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HUcnoab3oBanne conpoueccopon Intel Xeon Phi xist BeinosiHeHust
*
€CTECTBEHHOT'0 COeIMHEHMSI HA/l CXKATHIMH JJAHHBIMH

E.B. UBanoBa, JI.b. Cokonnuckuii

®I'BOY BIIO «IOYpI'Y» (HIY)

B pabote ommceiBaeTcst comporeccop 0a3 AaHHBIX AT BBHICOKOIPOHM3BOAUTENBHBIX Kila-
CTEPHBIX BBIYUCIHUTEIBHBIX CHCTEM C MHOTOSJCPHBIMU YCKOPHUTEISIMH, HCIOJIb3YIOIINH
pacrpeneneHHbIe KOJOHOYHBIE WHACKCH C HHTEpBAIBbHON (hparmenrareid. Pabora compo-
Iieccopa paccMaTpHBaeTCsl HA MIPUMEPE BBHITIOIHEHUS ONEPALUH €CTECTBCHHOTO COCIHHE-
Hus. [lapaniensHas AEKOMIIO3UIUS €CTECTBEHHOTO COEIMHEHHs BBINOJHSIETCS HA OCHOBE
HCTIONB30BaHUs PACIpeeICHHBIX KOJTOHOYHBIX UHAEKCOB. IIpeanoxeHHslil noaxon mo3so-
JISIET BBITIOJHATH PENSLMOHHBIC ONEPaliy Ha KJIACTEPHBIX BBIYMCIUTENBHBIX CUCTEMax 0e3
MAacCOBBIX OOMEHOB JaHHBIMU. HpI/IBO,Z[SITCSI PE3yJIbTAaThl BHIYUCIUTCIIbHBIX OKCIICPUMEHTOB
¢ ucmone3oBanueM compoueccopos Intel Xeon Phi, moarBepxkmaromue 3¢(heKTHBHOCTD
pa3pabOTaHHBIX METO/IOB U aJTOPUTMOB.

1. BBeaenue

B nacrosimee BpeMs (hakTHIECKH eTMHCTBEHHBIM 3()QEKTHBHBIM pelIeHHeM MTPOOIeMbI XpaHEHUS
1 00paboTKu cBepxOONBIINX 0a3 JaHHBIX SIBISETCS UCIOJB30BaHHUE MAapaUICIBHBIX CUCTEM 0a3 JaH-
HBIX, 00€CIIeUMBAIOIIMX PACHPEICICHHYI0 00padOTKy 3alIpOCOB HAa MHOTOIPOLECCOPHBIX BBIYMCIIH-
TEJBHBIX CUCTEMax C paclpeAeieHHO namsTeio [1-4]. B mocneqnue robl OCHOBHBIM CIIOCOOOM Ha-
palmMBaHus IPOU3BOIUTEIBHOCTH MIPOIIECCOPOB SIBISETCS YBEIMUYCHUE KOMMYECTBA sIJIEp, & HE TaKTO-
BOU YacTOTHI, U 3Ta TCHICHIIMS, BEPOSITHO, coxpanutcs [5]. MHorosinepubie conporieccopst Intel Xeon
Phi 3HauMTETBHO ONEPEKAOT TPAAUIMOHHBIC MPOLIECCOPBI B MPOU3BOIUTEILHOCTH MO apupmeTHIe-
CKUM OTIepalysM U TMPOITyCKHOM criocoOHOCTH maMsaTh. [lociieHue ncclieIoBaHus MOKa3bIBaloT, YTO
Intel Xeon Phi moryTt s dhexTuBHO HCHONB30BaThCS [T 00pabOTKK 3ampocoB K 0azaM JaHHbIX [6-8].
ITpu oOpaboTke cBepxOoNbIINX 0a3 AaHHBIX CTPOKOBOE IpEACTaBICHHE WH(POPMALNH, XapaKTepHOe
JUTSL PENIAIIMOHHON MOJIENH, OKa3biBaeTcsl HeaexTuBHBIM pu 00padboTke OLAP 3ampocos. B padore
[9] Obi1a mpeanokeHa KOJIOHOYHAST MOJICNIb XPAHCHUS TAaHHBIX, KOTOpas Ha HEKOTOPBIX Kiaccax 3a-
IIPOCOB, XapaKTEPHBIX JAJISl XPAHWIMIL JaHHBIX, CIIOCOOHA O0ECIIEUUTh MOBBIICHUE MPOU3BOAUTENb-
HOCTH Ha JIBa MOpsIIKa MO cpaBHEeHHIO co cTpokoBoi [10]. YkazanHas Mojenb Obluia peann3oBaHa B
nenom pane komoHnouHbix CYB/]. B xauecTBe mpuMepa MokHO TipuBecTH Takue n3BectHble CYB/] kak
MonetDB [11] u C-Store [10]. HemocTaTkoM 3TOT0 MOAXO/Aa SIBISETCS TO, 4TO B KOMOHOUHBIX CYB]]
HE MOXKET IPUMEHATHCS TeXHUKa 3 dexkTuBHON onTuMuzanmu SQL-3armpocoB, XOpomo 3apeKOMEH 10~
BaBias ce0s B pensimonHbix CYB/I. ABropamu crathu B paborax [12—14] Obuin npeioKeHbl HH-
JIEKCHBIE CTPYKTYPBI CIIEIIMATIbHOTO BHJIA, HA3BAHHBIE KOJOHOUHbLMU UHOEKCAMU, KOTOPHIE TTO3BOJISIOT
coYeTaTh NMPEUMYLIECTBA CTPOKOBOTO M CTOJIOOBOTO XpaHEHUs JaHHbIX. B naHHOM paboTe omuchiBa-
eTcsl HOBBIM 1oaxoA K npoektupoBannio CYB/I 11 BBICOKONPOU3BOAUTENBHBIX KIACTEPHBIX BBIYMC-
JUTENBHBIX CUCTEM C MHOTOSJICPHBIMH YCKOPUTEISIMH, KOTOPBIN MpPEAIoiaraeT UCIIOJIb30BaHHE CO-
nporeccopa 0a3 JaHHBIX, MO3BOJISIOMIEr0 3PQPEKTUBHO BBHINOIHATL PECYPCOEMKHE YaCTH PETISLMOH-
HBIX omepauuii 6e3 oOpalieHus] K UCXOAHBIM TaOlIMIaM CO CTPOKOBBIM XpaHEHHEM U 0e3 0OMEHOB
JAHHBIMHA MEXJy IMpoleccaMu. DTO JOCTUTACTCS MyTeM CO3JaHus, TOJIEPKaHUs M UCIIOJIb30BAHUS
pacrpeielieHHbIX KOJIOHOYHBIX MHJICKCOB, XPAHSIIUXCS B CKATOM BHJIE B ONEPATUBHON MaMATH CO-
npoueccopoB Intel Xeon Phi. {ist 0603Ha4eHus pensMOHHBIX ONEpaiii B CTaThe HCIOIb3YETCs HO-
Tanus u3 MoHorpaduu [15].

