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NCITIOJIb3OBAHUE METOJA YACTUYHOTI'O
SEPKAJINPOBAHNA ITP BAJTAHCHUPOBKE 3ATPY3KU
B ITAPAJUIEJIBHBIX CYB/ OJId KJIACTEPHBIX CUCTEM

A.B. Jlenuxos

APPLICATION OF THE PARTIAL MIRRORING METHOD
WHEN BALANCING THE LOAD IN THE PARALLEL DBMS
FOR THE CLUSTER SYSTEMS

A.V. Lepikhov

Crartesa nocesimmena npobneme GanaHCHPOBKY 3arpy3KH B NAPaIIe€IbHBIX
CYB/l mna xnacrepubix cucTeM. lIpeayioxkeH airopuTM OajlaHCHPOBKYI
3arpy3KH  OCHOBAHHBI H3  METOAE  YACTHYHOrO  3€PKaJIHDOBAHHS.
Onucana peanmsanmusi JAHHOTO AJNOPHTMA JJIA ONEPAIMA COEAUHEHHS
METOOM XeIMPOBaHUs B onepaTuBHONH mnamaATH. OuHCaHBI PE3YNBTATHI
BBIYHC/IIHTENBHBIX SKCIEPHMEHTOB, B KOTOPHIX HCCJIEXOBaHA 3(b(EKTHBHOCTD
NPEJJIOKEHHOTO  AJIFOPUTMAa OAJIAHCHPOBKM B YCJIOBHAX II€PEKOCOB B
pacnpeieeHny JAHHBIX.

Karouesvie caoea: cucmemse a3 JauHuL, napaservhas obpabomxa,

6aAaHCUPOBKQ 3G2PY3KU

This Paper is dedicated to load balancing problem in parallel database
management systems for cluster systems. Load balancing algorithm based on
partial mirroring method is described. Implementation of the algorithm for
the connective operation using the hashing method in memory is presented.
Experimantal results demonstrates effectivness of the algorithm in conditions
of data scatter skews.

Keywords: data base systems, parallel processing, load balancingload

BBenenue

B macroamee BpeMmsa OonbINOe pacHpoCTPaHEHWE TMONYYAIH OTHOCHTENHHO HELOPOTHE
KJIACTEPHBIE CHCTEMBI, KOTODHIE OTJIMYAIOTCH MPOCTOTON HAPAINVBAHUSA BbIYHCIAATEIbHBIX
pecypcoB (maMsTH, [JWCKOB, IPOLECCOPOB) M MNOTEHIMAILHO OOJ3Jal0T HEOTDAHUYEHHON
npousBoauTeabHOCTEI0. B peittuare TOPS500 caMpiXx MOIMHBIX KOMITBIOTEPOB MHpA  TOJIS
KJ1acTepHEIX cucTeM coctabisger 80%. B COOTBETCTBMM C 9THMM CTAHOBHTCH AKTYaJIbHOM 3a/a4a
pa3pabOTKH HOBBIX MAPAJIIETIBHBIX INPUJIOKEHWH M aJanTanud CYHNIECTBYIOHIMX NPHUIOKEHUH K
KJIacTepHBIM cucTeMaM. B obmactu mapassenbHBIX cucreM (a3 JaHHBIX OMHAM M3 Hambojee
IIEPCIIEKTHBHLIX NIOAX0A0B K co3maHuio mapasenbHsix CYB/l saBnsercd MeTo] MHKAICYIAIHU
napastenn3aMa. JauHbI T0ZX0 npearoaaraet cos3aanue napamiennaoit CYBJL myrem BHeApeHus
CHeNuaJIbHBIX ONEPaTOPOB-KAICyJl exchange B IOC/IE€JOBATE/JbHbIN ILIAH BHIIIOJHEHUS 3aIPOCA.
N3nagaybHO METO[ HMHKAICYIANUM MapaJiiean3Ma OblI pa3paboTaH Jijiss MHOTOIIPOIECCOPHBIX
cucreM ¢ obmeit mamsaTeio [1]. 3arem oH ObL1 0GOGIIEH /AJIs MYJIBTHIIPOIIECCOPOB C MAaCCOBBIM
HAapajuIeJIM3MOM M sl KjacTepHbIX cucteM [2]. OcuoBHON mpo6ieMoll [jisi KJIaCTEPHBIX
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cucreM siBisiercss npobiema mepekocos [3]. Dddekr mepekoca cocrour B HepaBHOMEDHOH
3arpy3Ke IIPOLECCOpHbIX y3JioB. OCHOBHOM DPHYMHON BOSHHKHOBEHHS IIEPEKOCOB B CHCTEMAX
0a3 JAaHHBIX $BJISETCA HEPABHOMEPHOE PpaCcHpeeeHHe IAHHLIX 110 MPONECCOPHBIM Y3JIaM.
ITepexocsl MOryT HPHBOAWTHL K IOJHON JAerpajanyu ofmeldl mpon3BOJUTEILHOCTH CUCTeMbI [4].
B pansoit pabore MCCIEAYeTCss METOJ 9aCTHIHOIO 3€pKajupoBaHus [5], KoTopsii Moxer 6bITH
3¢ HEKTHBHO KCIOIL30BAH A4 OANAHCHPOBKH 3arpy3KH B KiaacTepHeIX cucremax. Ilpennaraercs
ODUTMHAJIBHBIN aJrOpUTM OanaHCMpPOBKM 3arpy3Kd, OCHOBAaHHBIM Ha HCIOJB30BAHUH METOA
YaCTUYHOTO 3€PKAJUpOBaHWA M omeparopa exchange. OmmceiBaeTcst peanusanus 3TOTO
AJTOPUTMA [JId OIE€PAIUU COeNHHEHUs XCIMPOBAHUEM B OCHOBHOM mamsitu. JlaHHbIM anropurM
peanumszosad B upororune mapasutensHoit CYBIZL Owmera. UccnepoBama sddexrusHOCTS
IIPEJVIOKEHHOTO aJIrOPUTMa 6AJIAHCHPOBKH B YCJIOBUAX MEPEKOCOB B PACHPEAEJECHUM JAHHBIX IO
MPOIIECCOPHBIM Y3JIaM.

