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AHHOTaNus

Cucrempl 0a3 JaHHBIX, NPHHAUISKANINE K
kmaccy  NoSQL, UCTIONB3YIOTCS s
obecrieueHust TOPU30HTAILHOTO
MaclITadMpOBaHUS JaHHBIX W paboTBl €O
CBEpXOONbIIMMH  00bEMaMK AaHHBIX. [lpu
pelieHnr  3aJad  HaJl ~ MHOXXECTBEHHBIMH
HCOAHOPOJAHBIMHU HHq)OpMaI_[I/IOHHLIMI/I
pecypcaMu HEOOXOAMMO WX HCIOJIb30BaTh. B
CTaThbe PaCCMOTPEHBI moaAxoabl K
orobpaxkennto  Mogzeneii NoSQL  pasHbix
BUJIOB B 00beKTHYIO Mojenb si3bika CUHTES,
UCIIOJIb3yeMOro B Ka4eCTBe YHU(UIMPYOLIEeH
UHOOPMALIMOHHOW MOJIENH IIpU  PElICHUH
3aa4 B Cpele HEOJHOPOAHBIX PECYPCOB.
[Nokazanbl 001IHe MPOOIEMBI OTOOPaXKEHHS Ha
NpUMepe HECKONBKUX CHUCTeM 0a3 JIaHHBIX
NoSQL u mpemyioskeH MOAXOA, BKIIOUAIOLTHN
BBISIBJICHHE CXeM 0a3 JaHHbIX, HE 3aJIaHHBIX
SIBHBIM 00pa30M, W OTOOpaKEHHsl OIepalui.
Paccmorpen ciydaii, Korma cxemy JaHHBIX
BOCCTAHOBUTH HEBO3MOXKHO H3-32 HEIOJHOW
uHpopMalMK O CTPYKTypax, XpaHHUMBIX B
0azax, WM Cnaboil CTPYKTYPUPOBAHHOCTU
JIAHHBIX.

Paboma evinonnena npu noodepycke PDOOU
(epanmor  10-07-00342-a,  11-07-00402-a) u
Ipezuouyma PAH (npocpamma 1611, npoexm 4.2).

1 BBenenue
[IpoekTsl, pabortatomme B  HHPOPMALHOHHOM
NPOCTPAHCTBE, CTAJKHBAIOTCA C HEOOXOAUMOCTBIO

TOPU30HTAIILHOI'O PACHPEENICHHs TI0 y3JaM OOJIBIIOTO
KOJIMYECTBA JaHHBIX U OBICTPOro jgoctyna kK HuM. s
pemieHust  TpoOOJIEMBI  HEPENKO — MpHOEeramT K
WCTIONB30BAaHUIO JJIsi XpaHEHHS W 0OpabOTKHM NaHHBIX
cucteM 0a3 JaHHBIX, NPHUHAMISKANMX K KIacCy
NoSQL [1]. K TakoBbBIM NPHYMCISIOT XpaHUIAIIA
«KITIOY-3HAYCHUEY», KOPTEIKHBIC CUCTEMbI 0a3 JaHHBIX C
KOJIOHOYHBIM XPAaHEHHEM, JOKYMEHTHbIC CHCTEMbI 0a3
nanHbiX. OHU KCTIONB30BAJIMCh, B TIEPBYIO O4Yepe/ib, B
MOMCKOBBIX CEPBUCAX, B KPYITHBIX COIUAIBHBIX CETAX, U
CeromHs TPHUMEHSAIOTCS B TeX TMPOEKTaX, TIC
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HEOOXOMUMO paboTaTh C OONBIIUM  KOJIHYCCTBOM
JAHHBIX WM BBICOKOHATPY)KCHHBIMU XPaHUIUIIAMUA
JTAaHHBIX.

[pu peIIeHUH HAy4YHBIX 3a1a4 HaJ
MHOXCCTBEHHBIMH ~ MH(OPMAIIMOHHBIMH ~ PECypCcamu
TaKXKe MPUXOINUTCS CTAIKMBATHCA ¢ 0a3aMH JaHHBIX Ha
ocHoBe NoSQL. [lns wmHTerpamuu 0a3bl JaHHBIX B
Cpelly pemIeHus 3adady  HEeOoOXOAMMO IOCTPOHUTH
oToOpaxkeHne cxeMbl 0a3bl B KOHLENTYaIbHYIO CXEMY
3agayn. C  1eABI0  paspelieHUs  MOJENBHOM
HEOIHOPOAHOCTH MeXIy crenupukanusiMu — 0asbl
JaHHBIX W 3aJa4d MOJCIb JaHHBIX CHCTEMBI 0a3
maHHbIX  NoSQL  momkHa OBITH OTOOpaXkeHa B
HEKOTOPYI0  YHUQUIMPYIOIIYIO LENEBYI0  MOJEb,
UCIONB3yeMYI0O Ha ypOBHE Clenu(UKaIMil penraeMoi
3anaun. OJHAKO MyTh TAKOTO OTOOpa)KeHUs] HE BCeria
SBIISICTCS OUYEBUAHBIM, TaK KAaK B MOJAEISIX JaHHBIX

CHCTEM 0a3 maHaeix  NoSQL HapsIy co
CTPYKTYPHUPOBaHHBIMH JTAHHBIMH MOTYT
MPUCYTCTBOBAThH claboCTPyKTYpHUPOBAHHBIC H

HECTPYKTYPUpPOBaHHbIE, cxema 0a3bl 4Yalle BCero He
uMeeT crenupuKaluk, a Mpearnoyiaraercsi HesBHO,
MOXET  ObiThb  HE()UKCHPOBAHHOW,  W3MEHsAEMOM
JTUHAMUYECKH, MOXET coaepxaTh CIIO)KHBIE
MeperUieTeHNsT AK3EMIUIAPOB JaHHBIX M CTPYKTYPHBIX
3JIEMEHTOB.

CraThsi TOCBSIIEHA HCCIEIOBAHUIO OTOOpPaXKEHUs
Momeneil gaHHBIXx NoOSQL pa3in4HbIX BHIOB B
O00BEKTHYIO MOJIeIb SI3BIKA CHUHTE3 [3],
UCTIONIB3YyeMYI0 B KadecTBE KaHOHUYECKOH MOJEIH
MPEAMETHBIX MOCPETHUKOB ISl PElIeHHus 3agad Hal
MHOXECTBEHHBIMI HH()OPMAIMOHHBIMU pecypcaMu. B
paznene 2 onmcaHbl OOIINE MPUHIHITHL, TIOIOKEHHBIE B
OCHOBY TOCTpoeHHs cucteM 0a3 maHHBIX NoSQL m
aHaJIM3 TOTO, KaK OIMCAHHBIC NPUHIIMIEI BIHAIOT Ha
oroOpaxkerne mozeneil maHHpIXx NoSQL B meneByro
MoIens 3amaun. B pasmene 3 TpHWBEOCHBI KpaTKHe
cBeneHnd 00 OOBEKTHOM MOIENM JAaHHBIX S3BIKa
CHHTES3, ucnons3yeMoii B cTaThe B Ka4eCTBE LIEIIEBOM
npu oToOpakeHWMH Mopenei. B pasmene 4 ommcaHBI
BO3MOXXHOCTH MOJETH JAaHHBIX CHUCTEMBI 0a3 IJaHHBIX
«xmou-3HageHne» Oracle NoSQL w  mokaszaHb
TIPHUHIIAIIEI OTOOPaKSHUS TaHHON MOJIETTH B O0BEKTHYIO
moznenb s3pika CHMHTE3, o6o3HaueHbl IpoOiemMsbl
Takoro oroOpaxkeHns. Pazgmensl 5 w6 TOCBSIMIEHBI
WCCIIEZIOBAaHHUIO CHUCTEMBI C KOJOHOYHBIM XpaHEHHEM
Cassandra W JOKyMEHTHOM CHCTeMbl 0a3 JBIHHBIX
MongoDB. B pa3nene 7 caemansl BBIBOABI 00 00ImImX
npobnemax oToOpaxkeHust cucreM 6a3 maHHbIX NoSQL



PAa3HBIX KJIACCOB, O MOAXO0AaX K 0TO6pa)KeHI/IIO MO].'[eJ'IefI
B TEX CiIy4dasax, Korjga HE yﬂaéTCﬂ BBIJICIIUTH

(PMKCUPOBAHHYIO CTPYKTYPY AaHHBIX.

2 O0mme NPUHIUIBI NOCTPOEHUSI CHCTEM
0a3 1anHbIX NoSQL

Texuomornu NoSQL HampapiieHbl Ha OOeCHICUCHHE
TOPU30HTAJILHOIO MAaclITaOUpOBaHUsI M JOCTyNa K
JAHHBIM CBEpPXOONBIIMX OO0BEMOB WM paboTy C
BBICOKOHArpy)KEHHBIMH 10 YTEHUIO WA OOHOBJIEHHIO
JAaHHBLIMHA, OHM  4YacTo  oOecmeuuBaroT  Oonee
TIPUEMIIEM VIO TIPOU3BO/IUTEIBHOCTh MIPOCTHIX
orepanyii, 4eM peNSMOHHbIE CHCTEMBbI 0a3 JaHHBIX.
Cucrembl 0a3 gaHHbIX NOSQL, B  OCHOBHOM,
TONB3YIOTCSl  CIEAYIOIUMH TPHHIMIAMH DPabOThI C
JAHHBIMH.

B NoSQL npomsomén oTka3 OT TaOJIUYHON
OpraHM3allMM JIAHHBIX, XPaHUMBIX 110 KOPTEXaM, 4YTO
no3BoJisieT u30exarh oOpalieHui K IEeIbIM KOpTeXam,
€CJIM HEOOXOAMMO TPOYMTATH TOJNBKO HEKOTOPHIE WX
KOMIOHEHTHI. J[7s1 OBICTPOro moucka HeoOXOAUMBIX
JaHHBIX OHM OpraHu30BaHbl B BHUAEC TIap «KJIIKOY-
3HA4YeHHe», ISl JIOCTyNa K 3HAYSHUSM [0 KIIouYam
UCIIOJIb3YETCs TPUHIIMIT Xem-Ta0nuil. g Haa&KHOCTH
U (QU3MYECKOro pachpeeseHusl Mo Yy3JiaM JIaHHbIe
MOTYT OBITh CBSI3aHBI C ONPENENEHHBIM Y3JIOM WIH
PEIUTUIIMPOBATECSI HA HECKOJBKO Y3JIOB C ITOMOIIBIO
MEXaHM3MOB, TaKHX KaK pachpeAeiCHHbIe Xell-
tabmuips (DHT) [7].