“ PaGora BBINONHEHA npu puHaHCcoBOI mognepxke MunoopHayku PO B pamkax O «VMccnenoBanus u paspa-
OOTKM MO MPHOPUTETHLIM HAMPABICHUSAM Pa3BUTH HAyYHO-TEXHOJOTHYECKOro komiiekca Poccun na 2014—
2020 romer» (I'ockoHTpakT Ne 14.574.21.0035).
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2. O0mas apxXuTeKTypa CuCTeMbI

Cuctema 0a3 JaHHBIX, HCIIONB3YIOIasi KOJIOHOYHBIE MHICKCH M MHTEPBAJIbHYIO (parMeHTaIuo,
BKJIFOYAET B ce0s cepBep 0a3 maHHBIX U comporeccop 6a3 ganHbix (puc. 1). CepBep 6a3 gaHHBIX pea-
nu3yetcs B Buge CYB/I, B KoTopoii BBeJIeH JOMOTHUTENILHBINA YPOBEHb a0CTPAKIMU MIPU BHITOTHEHUH
PENSHOHHON onepaiuy: Ha epBoi (aze BRIYUCISIOTCS aapeca KOPTEKEeH, U3 KOTOPBIX CTPOUTCS pe-
3yabTaT (mabauya npeosviuucienuii, TIIB); Ha BTOpOii (haze KOHCTPYHPYETCS pe3yJIbTHPYIOIIEE OT-
HOULIEHUE MMyTEM CUMUTHIBAHMS KOpTexkeld nmo aapecam u3 TIIB. i yacto moBTOpSIOIIMXCS pecypco-
E€MKHUX Olepanuii aIMUHUCTPATOP CO3JaeT HEOOXOAMMbIe KOJIOHOYHBIE WHIEKCHI, KOTOpBIE (pparmen-
TUPYIOTCS, a 3aTeM XPaHITCA U 00pabdaThIBatOTCsl COIPOLIECCOPOM 0a3 NaHHBIX B ONEPATUBHOM MaMsITH
Y3JI0B KJIACTEPHON BBIUMCIUTEIbHAS CUCTEMBI C MHOTOAZEPHBIMHU YCcKOpuTeIsIMU. Kax bl pparment
KOJIOHOYHOT'O MHAEKCA XPaHUTCS B CKAaTOM Bue. Ha 0JTHOM BBEIYHCIIUTENBHOM Y3II€ MOXKET XPAHUTBCS
HECKOJIBbKO (pparmeHToB. IIpy HEOOXOOMMOCTH BBIIOJIHUTH COOTBETCTBYIOIIYIO PECYPCOEMKYIO OIle-
panuio B X0z€ BBIIOJIHEHUs 3anpoca, Beruuciaerue TIIB BeimonHsiercs conpoueccopom 0a3 AaHHBIX.
Kaxnplii ¢pparMeHT KOJIOHOUHOI'O MHIEKCA Pa3KUMaeTcs, 00padaThIBacTCA U COKUMAETCS OTAEIbHBIM
SAIPOM MHOTOSIIEPHOTO YCKOPHUTEN. balaHCHpOBKa 3arpy3Kd MEXIy siApaMH MHOTOSJIEPHOTO YCKO-
puUTeIId NPOU3BOAUTCA aBTOMATUYCCKU.

