbivMu 610Kkamu 1pu peatusanun CRUD.

Tak ke Kak u B 9TOM HCCAEI0BAHUU, ObLT BbIOpaH a3blK SQL jj1sd omucanus
3ampocoB. SQL — 5T0 mpU3HAHHBI AeK/JTapATUBHBINA S3BIK B HHIYCTPHH IS Ma-
HUIYTHPOBaHUA JaHHBIMI. OH sBJIFeTCS MPOMEXKYTOUHBIM CJIOEM MKy JIOTHKOii
HporpaMmbl B HaboOpoM JaHHbIX. Peasmmsanmsa SQL Ha rpadudeckoMm mporeccope
[IO3BOJIMT YCKOPUTH IIporpammy 0e3 u3MeHeHuil B MCXOJHOM Koje. Hecmorpsi Ha
OYEBHIHOE IIPEMMYIIECTBO ITOTO IIOJX0/1a, IIOKA He CYIIeCTBYeT 3aKOHUEHHBIX pe-
amm3anuit SQL ma GPU.

Apxurekrypa CYB/I Briodaer B cebst MHOZKECTBO KOMIIOHEHTOB, IOTOMY, YTO-
Obl UCKJIIOUUTh HEHYXKHYIO paboTy 110 peajiu3aluu napcepa, BUPTyaJbHO MallluHbI,
TecToB, ObLi1a BhIOpana cymectByiomaa CYBJ SQLite. Ona mmpoKo HCIO/Ib3yeTcs
B Ps/ie IIPOEKTOB U HOIEPAKUBACTCS OOJIBIINM UHCIOM H3BECTHBIX KOMIaHuii. Bup-
ryasibHas MammmHa SQLite orBedaer 3a npeodbpaszoBanue aekaaparuBaoro SQL B Ha-
O0p KOMaH/I, peajn3yoIuX JOruKy 3aipoca (Bcero okoso 128 komans). Kaxast u3
KOMaH/, BI/IpTyaﬂbHOﬁ MalIUHbI MO2KET IIPpUHUMATDL A0 IIATH apr'yMEHTOB (KOMaH,Z[bI
MAIIHHBI JOCTATOYHO BBICOKOYPOBHEBBIE: OTKPBITHE TAOJIHUIBI, 3arpy3Ka 3HAUEHUSI,
MaTeMaTHYeCKue OlepaIui, onepanuu mepexona u T.1.). Camsiii mpocroit SELECT
COCTOUT M3 MHUIUAJIN3ATHUN Ta6ﬂI/IHbI, [MKJIa 110 BCeM CTPOKaM U OYUCTKH PeCypCoOB.
Pe]_[[eHI/Ie UCIIOJIB3YET IIPpaKTUYI€CKU BCEe BU/IbI IIaMATH, ITPEA0CTaBJ/IdeMble IIDOI'DAMM-
noit mojiesibio CUDA. PerucrpoBast naMsiTh HCIIOIB3YETCS J1J1sl XPAHEHUST CMEICHUI
B OJIOKe JAHHBIX U Pe3yJabTaroB, pasdjesseMas (shared) mamsTs — jajig XpaHeHus
Pe3yIbTAaTOB KazkKJ0r0 IMOTOKA. B KOHCTAHTHOI MaMSATH XPAaHUTCS IpPOrpaMMa BHp-
Tya/JbHOI MAIIHHBI, KOTOPYIO HCIIOJHSIET KazK/Iblii U3 MOTOKOB, a TaKKe CJIyzKeOHas
undopmaliysi, HAIIPUMeEp, pPa3MepHOCTh ObpabarbiBaeMbiX TUIOB. [yioDasibHas 1a-
MsATb XpaHUT oOpadarbiBaeMble jlaHHble. B 9TOM unccjie/joBaHun peajin30BaHa 1M0/I-
JTepKKa, OIepaToOpOB BHIOOPKH BHIA:

SELECT id, uniformi, normalib FROM test WHERE
uniformi > 60 AND normalib < 0

SELECT id, uniformf, normalfb5, normalf20 FROM test
WHERE NOT uniformf OR NOT normalfb
OR NOT normalf20
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CymecTByeT ps/i MPeaTCTBUN /s UCIOJIb30BaHus IpadUIecKuX MPOIECCOPOB
IPU peaJM3allii 3aIIPpOCOB Ha OCHOBE apXUTeKTYpbl SQLite:

e BHyTpeHHsIsh CTPYKTYypa XpaHeHus JaHHBIX (B-tree).
e Orpannuenus apxurektypsl GPU.

e Boupocsl XpaHeHusi JaHHBIX (MCXOJHBIX U PE3YJILTATOB).