Tak kak oOpallleHus] TPOU3BOISTCS TOJNBKO IO
KIII0YaM, TO YIPOLIAETCS W S3BIK MaHHUITYJIUPOBAHUS
naHHbIME. OOBIYHO HCIIONB3YeTCs HAOOp Omnepaiuii,
nopo0ueii CRUD (Create/Read/Update/Delete) [4]. B
3aBUCUMOCTH OT OPraHU3aLM{ KIIIOYEH U 3HA4YE€HUU Ha
OCHOBE OIepanuii MoryTt coctaBisaThes SQL-nmogobubIe
3ampockl, OMHAKO M OHU JOJDKHBI YKJIAJbIBATHCA B
oOpallieHHe 1Mo KITFYaM.

OOpalieHre Mo KJIOYaM BHOCHT CYIIECTBEHHBIC
OTpaHHYEHUS B BO3MOXHOCTSIX 3aIllpOCOB, KOTOpEIE, B
pe3yapTaTe, BIUSIOT Ha OpPraHM3aLHUI0 JaHHBIX. B
OONIBIIMHCTBE CHUCTEM BO3MOXKHBIE PA3HOBHIHOCTH
3aIpOCOB, HWCIOJB3YEMBIX TP peIIeHHH 3ajad,
JOIDKHBL OBITH HM3BECTHBI 3apaHee. Te maHHBIE, IO
KOTOPBIM HEOOXOIMMO OpPTaHU30BATH ITOWCK, TOJKHBI
OKa3aThCA KIIOYaMH B HEKOTOPBIX Tapax «KII0Y-
3HAa4YCHHE», a WCKOMBIC JaHHBIE — 3HaueHWsAMHU. J{is
3TOro  (OPMHUPYIOTCS ~ BCIIOMOTraTeNbHbIE  MapBhl,
IyOIMUPYIOIINE JaHHBIC B Pa3HON OpPTaHU3AINH KITFOYeH
u 3HadeHud. DaxkTHueCKM OHM pPEaTu3ylT Hal
MAaHHBIMA B OCHOBHBIX Iapax MaTepHaIN30BaHHBIC
B3TJIS/ABI, KOTOpPBIE MOJDKHBI  (DOPMHUPOBATHCS B
COOTBETCTBHHM C JAaHHBIMH B OCHOBHBIX IIapax TIpH
Ka)KIOM UX OOHOBIeHHH. TakuM 0O0pa3oM, MPOUCXOJUT
caBUr OOpabOTKM 3ampocoB Ha JTam  OOHOBICHHS
JaHHBIX, YTO YCIOXXHSET OOHOBJIEHHE, HO IO3BOJISET
ObICTPO BBINOJNHATH YTEHWE JAAHHBIX. Vcronmb3yercs
KypHaJbHas CTPYKTypa OOHOBJIEHHWH, TPH KOTOPOH
HeoOXoanMBble  OOHOBIICHHS  OydepusyloTcs |
pacIpocTpaHAIOTCST HA HEOOXOAMMBIE Y3JIBI 10 Mepe
BO3MOXKHOCTH. Omnepanuy 4YTeHHS HCHONB3YIOT YKe

HMMEIOLIUECS JaHHbIE, Ja)Ke €CIIU 3TU JaHHbIE OXKUAAIOT
OoOHOBJICHUS.  HempoTHBOPEYMBOCTh  OOHOBIISIEMBIX
JIAHHBIX TapaHTUPYETCs TOIbKO KOHEUHasl.

Knroun u 3HayeHHss MOrYyT HMMETh Pa3INYHYIO
CTPYKTYpY ¥  OpPraHM30BBIBATbCS B  pa3jIMYHbIC
CTPYKTYphl B pa3HbiXx cucreMax. C TOYKH 3peHus
MOJIeIeH TaHHBIX CHCTeMBI 0a3 JaHHBIX NoSQL MoxkHO
pa3enuTh Ha CIeIyIOIINe OCHOBHBIE KIIACChI:

e 0asbl JIaHHBIX «KIFOY-3HAYCHHE», OCHOBAHHBIC
HampsIMyl0O Ha TMapax KIo4Yed W 3HaueHul, B
KOTOpBIX, OJIHAKO, W KIIOYH, W 3HaueHus,
BO3MOXXHO, Oymyr  WMeTh  ONpenenéHHYIo
CTPYKTYPY WIH OBITh CIIa00CTPYKTYpPHUPOBAHHBIMH;

e 0a3bl JaHHBIX C KOJIOHOYHBIM XpaHCHUEM, B
KOTOPBIX C OJJHHUM KJIFOUOM CBSI3aH HA0Op KOJIOHOK
3HAYCHHUH, MMECIONIMX HMCHA, U TaKHUM 00pa3oM,
UMUTHPYETCS TaOIMYHAS OPraHU3aIHs;

® JIOKYMEHTHble 0a3bl JIaHHBIX, B  KOTOPBIX
pas3pereHsI HepapxudecKue CTPYKTYpBI,
OCHOBAaHHBIE Ha BIOXKEHHBIX Mapax «KJII0Y-

3HAYCHHUE», TO €CTh, 3HAYCHHWEM JIIOOOH maphl
MOXET CTaHOBUTHCS TOCJIENOBATENILHOCTh —Map
KJIFOY 3HAYCHUE.

Te pemeHus, KOTOpbIE HUCHONB3YIOTCA NS
JOCTHKECHUS pacrnpenenéHHOCTH, BO3MOXXHOCTH
WHTEHCHBHOIO 4YTEHHS W 3alliCH, OCOOEHHOCTEH
obecrieyeHnss  IEOCTHOCTH  JAHHBIX,  SBIISIOTCS

NPO3pavyHBbIMKM U1l TI0JIb30BaTesed, paboTalomMX C
cucremamu 6a3 gaHHbix NoSQL. To, 4uro mmeercs B
pacHopsKEHUH y TI0JIb30BATENs, BKIIOUAET HEKOTOPBIM
00pa3oM OpraHM30BaHHBIC CTPYKTYphl Ha OCHOBE Map
«KITIOY-3HAUCHUE» W OOBIYHO MPOCTOH HHTEpderc K
HHM.

IlosTomy Ha oTOOpaxkeHHe MoAeNell JaHHBIX
cucteM 6a3 naHHbIX NoSQL B wuH(pOpManHMoOHHYIO
MOZIENb, HCIOIB3YeMYIO JUId pEIIeHHd 3aJad Haj
MHOXXECTBEHHBIMH ~MH(OPMAIMOHHBIMH ~ PECypCaMH,
BIMSET TOJBKO OpraHM3allksg CTPYKTYpPBl HAaHHBIX H
cocTaB onepauuii cucremsl. OCTanbHbIE UCIONb3yEMbIE
OPUHIMIBL  PaclpenenéHHoe XpaHEHHe, CIIOCOOBI
OOHOBJIEHMSI HAaHHBIX, — CKPBITBI 3a HHTepdelicoM
CHCTeMBI 0a3 TaHHBIX U Ha OTOOpaKCHUE HE BIIHAIOT.

Kak B TpagumoHHBIX cucTeMax 0a3 JaHHBIX, TaK U
B cucremMax 6a3 maHHbIX NoSQL mpu permreHun 3amadn
0TOOpa)KeHHST MOZIETIEH CTPOUTCS OTOOpaKEHHE S3BIKOB
OIPECICHNS ¥ MaHUITYJIUPOBAaHUS JaHHBIMU. B ciryuae
mozmeneit NoSQL Momens He ompememnsieTcs CXeMOu
JaHHBIX B SIBHOM BHJE, W OTOOpa)XKEHHE Ha YPOBHE
A3bIKa  OMpPEIENEHUs  JAaHHBIX  CTAIKHWBAeTCA C
orcyrcTBueM e€ omumcanus. WHTepdeiic mpuimoxeHus,
paboraromero Hax 06a3oii, obecneumBaer Oolee
BBICOKHH YpOBEHb CEMaHTHKH JaHHbIX. OJHAKO
TPWIIOKEHUST CO3JAFOTCS ISl PELICHUs OINPEeIeIEHHBIX
3a/a4, ogHa 0a3a JaHHBIX MOXKET MCIONB30BATh B PSIE
MPWIOKEHUH, HE BCErja Ha YPOBHE NPUIOKEHUH
MPEOCTABISIOT JIOCTAaTOYHbIE CPENCTBAa JOCTyHa K
JaHHBIM 711  OTOOpaXXeHHsT CXeM W TpPaHCISIIUH
JaHHBIX. [loaTOMy, HEecMOTps Ha HeEONpeaeaEHHOCTb
CXEMBI, TIPEACTABISAETCS OMNPaBJAHHBIM BBISBIICHHUC
CTPYKTYpPBI JaHHBIX M3 JOCTYITHBIX MCTOYHHMKOB: KO/A
MPWIOKCHUS, TOKYMEHTALUH, 3HaHUHA co3iaTens Oa3bl



U TPWIOXKEHHs, aHajiu3a CcaMHUX JaHHBIX, — U
oTroOpakeHHe Mojelel Ha YpOBHE OIlepalyii CHCTEMBI
0a3 TaHHBIX.

OtoOpakeHHe MoJeNnell C yJacTHeM MoJjeien
NoSQL, B ocHOBHOM, BOCTpeOOBaHO B 0OpaTHOM
HANpaBICHUU: U3 MPOU3BOIBHBIX Mozeneil B NoSQL.
[Ipu oToOpaxkeHUH pensAMoHHON Mozenu B NoSQL
pa3pabaThIBarOTCS crocoObl mpeacraBicHus B NoSQL
JaHHBIX, paHee TNPEICTABICHHBIX B PEISLUOHHOM
MOJICTIM U UMHTAIMSl ONepanuii pelsiinoHHON anreOpsl
B Mmozaensx NoSQL [6]. OrobpaxkeHnue 0OBEKTHOM
mojenn B NoSQL wuMeer 1enpl0 HCCIIEIOBaTh
NIPE/ICTaBlIeHNE OOBEKTOB TIpH  paboTe  S3BIKOB
nporpaMmupoBanus ¢ 6azamu qaHHbx NoSQL [5]. Tlpu
9TOM TOMYEPKHUBAETCS OTCYTCTBHE JOPOTOCTOSIIETO
00BEKTHO-PENSIIIMOHHOTO ~ OTOOpa)XXeHHs, C KaKhM
MIPUXOJUTCSL CTAJIKUBAThCS TpU padore B s3bIKaX
MIPOrPaMMHPOBAHUS C PEISILMOHHBIMKE CHCTEMaMK 0a3
JIAHHBIX.

