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M. A. Cydepesckutli — MarncTpaHT kadeapbl MOAENNPOBaHNS BbIYUCTIUTENBHBIX W ANEKTPOHHBIX CUCTEM
B. C. [Naenoe (kaHa. TEXH. HayK, [OL|.) — Hay4HbIN PYKOBOAUTENb

UCCNEAOBAHUE 3OPEKTUBHOCTU UCIONb3OBAHUA
AOKYMEHTHO-OPUEHTUPOBAHHbIX BA3 [IAHHBIX B BEB-NPUIOXEHUAX

3a nocneaHue HECKOMbKO NET NOSBMIIOCh MHOTO BEG-NPpUNoXeHuin ¢ BecnpeLefeHTHO BbICOKMM YPOBHEM
Harpysku, u 6onblumMmMm obbemMami aHHbIX. [osIBNEHNE Ha CBET W yCreX TakuX BbICOKOHArpYXXeHHbIX NPOEKTOB
Facebook, Twitter, Amazon npuBen K HeobXOAMMOCTW MOWUCKA anbTepHATUB TPALULMOHHBIM PENSLMOHHBIM
CYB/[, B Buay npeabsBneHns K CucTeMam HOBbIX TpebOBaHUIA, C KOTOPbIMI TPAAULMOHHbIE pensunoHHble CYB[
Y€ He CnpaBnstoTCs.

MOXHO BbIAENUTL TPU OCHOBHbIX TPEBGOBAHWS K COBPEMEHHBIM BEB-NPUNOXEHUSM.

1. Paborta c 6onblwmmn o6bemamm AaHHbIX: COBPEMEHHbIE BbICOKOHArpYyXeHHble BeO-npunoxeHuns obpa-
BaTbiBatoT BecnpeLeaeHTHo Borblue 06bEMbI AaHHbIX, UCYUCNSEMbIE B NeTabanTax.

2. OrpoMHOe Konn4ecTBO NONb30BaTENEN: MUNNMOHAM MoMnb3oBaTenen JomkeH BbbiTb obecneyeH nocTo-
SHHbIN OJHOBPEMEHHbIN JOCTYM K CUCTEME.

3. [ubkas mogenb gaHHbIX: He0bXoaMMOCTb B MCMONb3oBaHWUM Bonee npoctoi 1 6onee rmbkon moaenm
AaHHbIX. [3]

Takum 06pa3om, NOSBNSETCS 3afava CONOCTaBEHNUS BO3MOXHOCTEN NPUMEHEHUS TPAOULMOHHbIX pens-
UnoHHbIX CYB[l ¢ BO3MOXHbIMW anbTepHaTMBamu Ans obecneyveHnst BbiMOMHEHWs HOBbIX TpebosaHuii. Moe
NPeasioXeHne — UCNoNb30BaHWe JOKYMEHTHO-OPUEHTUPOBaHHbIX 6a3 AaHHbIX.

Ha done npegbsenenns k CYB HoBbix TpeboBaHWW, B MocreaHWe roabl CTano nonynsipHo U no-
npexHeMy HabupaeT obopoTbl NpumeHeHne npu paspabotke npoektoB NoSQL, unm «Not Only SQL» 6a3 gax-
HbIX.

CropoHHukammn koHuenumn NoSQL nogyépknBaeTcs, YTo OHa He SBMSETCS MOMHbIM OTPULAHUEM S3bl-
ka SQL 1 pensumoHHoi Mogenm, NPOeKT UexoauT us Toro, 410 SQL — 3T0 BaXHLIA U BeCbMa NOSIE3HbIA UHCTPY-
MEHT, HO Mpu 9TOM OH He BCerfa MOXeT CYMTaTbCs yHuBepcanbHbiM. OCHOBHas LeMnb noaxoda — paclumpuThb
BO3MOXHOCTU B[] Tam, rae SQL HegocTaTouHO rMBOK, U HE BBITECHATL €0 TaM, rae OH CrpaBfseTcs CoO CBOUMM
3apavamu.

NoSQL 6a3bl faHHbIX Ha JaHHBIA MOMEHT nogpasaensoTes Ha 4 Tuna.