MmuoxkecTBO 0OpabaTbiBa€MbIX JaHHBIX OBLIO OrPAHHYEHO CTOJIONAMH C THUIAMH
nestoe (int) u 4meso oxunapuoit rounocru ¢ mwiasaoomeil Toukoii (float). Tecrosbre
TaOJIMIBI TPEACTABIAIOT c000iT HADOP KOpTexKei, B KarKJI0M U3 KOTOPBIX — IATh
snemenToB. B jononnenne K peanusanun oyukmun SELECT aBTopsr peanuzoBasin
Ha0Op IPUMUTHBHBIX oneparuii, Takux Kak: SUM, MIN, MAX, COUNT, AVG. /lan-
HbIe OJIHOI TabJIHMILI TOCTOAHHO XpaHaTcd B namatu GPU g Toro, 4robbl CHU3UTH
pa3Mep IepelaBaeMbiX JIAHHBIX 4Yepe3 HIMHY /I Kazk/0ro sampoca. s 3amyc-
Ka BBIOOPKHM Ha/I MHOYKECTBOM JIAHHBIX HEOOXOjuMO Ipeodpas3oBaHue u3 B-jepena
B CTPYKTYDPY, QHAJOIHYHYIO TaOJuIHOMY mpejcTasienuio. [losromy HeoOXommmo
npeobpa3oBanue u3 B-jiepeBa K TabimaHol cTpykType. TecTol mpoBoammuch Ha Tesla
C1060 GPU, umeromem 4 I'6 onepaTuBHO#l MaMATH, YTO U SBJISIETCA OrPAHUYICHU-
eM pasmepa TabJuibl (1t TOro, 4Tobbl H30eKaTh HOJKAYKN JaHHBIX). MHOXKeCTBO
PE3yJIBTATOB TOXKE TPeOYyeT OLPEIEJTEHHOIO KOJMYECTBA HAMATH (3apaHee HeH3BEeCT-
HOE). DTOT pasMep BbIOUPAETCs IMIMPUUIECKU, B OYy/yIEM BO3MOXKEH HOMCK IBPHU-
CTUKH, IO3BOJIAIOINIEH CBECTH pa3Mep MHOYKECTBa pe3yJibTaToB K MHUHHUMYyMY. [lLis
MeTaJaHHbIX, TAKUX KaK pa3Mep 0JI0Ka, YHUC/IO KOJOHOK B OJIOKe, pa3mep KarKJIoi
KOJIOHKH, [PEyCMOTPEHA OT/Ae/IbHAs 00/1aCTh TaAMSITH.

CymecrByer psisi (paKTOPOB, KOTOPbIE HEODXOAUMO YUECTh IPU CPABHEHUU DPe-
3ysbraros, nojaydenabix Ha CPU u GPU:

e Mhui 3arpyzkaem gannabie Ha GPU nosmHocrsio, B 1o Bpemst kak SQLite na CPU
3allpalliBaeT UX C JUCKA [0 HeOOXO0MuMOCTH. [t TOro 9To0bl yCTpaHUTh Ove-
BuyiHOoe npeumytiectBo GPU, B stom ciaydae B SQLite ucronb3oBaiach Taod-
JIATA, KOTOpasd XPAHUT COAEPKUMOE TaOJIUIBI MOJTHOCTHIO B IIAMSTH.

e Yro0bI ciestarh TpaaunnonHoe ucrnoinenne SQLite OpicTpee, pe3ysibTaThl, BO3-
BpalllaeMbie eif, H'HOPUPOBAJIMCH, & TaKyKe OHa, ObljIa CKOMIIMJIMPOBAHA C OII-
nueil XpaHeHusd BCeX BPeMEeHHBIX (pailjioB B maMsTH.