3 CBenenusi 00 00LEKTHOM MOIEJIH JAaHHBIX
sa3pika CUHTE3

SAzpik CMHTE3 [3], ucnonme3yemblii B JaHHOM
CTaThe B KaueCTBE IIEJIEBOr0 sI3bIKA MPH OTOOPAKEHHH
MOJICNICH MaHHBIX, SBJISETCS S3BIKOM CHEIU(pHKAIINH
UH(OPMALMOHHBIX PECYPCOB M BKIIOYAeT B KauecTBE
CHUHTaKCHYECKOW OCHOBBI SI3bIK ()PEHMOB, TOCTPOCHHYIO
HaJ HUM OOBEKTHYIO MOJENb M CPEACTBAa BBIPAKEHUS
JIOTHYECKUX (POpMYJI.

@peiiMbl UMEIOT HIEHTHGUKATOP U HAOOp CIIOTOB,
KaXKIBI U3 KOTOPBIX MOXKET MMETh HaOop 3HaueHHH
cinora. SI3bik QpeliMOB MO3BOJSIET CrEeU(UIIMPOBATH
MeTa(peldMbl, METaclnoTsl U MeTa3Ha4eHHs, KOTOpbIE
caMu oInpeaernsorcs kKak ¢peiimMel. CpencrBaMu si3bIKa
(GpeliMOB  BBIPQXAIOTCS ~ IPOM3BOJIBHBIE  BHJBI
nHpopManuK, B TOM YHCIIE, CIa00CTPYKTYPHPOBAHHBIE.

OObekTHasE MOZENb paccMaTpuBaeT (peMbl Kak
TUNU3UPOBaHHbIE 3HauYeHUsA. OpeliM MOXKET OTpakaTb
COCTOSIHHE OOBEKTa ONpENeIEHHOr0 THIA, B 3TOM
cllydae, €ro CTPyKTypa JOJDKHa COOTBETCTBOBATb
criel(pHUKaMi  HEKOTOPOro aOCTpakTHOrO THIIA
OaHHBIX. [loMuMO aOCTpPakTHBIX THUIIOB JaHHBIX,
ONPEeNeISIIOIINX CTPYKTYPY M TOBEICHHE OOBEKTOB,
BBOJIATCS TaKoKe KJIACCHI KaK MHOXECTBA OJHOTHIIHBIX
00beKTOB. DpeiiM MOXKET CTAaHOBUTHCS SK3EMIULIPOM
KJIacca, €cId COOTBETCTBYET THITYy K3EMIUIIPOB ITOTO
KJacca.

Azpix popmyn B s3eik CUHTE3 ucnone3yercst mist
NPeITUKATHBHBIX crienupUKaui, 3aJJal0IIHIX
OrpaHUYEHUS LEJTOCTHOCTH B THIAX, IJIS ONpPENeNICHUS
NpaBWI B JIOTMYECKUX IporpaMMax M IS 3aJaHus
3alpOCOB  HaJX  CrHenupUKAIMSAMH 33734 WIH
WHPOPMAIIMOHHBIX PECYPCOB.

[lepeuncneHHBIMH CpENCTBAMH W JOJDKHBI OBITH
BBIDAXKEHBI  CICIHM(HUKALMK,  OTOOpPaXXEHHBIE W3
moneneit maHabix NoSQL. INompoOHBIE cBenmeHus o
si3pike CUHTE3 moxHO mouepnayTh U3 [3].

4 OToﬁpameHne MOJECJHN JaHHBIX «KJII0Y-
3HAYCHHUC)

PaccmoTpenune oTtoOpakeHHsT Mofened TaHHBIX
NoSQL B o6wsekTHYIO MOzenb s3bika CUHTE3 Hauném
¢ otobpaxeHus cucrembl 0a3 maHHBIX Oracle NoSQL
[9]. DTa cucrema OTHOCHTCS K Kiaccy cuUCTeM 0a3
JIAHHBIX «KITI0Y-3HAUYCHUEY.

XpaHUMBIMH JJIEMEHTaMH B JIAHHOM CHCTEMe
SBJSIFOTCSL  KJIIOYM W 3HaueHus. Kiroum sBISFOTCS
COCTaBHBIMH W Pa3JeNISIOTCS Ha CTapIIMi K04 (major
key) 1 mimammii xirroy (minor key).

Crapumii KIII0Y IIPEJCTaBIIsACT coboit
MOCIIeIOBATeNbHOCTE M3 OAHOrO Wik Ooree
KOMITOHEHTOB, SIBIISIIOIIMXCS cTpokamu. [lo crapmiemy
KJIFOYY, TOMHMO TIPOYEro, IPOM3BOJHUTCS BBIOOP y3I1a B
KJIacTepe, TaKk YTO IMapbl, Y KOTOPBIX CTapIIHe KIIIOYH
COBIAJAl0T, T'apaHTHPOBAHHO OyIyT HAaXOAWTBHCS Ha
OJTHOM U TOM XK€ y3JI€.

Munanaumii KIIIO4 TaKxke SIBJISIETCS
TMOCIIEI0BATENLHOCTBIO CTPOK, OJHAKO OH MOXET OBITh
U NyCTBIM. BmecTe co crapmium KIFOUOM MIaAIIUi
KJIFOY OIpeAeNseT yHUKAJIbHOE 3HAYeHWE KIoYa, C
KOTOPBIM B 0a3¢ MOXKET OBITh CBSI3aHO OJTHO 3HAYCHUE.

3nauenns B mapax Oracle NoSQL moryr ObITh
Npou3BOJIbHBIMUA. OHHM PaccMaTPUBAIOTCS KaK CTPOKH
0alTOB, ¥ B HUX MOTYT OBITh 3alHCaHbl JaHHbIE C
m000i  CEeMAaHTHUKOW,  CTPYKTYpHpPOBAaHHBIC WU
HECTPYKTYPHUPOBAHHBIC, CEPHAIN30BAHHBIC.

CoctaB  s3pIKa  MAHUIYJIHPOBAaHUS  JTaHHBIMU
COOTBETCTBYET YIIOMSIHYTOMY BBIllie HA0Opy oreparuii
CRUD, nMeHOBaHHBIX ITO-CBOEMY.

Onepanus put(k, v) 3anuceiBaeT B 0a3y 3HaUY€HHE V
no kmody k. OHa HMCHONB3YeTCsl OJHOBPEMEHHO JUIs
BCTaBKM M OOHOBIICHHS MJAaHHBIX. B s3BIKe ecThb
YCIIOBHBIE BapHaHThI JaHHOW onepanumu: putlfAbsent —
CO3/IaHUE TIapbl, €CIM TAaKOW K04 He HaijieH B Oa3se,
putlfPresent — 0OHOBJICHHE 3HAYCHUS, €CITH TAKOW KITFOY
npucyTcTBYeT B 0Oase, a Takke putlfVersion — s
paboThI ¢ BepcHsIMH 3HAYCHHUI.

Oneparys get(k) YHUTAET 3Ha4YeHUE,
COOTBETCTBYIOIIEE KITIOUy k. Onepanust
MHO)KecTBeHHOro utenus: multiGet(k, r) uuraer mapbl
«KITIOY-3HAYCHUE», COOTBETCTBYIOILIME  HEIONHOMY
wirouy k, 3ajgaomieMy  TONBKO 4YacTh  IEPBBIX
KOMITOHCHTOB TMOJIHBIX KIIOUe, B T Hajaraworcs
YCIOBUSI ~ HAa  3HAUCHMS  KOMIIOHEHTa  KJIIOYa,

CIIEYIOIIETo 32 KOMIIOHEeHTaMH, 3alaHHBIMU B K.

CHHCOK CYIIECTBYIOIIMX KIFOUYeH, XpaHAIIUXCS B
0ase, He 3aTparvBasi COOTBETCTBYIOIIME UM 3HAUYCHUS,
MOXXHO  NPOYHMTaTh €  TOMOIIBIO  ONEpalu
multiGetKeys (k, r).

Omnepamusa  delete (k) ymamser w3 6a3el mapy,
COOTBETCTBYIOIIYIO KITIOTY k. Omneparus
MHOxecTBeHHOro yrnameHus multiDelete (k, r) paboraer
C TTapaMeTpaMH TI0 aHaJIOTHH ¢ orepanueii multiGet.

[IpuBeném mpumMep crierupuKauy Ha s3bIKe Java,
paboraronuii ¢ naTepdeiicom cuctemsr Oracle NoSQL.

List<String> majorComponents = new ArrayList<String>();
List<String> minorComponents = new ArrayList<String>();



majorComponents.add("Smith");

majorComponents.add("Bob");

minorComponents.add("phonenumber™");

minorComponents.add("home");

Key myKey = Key.createKey
(majorComponents, minorComponents);

String data = "555 5555";

Value myValue = Value.createValue (data.getBytes());

kvstore.put(myKey, myValue);

ValueVersion vv = kvstore.get(myKey);

Value v = vv.getValue();

String data = new String(v.getValue());

B nmaHHOM TipuMepe Ompenensercs CTaplidil KoY
“Smith/Bob”, cocTosmmii U3 ABYX KOMIIOHEHTOB, H
MJIaIIMHA Kirou “phonenumber/home”, Taxke U3 ABYX
KOMITOHEHTOB. [IONHBINA e KIII0U COCTaBJISIET CTPOKY:
“Smith/Bob/-/phonenumber/home”. B nanHom ciyuae,
CTapUINi KITF0Y OMpeensieT UMs U (paMUITHIO YeToBeKa,
K KOTOPOMY OTHOCSTCS JAaHHbIC, a MIQJUINA KITHOY —
MYyTh B CTPYKTYpE, OMUCHIBAIONICH BH JAHHBIX 00 3TOM
YenoBeKe, B JAHHOM ClTydae, B 3HAUCHHH, CBI3AHHOM C
JMAHHBIM  KJIIOYOM 3allMCaH JOMaliHui  TenedoH
YeoBeKa.

Ha s3pike JSON [2], KOTOpBI YacTo MCHONB3YeTCs
JUTS npeACTaBICHUS nap, TaKUM obpaszom
omnpeensieMble JaHHBIE MOXXHO 3aITHCaTh CIEYIOIIUM
obpazom:

{"Smith/Bob/-/phonenumber/home": "555 5555"}
{"Smith/Bob/-/phonenumber/mobile": "333 3333"}

dakTUYeCKH  KJI0YaMu
HepapxudecKkasi CTpyKTypa:

ompenensercs  HEKOTopas

Smith
L Bob
L phonenumber
|:home: "555 5555"
mobile: "333 3333"

To, 4To Tak pacnpeleNneHbl CTapliuil U MJIaJIINNA
KJIFOUH, TapaHTUPYeT, YTO BCE JaHHbIE 00 OJHOM U TOM
XKe JeloBeKe OyIyT BCera XpaHUThCSA Ha OJHOM Y3II€.