1. Xpanunuwa Tuna «Knou/3HayeHne». Takue XpaHunuila no3soNnsT XpaHWUTb B MaMsaTi No onpege-
NEHHOMY Kntody Ntobble AaHHble, 3TO MOXET ObITb MPOCTO YUCNO UMK TEKCT, a MOXeT ObiTb Cepuani3oBaHHbIN
0ObexT.

2. [1OKyMEHTHO-OpUEeHTUPOBaHHblE Basbl AaHHbIX. Kaxaas 3anucb XpaHWUTCS Kak OTAESbHbIN JOKYMEHT,
NMeroLLMin COBCTBEHHBIN HABoP NOMeN, KOTOPbIN MOXET OTNNYATLCA OT AOKYMEHTA K JOKYMEHTY.

3. KonoHouHble XpaHunuwa [laHHble xpaHsTca B cTonbuax BMECTO MPUBBLIYHOMO XPaHEHWUst B CTPOKaX.
OTO BbIFOAHO ANS pasfMyHbIX apXMBOB MHAOPMaLMK W KaTanoros, B KOTOPbIX 60MbLLAs YacTb BbIMMCIIEHWA NPO-
NCXOAMT Had nogobHbIMK BbIBOPKaMM JaHHbIX.

4. Tpacosble 6a3sbl faHHbIX. Takue XpaHumuLa AaHHbIX UCMOMb3YKT BepPLUHbl M pebpa rpada Ans
NpeacTaBneHns MHopMaLmm.

Moe npeanoxeHne — UCMONb30BaHWE JOKYMEHTHO-OPUEHTUPOBAHHON MOAENN AaHHbIX, a UMEHHO 6a3bl
AaHHbIX MongoDB, Kkak ogHOW 13 Hambonee NepcnekTUBHBLIX U YHUBEPCATIbHbIX, @ TAKKE UMEIOLLEN HanmyyLLmi
BanaHc Mexay NPOU3BOAUTENBHOCTLIO M NpeanaraeMom (yHKUMOHANBHOCTBIO.

MongoDB - 310 JOKyMEHTHO-OpUEHTUPOBaHHas 6a3a AaHHbIX C OTKPbITbIM KOAOM, paspaboTaHHas ans
paboTbl C BEeG-NPUNOXEHUSMU, UMeloLas MoKyl MOAeNb AaHHbIX, He OrpaHWYEHHYK CTPOron CXEMOMN.
MongoDB, no MHeHuio pa3paboTumMKoB, JOMKHA 3aNONHUTL Pa3pblB MEXOY NPOCTbIMUA XpPaHUIWULWAMKU LaHHbIX
TMNa «KIKY-3Ha4YeHney, 0brafatoLLMMM BbICOKON MPOM3BOAUTENBHOCTLI0 M NPeAnaratoymMn XopoLwmne BO3MOX-
HOCTU MacLlTabupoBaHns 6asbl AaHHbIX, HO NpeanaratoLLMMiN HEBBLICOKYHO (DYHKLMOHANBHOCTb, U TPaAULMOHHbI-
MW pensiynoHHeiM CYB[, obnagatoLmmm BbICOKOH (DYHKLMOHAMNBHOCTBH W HAAEXHOCTbIO, HO UMEKLLMMKU CTPO-



ryl0 CXeMy AaHHbIX U HeobxogmmocTb cobnogeHus ACID-TpeboBaHuMin, YTO NNOXO CKa3blBaeTCA HA NPOM3BOAU-
TENbHOCTY M BO3MOXHOCTU BbIMOMHEHUS FOPU3OHTANBHOTO MacLITabupoBaHus.

OcHoBHble OTNMYUTENBHBIE 0COBEHHOCTH AOKYMEHTHO-OPUEHTUPOBAHHON 6a3bl AaHHLIX MongoDB:

1. JokymeHTbl xpaHsTcs B Buge BSON-maccusoB. BSON — 310 paclumpenue nerkoBecHOro TeKCToBOro
opmata xpaHeHus aaHHbIX JSON, 0CHOBaHHOrO Ha s3blke JavaScript. 10T opmaTt cHMTaeTCs A3bIKOHE3aBU-
CUMbIM 1 MOXET UCMOSb30BaTLCS NPAKTUYECKU C MHOBLIM A3bIKOM NPOrpamMMUpPOBaHHS.