e He uncnosnb3oBaiack crpanndnas naMsarh (pinned win paged-memory), KOTo-
pasi 1103BOJIseT IPUMEPHO B JIBa pa3a YBEJIMYUTb CKOPOCTH OOMEHA JIAHHBIMU
mexk 1y host u device. D10 o3Ha"aeT, YTO PE3YJIHTATHI, B KOTOPHIX YIUTHIBACT-
cst Bpemst nepegadn jganabix #a GPU, MoryT ObITh Jiydine, ecjiu mpoBecTH Psifl
ONTUMU3AINN, OCHOBAHHBIX HA 3TOM THII€ TAMSITH.

Ha CKOPOCTb HUCIIOJIHECHUA BJIMAET TaKOoe dABJIEHUE, KaK PaCXOzKAeHHUE 1HOTOKOB
(thread divergence) m3-3a IPHCYTCTBHs YCJOBHBIX mepexoaoB. OHO 3aKI09aeTCs
B ToM, uT0 GPU wmcnosHgeT KO YyCIOBHOTO Mepexoia Mo pasy I KazKIoro ycJo-
BHs 10C/Ie/10BaTe/ibHO. To ecTh, uMes obbIuHyI0 BerKy if... then... else, sTor KOJ
Oy/leT BBILOJIHEH CHA4aJIa JIjIsd TeX IOTOKOB, KOTOPbie B IIEPBOIl YaCTU UMEIOT UCTUH-
HO€ 3Ha4YeHue, u 3aTeM JJid TeX, KOTOPpble UMEIOT JIOZKHOE. HOﬂyquHbIe pe3yJibTaTbl
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B 9TOM HCCJEJOBAHUU MOYKHO Da3JeJHThb Ha Te, B KOTODPBIX YYHTBIBAJIOCH BpEMs
mepeIavy ¢ XOCTa Ha YCTPOHCTBO W He YINTHIBAJIOCh. Be3 yuéra BpeMeHH 3arpy3Ku
narabix Ha GPU 3ampocsl BeimostHSAIHCH B cpegHeM B 50 pa3 ObIcTpee, 9eM Ha 00BIU-
HOM IIPOIECCOPE, eCJIM YIUThIBATh, 9TO Bpems nepegadu B cpeanem GPU ObicTpee
B 36 pa3 (rabu.1).

Tabmuma 1

Yckopenue ucnosinenus 3anpocos Ha GPU 1o oraoutenuro k CPU

Bampocsr (i) Yckopenwne xHa GPU Yckopenwne na GPU
(co BpemeHeM nepenavn)
nt 12,11 28,89
float 59,16 43,68
aggregation(AN D, OR, etc.) 36,22 36,19
average 50,85 36,20

2.2. Map-Reduce framework Mars va GPU

Notation: i GPU processing Mars scheduler
— Map L, | Reduce |,
Task Task
Map . s Reduce g Ao
Split i - split |
| Task [~ 1 Task [
! J L ]
] ]
Map Stage Reduce Stage