KacarenbHOo = OoTOOpa)KeHUs ~ MOAENM  JAaHHBIX
cucteMbl Oracle NoSQL B memeBylo Mozems,
ompenenénuyto si3pikoM CUMHTE3, MOXHO 3aKITIOYHTS,
YTO pa3indue MEXKIy CTapliuMH W MIAALINMHA
KIIOYaMH HHMKaK HE OTpakaeTcs Ha OTOOPaKCHUH.
[lonHpIl KIHOY paccMaTpuBaeTCsl Kak CHOMCOK CTPOK.
OpmHako TIPUBENEHHBIN TPHMEP TIOKa3bIBaeT, YTO
CIIO)KHOCTH ~ OTOOpakKeHHsT OyAeT 3aKiIiouaThCsl B
CEeMaHTHKE JTHX KOMIIOHEHTOB. B mrobom wmecte
COCTaBHOTO KJfo4a MOryT ObITh maHHBIE (“‘Smith”), a
MOTyT OBITh (PUKCHPOBAaHHBIE WMEHa B CTPYKTypax
maHAbIX (“phonenumber”).

3710, B CBOIO OYepedb, O3HAYAET, YTO IMOTHOCTHIO
aBTOMAaTHYECKOE OTOOpa)XeHHE B OOBEKTHYIO MOAEINb,
YUHUTHIBAIOIIEE TaKyko CTPYKTYPY JTAHHBIX,
OopraHuzoBaTth OyzmeT cinoxHO. Ecnmm oroOpaxeHue
3aBHCHT OT CEMaHTHKH CTPOKOBOTO 3HA4YCHHS B
KOMITOHEHTaX KJII0YeH, TO MPaBHIbHOE OTOOpakeHHE C
YBEPEHHOCTHIO MOXKET ONPEJIENTUTH TOJIBKO HKCIIEPT.

[TosToMy B 11€/IOM, €T BO3MOXKHO OTOOpakeHUE U
TPAHCIISANNS TaHHBIX Ha YPOBHE MPUIOKECHUS HaJ| 0a30i
JaHHBIX, TO TPEIIOYTHTENIFHO MCIONb30BaTh ATOT
ypoBeHb. B 3ToM cirygae ocobeHHOCTH Momenu NoSQL
TepsArOTCA 3a wHTEepdeiicom mnpwiokeHus. Ecmm
NPWIOKEHHE HE TO03BONSET OTO CHeNaTh, JUIA
oroOpaxkeHuss Momenu maHHeIXx NoSQL Ha ypoBHE
S3bIKAa MaHWIYJIUPOBAHUS JaHHBIMA B MOJIENb SI3BIKA
CHUHTE3 HeobOxomumo chOpMUpPOBATH CTPYKTYpHI, B
KOTOpble OyayT mpeoOpa3oBBIBaThCS JaHHBIE, W
0TOOpa3uTh ONepalud MaHUITYJIUPOBAHHS JaHHBIMH.
WHTepec wmcciienoBaHusl IMPEICTAaBISCT MOCIEAHUH
CITy4Jaif.

4.1 ®opmMupoBaHHe CTPYKTYPhI JaHHBIX

[lepBbIM nenmom, Juisi  OTOOpaXKEHUS CTPYKTYD
JIAHHBIX, XpaHsmmxcs B 0a3e maHHbIX Mojaenu Oracle

NoSQL, BaxHO TMOHATh, KaKWe W3 KOMIIOHCHTOB
KIIIOYeH  SABJISIOTCS  JUIsi  OOBEKTHOW  MOJEIH
sk3eMmuigpamu  (“Smith™), a Kakue OmpenenstoT
atpuOyThl  cTpykTyp (“phonenumber”). [Ins storo
HEO0XO0TUMO pa3o0parhbest B 0COOEHHOCTSIX
WCIIONIb30BaHUsSI ~ KOMIIOHEHTOB  KJIIOYEH  pa3HOU
CTPYKTYPBIL

Haubonee BepHBIM pelIeHHEM MOXET OBbITh, €CIU
IKCIIEPT YKaXKET, Kakue M3 3HAa4eHHH KOMIIOHEHTOB
SBIISIFOTCSI (MKCHUPOBaHHBIMU u OIIPEETISIIOT
CTPYKTYpY, a Kakue — JaHHbIMH. [[ns (UKCHpOBaHHBIX
3Ha4eHUMH  KOMIIOHGHTOB  TaKXke HE0o0X0ANMO
OIPEICNNTh, KAKME U3 HUX SIBJISIOTCS IOYEPHUMHM JUIS
JpYruX, TO €CTb CBS3aHHBIMH C ONpPECIEHHBIMU
3HaYEHHEM POJUTENILCKOI0 KOMIIOHEHTAa. OJKCHEpPT
MOXET PELINTh 3TH 33Jja4ll HA OCHOBaHWH aHAIIN3a:

e  [PUMEPOB KIIIOYEH,

®  JIOKYMEHTAllMH K 0a3e JaHHbIX,

e  KOja mpwiIoKeHui, paboraronmx ¢ 6a3oii JaHHBIX;
®  IOroBy» omepanuii oopameHus k 6ase.

BosmoxxHa M yacTH4Has aBTOMAaTHU3ALIMS.
VHTYUTHBHO, €CIT KOMIIOHEHT MMeeT (PMKCHUPOBaHHBIHA
Habop 3HAa4YCHMH, KOTOPBII K TOMY J>K€ CBfA3aH C
€IMHCTBCHHBIM OIPEICIEHHBIM 3HA4YE€HHEM JPYToro
KOMITOHEHTa, OH MOKET OKa3aTbCsl ONPEACIIIONINM
CTPYKTYPY [HaHHBIX. Takyl0 CTaTHCTHKY MOXHO
HaOpaTp B camoil 0ase, 3ampamuBas B HEH KIIIOYH.
OmHaKO CTAaTHCTHUYECKHAI TMOAXOH MOXET OBITh
JOPOTOCTOSIIUM M MPU 3TOM HE TapaHTHPOBAThH
TOYHOCTh pPE3yNbTaToB. B mo0oMm citydae, 3KcmepT
JOJDKEH TOATBEPINTH PE3YNbTaThl CTATHCTHIECKOTO
aHanu3a. B maHHOH cTaThe JAeTadd BO3MOXKHOI'O
CTaTHCTHYECKOTO MOAXO0AA HE PACCMATPHUBAIOTCS.

Iocne TOTO, KaK BBISICHEHA npuposa
(DMKCHPOBAaHHBIX 3HAYCHWH KOMIIOHEHTOB KIIFOUEH,
MOXKHO TIEPEXOIHUTh K OTOOPaKEHUIO CTPYKTYPHI 0a3bl

JaHHBIX. MOXHO BBIIEIHTh CIENYIOIINe IpaBUia

0TOOpaKEHHUS:

1. CpsBaHHBIE TIO CTPYKType KIIOYeH  Iapsl
orobpaxatorcsi B kiaccsl (Classl, Class2, ...) u
TUMB WX OK3eMIUIipoB. Ecmm  Kakod-mu0o
KOMITOHEHT  KJioda (HUKCHpPOBaH W HMEET



€JMHCTBEHHOE 3HAUYEHHE B IMOJOOHBIX KIIIOUAX, TO
OH CTAaHOBHTCSA HMEHEM KJlacca.

2. B cooTBeTcTBHE KOMIIOHEHTAM KJIIOYEH, IMEIOIINM
HE(UKCHPOBAHHBIC 3HAYCHUS, CTABIATCSA ATPUOYTHI

TUIIa  DK3EMIUIIPOB KJacca (majorKeyl,
majorKey2, ..., minorKeyl, minorKey2, ...).
3HavyeHWss KOMIIOHEHTOB CTaHyT MpU  3TOM
CTPOKOBBIMH 3HaYEHUSIMHU aTpUOyTOB. OHAKO MpH
W3BECTHOH CEMaHTHKE KOMIIOHEHTOB KIIIOYer
BO3MOXKHO 3aJiaBaTh Jpyrue THUIBI aTpHOYTOB H
npeoOpa3zoBaHue CTPOKOBBIX 3HAYEHUH

KOMIIOHCHTOB KJIFOUeH K HHM. ATPHUOYTHI MOTYT
AMETh MyCTOC 3HAUCHHE, CCIM KOMIOHEHT KITF0Ya
HE OnpeeEH B HEKOTOPHIX Mapax.

3. Ecim B KkadecTBE  KOMIIOHEHTa  KJIOo4a
UCTIONB3yeTcs (UKCHPOBAHHOE 3HAUCHHE, €ro
cleayeT — choenath  aTpUOyToM ¢  HUMEHEM,
COOTBETCTBYIOIIUM 3HAYCHUIO  KOMITOHCHTA.
CormocraBieHue aTpuOyTOB CO 3HAUCHHUSIMHU OyIET
3aJ1aHO TIO3XKeE.

4. Ecmm ans
3HAYCHUEM
(UKCUpOBaHHbIE

KOMIIOHEHTa €  (PUKCHUPOBAaHHBIM

CYIIECTBYIOT JIo4epHue

KOMITOHEHTHI, TO €CTb,
(bUKCUpOBaHHbIE 3HAYCHUS CBSI3aHBI c
C€AUHCTBCHHbBIM OHpe}leHéHHBIM 3HAYCHUCM
JAHHOTO  POIUTENBCKOIO  KOMIIOHEHTa,  TO
co3naéres OJTHOMMEHHBIN co 3HA4YECHUEM
POAUTENBCKOTO KOMIIOHEHTa aOCTpaKTHBIM THI
JaHHBIX C aTpubyTamu, COOTBETCTBYIOLIMMH
(UKCHPOBaHHBIM 3HAYEHUSAM JIOYEPHEro
KOMIIOHEHTA. ATpubOyT, MOPOXKIEHHBIN
POAUTENBCKMM KOMIIOHEHTOM, TpHOOpETaeT B
Ka4yecTBe TUIAa 3HAYCHUI CO3JIaHHBIA aO0CTPAKTHBIN
TUII JJAHHBIX.