Compornieccop 6a3 JaHHBIX BKIIOYAET B ceOsl moJicucTeMy «VICIOTHUTENDY, PeaTu3yIONIylo BbI-
TIOJTHEHUE PECYPCOEMKOI YacTH PelsIIMOHHON omnepauuu Hall ¢parMeHTamu, U noacuctemy «Koop-
JUHATOP», peau3yIollylo pacchliky 3amnpoca ot CYB/] mexny noacucremMamu «VcnomHUTETbY, TO-
Jy4deHue oT mojacucteM «VlcromHuTenb» YacTHYHBIX pe3yibratoB, coop TIIB u ormpaBky TIIB Ha
cepsep.

Cormporieccop 0a3 naHHBIX Cepgep 6a3
JTAHHBIX
3anpoc
Ucnon- Ucnon- Koopau-
P CYB]I
HUTEIb HUTEb HAaTop TIIB |
F N
V3en 0 V3en k-1 V3en k v
(xkoopau-
S~—  —
HATOP)
bJ1
KiactepHast BeIAuCIUTENBHAS] CHCTEMA —
C MHOTOSIJIEPHBIMH YCKOPHUTEIISIMHU
sIep yexop Cepaep

Puc. 1. Apxurekrypa CYB]] ¢ conporieccopom 6a3 JIaHHbIX.

3. KoJioHOYHBII MHAEKC U HHTEPBAJbLHAs (PparMeHTAIUSA

Kononounwiit unoexc g g mst arpubyra B Tabnuust R npencrasiser co6oii Tabiuiy U3 IByX KO-
J0HOK ¢ umeHamu A u B (cm. puc. 2). KonnuecTBO CTpOK B KOJIOHOYHOM MHJIEKCE COBIAIACT C KOJIHU-
Y4eCTBOM CTPOK B MHAEKCHpyeMoii Tabimiie. Komonka B unnekca |, 5 Brirouaer B cebst Bce 3HaUCHMS
KoJIOHKH B Tabauuel R (¢ yueToM MOBTOpSIOMINXCSA 3HAYEHUI), OTCOPTUPOBAHHBIX B MOPSIKE BO3pac-
tanusi. Kaxzmast ctpoka X uHzmekca gz comepxut B konmouke A cyppozcamubiii kniou (agpec KopTexa,
NPEACTABIISIIONINI cOO0H MIEHTH(UKATOP LEIOYUCIEHHOTO TUIIA, OJHO3HAYHO ONPEACISIIONINI KOp-
TEX) CTPOKH I' B Tabauue R, nMeromiell Takoe e 3HaUeHue B KOJIOHKE B, uto u cTpoka X.

[Tycts Ha nomene Dy atpudyta B 3amano otHomenue mHelHOro nopsiaka. [lycTs Taxke 3agaHo
pa3bueHune MHOXKecTBa Dy Ha k > 0 HemepeceKaroIUXCsl HHTEPBAJIOB, KOTOPbIE HA3BIBAIOTCS JOMEH-
HbIMU UHMEPeanamy U BMECTE COCTABIISIIOT Bce MHOXKeCTBO Dp. KonoHOUHBIN HHAEKC paclpenensieT-
Cs TIO y3J1aM BBIYUCIUTENBHON CHCTEMBI B COOTBETCTBHE C (hynKyuen gpaemenmayuu @i, i lg g =
{0, ..., k — 1}, KoTOpasi CTaBUT B COOTBETCTBHE KAKIOMY KOPTEKY MHAEKCAa HEKOTOPBIN y3€I BBIUHC-
JMTENBHOM cucTeMbl. B i-Thiit pparment | ,iz. p TIONAJIAIOT KOPTEXH, Y KOTOPBIX 3HaueHue aTpudyra B
NPUHAJISKHT I-TOMY JOMEHHOMY MHTEpBaity. bynem Ha3biBaTh (hparMeHTAIINIO, TOCTPOCHHYIO TAaKHM
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o0pa3om, uumepsavrou. KonnaectBo gparMeHToB k OyneM Ha3bIBATh CIMENeHbio QpasMeHmayuu.
Eciu aTprOyThI pa3aIuyHbIX KOJOHOYHBIX HHICKCOB UMEIOT OJIMH U TOT K€ TIOMEH, TO UX

