AHAJTING JAHHBLIX HA OCHOBE NMJIAT®OPMbI SQL-MAPREDUCE

28.Chen C., Sun J., Liu Y., Dong J., Zheng M. Formal modeling and validation of Stateflow diagrams // Interna-
tional Journal on Software Tools for Technology Transfer. 2012. V. 14. N 6. P. 653—-671.

29. Manaxoscku SI.M., Koprees I'.A. [IpuMeHeHHE 3aBUCUMBIX CHCTEM THIIOB CO CTPYKTYPHON WHAYKIMEH IS
Bepu(UKAIIMN PEeaKTUBHBIX mporpamMm // HaydHo-TexHW9eckuii BECTHHK HH(OPMAIIMOHHBIX TEXHOJOTHUH,
MexaHuku u ontuku. 2012. Ne 6 (82). C. 63—-67.

30. Karepunenko P.C., beccmeptheiii M. A. Bepudukaius TaHHBIX B CHCTEMax OTCISKHBAHHS 3a7ad C TIOMO-
MIBI0 TTPOTYKIIMOHHEIX MpaBwi // HaydHo-TeXHIYECKHi BECTHUK HH()OPMAIIOHHBIX TEXHOJIOTHUH, MEXaHUKH
n orrtukd. 2013. Ne 1 (83). C. 86-90.

31. ansito A.A. Switch-TexHONOrus. ANrOpUTMH3ALMsI U IPOrPpaMMHUPOBaHKE 3aad JIOTHUECKOTO yIpaBiie-
Hus. CII6: Hayka, 1998. 617 c.

32.Cardei 1., Jha R., Cardei M., Pavan A. Hierarchical architecture for real-time adaptive resource management
// Proc. of the IFIP/ACM International Conference on Distributed Systems Platforms. Secaucus, NJ, USA:
Springer-Verlag, 2000. P. 415-434.

33. Ionukaprosa H.U., Illaneiro A.A. ABToMarHoe nporpammuposanue. CI16: ITurep, 2010. 176 c.

34. Dijkstra E.W. Guarded commands, non-determinacy and formal derivation of programs // Communications
of the ACM. 1975. V.18. NS8. P.453-457 [OnexkrponHslii pecypc]. Pexum pocryma:
http://www.cs.virginia.edu/~weimer/615/reading/DijkstraGC.pdf, cBoboxubrid. 3. aHrn. (mata oOpameHus
25.11.2013).

Jykun Muxaun Andpeesuu - nporpammuct, Caskr-IlerepOyprckuii HaIMOHAIBHBIA HCCIIEIOBATENb-
CKUH YHUBEpPCUTET UH(OPMAIIMOHHBIX TEXHOJIOTHH, MEXaHUKH W ONTHKH,
Cankr-IlerepOypr, Poccus, lukinma@gmail.com

Michael Lukin - programmer, Saint Petersburg National Research University of Infor-
mation Technologies, Mechanics and Optics, Saint Petersburg, Russia,
lukinma@gmail.com

YIK 004.65

AHAJIN3 JAHHBIX HA OCHOBE IIVIAT®OPMBbI SQL-MAPREDUCE
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PaccMoTpens! mpo6ieMsl, cBsI3aHHbIE ¢ IpHMeHeHHeM pesinuoHHbIX CYBJ] B o6nactu aHanm3a 60mbpI1MX 006€MOB JaHHBIX,
B TOM 9HCJIE JaHHBIX, IPEIOCTAaBIIIEMbIX JUIS aHAJTUTHKHU ITOCPEICTBOM BeO-cepBrCcOB B MHTEpHET.

B03MOXXHOCTB HX peIIeHNsT MOKET OBITh ITPEACTaBlICHA BeO-OpHEHTUPOBAHHON PacHpe/ieIeHHOW CUCTEMOM aHaIn3a AaHHbIX,
UCIIONHUTENBHBIM SIIPOM KOTOPOH SBIISIETCS MIPOLIECCOP CEPBUCHBIX 3anpocoB. DYHKINH TaKOW CHCTEMbI aHAJIOTUYHBI (PyHK-
msiM persiiuonHbIX CYBJI, Tonpko mpuMeHHTeNnbHO K BeO-cepBucaM. [Ipomeccop cepBHCHBIX 3alpOCOB HEOOXOMUM IS
($hopMHEpOBaHUs U UCTIOIHEHHMS IJIaHa BBI30Ba BeO-CEPBUCOB aHaM3a JaHHBIX. D(PDEKTUBHOCT TaKoi BeO-OpHEHTHPOBAHHON
CHCTEMBI 3aBUCHT OT 3((QEKTHBHOCTH IUIaHAa BBI30BA BEO-CEPBHUCOB M NPOTPaMMHOI peann3aniy BeO-CepBHCOB, OCHOBHBIM
9JIEMEHTOM KOTOPBIX SIBIIIOTCS CPEICTBA XPAaHEHHs aHATU3UPYEMBIX JaHHBIX — persinuoHasle CYB/]. Pa3BuTHio BO3MOXHO-
creil permsimnoHHbIx CYB/l it ananmm3a Gonbmmx 0oObEMOB JTaHHBIX M y[EJIEHO OCHOBHOE BHHMMAaHHE B JaHHOH pabote, a
HMMEHHO — OIIEHKE IIePCIIeKTHBHOCTH pean3allii BeO-CepBICOB aHANIN3a JaHHBIX Ha ocHOBe muiargopmsl SQL/MapReduce.
Jlnst oCTHKeHHUsI TIOCTABJIEHHOM IIeM B KauecTBE MPHUKIAJHON Oblia BRIOpaHA aHAIUTHUECKas 3ajada, XapakTepHas IS
Pa3IMYHBIX COLMANBHBIX CETel U BEO-MOPTANIOB, CB3aHHAsA C aHAJIM30M JAaHHBIX 00 UX MOCEMIAEMOCTH PA3IHYHBIMH MOJIB30-
BaTelsIMU. B pamkax mpakTudeckoi 4acTH MCCIEOBaHMS ObUT Pealli30BaH alropuT™M (OPMHPOBAHMS IIaHA BbI30BAa BEO-
CEPBUCOB IS PELICHHs NPUKIIAJIHON aHAJINTUYECKOH 3a/1a4i M BBITIOJIHEH SKCHEPUMEHT, MOATBEpKAatomunit 3G hekTHBHOCT
texronorun SQL/MapReduce 1 nepcrieKTHBHOCTS IPUMEHEHHS €€ TIPH Pealli3alliii BeO-CEPBUCOB aHAIIN3a JAHHBIX.
KuroueBbie c10Ba: aHam3 JaHHEBIX, BeO-cepBuchl, SQL, MapReduce, CYB/I.

