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Beenenue

Wnes "ymHOro" XpaHmiauiia JaHHBIX OblIa pa3paboTaHa HECKOIBKMMH aBTOpamu B KoHIE 90-x romoB XX
CTOJICTHSI Ha OCHOBE HEH, KOTOPHIC BBICKA3bIBAINCH y)ke B Hadaie 80-x rogoB B mupe 0a3 maHHbIX. Torma Obiia
TIpeAIOKEeHA KOHIENIHA "aKTUBHBIX AUCKoB"[1], Oazmpyromascs Ha uiee UCIOIb30BAHNS BEIYUCIUTEIFHON MOIITHOCTH
JIICKOB-XPaHWINII JUIA 3allycka oOpalaThIBaOmnX (ONTUMHI3HPYIONHX) NpIIokeHni. OMHAKO C TE€UeHHEM BPEMEHH,
MO psIy TpUYMH OONBIIMHCTBO HPOW3BOIMTENCH UCKOB-XPaHWIHUIL MEpecTald MpPeAoCTaBIATh TpeOyeMyro
MPOTPaMMHYIO M allapaTHYIO IMOIJEPKKY, YTO HE ITO3BOJIMIIO KOHIICTIMM "aKTHBHBIX JHCKOB" CTarh IIOBCEMECTHO
ucronbp3yeMoid. bomee ycremHoe BOIUIONIEHWE JaHHAs KOHLENNHMS ITONy4YHja NMPUMEHHUTENBHO K HapauleNbHbIM
(haiinoBBIM cHCTEMaM Ha BBIYHMCIMTENBHBIX YCTaHOBKaxX KiacTepHoro tuna. OJHMM M3 IPUMEPOB SIBISIETCS MPOEKT
"AKTUBHOE XpaHeHHEe U 00paboTka B MapaiyienbHBIX (ainoBeix cucremax" 2006 roma [2], oCHOBaHHBIN Ha
J00aBJICHUH JOMOJHUTEILHOIO YPOBHS K (haiiiioBoii cucteme Lustre, KOTOpBIN MO3BOJISET CO3/[aBaTh BMECTE C (haitiom
AHHBIX oOpabarsiBaromIyro KoMroHeHTY(Active Storage Processing Component), ¢ KOTOpOW TONB30BaTelb MOXKET
paboTarh, HCIONB3YS CIEHUAIBHYIO Cpedy, NMPEAOCTaBIIeMylo paspabordnmkamu. ClexyeT OTMETHThb, YTO JaHHAs
pa3paboTKa, Tak)Ke Kak W KOHIIENIHs "aKTUBHBIX AMCKOB', Obljla HalleJIeHa Ha ONTUMH3ALUIO TIPOIlecca YTEHHS/3aIICH
JIAHHBIX.

Wnest co3naHusi akTHBHBIX XPaHWIWIN, HAIEJICHHBIX HAa XpaHeHHe OONBIIMX O0OBEMOB JAaHHBIX Ha KIllacTepe
(ynbo B BBHIUMCIHUTENBHON ceTH) U 3(Q(PEKTUBHYI0 MX 00pabOTKy HpH ITOMOIIM 3a/€HCTBOBAHHBIX BBIYMCIHUTEIbHBIX
Y3JI0B, KOTOpasi MCHOJIb3yeTCs B JAHHON paboTe, MOsSBHIIACh CPaBHUTEIbHO HemaBHO. Cpenu Hamboliee TOMYJSIPHBIX
MIPOEKTOB, PEAIM3YIOIINX JaHHYIO KOHIICIIIHIO, ClIeayeT Ha3Bath Active Storage[3], Pig[4], Cascading[5].

Kak moxaspIBaeT MpakTHKa, HCIIOMB30BAHHWE PACIIPEACICHHBIX AKTHBHBIX XPAHWIMII TO3BOJSET CO3JaBaTh
MaclTabupyemMsble, BBICOKOCKOPOCTHBIE, C BBICOKOI IPOIyCKHOHW CIIOCOOHOCTBIO, YIIPABIAEMBIE PACHPEICICHHBIC
cucrembl. [IpenMymiecTBa akTHBHOTO pPACHpENEICHHOTO XPAaHEHUS JAHHBIX JOCTUTAIOTCS 3a CUYET OpraHHU3alUH
00paboTKM 3THX NaHHBIX HEMOCPEICTBEHHO Ha y3JlaX XPAaHEHHUS W COKpAICHUS HENPOW3BOAMUTEIHHBIX PACXOAOB HA
nepenady JaHHBIX 10 CETH.