R Irs
Al B A|B
0136 e e ,,_3 10
1114 ] - 4_:\;___',_’___1 14
2136 4__l_§<,’,__5 27
3110 - 4_——‘<'\,f——--2 36
4174 - 4___71\‘*-—0 36
5/27| - |a--7 _%--|-6 |58
6158 - |e---- “~L4 | 74

Puc. 2. KonoHOUYHBII HHICKC.

OOWHAKOBBIC 3HAYCHUA B PE3YJILTATC q)paFMCHTaHI/II/I rapaHTUPOBAHHO IOMNAAYT Ha OAWH U TOT XKC
y3eN BBIYHCITUTENbHON cucTeMbl. [IpuMep mcmonp30BaHusl HHTEPBAIBHON (hparMeHTaluu CTETICHH 2
n3o0paxkeH Ha puc. 3. B kauectBe GyHKIMM (hparMeHTanny s KOJIOHOYHOTO UHAEKCa [ p WCTIONB-
3yeTcst PyHKIHS

(X)— 0, npu x.B<30
P (7= 1, npu xB=30

IR.B § I}%B E I}%B E
Al B [A[B] i{[A]B]
3 |10 3110 2| 36
114 l1l1a| ilof36]
5 |27 Pirp P15 27 i | 6|58 |
0 |36 | lal7a)
2 | 36 | | |
6 |58 i a i
4 174 bVsen0 | Vsenl

Puc. 3. UnTepBanbHas ¢pparMeHTanus.

4. JlekoMno3uuMsi ONePali €CTECTBEHHOT 0 COeTUHEHUs

ITycTh 3a1aHbI 1B OTHOILECHUS
R(A, By, ...,By, Cy, ..., C)
7
S(A,By, ..., By, Dy, ..., D).
ITycts nmeercs aBa HAOOPA KOJIOHOYHBIX MHACKCOB 0 aTpudyTam By, ..., By,:
IR.Bl’ ey IR.Bu;
Ispy - lsp,

ITycTh m1s BcexX 3TUX MHICKCOB 33aHa MHTEpBajbHas (parMeHTanus crenenu K, pacnpenensio-
mas UHACKCh 10 K-y3i1am BerauCInTeNbHON cucTeMmbl. Ha kaxaom i-om y3ne (i =0, ...,k — 1) BbI-
THOJIHSIETCS TIONIAPHOE COSMHEHUE (parMeHToB [ }l?.B,- u Isl.Bj no Bj nis Beex j = 1, ..., U, B pe3yabTar
BBIHOCATCS TOJIBKO CYppOTaTHBIE KitouH (parMenTos. Pesynasratom omeparmu sisercs Tabmuma Py
U3 JIBYX KOJIOHOK Ap (CypporatHble Kintouu ¢parmeHra [ p;) U As (CypporaTHbIe KiodH (pparMeHTa
IS‘.B],). JlaHHBIE BBIYMCIICHUS] MOTYT BBIIOJIHATBCS HE3aBUCUMO Ha K pa3nuyHbIX y3inax 6e3 0OMEHOB

JAHHBIMU. 3aTeM Kbl 13 K y3JI0B mepechuiacT MoaydYeHHBIC TaOIUIIbI P]-‘ Ha y3eI-KOOpAUHATOD,
rje TabJMIpl 7 OTHOTO U TOro ke atpubyra B; o0bemuusiorcs B oaHy. Takum 06pazom, 1mosnyvaem
U TabJmi PJ
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Crenyrommm marom B Tabnunax P; Heo0X0AMMO HANTH T€ KOPTEKHU, KOTOPBIE IPUCYTCTBYIOT BO
Bcex Tabumiax oxHoBpeMeHHo. [lomydernoe maOkecTBO sBisiercst T1IB.