Puc. 1. Apxurekrypa Mars

Komnanusg Microsoft mposesa ucciegoBanue, KOTopoe moKa3ao 3hEGHeKTHBHOCTD
Map-Reduce anropurmos wa GPU [3]. B xoze wuccienoBanuii OblI1 peain3oBaH
dpeitMBOpK, obJierdalonuii peajn3aiyio 3a/iad, Koropbie MOryT obiTh 3hdexTus-
HO perienbl 1pu nepenoce ux Ha Map-Reduce dasbi. M3na4vaibHo 110100HbBIH 110/1X0T,
HCIIOJIb30BAJICS B IPOrPAMMEUPOBAHUHI KJIACTEPOB ¢ DOJIBITIM KOJTHIECTBOM KOMIIHIO-
TE€pPOB, ITOOBI MOJIYINTh BBEITHCJIUTETHHYIO MOITHOCTH, CPDABHUMYIO C CYIIEPKOMIIBIO-
tepamu Ha commodity hardware. MapReduce — 310 dbpeiiMBOpK /111 BBIYUCICHUS
HEKOTOPBIX HADOPOB PACHPE/IEAEHHBIX 33149 C UCIIO/Ib30BAHIEM OOJIBIIONO KOJINYe-
CTBa KOMIIBIOTEPOB (HA3bIBAEMBIX HOJAMH), 0OPA3yIOIUX KjacTep (sep B HaIlem
caydae). Pabora MapReduce cocrour uz nByx maros: Map u Reduce. Ha Map-
mrare IMpOUCXOIUT HpeaBapuTeIbHas 00paboTKa BXOMHBIX JaHHBIX. /Iy 9TOTO OMUH
13 KOMIBIOTEPOB (HA3BIBAEMBI TIIABHBIM y3710M — master node) moydaer BXOIHbIE
JIAHHBIE 3a/1a49H, PA3/e/IdeT X Ha 4acTdu U HepeaéT JAPYruM KoMibiorepaMm (pabo-
qnM y3sam — worker node) juisi npegBapuresbHoii 06paborku. Haspanue nanubiii
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mar moJydua OT OJHOMMEHHOH (byHKIuu BeIciIero mopsiaka. Ha Reduce-mrare mpo-
HCXOJIUT CBEPTKA MPEIBAPUTEIBHO 00pa0OTaHHBIX JAHHBIX, [VIABHBIN y3€/ M0oJydaeT
OTBETBI OT pabOYUX Y3JI0B U HA UX OCHOBE (POPMHUPYET pe3yJIbTaT — pelIeHue 3a/1a4,
KOTOpPasi U3HAYAJIbHO (DOPMY/IUPOBAJIACS.

[Ipeumyniecrso MapReduce 3akiirouaercss B TOM, 4TO OH [O3BOJISIET PACIIPejie-
JIEHHO [POM3BO/IUTH OHEPAIUU [PEeBAPUTEIbHOI 00paboTku u cBéprku. Oneparuu
Hpe/IBapuTe/IbHO 00pabOTKKH padoTaAI0T HE3aBUCUMO JIPYT OT JIPyra U MOI'YT IPOU3-
BOJIUTHCS MAPAJLIETBHO (XOTsI HA HPAKTHKE 3TO OrPAHUYIEHO MCTOYHHKOM BXOIHBIX
JAHHBIX U /WA KOJIMYECTBOM HCIOJIb3YEMbIX IIPOIECCOPOB). AHATIOTUIHO MHOZKECTBO
pabouux y3JIOB MOI'YT OCYHIECTB/ISITH CBEPTKY — JIJI ITOrO HEOOXOIHMMO TOJIBKO,
9TO0bI BCE PE3yJIbTAaTbl HPEJBAPUTEILHONT 00paboTKu € OJIHUM KOHKPETHBIM 3Ha-
YeHreM KJ/I049a 00padarbiBa/uCh OJHUM PpabOvYuM y3/I0M B OJJMH MOMEHT BPEMEHH.
XO0T4 3TOT IIPOIECC MOXKeT ObITh MeHee 3(h(HEeKTUBHBIM II0 CpaBHEHUIO ¢ DOJIee IMoC/Ie-
JioBarebHbIME ajropurmamu, MapReduce moxkeT ObITh puMeHEH K 60IbITHM 00b-
éMaM JIaHHBIX, KOTOPbIe MOI'YT 0OpadaThIBATbCS OOJIBIIUM KOJIUIECTBOM CEPBEPOB.
Tak, MapReduce mozxker ObIThb UCIHOJIL30BAH JijIsi COPTUPOBKHU lieTadaiiTa JIaHHbIX,
9TO 3alMET BCEro JIMINb HECKOJIbKO dacoB. Kiraccudeckuil mpumep UCIOIb30BAHUS
MapReduce — 310 1moac4ér cj10B B JOKYMEHTE:

// ®yHRUuA, uCHONb3yeMas paboumMu Homamu Ha Map-mare
// nna ob6paboTkm map KioY-3HAYEHHWE K3 BXOAHOTO IIOTOKA
map (String name, String document):