DATA ANALYSIS BY SQL-MAPREDUCE PLATFORM
A. Dergachev’

" Saint Petersburg National Research University of Information Technologies, Mechanics and Optics, Saint Petersburg,
Russia, dam600@mail.ru

The paper deals with the problems related to the usage of relational database management system (RDBMS), mainly in the
analysis of large data content, including data analysis based on web services in the Internet. A solution of these problems can
be represented as a web-oriented distributed system of the data analysis with the processor of service requests as an executive
kernel. The functions of such system are similar to the functions of relational DBMS, only with the usage of web services.
The processor of service requests is responsible for planning of data analysis web services calls and their execution. The effi-
ciency of such web-oriented system depends on the efficiency of web services calls plan and their program implementation
where the basic element is the facilities of analyzed data storage — relational DBMS. The main attention is given to extension
of functionality of relational DBMS for the analysis of large data content, in particular, the perspective estimation of web
services data analysis implementation on the basis of SQL/MapReduce platform. With a view of obtaining this result, analyt-
ical task was chosen as an application-oriented part, typical for data analysis in various social networks and web portals,
based on data analysis of users’ attendance. In the practical part of this research the algorithm for planning of web services
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calls was implemented for application-oriented task solution. SQL/MapReduce platform efficiency is confirmed by experi-
mental results that show the opportunity of effective application for data analysis web services.
Keywords: data analysis, web services, SQL, MapReduce, DBMS.

BBenenue

PBIHOK aHANIUTHYECKMX HHCTPYMEHTOB Ha CETONHSIIHMN JIEHb IIMPOKO IIPEJCTaBIEH TOTOBBIMH IIPO-
rpaMMHBIMH pemeHnusIMHA. OJTHaKO MPOrpaMMHBIE MTPOIYKTHI TAKOTO poja OOBIYHO CJIOXKHO IMOJJTAFOTCSI HACTPOM-
Ke T10J1 KOHKPETHbIE TpeOOBaHUs OpraHu3alyy [1] ¥ He UMEIOT TEXHUYECKOH BO3MOXHOCTH JOCTYIA K JJaHHBIM,
npezocraBisieMbM B IHTEpHET mocpecTBOM BeO-CEpBHCOB. B CBsI3u ¢ 3TUM B HOCieaHee BpeMs BO3POC HHTe-
pec K MOCTPOCHUIO CHCTEM aHaJIM3a JaHHBIX Ha OCHOBE TOTOBBIX aHAIUTHYECKHX TUIaTGopM [2], Mo3BOMISIOMIX
C WCIOJF30BaHNEM MHTETPHPOBAHHBIX B HUX CPEJCTB CO3/IaBaTh HOBBIC aHANUTHYECKHE BEO-OPHEHTHPOBAHHBIC
nHCTpyMeHTHI [3]. Takue aHAIMTHYECKHE CHCTEMBI MPEICTABISIIOT CO00H CIOXHBIE MPOTrpaMMHO-aIITapaTHbIe
KOMILIEKCHI, OCHOBHBIM 3JIEMEHTOM KOTOPBIX SIBIISTIOTCSI CPEICTBA PACIIPENEICHHOTO XPaHEHHS aHATU3UPYEMBIX
nMaHHBIX [4—6]. CorlacHO CTAaTHUCTHKE, B KAYECTBE TAKUX CPEJICTB Ha CETOMHSNIHHWE JIeHb HAaUOOJbIIee pacipo-
CTpaHEHHE TOMYIWIN cucTeM ympasienus O0azamu naHuHbeix (CYB]I), cpemu KOTOPBIX JTHIUPYIONTUE TTO3UINH,
nopsinka 80-90%, 3anumaror pensiuonnsie CYB/] [7, 8]. Ucxoas u3 3Toro, B JaHHOW pabOTE BOMPOC MOCTPOE-
HUS aHAJIMTHYECKOH IUIaT()OpMbl paccMaTpUBACTCS C MO3MLMI pa3BUTHsI KoHIENMU pessinuoHHbIXx CYB/] xak
MepCIIEKTUBHON MPUMEHHUTENBHO K BeO-cepBrcaMm [9].

Lenpto Hactosieil paboTHl sABIsETCS MOATBEpKAeHUE d(PPEKTHBHOCTH NMOAXOAA K PACIIMPEHHIO Iapa-
JMTMBI, 3aJI0)KeHHOH B ocHoBe persiuuoHHbIX CYBJl, Moznenbio pacnpeneneHHbIX Berauciennit MapReduce, u
€ro MEepCIEeKTHUBHOCTH IPH PEaJH3alld BeO-CEPBHCOB, BXOAALIMX B COCTaB BEO-OPHEHTHPOBAHHOW CHCTEMBI
aHan3a JaHHBIX.

Pacmiupenue si3pika SQL Monesibio pacnpenesieHHbIX BbruuciaeHuii MapReduce

CrpykrypupoBanHbIi 361K 3ampocoB SQL (Structured Query Language) u mapaienbHble apXHTEKTYPh
CYB/l Ha ceromHANTHUHN IEHb yXKe HE YIOBICTBOPSIOT TPeOyeMbIM MOKAa3aTeNsIM MPOU3BOAUTEIHLHOCTH TI0 aHa-
nu3y naHHbIX [10]. DTo CBA3aHO C HECKOJIBKUMH MPUIHHAMH.