R Ipp Isp Ipc Isc S
AlBJ]C]| D AlBI]/A]B]|[A]CI|[A]C AlB|C]| E
03 [d [103 3(10([3]10][|3|all3]a 0129 [r | Fe
1|14 |b |452 11124 1/0]29 [|1 |b|l1 |d 1136 |d | Au
213 |v |31 | =527 |[1|36||0|d|[0]|r |<*=2]74|x | Pb
3110 |a |54.2 0|3 ||[2|74]|6 |ell2]|x 3110 |a | H
4 174 |x |71 2 (36 [[4|75 ]2 |v]l4]|z 4 (75 |z | U
5127 |z 2.1 6 | 58 4 |x
6 [58 |j | 3.0 4 | 74 5 |z
@ ©
S S
IRg s Pg IRe IS¢ P¢
Al B|[A] B Ag | Ag AlC]|[A]C Ag | As
3110|310 E} 3| 3 30all3]a 3| 3
1141|029 1|/bfl1]d 0|1
5 |27 0|d
6| e Y3en 0
Igp Isp Pg Igc Isc P¢
Al B I|[A]B Ag | Ag AlC||A]C Ap | Ag
036 1]36 0|1 2 v I|lo]r 4 |2
2136|274 2 |1 4 |x||2]x 5| 4
6|58 4|75 4 | 2 5|z ||4]z
4174 V3eal
P P Pg P; TIB
Ap | As || Ar | As Ag | As || Ag | 45 Ag | As
33|33 PO U P} > 3333 |j‘> 3]3
pl 0|1 o101 0|1
’ p1 2 |1 4]2 4|2
Ag | As | € 4| 2| 5|4
0 | 1 |[Ag|As Plup}
2 11|42
4 | 2 51 4 Y3ea-KoopaAnHATOP

Puc. 4. TToryuenne TIIB mis onepanyy eCTeCTBEHHOTO coeauHeHust RIS
C HCIIOJIb30BaHUEM KOJIOHOYHBIX UHAEKCOB.

Ha 3akmrounTensHOM IIare NMpoMCXOJUT KOHCTPYHMpPOBaHHE KOPTEXKEH pe3ysibTaTa C IMOMOUIBIO
TIIB. Insa xaxnaoi napel agpecoB u3 TIIB mpousBoanTcsa MoUCK MO CypporaTHOMY Kitouy Ap KopTe-
*a I u3 R u mo cypporarHomy kimouy Ag — xopTexka S u3 S. MHOXKECTBO KOpTEeXeH Buaa q =
(r.By,..,1.By,1.Cy,...,1.C,,5.D4, ...,5.D,,) siBIsIETCS pe3yNbTaTOM OIEPALMH €CTECTBEHHOTO CO-
enunenns otHomeHuid R u S. [lpumep nomyuenus TIIB mis onepanuy ecTECTBEHHOTO COEIUHEHUS
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IByX oTHomeHuil R u S mo aBym atpubyram B u C u3o0paxeHn Ha puc. 4. Mcnonb3yeTcs HHTEPBab-
Hasi (pparmMeHTanys crerneHu 2. [t KOMOHOYHBIX HHACKCOB I g M Is g, Ig ¢ M I MCTIONB3YIOTCS Clie-
nyromue GyHKIuA hparMeHTanuu:

0, npu x.B<30
%(X)=‘/’|R,B(X)=""SB(X)={1 npu xB>30’

0, npu x.Cela..m)
1, npu x.Ce[m.z]

2. (X)=0, (X)=0,,(x) ={

Ha puc. 5 npencrapieHo KOHCTPYHPOBaHUE KOPTEXKEH Pe3yibTara C MCIIOJIb30BAHUEM IMOTY4CH-
uoit TIIB.

TIB
Ap | Ag
.3 | 3
L0 |1
/0 PN I 5
: :
R : S 1
AlB|C| D  [A]B[C[E i
—+0 |36 |d | 10.3 v [0 [29 [r | Fe .
1|14 |b |452 i1 (36 |d | Au | ¢}
2 136 |v | 31 "2 174 | x | Pb | <}
+3 |10 |a |54.2| <) |,+3 |10 |a H | <
-4 |74 [ x | 71 |« 4750z | U
15 127 |z | 21 :
16 |58 |j | 30 11 Rp<S
i E RB|RC|RD|SE
! io10 | a | 542 H
: :’»36 d |103 | Au
e 574 | x | 7.1 | Pb

Puc. 5. KonctpynpoBanue xoprexeit pe3ynbrarta ¢ ucnosib3oBanueM TIIB Ha cepBepe 6a3 JaHHBIX.

5. BulumcanTeJIbHbIE IKCICPUMEHTBI

Jist moaTBepxkaeHnst 3PEKTUBHOCTH BBIMOJIHEHHS PEISIIMOHHBIX OMEPali C MCIOJIh30BaHUEM
pacnpeeNIeHHBIX KOJIOHOYHBIX MH/IEKCOB CO3/[aH MPOTOTHIT KOJIOHOYHOTO CoTpolieccopa 0a3 JaHHBIX,
C TIOMOIIIBI0 KOTOPOTO OBUIH MPOBEICHBI BHIYNCIHTEILHBIE SKCIEPUMEHTHI. VICXOAHBINH KO TPOTOTH-
na goctymnex B periosuropun GitHub [16].