2. B03MOXHOCTb arperauuu AaHHbIX ¢ nomoLbto TexHonor MapReduce. MapReduce — TexHonorus ans
napannencHon obpaboTku 6onblmx 06beMOB AaHHbIX. Pabota MapReduce coctout u3 asyx waro: Map u
Reduce. Ha Map-ware npoucxoaut npeaBaputenbHas 06paboTka BXOAHbIX [AaHHbIX. [lpeumyllecTso
MapReduce 3akrioyaeTcs B TOM, YTO OH MO3BOSISIET pacnpefeneHHo Npou3BoaUTL onepauuv npeaBapuTensHON
obpabotku u ceepTkn. Onepaumn npegsaputensHon 0bpaboTku paboTatoT He3aBUCMMO Apyr OT Apyra U MoryT
NPOU3BOANTLCA NapannenbHo. AHaNOrM4YHO, MHOXECTBO PabounX y3roB MOTYT OCYLECTBNATL CBEPTKY.

3. XopoLume BO3MOXHOCTW Ans BbINOMHEHNS TOPU3OHTANBHOMO MacltabuposaHus. B cnyyae ucnonb3o-
BaHUS TPAAMLIMOHHBLIX PEnsAuMOHHbIX 6a3 fAaHHbIX, 0ObIYHO MCNONMb3YeTCA BepTUKanbHOE MacliTabupoBaHue,
Korga yBenuyeHne Npon3BOAMTENBHOCTY CUCTEMbI AOCTUFAETCS NyTeM Ao6aBneHNs pecypcoB B €ANHCTBEHHDIN
cepsep. B KOHTEKCTE NOCTPOEHNS COBPEMEHHBIX BbICOKOHArPYXEHHbIX BEG-NPUNOXEHMI, MCMONB30BaAHWE Takoro
MeToAa OKa3blBaeTCH HeOCTaTOMHO: NOCTPOEHUE OQHOMO CYNepKoMMbIOTEPa SBNSETCH SKOHOMUYECKN HEBLIMOA-
HbIM 1 UMeeT npefen NPoM3BOANTENLHOCTU.[2] pu ropu3oHTaNbHOM MacluTabupoBaHUU JaHHbIE XPaHATCS He
Ha €AMHCTBEHHOM CepBepe, a PacnpeaensioTcs Ha Kakoe-To KONMYeCTBO Y3NoB. Takoil MeTos okasblBaeTcs 60-
nee 3KOHOMWYECKN-BbIrOAHBLIM, 06ecneymBaeT XOpOLLYH0 NPOU3BOAUTENBHOCTb, XOPOLLYHK JOCTYMHOCTb CUCTEMBI,
a TaKke JenaeT apxuTekTypy paspabaTbiBaeMon cuctembl bonee rubkon 4ns AanbHeMLero MacluTabupoBaHms.

4. Tlopaoepxka HAOOPOB pennukaumMin. Pennukaums — 3T0 MEXaHU3M CUHXPOHM3ALMN COAEPXUMOro Hasbl
AaHHbIX MeXay ABYMS UNK HeckonbkumMu y3namu. C nomoLybto Habopos pennukauuii B MongoDB obecneunsaeT-
CS 0TKa30YCTOMYUBOCTb, @ TakKe NOBbILIAETCSH NPOU3BOANUTENBHOCTb 3@ CHET BO3MOXHOCTW NapannenbHoro yte-
HWS AaHHBIX C Pa3HbIX PENNK.

[Moaxomsawmi 1 noruyHbli cnocob Aatb OLEHKY npobrnemam, CBs3aHHbIM C 0becrnevyeHneM BbINOMHEHMUS
HOBbIX Tpe6OBaHW B BEB-NPUNOXKEHUSX — 3TO NOHATb, KaK B TakKUX CUCTEMAX COMETATCS CrieaytoLLme Tpu NOHS-
TUSA: COrNacoBaHHOCTb, AOCTYMHOCTb U YCTOMYUBOCTb K pa3feneHuto CeTu.