// BxonHbe IaHHBHE :

// KDY --- Ha3BaHUE [OKyMEHTa

// 3HQ4YEHNE --- COLEpPXUMOe JOKYMEHTa
// Pe3ymbTarT:

//  KIO4Y --- CJIOBO

//  3Havemme --- Bcerga 1

for each word w in document:
EmitIntermediate(w, "1");

// ®yHRUuA, wcHonb3yeMas paboummm Homamu Ha Reduce-mare
// mna obpaboku map KiIwY-3HAUYEeHWe, IIOJNYYEHHHX Ha Map-mare
reduce (String word, Iterator partialCounts):

// BxonHBe IaHHBHE :

//  KRIOY --- CIOBO
//  3HaueHus --- Bcerga 1. KommuecTBo 3amuceit B partialCounts u ecTh
// TpebyeMoe 3HaUYEHUE

// PesymbTarT:
//  obmee KOIMYECTBO BXOXLEHW! cjoBa word BO BCe
// obpaboTanusie Ha Map-mare IDOKYMEHTH
int result = 0;
for each v in partialCounts:
result += parselnt(v);
Emit (AsString(result));
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[Tockosibky GPU mnoxka emié He mojjiepKuBaeT JHHAMHYIECKOE BbIJICJICHHE ITaMs-
TH Ha YCTPOHCTBE BO BpeMs HCIIOJIHEHHS KOJa Ha HEM, ObLIH UCIOJIb30BAHBI 3apaHee
BbIJIeJIEHHBIE MAacCCUBBI /10 paboThl bpeiiMBopKa. Bxojsiue janubie, MpoMezKyToq-
Hbl€ U KOH€YHbIC PE3YyJIbTaThbl XPaHATCA B TpéX Pa3JIMYHbIX TUIIAX MaCCUBOB: MaCCHUB
KJIFO4eil, MaccuB 3HadeHuit u nnjekc. [1oj nujgekcom noHuMaercs 3aluch Bujia: <key
offset, key size, value offset, value size> nnsa kaxKkmoii mapbl Kiod-3Hadenue. Mmes
UHJIEKCHYIO 3aIIMCh JI/s KazKJI0i Haphl KJII0Y—3HAUEHUE, MBI 3alIPAIIIBAEM KJIIOY N
3HAYEHHE [0 COOTBETCTBYIOIIEMY CMEIIEHUIO B MacCUBe KJIIOYeil WU 3HAYCHUI.

Puc. 1 wurocrpupyer npunnui padorst MapReduce dpeiimBopka. Tak ke kak
MapReduce, ¢dppeiiMBOpK, HCIIOTHAEMBIH HA OOBITHOM IIpOIecCcCOpe, uMeeT JiBe (pa3bl.

Ha cramuu map oneparop MapSplit pa3esnser mapbl BXOJHBIX 3HAYCHHUI HA paB-
Hble HADOPbI TAKUM 00Pa3oM, 4UC/JI0 HAOOPOB ObLIO PABHO 4YMUCJY HOTOKOB. Takum
obpa3oMm jiocTuraercs OaJlaHCHPOBKA HA CTA/J MU Map — KaxK/iblil IOTOK OTBETCTBE-
HeH 3a ojuH Habop. [locsie okonuanust ¢a3bl map HPOMeXKYTOUHbIE HaPbl KJIIOY—
3HAYEHHUE COPTUPYIOTCA TAKHM 00pa30M, YTOOBI HAPBI C OJIMHAKOBBIM KJIIOYOM XpPa-
HIJIACH IIOCJIE€/IOBATE/IHHO.