Bo-niepBbIX, OIHUM U3 BaKHEHIINX CBOMCTB s3blka SQL sBisieTcs: CBOWCTBO AEKJIAPATUBHOCTH — B 3aMpo-
Ce YKa3bIBacTCsl, KAKUE JAHHBIC HEOOXOMMO M3BJIICYb WM MOJU(HUIUPOBATH, HO HE YKa3bIBACTCS, KAKMM 00pa-
30M 3TOT 3ampoC JODKEH OBITh 00pa0oTaH. DTO 3HAYMUTENBHO YIpOINAeT mporecc ¢opmyaupoBku SQL-
3arpocoB, HO YCIOXKHSIET 3a/1auy ONTHMH3AINU MPH (POPMHUPOBAHUHM TIIAHA BBITOIHECHHUS 3aIpoca, KOTOPBIN IM0-
3BOJIHJI ObI MUHUMH3HPOBATh BpeMsi, HEOOXOAMMOE JUIsl €r0 BhIMONHEHHs. OTHUM M3 MEPCIEKTUBHBIX BAPHAHTOB
pemeHns mpoOiIeMbl ABISIETCS pacmupenue s3pika SQL, a IMEeHHO, ero MHTerpanus ¢ MOJACTBIO pacIlpeaeneH-
HBIX BBIYUCIIeHHH MapReduce, KoTopas MCMONMB3yeTCs JJIs OPTaHHM3AMH NapauieTbHOW 00pabOTKH OOJBIIHX
00BbEMOB JaHHBIX B KOMITBIOTEPHBIX Kiactepax. Momens MapReduce Opiia npencraBinena komnaaneir Google B
2004 r. [11]. [JanHas Moaenb peaqu3oBaHa B Buae GpelMBOpKa, pabOTAOIIEro MOBEpX pacipeaeiacHHon (haimo-
Boii cucremsl GFS (Google File System), i mmpoko mpuMeHseTcs B MPOrPaMMHBIX IPOIYKTaX caMOW KOMIaAHHN
Google. OnHako, SBIAACH CYyTy00 MpONpHUeTapHON, OHA HEIOCTYIHA [T CTOPOHHUX Pa3pa0dOTINKOB. ANBTepHa-
TUBHOU CBOOOIHO JOCTYIHOHN peanm3aiuei cran mpoekT coodmectBa Apache Software Foundation mox Ha3Ba-
HreM Apache Hadoop. ®peiimBopk juis peannzanuu MapReduce-Berumcienuii, kotopsiii HasbiBaercst Hadoop
MapReduce, pabotaer nosepx pacnpenenennoit ¢aitnosoit cucreme HDFS (Hadoop Distributed File System),
npeHa3HAYCHHOM JUTsl XpaHeHus (HailioB OONBIIOro pasMepa, MOOJOYHO PACIPEICICHHBIX MEXKIY Yy3JIaMHU BbI-
YUCITUTEIBHOTO KiacTepa. Bee ¢aitnoBeie 0JI0KH, KpOME MOCICSTHETO, UMEIOT OJMHAKOBBIN pa3Mep, U MPH ITOM
KaXIBI OJIOK MOXKET OBITH pa3MCIICH B HECKOJIBKUX y3JiaX. biaromaps MCIONB30BAHUI0 MEXaHU3MOB PCILIHKA-
MU 00eCIIeunBaeTCsl YCTOWIMBOCTD PACIPEISIICHHON CHCTEMBI K OTKa3zaM OTIeNbHbBIX y3ioB. ®Daiinsl B HDFS
MOTYT 3aIIFICBIBATHCS JIUIIB OJHAXKIBI, IIPH TOM HE TMOAIEPKUBAIOTCS MEXaHU3MbI HX MOAN(DUKAINH, U 3aIIHCh B
(hbait B OTHO W TO K€ BPeMs MOXET BECTH TOJBKO ONUH Iporecc. Takum oOpa3oM, peaqn3oBaHa MOJENb OIHO-
KpaTHOU 3amucH B (ailyl ¢ MOCHEeTyIONMM €T0 MHOTOKPAaTHBIM YTEHHEM, CIIOCOOCTBYIOIIAs YIIPOIICHUIO MEXa-
HU3MOB O0€CTIeueHHs IEeJOCTHOCTH NaHHBIX. PaboTa Beel (aitioBoil CUCTEMBl HAXOAMTCSI MOJT IIEHTPAITM30BaH-
HBIM YIpaBJICHHEM y3Jla UMEH, XpaHSIIEro Bce MeTaJlaHHbIe O (haiilax CHCTeMBI, B TOM 4Hcie HHpopMaImio o0
UX pasMepax, pa3MEUICHUU OJOKOB M MX PEIUIMK W T.J. Y3€l UMCH OTBeYaeT 3a 00pabOTKy omepanuil ypoBHs
(haliToB M KaTaJIOTOB, TAKMX KaK OTKPBITHE U 3aKphITHE (DAMIIOB, MAHHUITYJISIIUIO Katanoramu. Camu OJOKHU JaH-
HBIX XPAHATCS B CEPUH y3JIOB JAHHBIX. Y3JIbl JIaHHBIX OTBEYAIOT 32 00pa0OTKy OINEpaluii M0 YTCHUIO W 3aIHCU
nmaHHbIX. [1IUpoKyr0 M3BECTHOCTh B 00JacTH WH(POPMAIMOHHBIX TexXHONOTHH Monens MapReduce momyumia
UMCHHO Ollarojapsi OTKPBITOCTH W JTOCTYHHOCTH peanusanuu Hadoop, koTopas mpuMEHsIeTCs B pa3IM4YHBIX Ha-
YYHBIX ¥ HCCIEI0BATEIBCKUX MIPOEKTaX, CTUMYIHPYSI TEM CaMBbIM pa3paOOTYNKOB JTaHHON MOJAETH K IOCTOSHHO-
My €€ COBepIIeHCTBOBaHHUIO. OHAKO BaKHO 3aMETHTh, uTo peanuzaius Hadoop MapReduce momHoCTRIO OCHO-
BaHa Ha crierdukanuiax kommnaanu Google.

Bo-BTOpBIX, KOHIIENINS «MacTep—paOOTHHKY, 3aJI0OKCHHAsT B apXuTekType mnapasuienbHeix CYB], Takke
HaKJTaJpIBaeT psifl orpaHmdeHuid [ 12]. OCHOBHOM HEAOCTATOK NAHHBIX CHCTEM COCTOUT B TOM, YTO MPOIIECC-MACTEP
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SIBJISIETCS «Y3KUM MECTOM» BCEH CHCTEMBI. DTO CBSI3aHO C TEM, YTO OH OCYIIECTBIISICT BCIO (PUHAIBHYIO 00pabOTKy
JIAHHBIX B ITOCJIEZ0BATENILHONW (opMe, IOCKOJIBKY HE BCE ONepalii MOryT 00pabaThIBaThCs MapajlleibHO Ha CTO-
poHe TporieccoB-paboTHUKOB. COOTBETCTBEHHO, Ye€M OOJIBIIIE TAaHHBIX BO3BPAIIACTCS OT MPOIECCOB-PAOOTHHUKOB,
TEM JOJIBIIIE TIPOIeCC-MacTep OyAeT OCYIIECTBIATE HX (QUHATBHYIO 00pabOTKY, 9TO MOXKET HETATUBHO CKAa3aThCs HA
BpPEMEHH BBITTOJHEHI 3aMpoca B elIoM. [Ipu 3TOM BCnonb30BaHNe Pa3IMIHBIX (HOpM pacrapauieIuBaHus 3aIpo-
COB MEXTy IPOLIECCAMU-PAOOTHHKAMH TIPUBOIUT K YCIIOKHEHHIO 33/1a91 UX ONTHMHU3AIIHH.