/ Ha OCHOBE PacCMOTPEHMUS 3TUX MOHATUM MOXHO CAenaThb BbIBOALI O TOM, HACKOMbLKO OnpaBaaHo npega-
NOXeHHOE peLueHne npobnembl obecneyeHns Tpex TpeboBaHNiA ANs BbICOKOHATPY)XEHHbIX BEB-NPUNOXEHNN.

CornacoBaHHOCTb AaHHbIX, JOCTYMHOCTb W YCTOWYMBOCTb K PA3fesieHnto CETM — 3TO TpK OMopbI, Ha KOTO-
pbIX CTpOMTCS Teopema bproepa, koTopas NEXWUT B OCHOBAHWM MbILLSIEHNS O TPAH3aKLUMOHHOW LIEMOCTHOCTU B
BonbluMx pacnpefeneHHbIX cuctemax. Teopema bproepa roBOpUT O TOM, YTO 9TW TPW CBOWCTBA HEe MOryT BbiTh
OHOBPEMEHHO AOCTUrHYTbI B pacnpefeneHHbix cucteMax. Hy)xHO MATM Ha KOMMPOMMUCCHI U KEPTBOBATL Kak Mu-
HAMYM OZHUM CBOCTBOM W3 Tpex. OgHaKo npexae YeM UATU Ha KOMNPOMICC, BaXHO MOHSATb, YTO O3HAYAIKOT 3TH
TPU CBOWCTBA.

CornacoBaHHOCTb  O3HayaeT MOCMedOBaTENbHYK 3anMUCb W YTEHME, Tak YTO  MapasnnenbHo-
BbINOMHSIOWMECS OnepaLun BUAST OOHU U Te e NpaBuibHble JaHHbIE, YTO Kak MUHUMYM O3HAYaeT, YTO HUKTO
He YBMAMWT YCTapeBLMX JaHHbIX. B cuTyauum ¢ OQHUM y3nOM, COrflacoBaHHOCTb MOXeTb BbiTb JOCTUMHYTa npu
ncnonb3oaHuy npasun ACID, HO cuTyaums CTaHOBUTCS 3anyTaHHe B Criyyae pacnpeaeneHHON CUCTEMBI.

MMog BOCTYNHOCTBIO MMeeTCs B BUAY, 4TO cucTema Byaet goctynHa Ans paboTel B noboe Bpems, koraa 310
Heobxoaumo. Ecnin cuctema He rotoa obpaboTaTh 3anpoc B TOT MOMEHT, KOrga 9T0 He0BX0aMMO — OHa Hepo-
CTynHa. Tem He MeHee, MHOTE MPUNOXEHUS MOTYT XepTBOBATb LOCTYMHOCTbIO, U 3TOT TOT KOMMPOMMUCC, Ha KO-
TOPbIiA OHW MOTYT MOWTH.

YCTOMYMBOCTb K Pa3feneHnio 03Ha4YaeT BO3MOXHOCTb CUCTEMbI MPOAOSIKAaThb BbINOSHATL HEOBXOANUMbIE
(PYHKLMM, €CNW KAKOW-TO M3 Y3MOB CTAHOBUTCS HEZOCTYMHbIM. [1]
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Puc. 1.

PensunonHble CYB/l Bcerga Aenanyt akLEHT Ha COrNacoBaHHOCTU W AOCTYMHOCTU aHHbIX, 1 Nroxo obec-
neymBani «yCTOMYNBOCTb K Pa3deneHunto ceTuy, Heobxoaumyto Ans 6onbLUMX pacnpeaeneHHbIX CUCTEM, UCMOMb-
3YIOLLMX rOpU3OHTaNbHOE MacLiTabupoBaHue.