B nannoii pabote mpeziaraetcsi OMH U3 BO3MOXKHBIX ITOJXOJOB K OpPraHM3allMy aKTHMBHOTO XpaHwiina. B
peann30BaHHONW CHCTeMe OOBEIMHEHBI BO3MOXKHOCTH IITHMPOKO M3BECTHOM KIJIACTEpPHOH (aiinoBoil cuctemsr Lustre u
oubmoreku 1adaoHHbIX KiaccoB C++ TSim[6], peanusyromieil aBTOMaTHYECKOEe TUHAMUYECKOS pacrapauieMBaHnue
nporpaMM. VmenHo OwmbOnmmorexka TSim  peamnsyeT B ONHCHIBAEMOW cHUCTeMe (YHKIHIO aKTHBHOTO XpaHEHHS,
obecrieunBas HampapieHHE 3afaHus M0 00paboTke maHHBIX Ha y3en xpaHeHus B OC Lustre. /g aByX paszimuaHBIX
CHoco00B XpaHEHHsT M 00pabOTKM JaHHBIX Pa3pabOOTaHBI MOAXOMABI 0 OPTAaHM3AIMH aKTUBHOTO XPaHWJIHIIA (CBOETO
pona "mabnmoHsl 3aga4”, KOTOPBIMH MOKET BOCIIOJIB30BATHCS IOJIB30BATENb, €CIH CIOCO0 XpaHEHWs M 00paboTKH
JIAHHBIX JUIS €r0 33/1adyd COBMAJIaeT CO CIIOCOOOM, MPEUIOKEHHBIM B mIabnoHe). [lpuuem, cam anroputm o0paboTKu
JITAaHHBIX MOXKET OBITH JIFOOBIM, JIUIIb OBl OH YIOBJIETBOPSUI YCIOBHUSIM 1Ia0JI0HA.

OTINYNTENBHONH O0COOEHHOCTHIO JaHHOTO MPOCKTa ABJIACTCA HALCJICHHOCTH Ha JaHHBIC AUCTAHIITMOHHOIO
30HIUPOBaHMs 3EMIIH; CHCTEMa II03BOJISIET MOBBICUTH 3(P()EeKTUBHOCT 0OPaOOTKM KOCMHYECKHX CHHMKOB, a TaKXKe,
TIpUMEHIMA JIIS IPYTUX 3aad, CBA3aHHBIX ¢ 00paOOTKOM OONBIINX MaCCHBOB Ipad)MIeCKUX TaHHBIX.

CTpyKTypa aKTHBHOTO XpaHWIJININA
OCHOBHBIMU KOMIIOHEHTaMH pa3pab0TaHHOW NPOTPaMMHON CHCTEMBI SIBIISIFOTCS:
Kiacrepnas daiinosast cuctema Lustre, koTopast oTBe4aeT 3a pacnpeelIieHHOe XpaHeHHE JJaHHBIX Ha y3Jiax.
bubnnorexa mabnonHeix kiaaccoB C++  TSim, Oasupyromasicss Ha KOHIENIMHA ABTOMAaTHYECKOTO
JIMHAMHYECKOTO pachapaliieliBaHusl.
[Monbp3oBareo MPeAOCTABIAIOTCS [Ba LIA0JI0HA 33]1a4 - J1Ba MMOAX0/a [0 OpraHU3alui aKTHBHOI'O XPaHHUIIHIIA,
KOTOpBIE TTO3BOJISIOT 3(PQPEeKTHBHO padoTaTh ¢ JABYMs KjaccaMH 3amad 1o o0paboTKe MaHHBIX IHCTAHIIOHHOTO
30HAUPOBAHUS 3EMIIH.

B nanno#i cucreme B KauecTBe MHTep(eiica MEXIy MOJIB30BaTeIeM M XPaHIIHMIIEM BEICTYHaeT Ondianorexa
TSim. bnaromapst sToMy, IONB30BaTeNb IOMY4YaeT MHOTHE IIPEHMYIIECTBA aBTOMAaTHYECKOTO JIMHAMHUYECKOTO
pacnapajuieuBaHus, 00eCreynBacMbIe OHOITNOTEKOM:

—  HCHOJNB30BaHUE OECKOH(JIMKTHOM MOJENN BBIYMCICHHH Ha OCHOBE YHCTBHIX (HE HMEIOUIMX HOOOYHBIX
addekToB) ¢GyHKIMH H "HErOTOBBIX 3HAYCHWH" Kak CpENCTBa CHHXPOHM3AIMU JOCTyNa K pe3yjibTaram
BBIUUCIICHUH;

—  WCHOJNB30BAaHUE YK€ PEANN30BAHHBIX CTPATErWii BBIPAaBHUBAs HArpy3Kd Ha BBIUMCIMTENBHBIX y37ax M
KOHCTPYHPOBaHNE HOBBIX CTPaTETHH IPH MOMOIIU CpeAcTB Ombimorekn TSim (B paMKax CO3MaHUS TaHHOMN
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CHCTEMBl OCOOCGHHOE BHHMAHHE YNEISUIOCh CTPAaTerWy BBIPABHWBAaHMSA HArpys3KH, KOTOpas HalpaBiseT
BBIYUCIICHISI HA Y3elI XpaHEeHUs1 00pabaThIBaeMBIX JaHHBIX);

— WCHOJNB30BaHHE B CBOMX HPOrpaMMax BBICOKOYPOBHEBBIX MIA0JOHOB (CKEJIETOHOB) MapaiiieIbHOTO
IporpaMMHUpOBaHust (Harmpumep, mabimoHa Map[7] ), koTopsle ucroib3yroT TSim B KadecTBe Ooiee
HHU3KOypOBHEBOT'O CPE/ICTBA.