Bce ot hakTophl yKa3piBalOT Ha HEOOXOIUMOCThH TIOWCKA PENICHUH, KOTOPBIC TTO3BOIMIN OBl OOOWTH PsifT
CIIOXMBIIHXCS OTPAaHWICHUH 110 TPUMEHEHUIO JaHHBIX TEXHOIOTHHA B 001aCTH aHaM3a JaHHBIX. OTHIM U3 TaKuX
peuIeHui SIBIIeTCsl IOAXO/, NPEIOKEHHbIN Komnanuei Aster Data Systems, nproOpeTeHHOH M03ke KOMIaHHUEH
Teradata. OH 3akirodaeTcst B paclIMpeHUH BO3MOXKHOCTEH si3bika SQL mocpencTBoM Xopomio pacnapaiienyBae-
MBIX TaOJINYHBIX (QYHKIHH, KOTOPBIE MOKHO BBI3BIBATH IPSIMO M3 OTEPaTopoB BEIOOPKH. {11t obecnieueHns: paboThI
JTAaHHOTO MeXaHW3Ma KoMIaHuel Oblia pa3paborana TexHonorus rnox HazganneM SQL/MapReduce, peanmusoBannas
B SQL-opuentupoBanHoii MaccuBHo-napayutensHoi CY B/l nCluster, kotopast mocrapisieTcss B COCTaBe OTHOMMEH-
HOM aHamuTHueckoit iardopmer SQL/MapReduce [13]. CorracHo mogemn MapReduce, 00paboTka TaHHBIX OCY-
mecTeisiercs B 1Be (aspl. [Ipu BeimomHeHnn (ha3sl Map u3 Habopa BXOAHBIX TAHHBIX MPOUCXOANUT (HOPMHUPOBAHHE
MPOMEKYTOYHBIX TIap KITI0Y—3HAaueHHEe. 3aTeM BCE Maphl C OAWHAKOBBIMH 3HAYCHUSMH TPOMEXYTOUHBIX KITFOUEH
npenatorcs B pasy Reduce ams ux puHampHOM 00padoTkn. OOpaboTka JaHHBIX OpraHU3YeTCS HAa OCHOBE HCIIONb-
30BaHUS ABYX THIOB (QyHKIMH — Map-pyakuuit 1 Reduce-dyrkimit. @yHKIMH MOTyT OBITH BBI3BaHBI n3 SQL-
3alpOCOB B JIIOOOM TTOPSAKE TIPOU3BOIBHOE KOJTHIECTBO Pa3 ¢ BOSMOXXHOCTBIO BJIOKCHHBIX BEI30BOB, B OTIIMUUE OT
Kinaccrdeckoit momenn MapReduce, rie ncronmHeHne 3THX (a3 HOCHT ITOCIIENOBATENbHBIA XapakTep. OCHOBHBIM
JOCTOMHCTBOM TaKOTO PEIICHUS SIBIISICTCS pealn3aliysl JIOTHKH 110 00paboTKe, COPTHPOBKE U TPYNIUPOBKE TaHHBIX
BHyTpH SQL/MapReduce-¢yHKumii, KOTOpble HCHOMHAIOTCS HA CTOPOHE PaOOTHHKOB. 3@ CYET ITOTO 3HAYUTEIHHO
yrpomatoTes camu SQL-3anpock! U, Kak CIeICTBHE, 3aa4a X ONTHMH3alMU. Takke MPOUCXOJUT YMEHbLICHHE
pomm Mactepa, MOCKOJIbKY B JTAaHHOM CJIydae OH OTBEYaeT JIMIIb 3a paclpenesicHue 3a7ad MexXIy paOOTHHKaMH,
cOOp OT HHMX BCEX TOTOBBIX PE3YJBTaTOB M (POPMHPOBAHHE MTOTOBOTO pe3yliibrara 0e3 Kakoi-IMbo ero JOIOoJHHU-
TEeNFHOM 00pabOTKN Ha cBOEH cTopoHe. Bee 3To mo3BosseT 3HAYUTENEHO COKPATUTh BPEMS BHIIIOTHEHHS aHAJTUTH-
YEeCKOTO 3aMpoca, 9TO HATVIAHO AEMOHCTPHPYIOT PE3yNbTaThl SKCIIEPHMEHTA, MpeACTaBlIeHHbIE HIDke. [lommumMo
3TOTO, ONIaroaps 3aMMCTBOBAHMIO IPHHITUIIOB Moaen MapReduce, mosiBHIack BOSMOXKHOCTB aHAIIN3a MTOTYCTPYK-
TypUPOBAHHBIX JAHHBIX, TAKUX Kak (aiiel-xkypHansl 1 XML-daiinbl, a Takke HECTPYKTYPHUPOBAaHHBIX TaHHBIX,
TaKHUX KaK TMPOCTOM TEKCT, IS aHam3a KOTOphIX 36Kk SQL u pensinnonnsie CYBJI sIBASIOTCS MaONPUTOAHBIMU B
CHITy TOTO, YTO OHH OCHOBBIBAIOTCS HA (PUKCHPOBAHHOW CXeME XpaHEHHS JTaHHBIX.