5. 3HayeHWe Tmapel OTOOpakaeTcs B  3HAYCHHUE
aTpuOyra, COOTBETCTBYIOILIETO MOCIIEAHEMY
(UKCUPOBAHHOMY 3HAUeHHIO, y KOTOPOrO HeET
JOYEPHUX KOMIIOHEHTOB. JInbo, eciiu TakoBOro He
HET, TO 3Ha4YeHHe Mapbl oToOpa)kaercs B aTpulyT
value. Turom 3HaueHHs1 aTpHOyTa MO YMOTYAHHIO
sisiercst  ¢peiim  si3pika CMHTE3. Heobxomumo
3HaTh Crmocod mpeoOpa3oBaHMs 3HAYCHUI BO
¢peiimpl.  Ecnim BBISIBUTH  Takol  croco
HEBO3MO)KHO, 3HAUEeHUsS OymyT mMeTs Tun Bitstring
si3pika CUHTE3. 3HaueHns MOryT IPHUBOAUTHCS K
MOOBIM JIPYTHM THIIAM B 3aBHCHUMOCTH OT HX
W3BECTHON CEMAHTHKH U CTPYKTYPBI.

6. Habop Bcex aTpuOyroB THIA, 00pa30BaHHBIX
KOMITOHEHTaMH TIOJTHBIX KIFOUeH, yKa3bIBaeTcsl Kak

YHUKAaJIbHBIN. Ecnu c aTpudyTOM,
COOTBETCTBYIOIINM (PMKCHPOBAaHHOMY 3HAUCHHIO
KOMITOHEHTa  KJIIOua, CBSI3aHO  3HAYCHHE,

COOTBETCTBYIOIIEE 3HAUCHUIO B I1ape, TO BKIOYATh
€ro B Ha0Op M3JIHIIHE.
[puBeném mpumep orobpaxernns B si3pik CUHTE3
CJIEAYIONIMX Map «KII0Y-3HAUYCHUE):

{“Smith/Bob/-/phonenumber/home”: “555 55557}
{*“Smith/Bob/-/phonenumber/mobile”: “333 3333}

Kak Mbl BBISICHWIM, TIepBBIE IBa KOMIIOHEHTa KIIIOYa
SBISIFOTCSI HE(DUKCUPOBAaHHBIMHU, a TIOCJIEIHUE JBa —
¢ukcupoBanHbIMH. B pesympTare  0oTOOpakeHHA
MONTYYHUM CIIEAYIOIIYIO CTPYKTYPY JAHHBIX:

{ classl; in: class;
instance_section: {
majorKeyl: String;
majorKey2: String;
phonenumber: Phonenumber;
key: { unique; { majorKeyl, majorKey2 } };
3

{ Phonenumber; in: type;
home: String;
mobile: String;

}

[Mpocneanm, Kak MPUMEHSIOTCS MPaBUIIA PU 3TOM
oTroOpakeHHH. B cOOTBETCTBUH C KIIFOUaMH C TIOXOXKEH
CTPYKTYpo#l co3maH kiacc classl w  THnm  ero
AK3EMILISIPOB B pasjielie instance section (IpHUMeHsIETCS
MPaBUIIO 1 u3 BBIIIETIEPEUNCIICHHBIX ).
HedukcupoBaHHBIM KOMIIOHEHTaM KJIIOYa CTaBATCS B
cooTBeTcTBHE aTpuOyThHl majorKeyl n majorKey2 tuna
String (nmpaBmwio 2). B cooTBeTcTBHM € TEpPBBIM
(DUKCHPOBaHHBIM 3HaY€HHEM KOMIIOHEHTa CO3Aaércs
atpuOyt phonenumber (npaBwino 3). TurnoM 3HauYeHUi
9TOr0 aTpuOyTa CTAHOBHUTCS aOCTPAKTHBIM THI AaHHBIX
Phonenumber, cozepxKalun aTpuOyTHI,
COOTBETCTBYIOIME  (DUKCHPOBAHHBIM  3HAUCHUSIM
MOCIEOHEr0 KOMIIOHEHTa Kiroua: home u mobile
(mpaBuio 4). 3HaYEHUSIM TIap COOTBETCTBYIOT 3HAUCHUS
atpuOyroB home wu mobile, ux Tunamu 3HauYCHUI
CTaHOBHTCS CTpoOKa (mpaBwio 5). B Tume sx3eMIuspoB
Knacca classl ykasblBaeTcss yYHUKaJbHOCTH 3HAUCHHUH
napsl atpudyTroB majorKeyl u majorKey?2 (mpasuiio 6).

31ech HEOOXOIUMO TAKKE OTMETHUTDH, YTO OOLIYHBIM
noaxonom B NoSQL, kak yxke ObUIO CKa3zaHO paHee,
ABJISCTCST NyONMPOBaHUE IAHHBIX B JOMOIHHUTEIBHBIX
rnapax «KJIr4-3Hau4€HHUeE» C APYrol CTpyKTYpOr KIIoUYei
U 3HAYCHHH, KOTOpble (AaKTHYECKH  SBIAIOTCA
MaTepHaln30BaHHBIMH ~ B3IJISIIAMH  Hall TEMH JKe
JaHHBIMU W CIIYXKAaT Ul CO3JaHUS APYTUX KIoued u
BO3MOXKHOCTH 3aJaHHs 3alpocoB No HUM. Hampumep,
ecmu B 0a3e C TpPUBEACHHOW BBINIE CTPYKTYPOH
HEOOXOAWM IOMCK MO HOMepaM TenedoHa, TO B HEH,
MOMHUMO OINHCAHHBIX Map HeoOxoammMo OymeT co3aath
JOTIOJIHUTEINBHBIE TIaphl, B KOTOPBIX HOMepa Tele(oHOB
SIBIISTIOTCS KITFOUaMU:

{"555 5555": ["Smith", "Bob"]}

Takne mapsl 0TOOpakaloTCI B YK€ HOCTPOCHHBIE
CTPYKTYpBl, W JUII HHX HE HYXKHO CO3/1aBaTh
JOTIOJTHUTENIBHBIE CTPYKTYPBI, @ BAXKHO pa3paboTaTh
OoTOOpakK€HHE OMepaluii B SI3BIK MaHUITYJIHPOBAHHA
JTAHHBIMHY LIEJIEBOI MOJIENH TaHHBIX. Benb mpucyrcTBue
TakUX Tap pacIIUpsieT Pa3HOBUAHOCTH BO3MOMKHBIX
3aIlpOCOB, BBIPA)KAEMBIX B IIEIEBON MOJEH, a IMEHHO,
TO, Ha Kakue aTpuOyThl MOXXHO HajaraTth yCIOBHUS, H



KakWe JaHHBIC TIpU
BO3BpAIaTh.

B xymmem ciydae, ceMaHTHKA JTAaHHBIX, XPaHUMBIX
B 0a3e, MOXeT OLITH BOOOIE HE M3BECTHA. B 3TOM
cirydae 0TOOpa)KEHHE MOXKET CTPOUTHCS TOIBKO UCXOMS
U3 CTPYKTYP, HCIOITB3YEMBIX Il OPTaHU3AINH KITFOUCH
" 3HayeHuH. [IpU 3TOM CTPYKTYpHI, HCIIOIB3YeMbIC B

TaKHX YCIIOBUAX MOXHO

Oracle NoSQL, orobpaxkarorcsi B  CTPYKTYPHI,
COCTOSIIIME W3 IIOCNIEIOBATENBHOCTEHl  CTPOKOBBIX
3HAQUCHUH MIIQQIIET0 W  CTapuiero Kio4ed o

HpOPI3BOJ'IBHOI>i OUTOBOI CTPOKHU B Ka4Y€CTBC 3HAUCHUA:

{ db; in: class;
instance_section: {
minorKey: {sequence; type of element: String};
majorKey: {sequence; type of element: String};
value: Bitstring;
key: { unique; { minorKey, majorKey } };
b

4.2 OTo0pakeHue onepanuii

[Tocie TOro, Kak OToOpaskeHa CTPYKTypa JAHHBIX,
HEOOXOJUMO  TOCTPOMTH  OTOOpaXKEHHE  sI3bIKA
MaHUIYIUPOBaHUS JaHHBIMH. Takoe oToOpakeHue
HEoOXOMMO MOCTPOUTH B JIB€ CTOPOHBI. OTOOpakeHHe
omneparuii Oracle NoSQL B 3ampock! Ha si3bike popmyi
s3pika  CHMHTE3 mno3BOIUT TIOHATH, KaKHWE BUILI
3alpocoB BO3MOXXHO OTOOpa3uth B omeparuu Oracle
NoSQL. Oo0parHoe oToOpakeHne MIO3BOJIUT
BoccTanoBuTh omepaimu Oracle NoSQL mo 3amnpocam
Ha si3bIKe popmyi.

Paccmorpum onepanuu cucrembl Oracle NoSQL.
Bo-nepBbix, cneundukanun ¢ omepanuend  get(k).
[Mapamerp k pmomkeH OBbITh TOJHBIM YHUKAJIBHBIM
KIIOYOM, 10  KOTOpoMy  TpeOyercs  y3HATb
eIMHCTBEHHOE 3HaUeHHE Taphl.

majorComponents.add("Smith");
majorComponents.add("Bob");
minorComponents.add("phonenumber™");
minorComponents.add("home");
Key myKey = Key.createKey
(majorComponents, minorComponents1);
ValueVersion vv = kvstore.get(myKey);
Value v = vv.getValue();

JaHHOll TporpaMMme COOTBETCTBYET
3ampoca:

Crenr(pUKAITHS

q([v]) :- class1([majorKeyl, majorKey?2,
v : phonenumber.home]) &
majorKeyl="Smith" & majorKey2="Bob"

W3 xmacca classl, COOTBeTCTBYyIOMIEro KIFO4YaM
JMAHHOW CTPYKTYpHI, BEIOMpaeTcss (pparMeHT 3HAYCHUI
TUIa €ro S3K3EMIUIIPOB, COCTOSIIMA H3 aTpuOyTOB

majorKeyl w  majorKey2, mOCTpOEHHBIX B
COOTBETCTBHMM C  KOMIIOHEHTAMH,  COJEp)KAIINMHU
He(UKCHpOBaHHbIE 3HAYEHMUS, u yTH
phonenumber.home k 3Hauenuro mapel. Ha atpuOytsr
majorKeyl u majorKey2 HAaKJIabIBAIOTCs
OTpaHUYEHUS, COOTBETCTBYIOIINE 3aJIlaHHBIM

3HAYCHUSAM KOMIIOHEHTOB KIIIOYa. 3HAuYeHUe napbl

MEPEUMEHOBBIBAETCS B [IEPEMEHHYIO V U BO3BPAIAETCS
B KJIacce (, SIBJSIOLIEMCS] OTBETOM Ha 3ampoc. Tak Kak
mapa aTpuOyToB majorKeyl u majorKey2 yHHWKanlbHa, B

oTBeTe OYAET BO3BPAILCHO OJHO 3HAUYCHHE, €CIH
TOJIbKO 3HAYCHHE KITF0Ya MPUCYTCTBYET B Oase.
OOpaTHOE  OTOOpakKeHHE TIOJAOOHOTO  3ampoca

MOTHOCTHEO BOCCTAHOBUT OMEpalld 3aJaHus KIHYa U
oOpareHus Kk 6a3e B HCXOTHOM BHUJIC.