B xo/1e 9KCIIepUMEHTOB TeHEPHPOBAIACH TECTOBAast 0a3a JAHHBIX, COCTOSIIIAS U3 IBYX OTHOIICHHUH
R u S ¢ o0mmM nenourcieHHbIM aTpudyToM B. ATpuOyTt B oTHOIIeHus R ABIsieTcss HEpBUYHBIM KITIO-
4yoM, aTpuOyT B oTHOIIEHUs S — BHEITHUM KiItouoM. Pa3Mepsl oTHOmeHu# Oblu cieayromiue: 600 000
koprexeit B R u 60 000 000 koprexeit B S. 'enepanus arpuOyra B B oTHOIIEHHWH S pOM3BOAMIIACH
InBymst criocobamu. IlepBblid crioco0d mpeamnonaran UCIoib30BaHue paBHOMepHoro (uniform) pacmpe-
JeNieHust 3HaYeHuH B cTonoe S.B, uTo o3HauaeT oAMHAKOBOE KOJIMYECTBO KOPTEKEW B KaXIOM (par-
menre. [Ipu BTOpoM criocobe cronber S.B reHepupoBacs ¢ HCIoIb30BaHUEM HEPABHOMEPHOTO pac-
npenenenus (npasmia «80-20», «65-20», «45-20») [17].

Jiist TeHepali HepaBHOMEPHOT'O pacipeieeHus Oblla HCII0Ib30BaHa BEPOATHOCTHAS MOJielb. B
COOTBETCTBHH C ITOW MOJeNbi0 KodhduiueHt nepekoca 0, (0 < @ < 1) 3amaer pacnpenesieHue, Mpu
KOTOPOM KaKIOMY Pa3IMYHOMY 3HA4YeHHMIO B S.B Ha3zHavaeTcsi HEKOTOPBIH BeCOBOM KOI(D(UIIMEHT
p;i,i = 1...N, onpenensgemMsiii popmyon

194



Cynepkomnviomephule onu 6 Poccuu 2015 // Russian Supercomputing Days 2015 // RussianSCDays.org

1 N
Pi=T—@y Zpi =1,
i°-Hy' o

rae N — KOJM4YecTBO pa3iiyHbIX 3HaYeHnH atpubyra S.B u H IE,S) =1"°4+27°+ -4 N~° N-e rapmo-
HUYECKOe YHciIo nopsiaka S. B cinydae @ = 0 pacnpeneneHue BecoBbIX KO3()(UIMEHTOB COOTBETCTBY-
eT paBHOMepHOMY pactipeaenenuto. Ilpu © = 0.86 pacnpenenenue cooTBeTCTBYET mpaBuiy «80-20»,
B COOTBETCTBHH C KOTOPBIM, 80% KopTexkedl oTHomenus Oyner xpaHutscs B 20% dparmMeHToB.
ITpu @ = 0.73 pacnpeneneHue COOTBETCTBYeT mpaBuiy «65-20». Ilpu @ = 0.5 pacnpenenenue coot-
BETCTBYET MPaBUITY «45-20%.

s cronbior R.B u S.B Obuin co3gaHbl KOJIOHOUHBIE HHIACKCHI Ig g U I 5 cCOOTBETCTBEHHO. MH-
IeKcHl Ip p 1 Ig p hparMeHTHpPOBATMCH HA OCHOBE MHTEPBAIBHOTO MpHHIMTA. KomndecTBo dpparMent-
HBIX UHTEepBaIOB ObUI0 KpaTHO 600 000 U sBIsLIIOCH MapaMeTpoM dKCIiepruMeHTOB. Kaxpiii pparmMeHT
KOJIOHOYHBIX HHACKCOB CXKMMAJICS C MOMOIIbI0 Ondmuotexu Zlib [18].

B xone skcneprMeHTOB BBITIONHSUIOCH COSAMHEHNE KOIOHOYHBIX HHIECKCOB I p 1 I p IO aTpuOy-
Ty B ¢ cozmanmem TIIB. Onepanust coenmuHeHNs] MPOU3BOIMIACH C UCIIONB30BAHUEM alTOPUTMA CO-
enunenus ciausaueM (Merge Join, MJ). OcobeHHocThI0 anroputmMa MJ sIBIsIeTCSl TO, UTO COeIMHEHUE
OCYIIECTBIISIETCS 32 OHO CKAHWPOBAaHWE KAKIOW M3 BXOTHBIX TAOJHII, 9TO CYIIECTBEHHO YMEHBIIAET
KOJIMYECTBO OTIEPAIIHIA TTO CPABHEHHUIO C ATOPUTMOM BIIO’KEHHBIX ITHKIIOB.