1. Meton 4aCTUYHOTO 3€pKaJIUPOBAHUSA

B ocHOBe MeTOa YACTHYHOTO 3ePKAINPOBAHNS JIEXKAT Pynxyus Ppaemenmayus [2] ¢x, dx :
X — N, roe X — npoussossaoe orHomenue. s moboro ¢ € X 3nagyenve ¢x(x) onpexpensier
HOMED y3Jia, Ha KOTOPOM XPaHUTCH Koprex . Yepe3 X 6ynem 0603Ha%aTH (PPArMEHT OTHOMIEHHU ST
X, xpanaumiica Ba k-m yzne: X = {z|r € X,¢x(z) = k}. uepes X Gymem obosmauars
pemtuky Xj XpaHSINYIOCs Ha m-M yane. B wactaocTn, nmeem X ,’: = X}. Mu nipeanonaraeMm, 94To
KaxkJoe oTHomenue dparmMentuposano mo K ysnam. Ml Takke npeimosiaraeM, 4YTO KadKJIbIi
dparmenT perunupoBan (BO3MOXHO, yacTu4HO) Ha M ysnax. HyMeparus y3/10B HaYMHAETCS C
equaunpl. PparMeHT cocToMT 3 Habopa ceameHmos — DIOKOB KOpTEXKel 3aJaHHOr0 pa3Mepa.
Pazmep pemmku k-ro ¢parMenTta Ha m-M y3ie 3a7aeTcs KO3(DGHUIUEHTOM DENIHKAIHE p)'.
IMockonsky oTHoueHue S 3HaYUTENBLHO Gosibine oTHOmEHHA R, T0 MBI 6y/1eM NpeAnOIaraTh, 4To
6aJIaHCUPOBKA BHIIOJHSETCS TOJIBKO JJIst OTHOINEHUS S. BajgancupoBKa MPOUCXOIUT ¢ TOTHOCTHIO
no cermernta. Ilpm sTom B OamancupoBke, B KadecTBe pabOuMX ys3JIOB, MOTYT IPHHHUMATH
ydacTHe TOJBKO T€ Y3Jbl, Ha KOTOPHIX MMEIOTCS (DparMeHTHl MCXOAHBIX oTHOmenu#. Onwumem
MexaHu3M OaJIAHCHPOBKH 3arpy3KH /IS NPOM3BOJBHON YHApHON OZHONPOXOJHON OIEpAruu
man orHomrermeM S. Cxema paborhl mpemaraeMoro ajaropurma usobparkeHa Ha puc. 1 Ha
TIpEMeEPE KJIacTepa ¢ ABYMS HPOIECCOPHBEIME y3jaMu u Koaddunuenrom pernukaiuu 0,5. Illyers
niporieccopsl Py 1 Py BEIOJHAIOT BHIGOPKY KOopTexKeit n3 orHomenus S. ®parment S7 HazHavaercs
mporieccopy Py, dparment Sy — mpoueccopy Ps. Ilycrs B MoMeHT Bpemenu t; IpPOLECCOD
P, yxe obpaboTtan BhIAeIEHHBIE eMy (DparMeHTHI, B TO BpeMs KaK mpoueccop P BHIIOIHMI
TOJILKO YacTh HA3HAYEHHON emy paborTel. B sTOM ciydae HpPOMCXOAUT uepepacipeiesieHue
octaBmieticas HeoOpaboramnoit wactw ¢pparmenta So. IIpuwuyem nponeccop Py mcnonb3yer st
o6paborku permky Si. IIporiecc mpomo/KaeTcs [0 Tex MOp, HOKAa TECTHPYEMOe OTHOMEHHe S
He 6yAeT MOMHOCTHIO 06pabOTaH0. AJITOPUTM OYEBHIHLIM 00pa3oM 0600IIAETCA Ha MPOU3BOJIHHOE
KosmuecTBo IporeccopoB. Ilepepacipenenenne HeobpaboranHo# JacTH GparMeHTa MOXKET OBITH
MPOMU3BEJIEHO 32HOBO, €CJIH K MOMeHTY BpeMenu t4 npomeccop Po me 3aBepmmut 06paboTKy CBOEro
dparMenTa.