Oneparmss  multiGet(k) mnepemaér B KkadecTBe
napamerpa (parMeHT KIIF04a ¥ BO3BPAIAeT MHOXECTBO
map, KIIOYH KOTOPBIX COOTBETCTBYIOT JaHHOMY
(parmeHnry.

majorComponents.add("Smith");

majorComponents.add("Bob");

Key myKey = Key.createKey(majorComponents);

SortedMap<Key, ValueVersion> x =
kvstore.multiGet(myKey);

HaHHOﬁ nporpaMMme€ COOTBETCTBYCT CHeHI/I(l)I/IKaHI/IH
3arpoca:

q(x) :- class1(x/class1.inst) &
x.majorKeyl="Smith" & x.majorKey2="Bob"

B ommune or Oracle NoSQL 3ampoc Ha si3bike
(dopMyn1 BO3BpaTUT B KJIacce pe3yibTaTa BCEro ONUH
oobekT. Jlemo B ToMmM, uyro B Kkimoue myKey,
OIpeNeIéHHOM B IPOrpamMMe, OTCYTCTBYIOT TOJBKO
(UKCHpPOBaHHBIE  KOMIIOHEHTBI, a  3HA4YWuT, U3
He(DMKCUPOBAHHBIX 3HAYEHHII KOMIIOHEHTOB KJIOYa H
3HaueHUH map OyayT c(hOpMHUpOBaHBI BCE 3HAUCHUS
aTpuOyTOB B 00BEKTE-IK3eMILIsIpe Kiacca classl.

B cnywae, ecim ompenenéHHblil KiIo4 - Oyaer
COZIepXKarth, MIOMHMO He(hUKCHPOBAHHBIX,
(UKCHpOBaHHBIE KOMIIOHEHTHI, HanpuMep,

phonenumber, BO3BpaIaThcs OYIET He MOJTHBIA OOBEKT,
a TOJIBKO OOBEKT, CBS3aHHBIH C COOTBETCTBYIOLIUM
aTpuOyTOM, TO €CTh, B JAHHOM Cllydae — OOBEKT THIA
Phonenumber.

ObpaTtHOEe oOTOOpaXKeHHE 3ampoca B IpOrpaMMy
BbI30Ba OMEpalnuii CUCTEMBbl B JaHHOM CIydae TakKxke
BOCCTAaHOBUT oOIepaniy (HOpMUPOBAHUSA HEMOIHOTO
KITIFOYa U3 OTpaHUYEHU 3HAYCHNH aTpHOyTOB U U3 THUIIA
BO3BpAIlaéMOr0 B 3alpoce 3HAYCHUS U  BBI3OB
omeparmu multiget.

Oneparust multiGet moaep>KUBaeT TakkKe 3aaHue
Jana3oHa KI04Yei, mapsl C KOTOPBIMH HEOOXOINMO
BEpHYTh. B cnexyromeil nporpamme 3aqaércst mepBbIit
KOMITOHEHT KJIf04a, a JUIi BTOPOTrO KOMITOHEHTA
YKa3bIBACTCS JUANa30H 3HAYCHHUH.

majorComponents.add("Smith");
Key myKey = Key.createKey(majorComponents);
KeyRange kr = new KeyRange(
"Bob", true, "Patricia", true);
SortedMap<Key, ValueVersion> x =
kvstore.multiget(myKey, kr);



[losBneHne ycnoBus Ha [JHana3oH 3HAUYEHHUH
JIOTIOJTHUT OTOOP@XKEHHBIA 3alpoc  YCIOBUSMHU IS
aTpuOyTa majorKey2.

q(x) :- class1(x/classl.inst) &
x.majorKeyl="Smith" &
x.majorKey2>="Bob" & x.majorKey2<="Patricia"

OTBeT Ha MaHHBIA 3ampoc OyJeT comep:kaTh BCE
00BEKTHI-OK3eMIUIIpbl  classl,  cooTBeTCTBYyIOIIME
YCIIOBHSIM, HAaJIO>)KEHHBIM Ha aTPHOYTEHI.

TMocnennsist onepanysi, KOTOPYIO MBI PACCMOTPHM, -
orepanus BO3Bpara KIouel, MPUCYTCTBYIOIINX B Oa3e
multiGetKeys.

majorComponents.add("Smith");
Key myKey = Key.createKey(majorComponents);
SortedSet<Key> k = kvstore.multiGetKeys(myKey);

OToOpakEHHBIA 3aNpOC MOXKET BEPHYTh TOJBKO
JlaHHBIE, COOTBETCTBYIOLLME KOMIIOHEHTAM KIIHOYEH,
SBJISIFOLIIMMCST  He(DMKCHPOBaHHBIMU. Bo3aMoxkHOCTEI
BO3BpalllaTh MeTauH(OPMAIMI0 O CXeMe B S3bIKE
CHUHTES =er.

q([majorKeyl, majorKey2]) :-
class1([majorKeyl, majorKey2]) & majorKeyl="Smith"

OOpatHoe oToOpakeHHE 3ampoca BOCCTAHOBUT
IpOrpaMMy MOJHOCTBIO, OAHAKO BO3BpAIaTh OH OyIeT
MHOXECTBO IIOJIHBIX KJIOYEH BMeECTe C pPa3HBIMH
3HaYCHUAMH (PUKCHPOBAHHBIX KOMIIOHEHTOB.

Onepauyy  OOHOBNEHMS W yHaleHWs  Imap
oTOOpaXkaloTcss MOAOOHBIM  00pa3oM C  MOMOUIBIO
CIIEIMANIbHBIX KOHCTPYKLIMH B S3BIKE NPaBWII SI3bIKA
CHHTE3, BcTaBmsIOmmMX M YAAISMIOMAX SK3EMIUIIPHI
KJIaCCOB.

Jnst mpumepa oToOpaskeHus BCIIOMOTaTeNbHBIX T1ap,
OyONUPYIOIMX  OCHOBHBIE  [aHHBIE, PacCMOTPUM
MIPUBEAEHHBIN paHee IPUMeEp.

{"555 5555": ["Smith", "Bob"] }

Cremyromuii Kox IeMOHCTPUPYET paboTy ¢ TAKUMHU
napamu:

majorComponents.add("555 5555");
Key myKey = Key.createKey(majorComponents);
ValueVersion vv = kvstore.get(myKey);

Jns TmpaBHIBHOTO OTOOpaKEHHS OIepanuii B
MIOCTPOEHHBIE paHee CTPYKTYphl HEOOXOIMMO 3HATh,
Kakde DJJIEMEHTHl OCHOBHBIX TIap  IyOIHpYIOTCS
3JIEMEHTaMHU BCTIOMOTaTeNbHbIX. OTOOpaXKeHHE B SI3BIK
CHUHTE3 Oyner BHITISIETD TakK:

q([majorKeyl, majorKey2]) :-
class1([majorKeyl, majorKey?2,
v : phonenumber.home]) &
v="555 5555"

Ono BBIpAKacTCd B TEPMHHAX onpezxenéHHoro paHee

kinacca classl nHa s3pike CHMHTE3, Bo3Bpamas
(¢amMuIMIO W WM YeloBEKa IO €ro JOMallHeMy
Tenedony.

IIpn oOpaTHOM OTOOpa)keHHMH 3ampoca Ha S3bIKE
CHHTE3 ucnone3oBaHie 3HauY€HUsS OCHOBHOW Naphbl B
orepanuu cpaBHeHUs (v="555 5555”’) roBoputr 0 TOM,
YT0 B  OTOOpakeHWH  OyIeT  HCHOJIB30BATHCS
BCIIOMOTATebHAs Tapa, TNe ATH 3HAYCHUS SBISIOTCS
KITFOYaMH.

5 OtobOpa:keHnue Moes U JAHHBIX €
KOJIOHOYHBIM XPaHEHHEM

Cucrema 6a3 mannbix Cassandra [8] oTtHocuTcs K
KJIacCy CHCTEM C KOJIOHOYHBIM XpaHeHueM. KomoHkamu
B HEl Ha3bIBAIOTCSI MHOXKECTBA Map «KIIOY-3HAYCHHUEY.
CemelicTBa KOJIOHOK, HMUTHpYIOUIME TaOIUYHYIO
OpraHM3alfio  JaHHBIX, COCTOST W3 MHOXKECTBa
KOJIOHOK, Y KaXIOH W3 KOTOPbIX €CTb Ha3BaHUE,
3HayeHHe ¥ BPEMEHHas MeTKa, M Ha KOTOpbIe
ccbltaercs Kiro4. Kitod sIBIsieTcst CTPOKOM, M ¢ OTHUM
3Ha4YeHHEM KII04a B CEMEHCTBE MOXKET OBITh CBSI3aHO
€IMHCTBEHHOE 3HAa4YCHHE KaXJOH KOJIOHKU. Taxxke
3HAa4Y€HUsI KOJIOHKM MOI'yT BKJIKOYaTb MHOXECTBO
MO/IKOJIOHOK C UMEHAaMHM U 3HadeHusaMu (0e3 kiroua). B
3TOM Cllydae OHa Ha3bIBa€TCS CYNEPKOJIOHKOM.
MaHunynupoBaHue  JaHHBIMM  IIPOM3BOAUTCA  C
nomoineto  omeparmi  get, multiGet,  getSlice,
multiGetSlice 111 BApHAHTOB YTEHHS AaHHBIX, insert U
remove Uil J0OaBJICHUsS/OOHOBJICHUS U YAaJCHUs
JAHHBIX.