[[TabmoHsbI 33724 AJ1s1 aKTUBHOTO XPaHUIIHINA

B kauectBe nprmMepa Ucrosabp30BaHus OndIMoTeKH madnoHHbIX KiaccoB C++ TSim s addexTuBHON paboThI
C MAHHBIMH, PaCIIONIOKCHHBIMU Ha Kiactepe npu nomomu OC Lustre, ObT0 peann3oBaHO [1Ba IIablloHa 00pabOTKH
JAHHBIX UCTAHIIMOHHOTO 30HAMpoBaHWs 3emin. [lom "mabmoHOM" B IaHHOM cCiydae TIOHMMAeTCsl HEKas Ccxema
OpTaHM3aIlM AaKTHBHOTO XPaHWININA, XapaKTepPHU3YyIOUIascsl ONpEAETIeHHBIM CIIOCOOOM pa3MelieHus JaHHbIX B OC
Lustre u cmocoboM mx 00paboTku. DTy cXeMy MOXHO HCIOJNB30BaTh AJIS PEIICHHS] HEKOTOPHIX IPYTUX 3ajad, a He
TOJIBKO TE€X, U KOTOPBIX OHA pa3padarbiBajiach, YTO U MO3BOJISIET TOBOPHUTH O HEH Kak O IIabiIoHe.

JlaHHble 1A0IOHBI pealu3yIOT CIEAYIOIIYI0 CXeMy 00paOOTKH, KOTOPYIO PEKOMEH/IYeTCsl HCIONb30BaTh M JUIs
peanu3aliy UHBIX, He MOMNaIAIoIIUX 110]] pelIeHUe IPU TOMOIIH 1a0IOHOB, 33/1a4:

— 3amaerca pa3OWeHHe IS JAaHHBIX, PACIOJIOKEHHBIX Ha kiactepe, npu mnomomu DPC Lustre, Hamboiee
OTBeYarollee 0COOCHHOCTSIM pellaeMo 3a/1a4H.

— B oOpabarsiBatomeii mporpamme mpu momoutn ¢yHkuuii uHTEepdeiica DC Lustre, ompememnserca cxema
pacmionoxerus (aiinoB B xpaamimie. OpUeHTHPYSICh Ha TaHHYIO CXeMy MOXHO OJHO3HAYHO OMpPEACHTh, Ha
KakoM y3JIe XpaHIIUIIa OyIeT pacioiioxkeHa oopabaTsiBaeMas 9acThb (aiiia.

— ITo HOMepy y3ma ompenensiercst ero [P-agpec, w, mpu moMomy IuaHupoBmMKa TSim, 3amada mo o0padoTKe
JaHHOTO (hparMeHTa (aiiina OTIpaBiIsIeTcst Ha HalJEHHBIH y3ell.

B Hacrosimmii MOMEHT, B CHCTEME MPEAOCTABIAIOTCS TOTOBbIE perieHus (MalioHbl) I CIAESAYIOIUX THIIOB
3aa4:

- Jng 3amaa ob6pabotrkm TIFF-¢aiimor nocrarouHo Oomipmioro pasmepa, o0pabOTKy KOTOPBIX MOXKHO
pacnapajuieIuTh (MCXOMHBIN (aiil ¢ JaHHBIMH pa30WTh Ha TOPLHMM M OCYLIECTBUTH HX 00paboOTKy B
HE3aBUCHMEBIX TIOTOKaX).

- Jlns 3amad, KOTOpbIe TPeOYFOT MHOTOKPATHOTO 3aIyCKa ITOCIIEAOBATEIBHOTO KOAA UL Pa3UYHBIX HaOOPOB
JTAaHHBIX.

[Ia6aoHbI pcajin30BaHbl HA OCHOBAHUU PCAJIbHBIX 3a4a4 06pa6OTKI/I JaHHBIX H33, OTBCHANOMINX YKa3aHHbIM
Tpe60BaHI/I$IM. Huxe nmano KpaTKko€ ONHCAaHUE 3ada4 U MCTOHAOB UX PCHICHUA, O(I)OpMJ'[eHHI)IX B BHJC 1a0JIOHOB JUIA
TMOBTOPHOI'O UCIIOJIB30BaHUA.

3amada kimaccupuKaIuyu KOCMIYECKUX CHUMKOB TI0 MeTprKe Maxaanobnuca

Metpuka MaxamaHoOuca- 3T0 OCOOBI BHI PACCTOSHHS, KOTOPHIH aKTHBHO HPUMEHSETCS B CTaTHUCTHKE.
Paccrosane MaxanaHoOnuca OCHOBAaHO Ha KOPpEIDIUH, Omaromaps KOTOpOW MOXKHO aHAIM3HPOBATh pa3IHMYHBIC
CJIOXHBIE CTPYKTYPBI JaHHBIX. DTa METPUKA OTINYAETCsl OT EBKIMI0BOTO pacCTOSIHUS TE€M, YTO YYUTBIBAET KOPPEISLUH
BHYTPU aHaJIM3MpyeMoro MHoOXecTBa. [lapaiutenbHblil KiaccuuKaTrop MCHONB3YeT paccrosiHue MaxanaHoOuca aist
OIIpe/IeIeHNs] MPUHAUIKHOCTH TEKyIlero o0pabarpiBaeMOro 3JE€MEHTa MHOXKECTBa K OJHOMY K3 BBIOpaHHBIX
OKCIEPTOM IMOAMHOXKCCTB U3 BCEIO0 MHOXKECTBAa BXOAHBIX [AaHHBIX. Takoi BI)I60p OCYHIECTBJIAICTCA C IIOMOIIBIO
oTIpeNieNieHNs] MUHUMAJIbHOTO W3 paccTosHui MaxamaHoOuca oT o0pabaTeiBaeMOro 3JeMeHTa 1O KaKIoro H3
BBIOPAHHBIX SKCIEPTOM IMOAMHOXKECTB. B cilydae ecnm HaiiieHHO€ MHHHMAJIBHOE PACCTOSHHE OKa3bIBACTCS OOIbIIe
BBEIOPAHHOTO 3KCIEPTOM ITOpOra, TEKYIIMH 3JIEMEHT CUMTAeTCs HEKIACCH(PHUIMPOBAHHBIM. Takod METOA MO3BOJIACT
MMOCTaBUTh B COOTBETCTBUE M300pa’keHHE HAa KOCMHYCCKIX CHUMKAaX PEallbHBIM reorpapuueckuM OOBEKTaM - 03epaM,
pekam, ropam U T.II.