2. CoenmHeHHME XEIIMPOBAHNEM B OCHOBHOI MaMATH

CoBpeMeHHBIE KJIACTEPHBIE CHCTEMBI HMEIOT 3HAYATENBHYI0 CYMMAPHYIO ONEDATHBHYIO
namsars. Hanpumep, kimacrep CKU® VYpan [8] umeer cymmapryio omeparwsHyio namsits 1,33
TB. B komrekcre cucreM 6a3 JaHHBIX 3TO O3HAYAET, YTO TPH MCIOJIL30BAHAM (PPArMEHTHOrO
napaaienu3Ma OTHoUIeHHe pasMepoM wMenbme 1,33 THB wmoxer 6biTh (PPArMEHTHPOBAHO TIO
NPONECCOPHBIM y3JIaM TakuM 00pa3oM, YTO KaXJbli (PparMeHT 9TOr0 OTHOINEHHUS IETUKOM
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Puc. 1. BanancupoBka 3arpy3ku JJjist ABYX y3J0B ¢ p = 0,5

MOMECTUTCA B OHNEPATHUBHYI0 TaMaTb. B OMHAPHBIX DPENSIHAOHHBIX OMNEPAIUAX OOBIYHO OIHO
W3 OTHOWIEHWH II0 pasMepy 3HAYUTENLHO TPeBOCXOAuT Apyroe. IlpuMeHnTenbHO K omepanun
COeJIMHEeHNs MeHbIIee OTHOIIEHWE HASBIBAETCH ONOPHbiM, 3 OoJblliee — mecmupyemsim. B
PEANbHBIX IPHIOXKEHHAX 6a3 JAaHHBIX CAy4ad, KOrJa ONOPHOEe OTHOIIEHWEe HMeEET pa3Mep
Gonee Tepabaitta, mocTaTouYHO penku. [l03TOMY B KJIACTEPHBIX CUCTEMAX JJIS OIEPAIHH
COoeIWHEHNsS MOXeT OBITh WCHOJB30BaH MNpOCTOM ¥ 3(p@PEKTHUBHBIA AJTOPUTM COEIMHEHHS
METOJOM X€LIMPOBaHWsS B OCHOBHOH mamsartu [6]. [ns peanmsanum GajaHCHPOBKH 3arpy3Kd B
HabOp oOnepanuii penanuoHHON anrebpsl J0GABJIAETCS CIENUWAIbHBIA omepaTop exchange [2].
Oneparop exchange BHIIOJIHSIET IEPEPACIIPEIEICHAE KOPTEXKEH MEXKAY MPOIECCOPHBIMYU Y3IaMA
B COOTBETCTBHHU C pyrKxuyuet pacnpedeseHus, KOTOpas s KaXKJOT'0 KOPTEXKa ONPe/essieT HOMep
TIPOLIECCOPHOTO y3Ja, Ha KOTOPOM JaHHBIN KOPTEX JOJIXKeH ObITh 06paboTaH.