Oco0OeHHOCTh UCTIOJIb30BAHUSI MOJEIH B OTIIMYME OT
TPaJMILHOHHBIX PEISILIMOHHBIX 0a3 IaHHBIX COCTOUT B
TOM, 4YTO HMEHAa U 3HA4YeHHS B KOJIOHKAaX MOTYyT
HCIONB30BaThCs, Kak yronHo. Hampumep, cemelicTBo
MOXET COCTOSITh M3 HEOTPAaHWYCHHOIO KOJIHYECcTBa
KOJIOHOK, B KOTOpBIX HMMEHA HE SBIIOTCS HMEHaMH
KOJIOHOK, HO M B HMMEHAaxX, U B 3HAUCHUSIX XpaHATCA
JaHHBbIE. DTO O3HAYaeT, YTO U B JAHHOW CHCTEME MBI
CTaJIKMBaeMCs C TOW jXe MpPOOJIEMOI OmIpeaeneHus,
KaKie W3 DJIEMEHTOB SABILIOTCS (PUKCHPOBAHHBIMU
UMEHaMM IJIsl TIOCTPOEHHSA CTIPYKTYp, a B Kakux
XpaHiATCSI ~ JaHHBIE.  3ampochl K ceMelcTBaM
BBINOJHAIOTCSA TOJBKO 10 KJIFOYY, COOTBETCTBEHHO VIS
BBIIIOJIHEHHSI 3alpOCOB 110 JPYIMM 3JEMEHTaM B

cucreme Cassandra, kak u B Oracle NoSQL,
UCTIONB3YIOTCS ~ BCIIOMOTAaTEIbHBIE  CeMEHCTBa  C
MaTepHaATN30BaHHBIMA B3TJISIaMH, AMEIOIIMHU
KITFOUOM HEOOXOIUMBII 3JIEMEHT.

Hdns  dopmupoBaHus  OOBEKTHOH  CTPYKTYPHI,
COOTBETCTBYIOIIIEH  WCXOOHOM 0a3e, WCIONB3yeM

CIIeYIOIIHE MTpaBUia:

1. CeMmelcTBO KOJNOHOK OTOOpa)kaeTcsi B KIIACC H
CBSI3aHHBI C HUM THII 3K3EMIUIAPOB Kiacca, KIHY
ceMeiicrBa craHOBHTCS arpudOyrom id Tuma
9K3EMIUISIPOB, C HHM  CBSI3aHO  CBOICTBO
YHUKAJIBHOCTH 3HAYCHUSL.

2. Ecmm nmeHa KonmoHOK (HKCHPOBaHHI (B NMEHAX HE
JTAaHHBIC, a HAa3BaHUsS KOJOHOK, OJHH W T€ XKe JUId
BCEX KII0Ueil), TO IMEHa KOJIOHOK 0TOOpakatoTcs B



OMHOMMEHHBIE aTpuOYTHl THNA HK3EMIUIIPOB
Kjacca. 3HaueHUS KOJOHOK, CBSI3aHHBIE C OJTHHUM
3HAYEHHEM KIII0Ya, OTOOpa)KaroTcsi B 3HAYEHHS
aTpuOyTOB B 00BEKTE€ C id, COOTBETCTBYIOIIUM
3HAYEHMIO KIII0Ya ceMeiicTBa.

3. Ecnu nmeHa KoIOHOK HE(HUKCHPOBAHBI (SIBISIOTCS
JaHHBIMH), TO JUIA Tap HMs-3HaYeHHE KOJIOHKH
co3naérest aOCTPaKTHBIA THUI JAHHBIX C JIBYMS
aTpuOyTaMu, a CEMEHCTBO KOJOHOK OTOOpakaeTcs
B KJacc ¢ arpuOyToM id u atpubyroM, 3HaUCHHUEM
KOTOpPOTO SIBJISIETCS T1OCIIEI0BATEIBHOCT 3HAYEHUH
CO3JJaHHOT'O THUTIA.

4. Kiroun, MMeHa KOJIOHOK u 3HAYEHUS
BCIOMOTaTEIbHBIX CEMEHCTB (MaTepHaIu30BaHHBIX
B3IJIS1I0B HA OCHOBHBIC CEMEHCTBA) OTOOPAKAKOTCS
B arpuOyThl yXKe CYyLIECTBYIOIIEro Kiacca, eciu

BCC KOJOHKH TPUCYTCTBYIOT B  OCHOBHBIX
ceMeincTBax.
5. TlomkoNOHKH  OTOOpaKarTCA B OTHCNIBHBIN

aOCTpaKkTHBIA THIl JaHHBIX. B 3aBHCHMMOCTH OT
TOro, (PMKCUPOBAHBI WM HE (PUKCHPOBAHBI UMEHA
HIOJKOJIOHOK, CTPYKTypa THIA 3aJaércd MO TOMY
K€ IPUHIIUITY, YTO U JUIsl KOJIOHOK CEMEHCTB.

IIpencraBuM NpeXHUM NpUMEP, B BUIE CEMEHCTBA
KOJIOHOK 171 cucteMsl Cassandra:

users:
{"1": { "firstName": "John",
"lastName": "Smith",

"phoneNumbers":
{ "home": "555 5555",
"mobile": "333 3333"}

b

CeMeicTBO users IO 3HAYEHHIO KIIOYa CBS3BIBAET
kononku firstName, lastName wu phoneNumbers,
Npu4éM  TOCIEIOHAS  SIBISIETCA  CYNEPKOJIOHKOM,
Xpansiiei 1Be koloHku: home u mobile.

Takass CTpykTypa HaHHBIX Oyzmer oToOpaykeHa B
cnemudukamio Ha sizpike CUHTE3 B Buae kimacca
users ¥ THMA ero SK3eMIULIPOB C arpuOyramu id mis
kiroua, firstName wu lastName mnst dukcupoBaHHBIX
KOJIOHOK W atpubytom phoneNumber ¢ OTIenbHBIM
THIIOM, CO3aBacMBIM B COOTBETCTBHU CO CTPYKTYPOM
CYHEPKOJIOHKH.

{ users; in: class;
instance_section: {
id: String;
firstName: String;
lastName: String;
phoneNumbers: PhoneNumbers;
key: { unique; id };
i
{ PhoneNumbers; in: type;
home: String;
mobile: String;

}

3amaBaTh 3ampockl K Takol 0a3e BO3MOXHO TOJIBKO
0 KIIF04y, KOTOpOMY cooTBeTcTBYeT arpuOyT id. Tak,

omeparus get, 3ampaiiuBaromias Kook firstName u
lastName o kirouy "1", Oyzer oToOpakeHa B 3arpoc:

q([firstName, lastName]) :-
users(x/[id, firstName, lastName]) & x.id="1"

Kak uw B ciygae cucrem 0a3 JaHHBIX «KJTFOY-
3HaYCHHWE», B KOJNIOHOYHBIX 0a3ax [uId 3aJaHus
3alpOCOB € YCIOBUAMH, HAKIaJbIBACMBIMH  Ha
9JIEMEHTHI, HE SBIIAIONIMECT KIIIOUYOM CeMeHCTBa
KOJIOHOK, B 0a3e JOKHBI OBITh 3apaHee CO3IaHBbl

BCIIOMOTI'aTCJIbHBIC CeMeﬁCTBa, A4 KOTOPBIX  3THU
3JICMCHTBI SABJIAKOTCS KIIFOYaMHU. OTO6pa)KeHI/Ie
BCIIOMOT'aTCIIbHBIX CEeMEICTB MpONU3BOAUTCA B

CTPYKTYPBI, MOCTPOCHHBIC ISl OCHOBHBIX CEMEHCTB.
s »TOro HEoOXOAWMO 3HATh, KaKHE 3JICMCHTBI
JyOITUPYIOT APYT ApYyra B pa3HbIX KOJIOHKAX.

6 OToOpakeHne TOKYMEHTHOI MoOe/IN
AAHHBIX

ITocnennsist paccMaTpuBaeMasi B CTaTbe CHCTEMa
MongoDB [10] oTHocuTCs K KiacCy AOKYMEHTHBIX
cucreM 0a3 gaHHBIX. JIOKYMEHTOM B HeEHl sBIseTCS
MOCNENOBATENILHOCT  IIAp  «KIIIOY-3HAYEHHE»  C
BO3MOXHOCTBIO €03/1aBaTh IIOCJIE0BATENBHOCTH
BJIOXKEHHBIX Map B 3HaueHWsX. MHrepdelic cucTeMmsbl
UCIIONIB3YET Ui 3aJaHus  JOKYMEHTOB M  HX
¢parmentoB  si3pik  JSON. Ilomumo 3ampocoB 1o
KIII0YaM 3JI€Cb BO3MOXKHO CTPOMTH 3amlpochl U IO
3HAYEHMSIM, JUIS 3TOTO MOXKHO CO31aBaTh BTOPUYHBIE
HHJIEKCBL.

users:
{ "firstName": "John",
"lastName": "Smith",
"phoneNumbers":
{ "home": "555 5555",
"mobile": "333 3333"

CTpykTypsl B  JOKYMEHTaX  MOTYT  OBITh
HEOTPAaHMYCHHBIMH 110  BJIOKEHHOCTH, HAaIpUMeEp,
onuckiBasi XML-nokymeHT. B 3TOM cilydyae JOKyMEHTBI
CHUCTEMBI 0a3 JAHHBIX MongoDB I OIKHBI
orobpaxaTbes Bo peiimbl si3pika CUHTE3S. C mpyroi
CTOpOHBI, OHHM MOTYT OBITb HEOTPAaHHYECHBI IO
KOJIMYECTBY nap «KITIOY-3HaUYCHUE» B
MOCIIEIOBATENbHOCTH. [l ecnm ceMaHTHKa XpaHWMBIX
JAHHBIX TaKOBA, YTO B MMEHAX M 3HAUCHHSIX HAXOANUTCS
MOCIIEIOBATENIBHOCT ~ JAHHBIX 0€3 BIOXKEHUS, TO
menecoodpa3sHo  oToOpakaTh WX B THII JTAaHHBIX
nocienoBarenbHocTy si3bika CMHTE3. OnmnHako ecim
BO3MOJKHO BBIICHUTh (DHKCHPOBAHHYIO CTPYKTYpY
JOKyMEHTOB, KaK B TPHBEAEHHOM IIpHMeEpe, TO HX
MUMEeT CMBICI OTOOpa’kaTh B 3HAUEHHS aOCTPaKTHBIX
THUIIOB JJAHHBIX C (JOPMHUPOBAHUEM KIIACCOB.