JkcnepuMenTaabHad peannsanus SQL/MapReduce-dynxumii

Jnst BBITIONMHEHMST HKCHEPUMEHTAJIBHOH YacTH HCCIENOBaHWs OBbLI CO3MaH IPOrpaMMHO-aNapaTHBIN
KOMIUIEKC Ha 0a3e KommbloTepa, ocHamieHHoro nponeccopoMm AMD Phenom II Six-Core 1075T ¢ TaktoBOii
gpctoto 3ITh, 16I'b oneparuBHOM mnamsITH M JKeCTKUM JAUCKOM eMmkocTeio 1 Th, mox ympaBneHuem
64-pa3psiaHoit oneparmonHoi cucrembl Windows 7. [IporpammHast peannzaiys CUCTEMBbl OpTaHHU3aIMN JJOCTYIa
K BeO-cepBHCaM aHaJIM3a JaHHBIX pa3BepThiBajach Ha cepepe npunoxennii Java EE GlassFish 3.1 u mpoGHO#
Bepcunn CYBJ] nCluster komnanum Aster Data Systems. [lpu co3manuu Momenu ObUTH Pa3BEPHYTHI JBE
BHPTYaJIbHBIE MAIIMHBI C HWCIOJIb30BaHWeM TutatpopMbl VMware Workstation 9.0, kotopble 3arem ObLTH
0o0beMHEHBl B €IMHYIO CeTh. B KauecTBe ONMEpanMOHHBIX CHCTEM Ha BHPTYaTbHBIX MAIIMHAX WCIIOIB30BAJICS
64-pazpsinueiii auctpudytnB SUSE Linux Enterprise 11. Onue u3 00pa3oB UCIIONB30BAJICS IJIST MOACITUPOBAHUS
y3na-pacnopsauresss (mactepa), a Apyroi ysma-ucnoianutens (pabGouero). Takast JOBOJBHO YIpOLIEHHAS
KOH(HUTypalys Mojieian Obula 00yCIIOBIICHA, BO-TIEPBBIX, O'PAaHNYEHHEM Ha KOJIMYECTBO MOEIHPYEMBIX Y3JIOB
KJacTepa, HaklaabiBaeMbIM IpoOHO# Bepcueil pemssuuonHoit CYBJ] nCluster, BO-BTOPBIX, BBIYUCIUTEIEHBIMH
pecypcamu, pacrojlaraeMbIMH B XOJI€ BBINOJIHEHHUS! JaHHOTO JKCIEepUMeHTa. B KauecTBe mpukiagHoil Oblia
BbIOpaHa aHAJIMTHYECKAs 33/1a4a, XapaKTepHast 7Sl pa3iIMYHbIX COLMAJIBbHBIX CEeTel M BEO-TIOPTaNIOB, CBA3aHHAs C
aHAIM30M JaHHBIX 00 MX ITOCENIAEMOCTH Pa3IMYHBIMHU I0JIb30BaTeIAMU. J{JIsl MpoBeeHUS SKCIIEpUMEHTa ObLI
co3laH (ain-KypHaNI, coaepXamui HHGOPMAIIIO 0 BpEeMEHH MOCEUICHHS, HACHTU(PUKATOPE MTOIH30BATENS U
MMEHH TIocemmaeMoi cTpaHuisl. Beero daiin comepikan MHGOPMALUIO MPUOTU3UTENFHO O TPUALATH ThICAIaxX
Pa3NUYHBIX II0JF30BATENICH, KOTOpBIC IMOCEIaNnd OAWHHAIATH PAa3NWYHBIX CTPAHWI[ HAa TPOTSDKEHHH TpeX
MecsrieB. Beck Qair coCTOsT W3 Tpex MIUUIMOHOB YHHKAJIBHBIX 3ammcedl. Ha oOcHOBe »THX JaHHBIX
OCYIIECTBILICA MOACYET KOJMYECTBA MOCEIICHUH MOJIB30BAaTEIIMU PA3IMYHBIX CTPAHUI] IO YacaM IS KaXKAOTO
JTHS KaKIIoTo Mecstia. J{ist perenns JaHHOW aHaTUTUYIEeCKOU 3a1adn OblIo pa3padoTaHo aBa Tura SQL-3ampocos.
OpvH U3 HUX BBINOJIHAJ €€ CTaHAaPTHBIMU CPEACTBAMHU s3bika SQL:

SELECT I'ox, Mecs, Uncno, Yac_nocemenns, CtpaHuna,

COUNT(ITonp3oBarens) AS KonmaecTBo mocemeHui

FROM (

SELECT TO_CHAR(DATESTAMP,'YYYY') AS Tox,
TO_CHAR(DATESTAMP, 'MM'") AS Mecs,
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TO_CHAR(DATESTAMP, 'DD'") AS Yucro,
TO_CHAR(DATESTAMP, 'HH24":00"") AS Yac mnocernieHus,
PAGE AS Crpanura,
CUSTOMER 1D Ilonb3oBarens
FROM test_table) AS sub_select
GROUP BY T'ox, Mecs, Yucno, Yac_nocemenusi, Ctpannna
ORDER BY Crpanuna, I'on, Mecsi, Uncno, Yac_mocenieHus

PaGoTHukos = 2

N
()]

[}
S

—
(9]

—_
(=]

BPEMH BBIIIOJIHCHHUA 3ampoca, €

1100 |
1300 |
1500 |
2100
2300
2500
2700
2900 _

—

KommaecTBo 3ammceid, ThIC.
=#=SQL-MapReduce = =—i=SQL
a

PaGoTHukos= 4

Bpewms BeImonHeHus 3arpoca, ¢

—

KonunuectBo 3ammceii, ThIC.
== SQL-MapReduce =-SQL

6
PucyHok. padmku BpeMeHn BbinonHeHus npoctoro SQL-3anpoca 1 3anpoca, cogepaLlero Boi30B
SQL/MapReduce-dyHKuMK, Npy MCNonb30BaHMM AByX (a) u yeTbipex (6) paboTHukoB