Ha crajuu reduce oneparop ReduceSplit geut orcoprupoBaHHbIE IIPOMEKYTOU-
Hble HaPbl KJIIOY—3HaYeHne Ha HaDOPbI 0JIMHAKOBOI'O pa3dMepa. [lapbl ¢ ojjuHakoBbIMU
KJIIOYaMHE IIPUHAJIeKAT OJHOMY Habopy. Yucao HabopoB paBHO YUCy HOTOKOB. Ilo-
ToK ¢ HaubosbmuM threadID orBeuaer 3a HabOPLI ¢ OOJMBIIUME KJIIO9aMH. DTO JAET
rapaHTuio, 4to BbIBOJ (a3dbl reduce Oyjer Takzke orcoprupoBaH. Ha mnociepnem
are BbIBOJI CO BCEX IOTOKOB 3allMChIBAETCS B OJIMH 00muit Oydep.

CymiecTByeT IIAHUPOBIINK, KOTOPBIil OTBeYaeT 38 HEKOTOPbIE CTaNH aJrOpUTMa
u ucnonagercd Ha CPU. B 3aa4yn miaHMpOBIIUKA BXOJWUT: MOATOTOBAUTH BXOTHBIE
Hapbl KJIIOY—3HAYEHUE, BBIYUCIUTH HEOOXOIMMOE YUCJIO IIOTOKOB, CKOIIMPOBATDH BXO/I-
ubie MaccuBbl Ha, GPU u 3a0parh pe3y/ibrarbl UCIIOTHEHUSI.

Ha GPU Bblzesisiercss MecTo Kak Jjisi BXOJHBIX JAaHHBIX, TaK U JJIs pe3y/IbTaTa
j10 ucroyinenus nporpamMbl Ha GPU. Ho pasmepbl BBIXOJIHBIX JAaHHBIX U3 (a3 map
u reduce Hem3BeCTHBI 3apaHee, 6ojiee TOro, CYIMECTBYIOT KOH(MJIMKTHI 110 3aIHUCH,
KOI'/la MHOI'O IIOTOKOB 3allMCbIBalOT pPeE3yJ/ibTaTbl B 06]_[(1/1171 MaCCHUB, TaK KaK B MO-
sgen CUDA Her mexaHu3MOB, 00€CHEYrBAIONIAX CHHXPOHU3AMUIO MEXK/1y PA3HBIMU
OJIOKaMU HCIIOJTHEHUS Ha alllapaTHOM YpPOBHE. DTO MOTpeOOBAJIO peasn3aIuu cob-
CTBEHHOIO MEXaHH3Ma 3aIlUCH Pe3yJIbTaToOB (KOTODbI OJNHAKOB it oboux da3).

Kazkiag U3 3aja4 map uMeeT pe3yJbTaT B BHIE TPEX YUCEJ: YUCI0 HPOMEKY-
TOYHBIX PE3YJIbTATOB, pa3Mep Kiodeil (B Oaiitax) u pasmep 3uadenuii (B Gaifrax).
OcHOBBIBasICh HA CyMMapHOM OObeMe Kitoueii (ubo 3HaYeHuil ), IIAHUPOBIIUK BbI-
qucsisieT npedukcHyo cymmy [2] (koropast MOKeT ObITh BBIYHC/IEHA HaPAJLIeTHHO)
1 CO31a6T MacCuB, HeOOXOMUMBIIl 11 XpaHeHU IPOMEKYTOUHBIX Pe3yJIbTaToB. /la-
JIee TaK 7Ke BBIYMC/IAETCS MeCTO JJId uHaeKca. Takum o6pa3oM IJIaHUPOBUIMK BbI1e-
JISeT HY’KHOe KOJIMYECTBO NMaMsATH Ha YCTPOMCTBE /I XPAHEHHs IIPOMEZKYTOYHbBIX
pe3y/IbTaToB.