{ users; in: class;
instance_section: {
firstName: String;
lastName: String;



phoneNumbers: PhoneNumbers;

3

{ PhoneNumbers; in: type;
home: String;
mobile: String;

}

[Ipumep omeparuii, 3ampaliuBaroliie HOMeEp
nomarrHero tenedpona home mo dammwimu lastName
OyIeT BBITIAAETD CIIEAYIOIIMM 00pa3oM:

db.things.ensurelndex({'lastName":1});
db.users.find({'lastName": 'Smith'},
{'phoneNumbers.home"1});

U otoOpakeHre JaHHOTO 3alpoca, COOTBETCTBEHHO,
Oyner Takum:

q([v]) :- users([lastName,
v : phonenumber.home)
& lastName="Smith"

Kak BuIHO, Npu OTOOpak€HHH NOKYMEHTHBIX 0a3
MBI CTAJIKMBAEMCSl C TEMH K€ MPOOJIEMaMH, 4TO U MpH
pabore ¢ cucremamu 0a3 maHHbIX NoSQL ocranbHbIX
KJ1accoB. B 3aBUCHMMOCTH OT CEMaHTUKH JaHHBIX,
XpaHUMBIX B Tapax, OTOOpaXeHHE B OOBEKTHYIO
MOJIENb MOYXKET OBITh PA3TUYHBIM.

7 BbiBobI 00 001IMX MPodIeMax
oTrodpaxkenuss moaeseid NoSQL B
00beKTHbIE crienu(pPUKAINH

OO0o0miasi  pe3ynbTaThl —aHadM3a OTOOPAKEHUs
cucteM 0a3 naHHbIX NOSQL pa3nuyHBIX KIJIACCOB,
MOXHO CJeJaTh BBIBOJ, YTO BHE 3aBHCHUMOCTH OT
KJIacca CUCTEMBI — «KITI0Y-3HAYCHHEY, KOJIOHOUHOM HITH
JOKYMEHTHOH —  TPHUXOOUTCA  CTAJKUBAaTBCS  C
MOXOKUMH TIPOOJIEeMaMU OTOOPaKEHHS.

Tak xak B cucremax 0a3 maHHbIX NoSQL cxema
ObIBaeT He oOmpenelieHa ¥ MOXET HPUCYTCTBOBATh
HEsIBHO, MOApa3yMeBaeMas co3gareneM 0a3bl JaHHBIX U
peann3oBaHHAs B KOIE MPUIOKEHHUS, TO CEMAaHTUIECKH
3HAYUMOE OTOOpa)XeHHe B OOBEKTHYI0  MOIENb
ABTOMATHYECKH  CTPOUTh  HEBO3MOXHO.  Kaxmas
otaensHas 0aza JaHHBIX MOTPEOyeT BBISBICHHUS CXEMBI
¢ ywacTHeM »OKcmepTa. ECTh CMBICT  CTPOHUTH
oToOpa’keHHEe Ha YPOBHE NPHIOKEHHsS, pabOTaromero
Hax 0a30f MAHHBIX, MHHYS OTOOpa)XeHWE MOMeJeH
cucteMbl 0a3 nMaHHBIX. OJHAKO TIPIIIOKEHUS MOTYT
OBITh 3aKPBITBIMH U1 BHEINIHMX 3alPOCOB, HE
MIPEJOCTABILIIONINMA ~ MPOU3BOIBHOIO  OCTyMa K
JAHHBIM, OBITh Pa30MTHIMH Ha YACTH, PaOOTAIOMINMU C
Pa3HBIMHU TIOIMHOYKECTBAMH JaHHBIX U3 OJHUX U TEX KE
0a3, c omHOW 0a30if MOXeT paboTaTh MHOXKECTBO
npwiokeHus. IloaToMy omnpaBaaHo MpPOBEAEHHOE B
CTaTbe WCCIEIOBaHUE IS MOCTPOCHUS OTOOpasKeHUS
Momeneii Ha ypoBHe omepammii cucteMbl NoSQL,
BKITIOYAIOIIETO  BEISBJICHHE CEMAaHTUKH XPAaHUMBIX
JAHHBIX ¥ OTOOPaKEHUS CTPYKTYP € €€ yIETOM.

OcHoBHas TpuyrHA TPOOIEM, BO3SHHUKAIONINX TPHU
CEMAaHTHYEeCKOM  OTOOpaKEHHHM MOJENEeH JaHHBIX

NoSQL B 00BEeKTHYIO MOJENb, 3aKIIOYacTcs B HX

ci1aboi CTPYKTYPHUPOBaHHOCTH:

e B OONBIIMHCTBE W3 HHUX HE ONpEENseTcs CXeMa
JTAHHBIX B SIBHOM BUJIE;

e 3HAYGHHMS B Mapax «KIOY-3HAYEHHE» YaCTO MOTYT
OBITH IPOU3BOJIBHBIMU U HECTPYKTYPUPOBAHHBIMH,
KJIFOYM MOTYT PaccCMaTpUBATHCS M KaK SJIEMEHTHI
CTPYKTYPHI, ¥ KaK JaHHEIC;

® TpU OTCYICTBHM CXEMBI CTPYKTypa Iap MOXET
M3MEHAThCS  AuHamudeckd.  Daktmyecku, ¢
TIOMOIIBIO OTlepalii OOHOBJICHHSI MOYKHO B JFOOOH
MOMEHT BBECTH HOBYIO CTPYKTYpY Hap «KIIOY-
3Ha4YEHHE;

e 0a3pl JaHHBIX OOBIYHO HE OrpaHUYEHBl TI0
KOJIMYECTBY Tap B CTPYKTypax, IO JUIMHE KIFOUeH,
TI0 BJIOXEHHOCTH Tap.

Takue cHCTEMBI MOTYT HCHOJIB30BATBCS LIS
pelieHust 3anad, M3HA4YaJbHO pPACCUMTAHHBIX Ha
UCIIOJIb30BaHHE HE(QPUKCHUPOBAHHBIX M HEOTPaHUYEHHBIX
CI1abOCTPYKTYPHPOBAHHBIX JTAaHHBIX (Hanpumep,
MepapXrUuecKiX WM MOTOKOBBIX). C APYrod CTOpPOHBI,
MHOTHE TIPHJIOXKEHUS] UCIONBb3YIOT CHCTEMBI 0a3
maHHbIX NoSQL ans XpaHeHHMsT JAOCTaTOYHO >KECTKO
TUMU3UPOBAHHBIX CTPYKTYp. M TOT, M Jpyroi cnyuau
NPUXOJUTCSI  YYUTHIBATH NpPU  OTOOpaXKEHHUH B
o0bekTHYI0 Mozienb si3bika CUHTES.

[Tpu BBISIBICHUM CEMaHTHKH JAHHBIX oOpamniaercs
BHUMaHHUE Ha UCIIONB30BAHUE B KIII09ax
(DUKCHPOBaHHBIX (MMEHA JJIEMEHTOB CTPYKTYp) WM
HepUKCHpPOBaHHBIX (JaHHBIE) 3HauYeHWH. B ciyuae
BBIABIIIEMON CTaTUYECKON CXEMBI JTaHHBIX
(uKCHpOBaHHBIE 3HAYCHUS KIOUEH OTOOpa)karoTcsl B
aTpuOyTHl THIOB, HE()UKCUPOBAHHBIE — B 3HAYCHUS
aTpuOyTOB.

I[Ipu  oroOpakeHMH  CO3[AIOTCS  CICAYIOIIHE
CTPYKTYPBI:
e  THIIBI [IOCJIENOBATEILHOCTH I

MIOCJIEA0BATENBHOCTEN Map;
e  (peiiMOBBIE CTPYKTYPHI JUIsl BIOXKESHHBIX Tap;

e a0CTpakTHblE THIBl MJAaHHBIX B CIy4ae, €cCid
JAHHBIE IIOJYUHSIOTCA  BBISIBISIEMOH  YETKOU
CTPYKTYpE.

BosMoxHbIE Pa3HOBHIHOCTH 3ampoCoB,

UCIIONB3yeMbIX IPU PELICHHM 3a/1a4 HaJ JAHHBIMH B
mozenssx NoSQL momkHbl OBITH HM3BECTHBI 3apaHee.
JlaHHBIE, TIO KOTOPHIM HEOOXOIMMO OpPTraHU30BaTh
MOMCK, JIOJDKHBI OKa3aThCsl KJIIOYaMU B HEKOTOPBIX
mapax «KIIIOY-3Ha4YEeHHE», a HCKOMbBIE JaHHBIE —
3HAYECHUAMH, ULt 4ero ¢dbopmupyrorcst
BCIIOMOTATEIbHBIA Hapbl HaJl OCHOBHBIMH JIAaHHBIMH C
COOTBETCTBYIOIIEH CTPYKTYpOHl JaHHbIX. Takue mnapbl
MpHA OTOOpaXKCHWM HE 00pa3yIOT HOBBIE CTPYKTYPHI, a
O0TOOpa)KalOTCSI B THUNBI W KIIACChl, OOpa30OBaHHEIC
OCHOBHBIMH rapamm. B COOTBETCTBHH c
BCIIOMOTATEIbHBIMH IApaMH B IEJIEBOH  MOZAEIH
00pa3yloTcsi  BTOpPHYHBIE  KJIIOYH.  3amlpochl €O
CpaBHEHHEM I10 aTpuOyTaM, SBISIONIMMCS KIIOYaMHU B
BCIIOMOTATEIBHBIX Mapax, MpH 00PaTHOM OTOOpaKEHUH
0TOOpakaloTCsl B ONEpaAIy HaJl STHMH TTapaMHL.



3akjaueHue

Ha npumepe oroOpakeHuss Mozneneil TpEX cHCTEM
6a3 maHHeIXx NOSQL pasiuyHBIX KJIaccoB B SI3BIK
CHHTE3 noka3aHbl NPUHIMUITE 0TOOpayKeHUsT MoJIeIen
NoSQL B 00BeKTHYIO MOJEb. 3aTPOHYTHl TPOOIEMbI
O0TOOpaKEHHsI, KOTOPHIE IO OONBIINHCTBY SIBIISIOTCS
oOmmMu s pasnuuHbeix cucteM NoSQL. JlanHas
pabora MoxeT OBITh TakXKe HCIONb30BaHA IS
oroOpakeHus: Mmozeneld maHHbix NoSQL B npyrue
LIeJIEBbIE MOJIENU TaHHBIX.
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Mapping of NoSQL data models
to object specifications

Nikolaj Skvortsov

Database systems belonging to NoSQL class are
used to supply horizontal data scaling and to work with
extralarge data volumes. It is necessary to involve them
into the problem solving over multiple heterogeneous
information resources. The paper considers approaches
to mapping of NoSQL models of different types to
object model of the SYNTHESIS language used as the
unifying information model in problem solving at
heterogeneous resources environment. The paper shows
common mapping problems using several NoSQL
databes systems and proposes an approach for discovery
of database schemes not specified explicitly, as well as
mapping of operations. It considers a case when it is
impossible to recover data scheme because of lack of
information about data structures stored in databases
including the semi-structured data case.
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