O6paboTka mpuBenenHoro Beie SQL-3ampoca ocymiecTsisieTcs ciexyonmM obpazoM. CHavana mpowuc-
XOIWT BBIIIOJHEHHE BJIOKCHHOTO Ton3anpoca. B Hem Juis pa3OMeHus] BXOAHOTO 3Ha4€HHs, COAEpIKAlIero Bpe-
MEHHYI0 OTMeTKY Buaa «2013-03-17 16:35:59», ucnonssyercs BcrpoenHas ¢ynkuus TO CHAR, xoropas Ha
ocHoBe ykazanHoro ¢opmara (YYYY, MM, DD u T.1.) OCyIIECTBISET BBIACICHNE B KAUECTBE OTACNBHBIX TTONEH
rojia, MecsIa, Yncia U BpeMeH! B 24-dacoBoM ¢opmare. [l Gonblieit HarsaAHOCTH 3ampoca B HeM ObUTH HC-
TI0JT30BaHbI TICEBJIOHUMBI, 3a/1aBaeMble C MOMOIIBIO omepaTopa AS, Ttakue, kak lox, Mecsn, Yucno u 1.0. B
pe3ynpTaTe Moa3anpoc BO3BpAIIaeT TaOJHILY, CONEPIKAIIYI0 BCE MOyICHHBIC 3HAYECHHUS B Ka4eCTBE OTHCIHHBIX
CTOJNIOIOB, C JOOABJIEHNEM K HUM CTOJIOIIOB C UMEHEM CTPaHUIILI ¥ MISHTU(GUKATOPOM IoJib3oBaTels. Jlaiee aTa
TalnuIla nepenaeTcsi B OCHOBHOM 3arpoc. B HeM ocymiecTBiIseTcs MOACYET KOJIMYECTBa MOCEHICHUH ¢ TIOMOIIBIO
orneparopa COUNT() no nosmo Ilone3oBarens, XpaHsmiero nHGopmaryo o0 HIeHTHPHUKATOPE T0JIb30BaTEs, 110
CTpOKaM, B KOTOPBIX COJEPIKaTcsl OMHAKOBbIe 3HaueHus B noisix on, Mecsn, Yucno, Yac mocemenns, Crpa-
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HUIIA, C UX MOCICIYIONICH rPyIIUPOBKOWA. B KOHIIE IPOU3BOAUTCS COPTUPOBKA PE3YABTUPYIOIIUX CTPOK B ajda-
BUTHOM TOPSIZIKE O 3HaYeHHUIO ot CTpaHUIa U B MOPSIKE €CTECTBEHHOTO BO3pACTaHUs 3Ha4YeHUi nosiei [ox,
Mecsu, Yucno, Yac_nocenieHus.

Hpyroii 3ammpoc copmynuposan ¢ npumenennem SQL/MapReduce-dynaxumn, kotopast 6pu1a pazpabora-
Ha C UCTIOJIb30BaHKEM S3BIKa TIPOrpaMMHUpOBaHus Java:

SELECT *

FROM LogAnalyzer(
ON test_table
PARTITION BY PAGE)

BrssiBaemast B 3anpoce SQL/MapReduce-dynkmust LogAnalyzer peanu3oBana kak (QyHKIUS HaJ paszae-
JaMHU WM Ke, €cIM FOBOPUTh B paMKax TepMmuHonoruu texHosornn MapReduce, kak Reduce-¢pynkims. ITpu
BBITIOJTHEHUN (PYHKIMH HaJl pa3fenaMy Kaxaas IpyIia CTpoK, 00pa3oBaHHasi HA OCHOBE CHEIM(HUKALNH pa3zeia
PARTITION BY BbI30Ba (yHKIMH, 00padaThIBacTCsl POBHO OAHUM JK3eMIUIIpoM AaHHOH (yHkiuu. [Ipn atom
criocobe 00paboOTKH JaHHBIX K3EMILULAP MOIyYaeT BCIO TPYIITY CTPOK LIENUKOM. B maHHOM citydae pa3dneHue Ha
pasnensl ocymecTBisercs mo uMeHu ctpaHuIsl (PAGE). Takum o0pa3oM, Kaxablil SK3eMIUIIp GYHKIHHA 3aHH-
MaeTcsi 00paboTKON Bcell MH(MOPMAIIUU O MTOCEIICHUN TI0Ih30BATEISIMK TOJIBKO JIJISl OTHOM KOHKPETHOW CTpaHHU-
L. Terepp BCst JIOTHKA 1O 00paboTKe, TPYIIAPOBKE U COPTHPOBKE BXOAHBIX JAHHBIX, & TaKXkKe (GOpPMaT pe3yib-
TUPYIOIINX JaHHBIX ompenensatorcs BHYTpu pyHkmm LogAnalyzer. Ilocie cBoero ucrnoaHeHUS GYHKIUS BO3-
BpaIaeT Ha MECTO €€ BEI30Ba B OCHOBHOM 3aIlPOCe Pe3YIBTHPYIONIYIO TaOIHITy.

[Ipu mpoBeieHNN SKCIIEPUMEHTA OCYIIECTBIISUIACH OLIEHKAa BPEMEHHN BBIIOJIHEHNUS TpocToro SQL-3ampoca
M 3a1poca, COEPIKaIIEro BbI30B (DYHKLUH NPH U3MEHEHHH KOJIMYECTBa BXOAHBIX CTPOK IAaHHBIX, YTO OTPaXKEHO
Ha pucyHke. [Ipu aToM Mozenp OblIa CKOH(GUTypHpOBaHa TAaKUM 00pa3oM, YTOOBI MOJKHO OBUIO IIOCTaBUThH JKC-
MEPUMEHT C UMHUTAIMEH padOTHI OHOTO MacTepa U JIBYX MM YEThIpEeX PaOOTHUKOB.

Ha pucyHke npencraBieHsl pe3y/bTaTbl SKCIIEPUMEHTA B BUJIE TPaUKOB, OTPAXKAIONIMX BPEMs BBINOJIHE-
HuUs npoctoro SQL-3ampoca u 3ampoca, comepskainiero Bei3oB SQL/MapReduce-¢pynkmun. ['paduxu crponnucs
Ha OCHOBE YCPEIHEHHBIX 3HAUYCHUH YETHIPEX M3MEPEHUN BpeMeHH 00paboTKH It 000HX 3aIIPOCOB C TOYHOCTHIO
JI0 MAKPOCEKYHI, KOTOPBIE BBIIOJIHSINCE Ha KaXKIOM IIare 3KcIepuMenTa. M3 HuX XOpomo BHIHO, YTO HCIIOIb-
3oBanne SQL/MapReduce-pyHKIIMN TO3BOJAET CYIIECTBEHHO YMEHBITUTH BPEMs BBITIOJHEHHS 3ampoca Mo 00-
paboTKe MCXOMHBIX JAaHHBIX B COOTBETCTBHHU C ITOCTABICHHOH 3amaueii. Tak, B JaHHOM cirydae BpeMsi, KOTOpOe
MIPOXOIUT C MOMEHTA 3aITyCcKa ITOJIb30BaTENIEM 3allpoca Ha MCIIONHEHHE JI0 TOTO, KOraa eMy OymeT BO3BpalieH
pe3ynbTart, yaajuock YMEHBIIUTh B cpelHEM B 3,5 pasa.