DKcIepuMEeHTHI ObUTH TIPOBEICHBI Ha y3iie ¢ MHOTOsiIepHBIM yckoputeneM Intel Xeon Phi SE10X
KJIacTepHO! BbIYMcauTeNnbHOU cucteMbl «TopHano FOYpI'Yy, ycranoBnennoit B IOxxHO-Ypanbckom
roCy/IapCTBEHHOM yHHUBepcutTeTre. MHorosmepHsid yckopurensb Intel Xeon Phi umeer 61 Beraucim-
TenbHoe s1po U 8§ I'0 onepaTHBHOM MaMsTH.

Omnepanys coeAMHEHNs BBIMOIHATACH Ha 1, 2 1 4 HUTAX, 3aMyIICHHBIX Ha ogHOM siape Intel Xeon
Phi (puc. 6). Pe3yabpTaThl 3TOr0 3KCIEPHUMEHTA MOKA3bIBAIOT, YTO HAHMOOJIBIIEE YCKOPEHUE TOCTUTACT-
s TIpY 3aITyCKe Ha Ka)JIOM SJIpe TOJIBKO OJHON HHUTH.
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Puc. 6. 3aBHUCUMOCTh BpEMEHH BBITIOJIHEHHSI COSTUHEHHS OT KOJIMYeCTBa ()parMeHTOB.

Takke HaM¥ ObLIM HMCCICIOBAHbI YCKOPEHHE W PACIIUPSCMOCTh HPHU BBHITIOJIHCHUH COCITUHEHHS
KOJIOHOYHBIX MHIeKCOB Ha 15, 30, 45 u 60 sapax Intel Xeon Phi. PesynbraTel mpeacTaBieHs! HA PHC.
7. YCKOpeHUe CUUTAIOCh KaK OTHOLICHUE BPEMEHH BBITIOJIHEHUS COSAMHEHNUS Ha 3aJaHHOM KOJINYECT-
BE sJIep K BPEMEHHU BBITIOJIHEHUS 9TOTO K€ COeIMHeH s Ha 15 sapax (06a3a naHHBIX He MeHsUI1ach). [Ipn
UCCIIC/IOBAHNH PACITHPSIEMOCTH BBIYUCISUTHCH T€ )K€ OTHOIICHUS BPEMEH, HO TPH 3TOM pa3Mep 0a3bl
JAHHBIX YBEIMYHMBAJICS MPONOPLIHOHATIBHO YBEIHYCHUIO KOJIMYECTBA siep. DKCIEPUMEHTHI IOKA3allH,
4TO0 MHOTOsJepHbI yckoputenb Intel Xeon Phi nemoHcTpupyer jauHelHbIe yCKOpEHHE W MacIITaOu-
pyeMocTh. DTO 03HAYAET, YTO MPHU BBHIOJIHEHUH OITUCAHHOW OTEPAIlK COSAMHEHHUS C CIOIb30BaHMU-
€M KOJIOHOYHBIX MHJIEKCOB B cTpykType Intel Xeon Phi He Bo3HMKaeT y3KHX MECT. DTO COriiacyercs ¢
BBICOKHM IIPOIIGHTOM YTHJIM3aIMH TporeccopHsixX saep Intel Xeon Phi npu BeimonHeHnn coenmHeHus
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CKAThIX ()parMEHTHPOBAHHBIX KOJIOHOYHBIX MHICKCOB (M3MEPEHUS C MOMOIIbI0 KoMaH bl Linux TOP
nokasanu yruimsamnuio 98%).
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Puc. 7. YckopeHHe U pacIIupsAeMOCTh PH YBEIUYEHHH KOJIHYECTBA UCIOJb3yeMbIX siaep Xeon Phi.

B ciemyromieM sKCIiepUMEHTE HCCIIeA0BaNach mpodiema aucbanamnca 3arpys3ku saep Intel Xeon
Phi mpu Hanmmuuu mepekocoB B pacipeeiicHUH 3HaUeHU 1Mo (pparmentam. Pe3yapTaTsl mpeacTaBiie-
HBI Ha puC. 8. DKCIEPUMEHT MMOKa3a, 4TO JeJIeHHE KOJIOHOYHBIX MHICKCOB Ha JOCTATOYHO OOJIBIIOE
KOJIMYECTBO (PPAarMEeHTOB MO3BOJISAET AP (PEKTUBHO COATAHCUPOBATH 3arpy3Ky MPOLIECCOPHBIX sCp Ja-
JKe MIPH HATMYMH OOJIBILIOTO TIEpeKoca B paclpeielieHNH 3HaUeHUH B KOJJIOHOYHBIX HHJICKCAX.
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Puc. 8. BiusiHue xonuyecTBa (parMeHTOB Ha OaaHc 3arpy3KH NPOLECCOPHBIX saep Xeon Phi.