TexHuuyecky, B OCHOBE JAaHHOH 3a/laud JISKHUT He3aBHCHMasi 00paboTka MHOXECTBA IUKCENIEH, M03TOMY IS
peuieHusi ObUI HKCIIONB30BaH IMIAOJNOH IMapauieNIbHOrO MPOrpaMMHUpPOBaHMsi Map, KOTOPBIH Uil KaKAOW NOPLUH
MCXOMHBIX JAHHBIX (B HAIIEM Clyd4ae IS KaXIou mosocku u3 ucxoaubix TIFF-daiinos), Hyxnaromuxcs B 00padoTke,
Oyzer npu momommu 6ubmuoTexu libtiff onpenensaTs, Ha KaKUX U3 y37aX XpaHWIHIIA OHA PACIIONOKEHA W CTPEMHUTHCA
MaKCHMaJIbHO MPHOIN3UTE BEIYUCICHUS TI0 00paboTKe JTaHHOW MOIOCKHU K Y31y €€ PacIIOJIOKCHHUS.

JanHbNi moaxox opOpMIICH B BHIEC HE3aBHCHMOTO (aiina-mablioHa, KOTOPBIA MOXKHO HCIIONB30BaTh IS
peIIeHHs] TEXHUICSCKH aHAJIOTHYHBIX 3a7a4. OyHKIn0 00paboTKu TaHHBIX (B HAINIEM CIIydae 3TO alTOPUTM O00pabOTKH
1o Merpuke MaxanoHoOHca) NOJIb30BaTEIb MOXKET ONPEAEIUTh CAaMOCTOSTENIBHO.

3anada nepenpoenupoOBaHMs U CKICHKU JAaHHBIX TUCTAHIIMOHHOTO 30HAMPOBAHMSI 3EMITH

Pesynbrarel 00pabOTKK CITyTHUKOBBIX JAaHHBIX, KaK MPABHIIO, MPEACTABISIOT OO0 HAOOp YHuCel, 3adaHHBIX
Ha OIpENeNeHHONW CeTKe, WMeMImell reorpaguyecKkyo TPUBA3KY, T. €., UIT KaKIOTO U3 Y3JOB M3BECTHHI
COOTBETCTBYIOIIME €My reorpaduueckue koopauHatsl. Ilpu mocTpoeHnn n300pakeHus HEpeaKo TpedyeTcs mepeHecTH
JTAaHHBIC ¢ UCXOJHOW CETKH Ha JIPYTyIo, Oojee yIOOHYIO i MPENCTaBlICHUs JAaHHBIX B paMKax pemaeMoi 3amadyd. B
CIIIy KPHBH3HBI 3EMHOW TIIOBEPXHOCTH, JAHHBIC CMEXKHBIX CKAHOB MIIMPOKOYTONBHBIX CEHCOPOB OKAa3bIBAIOTCS
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reorpaMueCKH-HaKIaIbIBAIOIIMMHUCS APYT HA JPYra; CETKa SIBISIETCS HEPETYISPHOH M HEymOOHOH Al BOCHPHUSTHS.
Takxe, HEpeIKO BO3HHMKACT 3a/adya HAJIOXKEHMS Ha PE3yIbTHPYIOIIEM H300paKeHHH HECKOJBKHX CIIOEB JIaHHBIX U
AQHHOTHPOBAHMS JIAHHBIX, T. €., HAJIOKECHHE Ha Teorpaduyeckyio CeTKy KOHTYPOB TEPPUTOPHI W HAa3BaHWI HAaCEIECHHBIX
MYHKTOB. J[JIs1 3TOTO NMaHHBIE, TAaKXKe, JIOJDKHBI OBITH NPUBEICHBI K OJHOW mpoekiuu. ['eorpaduyeckas NpuBsi3Ka
KOOPJIMHATHOW CETKH, Ha KOTOPOW MPE/ICTaBJICHBI JaHHbBIE, MOXKET OBITh OCYIIECTBIEHA JIBYyMsI criocobamu. Bo-miepBeix,
MOXKET OBITh HCIIOJIb30BAH OTAENIBHBI MAaCCHB JIaHHBIX, COMOCTABIISIIONIMN KaXJIOH TOUKE JaHHBIX €€ reorpaduueckue
KOOpAWHATHI. BO-BTOpI)IX, MOT'yT 6LITI) 3aJaHbl MapaMeTpbl MPOCKIWH, TAK YTO KOOPAWHATBI TOYKHW B IPOCKIUH
ABJIAOTCA OJHOBPEMEHHO U MHACKCAMU MAaCCHUBAa JTaHHBIX. Hemeﬁ CHOCO6 HCIOJIB3YCTCA HAa NPEABAPUTEIILHBIX dTarax
00pa0bOTKM MaHHBIX W TIPHBS3aH K BUTKY COyTHHKAa. Ha Oonee mo3gHmMX 3Tamax oOpabOTKH, MaHHBIE HEpeako (W3
coobpakeHNI ymoOCTBa COBMEIICHHS MAaHHBIX Pa3HBIX BUTKOB) TPHBONATCS K EOUHON KOOPIMHATHOH ceTke (K
CHHYCOMJIAJIHOM CETKE C OIPECIEHHBIM MacITaboMm).