3a cyer yBeNIMYEHHs K€ KOJIMYeCTBa PAabOTHHKOB C JBYX 0 YETBIPEX YJalloCh COKpPAaTUTh BpeMs
BBITIOJIHEHMST 3ampoca B cpenHeM smimb Ha 30%. 3mech CKa3bIBAIOTCS HAKJIaTHBIC PAacXOAbl, CBSI3aHHBIC C
00paboTKoil BbI30Ba (PyHKLUH Ha CTOPOHE MacTepa, a Tak)Ke KOOpAWHALMeH U Ha3HAYEHHEM Ha BBINIOJIHEHHUE ee
9K3EMILISIPOB paOOTHUKAMH.

3akjoueHune

[Tomy4yeHHBIE B XOII€ SKCIIEPUMEHTA TIOJIOKHUTEIBHBIE PE3YIbTAaThl MOATBEP)KIAAIOT MIPEUMYIIECTBA H3Me-
HEHHS JIOTUKH 00paOOTKM M NMPUHIWIIOB TOCTPOSHHS aHAJUTHYECKOTO 3alpoca, KOTOphIe OBIIH peaTr30BaHBI
npu pacmupennn koHuenuu pemsiiuonHor CYBJ] u s3pika SQL Mofenbio pacnpeneneHHbIX BBIYUCICHUH
MapReduce. Hcxoas U3 3TOro, MOXKHO CJIeNaTh BBIBOJ, 4TO nMpuMeHeHue TexHoiorun SQL/MapReduce mist pea-
JU3alMY BeO-CEPBUCOB, BXOIAIINX B COCTaB BEO-OPUCHTHPOBAHHON CHCTEMBI aHATH3a NAHHBIX, SBISCTCS Iep-
CIICKTUBHBIM.

Crneayronmm maroM pa3BUTHs KOHIETIUN persiiuoHHBIX CY B/l mpUMEeHUTENFHO K BeO-CepBHCaM MOXKET
CTaTh pa3paboTKa MEPCICKTHBHOW apXHUTEKTYPhl BEO-OPUCHTUPOBAHHON CHCTEMBl aHAIHM3a JAaHHBIX, HCIIOIHH-
TEJNBHBIM SIPOM KOTOPOW JIOJDKEH CTAaTh MPOILIECCOP CEPBHCHBIX 3alpPOCOB, HAICICHHBIA Ha (JOPMHUPOBAHUC d(-
(heKTHBHOTO IJIaHA BBI30Ba BeO-CEPBUCOB aHATN3a TAaHHBIX.

Jluteparypa

1. Kypouxun /1.9., Bypakos I1.B. 3anaun pa3sutus IT-undpactpykryps! npeanpustus // Hayano-texHuaeckuit
BECTHUK MH()OPMAIMOHHBIX TEXHOJIOTHIA, MeXaHWKH 1 onTuku. 2012. Ne 2 (78). C. 74-77.

2. Mapeun C.B., KoBampuyk C.B. CepBucHO-oprueHTHpOBaHHAs IarGopma UCTIOJHEHHsS] KOMITO3UTHBIX TIPH-
JIOXKSHHH B pacmpeaeneHHoi cpene // 3B. By3oB. [Ipubopocrpoenue. 2011. T. 54. Ne 10. C. 21-28.

3. AunexkceeB C.A. ®opmupoBanne o0uero MHGOPMAIIMOHHOTO pecypca B KOPIIOPAaTUBHOM CETH COLMAIbHOM
OpraHU3aIMOHHO-TeXHUYECKOH cucteme // U3B. By3oB. [Ipudopoctpoenue. 2009. T. 52. Ne 12. C. 8-11.

4. Kupwnos B.B., JlykesnoB H.M. AHanu3 GpakTopoB, BIUSIOIINX HA KAUCCTBCHHBIC M KOJUYCCTBCHHBIC ITOKA-
3areNu (PYHKIIUOHUPOBAHUS CHCTEM PACIIPEICICHHOTO XPaHWIHIIA TaHHbIX // HaydHO-TeXHHYECKUI BECTHUK
CIIoI'Y U'TMO. 2008. Ne 11 (56). C. 9-16.

Hay4Ho-TexHN4Yecknii BECTHUK MHCPOPMAaLMOHHbBIX TEXHOMOMMIN, MEXAaHUKM U ONTUKK
Scientific and Technical Journal of Information Technologies, Mechanics and Optics
2014, Ne1 (89)

70



HO.O. dyprar

5. Hosocenbckuii B.b., ITaBnosckas T.A. Beibop u o6ocHOBaHKe KpuTepus 3pPEeKTHBHOCTH IIPH MPOEKTUPOBa-
HHH pacripeieleHHbIX 0a3 nanubix // Hayuno-rexauueckuid BectHuk CII6IY UTMO. 2009. Ne 2 (60). C. 76—
82.

6. JlyxesiHoB H.M., llepraueB A.M. Opranuzamnusi CETEBOTO B3aUMOJACHCTBHUS Y3JIOB pacpecieHHON CUCTEMBI
xpaHeHus qaHabiX // Hayano-texandeckuii Bectauk CIIOIY UTMO. 2011. Ne 2 (72). C. 137-140.

7. DB-Engines. Ranking the popularity of database management systems. 2012 [DnexTponHBIi pecypc]. Pexxum
nmocryma: http://db-engines.com/en/blog_post/1, cBoGoansii. S3. anmi. (mata obpamenns 09.06.2013).

8. Bamm3Hsak E. PerHOK CYB/I. 2009 [DnexTponHbIi pecypc]. Pexum JIOCTYyTIA:
http://www.cnews.ru/reviews/index.shtm1?2005/08/15/184770 1, cBobomnsiii. 3. pyc. (mara oOparieHus
09.06.2013).

9. Hepraues A.M. IlpoGmemsbl 3()(EKTHBHOTO HCIIOIH30BAHUS CETEBBIX cepBHCOB // HaydHo-TexHUUYECKUI
BectHuk CIIOI'Y UTMO. 2011. Ne 1 (71). C. 83-86.