[TpoBeneHHbIC MCCIIEAOBAHMS TOKA3bIBAIOT, YTO NMPEJIOKEHHBIH TOAX0/1 Ha OCHOBE pacmpejie-
JICHHBIX KOJIOHOYHBIX MHIEKCOB MO3BOJISIET BHIIIOJIHATh PECYPCOSMKYIO ONEPALIUI0 €CTECTBEHHOTO CO-
earHeHus ByX Tabswmi, comepxxamux 600 000 u 60 000 000 kopTexeii, MEHEe YeM 3a OIHY CEKYHIY
Ha 0JJHOM MHOTosisiepHOM yckoputene Intel Xeon Phi. [Tockonbky npemiokeHHast TEXHOJIOTHSI TI03BO-
JISIET BBITOJIHATH COSTMHEHNE TIPH OTCYTCTBUH OOMEHOB JaHHBIX MEX.Y IPOLECCOPAMH, UMEIOTCS BCE
OCHOBAHHUS OXKHIATh YCKOPEHHE OJIM3KOE K JIMHEHHOMY Ha KJIACTEPHBIX BBIYHCIUTEIBHBIX CHCTEMAX C
MHJUTHOHAMH TTPOIIECCOPHBIX Y3JIOB, OCHAIIIEHHBIX MHOTOSIICPHBIMU YCKOPUTEIISIMH.
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6. 3akadeHue

B crarbe ObUI0 TpeACTaBIEHO ONMMCAHKE KOJOHOYHOTO compoleccopa 0a3 AaHHBIX Il BBICOKO-
MIPOUM3BOIUTENBHBIX KIACTEPHBIX BHIYACIUTENHHBIX CUCTEM C MHOTOSJICPHBIMH YcKopHuTesiMu. Koio-
HOYHBIN COIPOLIECCOP MCIOJB3YET paclpecicHHbIC KOJOHOYHBIC WHACKCHI C MHTEPBaJIbHOU (hpar-
MeHTanued. PaccmoTpena paboTa KOJIOHOYHOTO CoIpolieccopa Ha MpuMepe MapajuieIbHONW JEKOMITO-
3HIIUHU OTIEPAIUK €CTECTBEHHOT'O COCTUHEHUs. B paMkax MpoBelIeHHBIX SKCIIEPUMEHTOB OBLIO UCCIIe-
JIOBAHO BPEMsI BBITIOJIHEHHS OTICPAIIMU €CTECTBEHHOTO COSJIMHEHUS IBYX OTHONICHUH R u S ¢ ucnomnb-
30BaHUEM KOJIOHOYHOTO corporieccopa. VccnenoBanuch 3aBUCMMOCTh BPEMEHH BBITIOJTHCHUS €CTECT-
BEHHOT'O COCAMHEHHS OT KOJUYECTBa (parMeHTOB Mpu 3amycke 1, 2 u 4 Hutedt Ha kaxaom sape Intel
Xeon Phi u Biusinne kommuecTBa pparMeHTOB Ha OallaHC 3arpy3KH MPOIECCOPHBIX siaep Xeon Phi mpu
paBHOMEPHOM W HEPaBHOMEPHOM pacrpezeiicHin 3HaueHuit arpudyTa S.B. [IpoBenenHbIe uccienopa-
HUS TIOKA3bIBAKOT, YTO MPEIJIOKEHHBIN MOIX0 Ha OCHOBE MCIIOJIb30BaHUSI KOJIOHOYHOTO COIPOIIECCO-
pa 0a3 aHHBIX NMO3BOJIAET 3()()EKTUBHO BHIMOIHATH PECYPCOSMKYIO ONEPAIHIO €CTECTBEHHOTO COE/IH-
HEHHS JIBYX TaOJIUI| Ha BEIYHCITUTENLHBIX KIACTEPaX ¢ MHOTOSIICPHBIMH YCKOPHUTEISIMH.
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Using Intel Xeon Phi coprocessor for execution of natural join on
compressed data
Leonid Sokolinsky and Elena Ivanova
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In the report describes a database coprocessor for high-performance cluster computing
systems with many-core accelerators, which uses distributed columnar indexes with interval
fragmentation. An activity of the coprocessor is considered by an example of natural join
operation. The parallel decomposition of natural join operation is performed using distributed
columnar indexes. The proposed approach allow to perform relational operators on cluster
computing systems without massive data exchange. The results of computational experiments
with using Intel Xeon Phi coprocessor confirm the effectiveness of the developed methods
and algorithms.