Iepen pa3paboTdnkaMu CTOsIa 3a/1a4a OpraHu30Barh 3(p(eKTHBHOE XpaHEHHE JaHHBIX U pacnapaulelnBaHne
3a]1a4 TIepernpoeUpOBaHUs U CKICHKH UTOTOBOTO M300payKeHUS.

Jist Toro, 4ToOBl BBIOJHUTE CKIIEHKY M300paxkeHHs, TpeOyeTcsi MPOBECTH MEPEHnpOoepoBaHue OOJIbLIOTO
KOJIMYECTBA HC3aBHCUMBIX I/1306pa)KeHI/II71, YTO CO34a€T NPECANOCBUIKH 4 MNPUMCHCHHA pacnapauiCInBaHuA I
JIaHHOM 3aJ1auu.

Jis peanmmzanuy mapauiebHOW BEpCHHM 3TOW 3amaud mpu nomomw Ombmmorekn TSim ObLT peanm3oBaH
TUTAHUPOBIIMK 3aJaHUM, KOTOPBIH, nconb3ys ¢yHknun naTepdeiica @C Lustre, mo3BosSeT onpenennTh, Ha KaKoM 3
Y3JIOB XpaHWIHIIA PACTIONOKeH oOpabarbiBaeMblii (aiil M HalpaBUTh HA JaHHBIA y3€7 BBIYMCIEHHS 10 00paboTke
JaHHOTO (haiina. BakHO MOTYEPKHYTh, YTO B CBA3M C HEOONBIIMM pa3MepoM (ailyioB, MPHU HMCIOJIB30BAHUN JaHHOTO
mabioHa (aiin pacmonaraercst Ha y3ie LeaukoM. Beck apxuB oOpabaTbiBaeMbIX (hailIoB pacrionaraeTcst Ha KiacTepe
IpY TOMOLIK anroputMa round-robin, 4To CrIOCOOCTBYET BHIPAaBHUBAHHIO HArPy3KH.

Jnst 3dpdhexTHBHOrO HCMONB30BaHUs PacIpeeCeHHBIX PECYpPCOB KJIACTepa TUIAHMPOBIIUK 3aaHUW JIOJKEH
MOJYYUTh UH(POPMALIMIO O PACIIONOKEHUH KaXJI0ro (aiiia ¢ 1aHHbIMU. [ITaHUPOBIIMK ObLI pean30BaH HAMHU B BHIE
MHTEPIPETaTopa, KOTOPIH IONTydaeT Ha BXOJ MMOCIEI0BATEIFHOCTh KOMAHAHBIX CTPOK, 3aIyCKAIOMNX KO 00pabOTKH
Ha pa3lnWYHBIX HaObOpax JaHHBIX. B KOMaHZHOW CTPOKE COAEPKHUTCS, KPOME BCETO MPOYEro, MHPOpMAUs O IIOTHOM
MyTH K 00padarbIBacMbIM JIaHHBIM, KOTOpas M3BJICKACTCS CHHTAKCHYECKUM aHaJM3aToOpOM IUIaHUPOBIIMKA. Taknm
00pa3omM, AJIs1 UCTIONB30BaHUS JAaHHOTO MIA0JIOHA JUIS PeIIeHUs IPYTuX MOA00HbBIX 3a/1ad (MHOTOKPATHBIN 3aIyCK KOAa
Ha pa3IM4HBIX Habopax AaHHBIX) JOCTATOYHO JIMIIb U3MEHHUThH (DYHKIIMIO CHHTAKCHMYECKOTO aHaJIM3aropa KOMaHIHOM
CTPOKH, €CIIH BHJ] CTPOKU OyZeT OTIIMYaThCsl OT BU/A, NPEIUIOKEHHOro B N1adioHe. BaxkHO 0COOCHHOCTBIO JaHHOTO
11a0JI0Ha SIBJISIETCS TO, YTO IOCIIENOBATENbHBIN KO 00pabOTKH BOOOIIE HE HYKAAETCsS HU B KaKUX W3MEHEHHMSX, 4TO
HO3BOJIAET OYEHb JIETKO OpPraHM30BaTh IIapajjIeNbHyl O0paboTKy OosbImioro HaGopa JaHHBIX, COCTOAINETO U3
OTAETBHBIX (haiiioB HeOodbImIOoro pazMepa. OyHKIHMS 00pabOTKA MOXKET TOCTABIATHCS NaXkKe B BUAE HCIIOIHIEMOTO
(haitira, coBMECTHMOTO 110 (POPMaTy C OTIEPALIMOHHON CpeIoi KitacTepa.