MongoDB Bbibpana nyTb o6ecneyeHns yCTONYUBOCTM K pa3deneHunto n obecneyeHns JOCTYMHOCTU cucTe-
Mbl, NPW 3TOM KEPTBYS COrNacoBaHHOCTLIO. HO HecMoTps Ha To, 4To B MongoDB BbiGpaH nyTb komMnpomucca He
B MOMNb3Y COrnacoBaHHOCTK, OHA He NMONHOCTLIO OTCyTCTBYET. B MongoDB ncnonb3yeTcs Tak HasbiBaemas «Mto-
roBasi CornacoBaHHOCTbY, KOTAa B KAKOM-TO MOMEHT BPEMEHW KIUEHT MOXET YBUAETb YCTapBLUME AaHHbIE, HO B
KOHL|e KOHLOB BCE AaHHble B CUCTEME MPUMYT COrnacoBaHHOE HenpoTuBopeumBoe cocTosHue. Kak MongoDB
obecneymBaeT BbINOMHEHWE 3TUX CBOWNCTB? Ha pucyHke 2 nokasaH Habop pennukauuid, HaCTPOEHHbIN Ha obec-
neYyeHne UTOroBOM COrNacoBaHHOCTY: 3anuCh AaHHbIX BbINMOMHAETCA TONBKO Ha rMaBHbI MacTep-cepeep, a yTe-
HMe JaHHbIX BO3MOXHO CO BCEX pennvk. B cnyyae oTkasa MacTep-cepBepa, OAMH U3 CreliB-cepBepoB aBToMaTh-
yecku bymeT BbibpaH B kayecTBe MacTep-cepBepa. HewcnpaBHbli MacTep-Cepsep, B CBOKW O4yepedb, nocre
yCTpaHeHus Hemonafok aBTomatuyecku byget BblbpaH B kavecTBe cnems-cepeepa. Takke MongoDB moxert
BbITb HacTpoeHa Ha obecrneyeHne CUMbHOM COrMacoBaHHOCTM, KOrAa U 3anucb, W YTeHus ByayT BbIMOMHATHCA
TOMbKO Ha rNaBHYH PEnmnKy.
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—
YT1eHune

Puc. 2.



Ha pucyHke 3 npounmniocTpupoBaH NpUMep apXMTEKTYpbl CUCTEMbI, COAepXaLLnin YeTbipe Habopa pennu-
KaLuit, KaxabIv U3 KOTOPLIX COAEPXMT NO Tpu pennuki. MeTagaHHble, cofepxalime MHpopMaLmio 0 TOM, Ha Ka-
Kux Habopax pennuk Kakne cogepxarbCs AaHHble, XPaHATCS Ha cepBepax KOHUrypawmi.

Habop penaukaumii 1 HaGop penaukaumm 2 Habop penamukaumm 3 Habop penaunkaumin 4
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CepBepbl KOHPUIypauui,
coAepKalme MeTaaaHHble

mongos mongos KR

Puc. 3.

Takum 0Bpa3om, MOXHO CkasaTb, YTO [OKYMEHTHO-OPUEHTUPOBaHHas 6a3a AaHHbx MongoDB, xepTBys
COrMacoBaHHOCTbIO, He CTOMb HeobXoAuMMOM B BOMbLUMHCTBE COBPEMEHHBIX BbICOKOHArPYXeHHbIX Beb-
NPUNoXeHN, 06ecneynBaeT BbINOMHEHNE CBONCTB JOCTYMHOCTW U YCTOMYMBOCTM K Pa3LeNeHnto CETH, YTO BaHO
B KOHTEKCTE Takux npoekToB. MongoDB umeeT XxopoLue BO3MOXHOCTM ANs XpaHeHus u 06paboTki GonbLumx
06bEMOB AaHHbIX, MOXET 06ecneynTb NOCTOSHHBIA OQHOBPEMEHHBIN JOCTYN K CUCTEME OrPOMHOIO KONMYeCTBa
nonb3oBatenen, n MMeeT rmbKyto MoAenb AaHHbIX, KOTOpasi, B OTINYME OT TPAANULMOHHBIX pensiynoHHbx CYB[,
He orpaHnyeHa CTPoron cxeMomn LaHHbIX. [peanoxeHHoe nporpaMmHoe obecneyeHne MOXeT BbITb PAaCCMOTPEHO
B Ka4yecTBe OCHOBHOM 6a3bl AaHHbIX NpK pa3paboTke BbICOKOHArPYXeHHbIX BED-NpUNoXeHun, He Tpebyrowmx
obecneyenus BoinonHeHns ACID-TpeboBaHmit.
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