10. Agrawal R., Ailamaki A., Bernstein P.A., Brewer E.A., Carey M.J., Chaudhuri S., Doan A., Florescu D.,
Franklin M.J., Garcia-Molina H., Gehrke J., Gruenwald L., Haas L.M., Halevy A.Y., Hellerstein J.M., loan-
nidis Y.E., Korth H.F., Kossmann D., Madden S., Magoulas R., Ooi B.C., O’Reilly T.,
Ramakrishnan R., Sarawagi S., Stonebraker M., Szalay A.S., Weikum G. The Claremont Report on Database
Research // Sigmod Record. 2008. V. 37. N 3. P. 9-19.

11. Dean J., Ghemawat S. MapReduce: Simplified Data Processing on Large Clusters // Proc. of the Sixth Sym-
posium on Operating System Design and Implementation. San Francisco, CA, 2004. P. 137-150.

12.van der Lans R.F. Using SQL-MapReduce® for Advanced Analytical Queries [OmexrponHsIii pecypc]. Pe-
KUM JIOCTYyTIa: http://www.asterdata.com/resources/ assets/ar SQL-
MapReduce for Advanced Analytics.pdf, cBobomusrii. f3. anri. (zata obpamenus 06.06.2013).

13. Friedman E., Pawlowski P., Cieslewicz J. SQL/MapReduce: A practical approach to self-describing, poly-
morphic, and parallelizable userdefined functions // Proc. of the 35th VLDB Conference. Lyon, France, 2009.
P. 1402-1413.

/epzauee Anexcandp Auopeesuu - acriupanT, Caskr-IlerepOyprckuii HalMOHANBHBIN HCCIIENOBATENbCKUI
YHUBEPCUTET HH(MOPMALMOHHBIX TEXHOJIOTHH, MEXaHMKM W OITHKH,
Cankr-Ilerep6ypr, Poccus, dam600@mail.ru

Alexander Dergachev - postgraduate, Saint Petersburg National Research University of
Information Technologies, Mechanics and Optics, Saint Petersburg,
Russia, dam600@mail.ru

VIIK 004.043, 004.5, 37.04 5
O BJIIUAHUU AJAIITUBHBIX ITOJB30OBATEJIBCKUX UHTEP®EUCOB
HA HAJEKHOCTDb U DOPPEKTUBHOCTDb ®YHKIIMOHUPOBAHUSI

ABTOMATU3NPOBAHHBIX CUCTEM
10.0. ®yprar®

* MucrutyT npobiem mopenuposadus B snepreruke uM. [.E. ITyxosa HAH Vkpaunsl, Kues, Ykpauna, saodhar@ukr.net

B coBpeMeHHBIX aBTOMAaTH3UPOBAHHBIX CHCTEMAxX IOJb30BATEIN YacTO CTAIKHBAIOTCA C MpoOnemMoil nH(OopMaIMOHHOM me-
perpy3ku m3-3a IOCTOSHHO BO3pacTalomux o0beMoB mH(opmarnuu, Tpedyromeil 06paboTku 3a kopoTkoe Bpems. Pabora B
TaKHUX yCJIOBUSX OTPHULATEFHO CKa3bIBACTCS HAa Ka4eCTBE pabOTHI OIIEpaTOpOB CUCTEM M Ha HAIEKHOCTH CAMHX CHCTEM.
OnHHUM U3 MTOAXOMO0B K PEHICHHIO 3a/1aui HHPOPMAIOHHO Ieperpy3KH SBISIETCS CO3/JaHUE ISl aBTOMATH3HPOBAHHBIX CHC-
TeM NEePCOHATN3UPOBAHHBIX HHTEP(EHCOB, YINTHIBAIOIINX 0COOCHHOCTH PabOTHI Monb30BaTenel ¢ nHdopmarueil. Xapakre-
PUCTHKHU OIIEpaToOpa CUCTEMBbI, ONpEeIIOIIHe IpenoYnTacMbie UM HopMy U TeMN HpeacTaBiieHus uHdopmaiuu, Gpopmu-
PYIOT KOTHUTUBHBIN MOPTPET MOTb30BATENS.

Jlnst TMarHOCTUPOBAHMS XapaKTEPUCTHK MPUMEHSETCs MM MpodecCHOHAIBHOE TECTUPOBAHHE C MPUBIICYEHHEM CIHELHATH-
CTOB-TICUXOJIOTOB, MM OINEPAaTHBHOE TECTUPOBAHME Ha paboueM MecTe MoNb30BaTelsd. BTopoil BapuaHT mpeacTaBiseTCs
OoJiee TPEIIOYTUTENBHBIM ISl UCIIONIB30BAHUS B aBTOMAaTHU3MPOBAHHBIX CHCTEMaX, ITOCKOJBKY HE BO3ZHHMKAET IPOOIEMBI
HEXBaTKU CIELUAIUCTOB—IICUX0JI0roB. CocTaBieHUE KOTHUTUBHOIO OPTPETa IIPU 3TOM IIPOBOJUTCS B pe3ylbTaTe B3aUMO-
JEUCTBUSI TIOJH30BATEISI C MPOTPAMMHBIMH CPEACTBAMH JHAarHOCTUPOBAHMS, OCHOBAaHHBIMH Ha METOJVKAX KOTHHTHBHOMN
IICUXOJIOTUU.

D¢ dexT oT nprIMeHeHHsI B aBTOMAaTH3UPOBAHHON CHCTEME ITePCOHAIM3UPOBAHHOTO MONB30BATENBECKOro HHTEepdeiica MOKHO
OLICHUTb, YCTAHOBUB, KaK yMEHBILIECHUE BPEMEHH PEAKI[HH MOTb30BATEINS HA KPUTUUECKHUE COOBITHS BIHUSET HA YPOBEHb Ha-
JEKHOCTH M 3 EKTUBHOCTH (QYHKIHMOHMPOBAHUS cUCTeMbl. [l 3TOro MCHONb3YOTCS (GOPMYNBI TEOPHH HAASKHOCTH
CJIOXHBIX aBTOMATH3MPOBAHHBIX CHCTEM, MOKa3bIBAIOIINE 3aBUCUMOCTh HAJEXKHOCTH CHUCTEMBI OT BPEMEHH PeardpoOBaHUS
TMONIb30BaTENs Ha KPUTUUECKOE COOBITHE.

KnioueBble cl10Ba: aBTOMaTH3UPOBaHHAS CHCTEMa, IIOJIB30BATENBCKUN HHTEpdEiic, epcoHanu3anys, afantanus HHrepei-
ca, KOTHUTUBHBIN IIPOQUIIE.
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