Pesynbrarsl TECTUPOBAHUS NIPOU3BOAUTENIEHOCTU CUCTEMBI

Jnist Toro, 4TOOBI IPOBEPUTH TEOPETUUECKUE BBIKIAJKH TIO MOBHINICHUIO 3P (eKTHBHOCTH 00pabOTKN JTaHHBIX
ObUI TIpOBENEH psii M3MEPEHHH YyBEIWYEHHsI CKOpocTH o0paboTku wu3oOpaxeHuid /(33 mnpu yBenuueHHWH vucia
3a/1efiCTBOBaHHBIX y3710B KiacrepHoro BMBC Ha npuMepe OByX JeMOHCTPAIMOHHBIX PHIIOKCHUH.

TecTupoBaHue IPOBOAUIOCH HA JIByX KJIACTEpaxX, TEXHUYECKUE XapAKTEPUCTHKU KOTOPBIX IIPEICTAaBJICHBI B
Tabmwnme 1.

Tabnuna 1. XapakTepuCTHKH TECTOBBIX YCTAHOBOK

MecTo pactonoKeHUS HIIC PAH HIIC PAH

YHuciio BEIYUCIUTENBHBIX Y3JI0B 2 8

Tun npoueccopa Intel(R) Xeon(TM) 2.80GHz Intel(R) Xeon(R) 3.00GHz
KonugectBo siaep 2 4

KomnrruecTBo mpotecopoB B y3ie 2 2

OmneparrBHas TaMATH y371a 1 GB 16 GB

JuckoBas naMsiTh yCTaHOBKH 250+80 GB Pelin-maccus Ha 3 TB

Tun cucremHoii cetn Gigabit Ethernet Gigabit Ethernet
KoncrpyxTus (dpopm-pakTop 2U 5U

TectupoBanue Kiaccuduraropa u3o0pakeHnil o MeTpuke MaxananoOuca.

Jannbie /133 npu TecTHPOBaHUH Kiaccu(UKaTopa pacroiarajich B XpaHWIUINE (B mapauieabHoi (hailioBoi
cucreme Lustre). [Ipn TecTOBBIX 3amyckax Ha OJHOM y3Jieé BCE JAaHHBIE paclojlaraliCh Ha 3TOM JKe Y3Je; IpH
TECTHPOBAHNH Ha JABYX/4ETHIPEX y3JIaX JaHHBIC PACTIPENCIUTUCH IO STHM y3JIaM.
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BruTo TpOBEEHO MHOTOKpAaTHOE TECTHPOBAHHE CHCTEMBI; YCPEIHEHHBIE pe3yabTaThl 00pabOTKH ILIECTH
cHIUMKOB 110 151 Mb Ha kmactepe demo moxaszansl B Tabmurie 2 n Ha kinactepe blade - B Tabmure 3.

Tab6muia 2: Pesynsrarel TecTUpoBaHus Ha kiaactepe demo.botik.ru

KonngecTBo y3710B 1 yzen 2 y3na
1650.234 924.166
100,00% 56,00%

Bpewms, cex

HpOIIeHTHOG COOTHOIIICHHUE

Ta6muma 3: Pesynsrarel TecTrpoBanus Ha kiactepe blade.botik.ru

KonunyecTBo y3510B 1 y3en 2 y3na 4 y3na
Bpewms, cex 203.93 136.76 84.57
IIpouentHoe 100,00% 67,00% 41,00%
COOTHOIIICHHE

TecTupoBaHUE MPUIIOKEHUS IO TIEPETIPOCIIUPOBAHUIO U CKIIEHKE N300pakeHHH.

Jnist TecTHpOBaHKE IPUIIOKEHUST OBUTH MTPEAOCTABICHBI: apXUB peabHbIX AaHHBIX /(33 pasmepos 1,4 IT'0, npu
TOM, YTO CpenHuil pa3mep oxuoro (aiina ve npesbiman 400 Kbaiit; mocienoBareIbHbINA KO, PEATU3yIOIINN Oepainu
MEPEPOCIIMPOBAHUS M CKIICHKHU H300paxenuii. lanubie /[33 Obu pa3sMelieHbl B pacpeneieHHon (HailioBoi crucreMe
Lustre B COOTBETCTBHHU C ONMCAaHHOW BBIIIE CXEMOM: KaKABIH (paiinm pacronarancs HENUKOM Ha y3ie; (Qaiisl ObLTH
PaBHOMEPHO pacHpeAesIeHEI 110 y3J1aM C HCIOJIh30BaHNEeM anropurMma round-robin.

Br110 mpoBeieHO MHOTOKpaTHOE TECTHPOBAHUE CHCTEMBI; YCPEIHEHHBIE pe3yabrarsl 00paboTku 80 3ampocoB
(320 nmepenpoennpoBanuii) Ha Kractepax demo u blade nokazansr B Tabnumax 4 u 5, COOTBETCTBEHHO.