IIpumep mcmosb3oBanus omepaTopa exchange mokazaH Ha puc. 2. Ha gamHOM pucyHKe
NpelCcTaBieH IApDAJUIEIbHBIN IUIaH 3arpoca, peanmsyiomero omepanuio MHJ coenmunenus
XeNTHPOBaHWEM B OCHOBHON mnamaTu. Omeparop Scan BEHIMTOJHSAET CKAHUPOBAHHE OTHOIIEHHS.
Omneparop exchange BcraBisieTcd B KaduecTBe JIEBOTO M HpPaBOro ChiHA omeparopa MHJ. B
mpotiecce 00pabOTKH 3ampoca OH BBHINIOJHAET MEPEPaclpeiejieHne KOpPTeXel, MOCTYIAomuX
OT omepaTopa Scan, MexIy NpOUecCOpHbIMH y3damu. OOy cxemy 00paboTKu oOmepanuu
COEQUHEHUs XEIMHPOBAaHWEM B OCHOBHOM MaMATH MOXKHO OINHCATH CJELYIOITHUM 00pa3oM.
Mapannenshpit wian (cM. puc. 2) nepemaeTcs Ha KaXKBIA IIPOLECCOPHBIA y3€J, ComepKarmmit
¢parmerT 6a3wl aHHBIX. [lapannenbHbil arenT, PacnoNOXEHHBI HA y3Jie, BHIIOJHSET JAHHBIN
mapasienbHbil mwiaH. llpomecc BEIMONHEHWsS! COEAWHEHWS MOXHO pa3fleluTh Ha IBe (hasHl.
Ha neproit daze BIMONHSETCS WHUNWAJIM3ALKS Omnepaiuu coequHeHusd. Kopreu OmOpHOro
OTHOMIEHUS TIePepACHpeIesIaioTCT MeXJYy TIPOTeCCOPHBIMYM y3naaMu. IlapasinesnbHbIl areHT
crpouT parMeHT Xemn-TabJMIbl ONOPHOI'O OTHOIIEHWS B OCHOBHOM NaMATH B COOTBETCTBUH C
HekoTopoit xewm-bynkuett. Ha Bropoit dase primonnsgerca o6paboTka TECTUPYEMOTO OTHOIIEHHUS.
Koprexun TecTUpyeMOro OTHOIIEHHWS MEPEPACTIPENENIIOTCS MeXIY V3JaMW, W BBIIOJIHAETCH
omepanus coennHenus. Onepanmsi (HOPMHUPOBaHMA XeII-TAOJMUBI He TpebyeT 6a/laHCUPOBKH
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Puc. 2. [lapautensubiit mian 3ampoca R > <S5

BBH/Iy HEOOJIBIIOTO Pa3Mepa OMOPHOro OTHOMEeHHs. TakuM 06pa30M, IPH BBHIOJHEHUN OII€PALIN
COENWHEHWs] METONOM XENIMPOBAHWS B OCHOBHOM maMdaru OalaHCHPOBKAa HCIOJIB3YeTCd Ha
sTame 0OpabOTKYM TECTHPYEMOI'O OTHOINEHHWT W CBOAUTCA K OaJaHCHUPOBKE 3arpy3KHM YHapHO
OZIHOIIPOXOTHOMN ONEpAINM, OIMCAHHON BHITHE.

3. Pe3yuabTaThl 9KCIIEPUMEHTOB

Meron OaaHCHpOBKH 3arpy3Kd peanm3oBaH B mnpororume mapaienbHoit CYB
«Owmera» [7]. Ha 6ase manHOro mHpOTOTWNA HPOBEJEHBLI BHIYACIHTENBHBIE IKCIEPUMEHTHI C
uensio OmeHKH 3GhGEKTHBHOCTH IPEIJIOXKEHHOIO MeTOoZa OajaHCHPOBKM IIPH BBHITOJHEHWH
omepanuy COEIWHEHWs] W OleHKa ONTHMAJLHOTO 3HAYeHUd KO3PUIMEHTa PEeIIUKANUH p.
WcnbiTanmns mpoBoAnaKCh Ha, BeraucaurenbaoM Kaactepe OYpI'Y — CKU® Ypau [8]. Ocuosrbie
CHCTEMHBIE TIAPAMETPHI KJIaCTePa IPUBEAEHLI B TabuIe.