Jlaee KaxKjgasg map 3a/a4da BBIBOJUT IIPOMEXKYTOUYHBIN HAOOP KJIIOU—3HAYCHHE
B BBIXOJIHOW MacCuUB ¥ OOHOBJIsSIET MHJEKC. TakK Kak Kaxk/jas U3 3ajad map 3Haer
1Io3unuru, B KOTOPbI€ OHa J0JI2KHa 1IUCATb, TO KOH(I)J'[I/IKTBI 110 3allUCUu UCKJIIOYEHDbI.
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Otu ase craauu cyimecrByior Ha GPU, Tak Kak oH He HO/JIep:KUBAaeT JTUHA-
MUYECKOTO BBIJEJICHUs IMaMATU C KOJa, MCIIOJHAIOINIErocs Ha YCTPOMCTBE, KaK yiKe
FOBOPHJIOCH., DTO CTAJIO IMPUYUHON CYIIEeCTBOBAHUS JIBYX CTa/IMil B KaxKJ0il u3 ¢a3
(map win reduce). IlepBasi cragust oTBedaer 3a MoACYeT HEOOXOAUMOIO MECTa JIst
CBOHUX PE3y/IbTaTOB, BITOpasl JeJaeT BCIO PaDOTY M BBIBOJAUT PE3Y/IbTaT B 3apPaHEe Bbl-
JeJieHHblii MaccuB. /{1 mporpaMMucTa 3To BRIDIAUT Tak (dasza map st mojcaéra
CJIOB B JIOKYMEHTE):

MAP\_COUNT (key, val, keySize, valSize){

1: for each word w in key

2: EMIT\_INTERMIDIATE\_COUNT(w.length, sizeof (int));
b

MAP (key, val, keySize, valSize) {
1: for each word w in key

2: EMIT\_INTERMIDIATE (w, 1);
}

3. 3akJirudeHue

Mbi paccmorpesin HanboJiee 3HaUUMble Ha JIAHHBIH MOMEHT UCC/IeI0BaHus B 00/1aCTH
npumenenns GPU g obpaborku jmanubix. Hecmorpst Ha cymecTByiomiue orpaHu-
yernsg apxuTeKTypsl GPU, pe3yapTarsl TOBOPAT O CYIIECTBEHHOM IPEMMYIIECTBE
B obsactu 00paboTKu OObIINX 00BLEMOB JaHHBIX. MoIIHOCTE rpaduuecKux MIpo-
IECCOPOB PACTET ObICTpee, YeM MOIIHOCTb IEHTPAJbHBIX IIPOIECCOPOB MO 3aKOHY
Mypa (koropsiit miust CPU yrke nepecras BBIIOJHSATHC), HOITOMY CYIIECTBEHHbI-
MU OIPAHUYEHUSIMU SBJISIIOTCS CKOPOCTH IMUHBI U 00beM namsaTu. JacTuaHO BOIPOC
HEXBATKH MAMSITU PEIIaeTCs NCHoJIb30BaHueM pinned memory, T. €. IPOeUuPOBAHUEM
namara RAM u mepemadeit moprusavu Ha GPU mo 3ampocy. Tak kak mumaa PCI-E
SABJIETCS TTOJTHOYTIIEKCHOM, TO BMeCTe ¢ 3aIlpocaMy Ha 4TeHume u3 pinned memory
BO3MOKHBI OJ[HOBPEMEHHBIE 3AIIPOCHI HA 3AIMHUCH. YCJI0KHEHHAST MOJIE/Ib ITPOrPAMMU-
poBanust B cpapuenun ¢ CPU Hak/1apiBaeT CBOM OrPAHUYEHUsI: OTCYTCTBUE BO3MOK-
HOCTH JuHaMuIecKoro Boiaeaenus namsatu vHa GPU, HeBO3MOXKHOCTD CHHXDOHHU3A~
U MeYKJy HCIOTHSIeMBbIMHI OJJOKAMU TPUBOAAT K MOSBIEHUIO KOHCTPYKIWIl, KOTO-
pble 100aBIg0T HaKaaaHble pacxoabl TaM, rie Ha CPU ux mer. Takue ocobenHoCTH
APXUTEKTYPbI, KAK PACXOZK/IEHUE TOTOKOB, KOH(MIUKTH OAHKOB pa3/e/sseMoil mamsi-
TH, OCOOEHHOCTHU JIOCTYlA K 1VIODAJIbHON MaMsATH, 00yCJIOBJIMBAIOT HEOOXOIUMOCTH
aJIANTAlUN CYIIEeCTBYIONUX HPUMUTHBOB JIjIsl IIAPAJLIEIBHOIO MPOTPAMMUPOBAHUS
(coprupoBka, npedukcuasa cymma) ais GPU.
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