Tab6nuiia 4: Pesyasrarel TecTHpOBaHUs Ha Kiaactepe demo.botik.ru

KommaecTBo y3moB 1 y3en 2 y3ma
Bpewms, cex 102.996 35.602
100,00% 34,00%

HpOHeHTHOC COOTHOILICHHUC

Ta6muma 5: Pesynprarel TecTrpoBanus Ha kiactepe blade.botik.ru

KomnuuecTBo y310B 1 y3en 2 y3na 4 y3na
Bpewms, cex 33.68 26.95 18.76
IIpouentHoE 100,00% 80,00% 55,00%
COOTHOIIICHHE

Kak BuIHO M3 MPUBENCHHBIX TAONHUIl, TAaHHBIA METOJ] MMO3BOJISIET CYIIECTBEHHO CHU3HUTh PACXObl Ha Tiepeady
6OHI)I_HI/IX MAaCCHBOB JOAHHBIX, YTO ITO3BOJIACT ITOBBICUTH 3(1)(1)CKTI/IBHOCTB pa6OTBI CHUCTEMbI U MOJYYUTHb 3HAYUTCIBHO
MEHBIIIEE BPEMSI BBITIOHEHHS 3a/1a91 HA HECKOJIBKHUX Y3JIax [0 CPABHEHHIO C MOCIICIOBATEIbHON BEPCHEH.

Criemyer OTMETHTH, YTO TECTHPOBAHHE IIOKA3all0 TaKKe, YTO paclapajuieliBaHue TEpenpoelHpOBaHUS
HEeOOJBIIOT0 KOJMYECTBA JTAHHBIX HE €T BBHIMIPHIIIA, T.K. 3aTPAThl HA PACHapaicIMBAHUE COMOCTABUMEBI C 3aTpaTaMu
Ha BBIYMCIICHHUS, BBIMOJHAEMEIE Ha OOHOM y3ie. IToCKONbKy oOmmuii 00heM JaHHBIX HEOONBIIONH, 00bEeM JAHHEIX,
obpabaTbIBaeMbIX Ha OJHOM Y3JI€, U COOTBETCTBEHHO, BPEMsi, 3aTpaucHHOE HAa UX 00paboTKy, Takxke HeBenuko. OqHaKo,
Opu pocTe 00Iero odbheMa JaHHBIX HAOIIOMAETCS 3HAYUTENbHBIA POCT 3PPEKTHBHOCTH PabOTHI CHCTEMBI, YTO H
TPOIEMOHCTPUPOBAHO B MpPUBEACHHBIX Tabmuiax. CiemoBaTeNbHO, WCIONB30BAHHE PACIIPEICIICHHOTO —apXHBa
H300paKCHUH C BO3MOXKHOCTBIO €ro 3¢ GheKTHBHON 00paboTKH Ienecoo0pa3Ho MpH OOJbIIOM 00bEME XPaHUMBIX
JTAHHBIX.

3aKItoueHue

B nanHOI# crarbe paccMaTpuBaeTcs AEHCTBYIOIIAS IPOrpaMMHas CHCTeMa, pa3paboTaHHas M peaan30BaHHAs
aBTOpaMu, oObeAMHSIONAs KiacTepHylo (ainoByro cucreMy Lustre u psii 11a0JI0HOB M ITPUIIOKEHUH, HAITMCAHHBIX C
UCIIOJIb30BaHNEM OMOIMOTEKH Il aBTOMAaTHYECKOTr0 pacnapauienyuBanus TSim.

[Ipenmaraemast mporpaMMHas CHUCTeMa TIPEACTABISACT COOOH pachpeneNieHHBI apxuB JaHHbIX /133,
OpPraHM30BaHHBII B COOTBETCTBMM C  HJICOJIOTHEW aKTUBHBIX XpaHwmiil. D(GeKTHBHOCTh pPabOThl CHCTEMBI
obecrieunBaeTcst 00pabOTKON TaHHBIX HA TEX XK€ y3JIaX PaclpeAeIeHHOTO XPaHWININA, Ha KOTOPBIX OHM XPAaHATCS, 4TO
MO3BOJISIET CYIIECTBEHHO CHU3HUTh PAcXObl Ha Mepeiady OOJBIINX MACCHBOB JAHHBIX I10 CETH. balaHCHpOBKa HArpy3KH
Ha Yy37ax OCYIIECTBISIETCS IUIAHMPOBINMKOM Oubmmorekn TSim Ha ocHoBe HH(QOpPMAIMH, ITPEAOCTABIIEMOMH
uHTEepdeiicoM KiacTepHoit (aiinoBoii cucremsl Lustre.
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Jlns pemieHnst pa3IndHBIX BHIOB 33/1a4 00pabOTKM KOCMHYECKHX CHUMKOB, XPAHSIIUXCS B PaclpeaeIeHHOM
apxMBe, PealN30BaHbl [JBE CTPATETHWH paclapajulelnBaHus, oOpMIICHHbIE B BUAE IAOIOHOB 3amadd. lIpuMeHeHue
1a0JI0HOB 3a1a4y ITO3BOJISIET OBICTPO M 3()(PEKTUBHO peann30BaTh NnapaiiieiabHbIe BRIYUCICHUS I 3a1a4 00paboTKH,
YAOBIICTBOPSIOIINX YCIOBUSAM NPUMEHEHHs 1m1abaoHoB. Kpome Toro, mome3oBarenb NMEET BO3MOKHOCTb peaii30BaTh
CBOM COOCTBEHHBIH CIOCOO OpraHM3alMy aKTHBHOTO XPAHWIMINA UCIOJb3Ysl B KayeCTBE WHCTPYMEHAJBbHBIX CPEICTB
@®C Lustre, oubnmoreky TSim 1 BEICOKOYpOBHEBBIE 11a0JIOHBI HAPAJUIEIEHOTO IPOrPaMMHUPOBAHUSL.