ITapameTrprl cacreMbr 633 HAHHBIX

[TapameTp Suauenue
Komn4yecTBO HpomecCOpHBIX Y3JI0B 166
YacroTa sapa mpoieccopa 3,0 GHz
OnepaTuBHas MAMATH 1,33 Tb
uckoBas maMsTh 49,29 Th
ITponyckHasa cnoco6HOCTL ceTH 20 '6ur/cex
Pasmep ornomenusa R 04Tb
Pasmep orHOmenust S 8I'b
Pasmep cermenTta, 2 Mb

B skcmepuMeHTaxX WCIOJNB30BAJIACh TecTOBasg 0a3a MJAHHBIX, COCTOANIIAsl H3 OTHOIIEHHH
C TeNoYMCAeHHBIMH arpuOyTamu. Jljig reHeparum 3HadeHuit aTpHOYTOB HCHOJIL30BAJIOCH
pacupenenenne <80-20», «45-20> u HopMaabHOe pacipeaesenue. [lo ymosraanuio, Bce arpudyTH
T€HEPHPORAJIHUCE B COOTBETCTBUH C pacupenejieHueM <80-20», coracHO KOTODOMY IBaALATH
OpOHeHTaM 3HaueHu#l aTpubyTa COOTBETCTBYeT BOCEMBIECHAT IPOLEHTOB Koprexeid [9]. B
IKCIEPUMEHTAX MCCIEAOBATIOCh BJUSHUE MeXaHu3Ma OaJIAHCUPOBKM Ha BpeMd BHIIOJTHEHUI
ofiepani¥ COeQMHEHWsl XelIMPOBaHHEM B OCHOBHOM maMsiTH. B Xoie 3KCHepuMeHTa NPOTOTHII
<«Owmera» zanyckasica Ha 20 npomeccopHbix y3nax kiaacrepa CKHU® VYpan ¢ pa3nuuHbIM
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xoacppunmerToM pennukaimu p. KoadduimenT perummranuy BapbUPOBaJIica B npegenax oT
(orcyTcrBue pemkanyu) o 1 (mosHasa konust 6a36l JAHHBIX HA KAXKJOM Y3J1€). DKCIEPAMEHTH
NMOKa3aJ/IM, YTO IPH NCIOJb30BaHMM MeXaHu3Ma OajlaHCHPOBKHM 3arpy3ku Habiomaercs
3HAYNTENbHOE yBeIM9YeHHE CKODOCTH BBINOJHEHUS OIEPAIUHl COeAMHeHus. Pe3ysbTaThl JaHHOTO
SKCnepuMeHTa u300pakens! Ha puc. 3. Hambospumii mpUpOCT NPOM3BOAUTEIHHOCTH BO3HUKAET
IIpY BBHITIOJIHEHUH 3aIIpOCcOB HaJ 0a30#f JAaHHBIX, CreHEDHPOBAHHON © (PpParMeHTHPOBAHHOM
B coorBercTBum ¢ mpaBmioM <80-20s». Kosddunuwent pemsmkamuu 0,15 naer nopupoct
npomssogurebHoctd 6%, npu p=0,60, mpupoct npousBoguTEILHOCTH cocTasiser 25%, a mpu
nonuo#i permmkanmu (p=1.00) — 35%. TakuM 06pa3oM, B KOHKDETHBIX NPWIOXKEHUAX 0a3
JAHHBIX KO3(DPUIMEHT PEIUIMKAIME MOXHO BapbUPOBATH C IEJIbI0 YMEHBIIEGHUS HAKJIA/IHBIX
PacxooB Ha HOAJEpKaHue PelyiuK. B HacTodiee BpeMd BexyTcs paboTHl IO peanu3aliiy MeTona
6anancuposku aig anroputMoB GRACE coenunenua u rubpuanoro coemunenus. llnanmpyercs
BHeJIpEHHE IIPEJIOKEHHOro Meroa GamancupoBkd 3arpy3kd B CYB/l ¢ OTKpHITHIM HCXOZHBIM
komoM PostgreSQL.
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Puc. 3. 3aBUCUMOCTh BPEMEHH BHINOJIHEHHS 3apOCa OT K03Gb UIUEHTA PEIUITHKAIUA P

Paboma swvinoanena npu dunancosoti noddepoicke Poccutickozo donda dyndamenmanvrvix
uccaedosanuti (npoexm 06-07-89148).
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