B kagecTBe mpuMepoB HCIONB30BaHMS MIPE/IIaraeMbIX IA0JIOHOB ObUIM pealiM30BaHbI 33/1aua KOHTPOJIHPYEMOn
knaccuukau u3oopaxxenuit J[33 npu momornu MeTpuku MaxajgaHoOuca W 3agada mpencTaBieHus AaHHbIX /(33 B
HY’)KHOM MacimTabe W MpoeKnuu. TecTHpOBaHME 3a/ad, KOTOPOE IMPOBOAMJIOCH HA JBYX Pa3lMYHBIX yCTAaHOBKAXx,
MPOAEMOHCTPHPOBAIIO TIOBBIIICHUE TPOM3BOIUTENBHOCTH IPHIOKEHHS TIPH MCIOJIB30BAaHUN TIPEIaraéMbIX Ia0I0HOB
3aj1ad.

IenecooOpa3HOCTh HCIONB30BAHUS ONMMCAHHOM IPOrpaMMHOM CHCTEMBI, KakK I[OKa3aJl0 TECTHPOBaHHE
MPOU3BOJMTENILHOCTH, BO3pacTaeT MpH paboTe C OONBIIMMH O0bEMaMH HCXOMHBIX JAHHBIX MJIM TpPU OONBIIOH
BBIYHMCIIUTENBHON CIOKHOCTH 3a/1ad 00pabOTKH M300pasKeHus, YTO, BIIPOYEM, CIIPABEIUIMBO JUIsl OOJBIINHCTBA CHCTEM,
HCIOJIB3YIOMINX IMapaJlJICIIbHbIC BEIYUCIICHUA.

bnaronapuocru

Pabora BemomHeHa npu momuepxkke [Iporpammer "1 dyHmamenTanpHBIX uccriemoBanuid [Ipesmmmyma PAH
"[Ipob6aeMbl co3qaHus HAIMOHAIBHOW HAyYHOH pacrpeneneHHol nH(POPMAanOHHO-BEIYUCIUTEIFHON CPEeabl Ha OCHOBE
pazButust GRID-TexHONOTHH W COBPEMEHHBIX TEJIEKOMMYHHKAIIMOHHBIX ceTeil” u mpoekra PODOU 07-07-12038-odu
"MeranporpaMMHpOBaHAE Ha OCHOBE IMIAOJIOHHBIX KiaccoB C++ Kak CPEICTBO CO3IAHMS BBHICOKOIIPOM3BOIUTEIBHBIX
pacnpeeIEHHBIX TPUI0KEHUH".

JINTEPATYPA:

1. E. Riedel, G. Gibson, and C. Faloutsos. Active storage for large-scale data mining and multimedia. In Proc. of the
24th Int. Conf. on Very Large Data Bases (VLDB), pages 62-73, 1998.

2. E.J. Felix, K. Fox, K. Regimbal, and J. Nieplocha. Active storage processing in a parallel file system. In Proc. of
the 6th LCI International Conference on Linux Clusters: The HPC Revolution., 2006.

3. Piernas, J., Nieplocha, J., Active Storage User's Manual, Pacific Northwest National Laboratory.
http://hpc.pnl.gov/projects/active-storage/as_users_manual october 2007.pdf

4. Cascading. http://www.cascading.org/,

Welcome to Pig! http://hadoop.apache.org/pig

6. A.A. Mockosckmii. 2007. Peanuzauus OuMOIMOTEKH Uil MapajuIeNbHBIX BBIYUCICHUN Ha OCHOBE LIAOJOHHBIX
knmaccoB si3pika C++. Proc. Tpymer MexayHnaponHoit Hay4dHO# KoH(pepenunu "IlapamiensHble BBIYHCIHTEIBHEIC
texuonoruu (I1aBT'2007)", YenstOunck, 29 sHBaps - 2 despanst 2007 1., Yensbunck, m3a. OYpL'Y, T 2, c. 256

7.  A.A. Mocxkosckuii, A.}O. Ilepun, E.O. Cepreesa. 2006. IlepBblii onbIT peanu3anny N1adjioHa HapauieNbHOTO
mporpamMmmupoBanusi Ha ocHoBe T-momxoma. Proc. MexnayHapoanas koH(epenuust "[IporpaMMHbIE CHCTEMBI:
Teopust 1 npunokenus”, [lepecnapnb-3anecckuit, okTsaops 2006, Hayka,-®usmariut, M.. T. 1, ¢. 245-255

hd

230



	Система активного хранения данных на базе библиотеки динамического распараллеливания Tsim

