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The problem that led to a Big database has been described in the article. The NoSQL
databases features and categories are outlined. Big data model “entity-characterization” is
introduced. This mode allows to determin the distance between the source data on the
availability of information about a particular entity.
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Onucano 3axauyi, mo npusseau A0 nosisu Beankux ganux. Onucano ocodauBocTi 0a3
nanux NOSQL Ta ix kareropii. BBeneHo moaeb BeJMKHX JaHUX “ CYTHICTh-XapaKTepUCTHKA”
10 1a€ 3MOT'y BU3HAYUTH BiICTAaHb MikK JKepejaMH JAHUX CTOCOBHO HASIBHOCTI iHpopmanii
MPo NMEeBHY CYTHICTh.

Kurouosi cioBa: Besuki 1ani, NOSQL , nokymeHTHO-0pieHTOBaHa 6a3a nanux, BigTable.
Beryn

VYBenenus Tepminy “Benumki nani” Hanexutb Kiiddopay Jlinday, pemakroposi xypHamy Nature,
skuid miarorysaB y BepecHi 2008 p. cremianbHuiI BUITyCK XXYypHaly, Jic aHaimizyBaB ()eHOMeH Benmkux
JAHWX Ta 1X 3Ha4YeHHs JUIA Haykd. BiH 3i0paB marepianu mpo sBUIIE BHOYXOBOTO 3pPOCTaHHS 00CATY i
PI3HOMAHITHOCTI JaHUX, @ TAKOXX TEXHOJOTIYHUX MEPCHEKTHB y MapaJurMi HMOBIPHOTO NEpPEeXOay Bij
“kinmpKocTi 10 skocti” [1].

HesBakatoun Ha Te, IO TEpMiH YyBEJICHHWH B aKaJeMIiYHOMY CEpEIOBHII, MEPBHHHOIO Oyia
npobeMa 3pocTaHHs KITBKOCTI JaHUX 1 30UIbIICHHS X Pi3HOMAaHITHOCTI Y MPAaKTHYHUX 3aaa4ax. CTaHoM
Ha 2009 p. TepmiH nommpenuit y ainosiit npeci, a y 2010 p. 3’sBunacs nepiia HA3Ka MPOIYKTIB 1 PillleHb,
[0 CTOCYIOTBCSI BUHATKOBO Mpo0iieM 00poOku Bemukux oOcsrie manux. Jlo 2011 p. Gararo HanOiIbIINX
MOCTAYaNBHUKIB 1H(QOpMAIiHHUX TEXHOJOTi BUKOPUCTOBYIOTh Benuki mani s gopmyBaHHs OizHec-
crparerii, 30kpema IBM, Oracle, Microsoft, Hewlett-Packard, EMC [1].

[Ipobnemu, 110 BUHHMKAIOTH MiJ Yac OMpAIfOBaHHS, iHTEpIpeTallii, 300py Ta opranizamii Benukux
JaHWX, 3'IBUJIMCS B YHMCICHHMX CEKTOpaX, a TaKoxX Oi3HEC, MPOMHCIIOBICTh, HEKOMEPIIiHHI opraHi3aiii.
Habopu manux, Taki sk omepauii 3aMOBHHKA y PO3APiOHIM TOPriBii, MOHITOPHHI MOT0H, Oi3HEC-aHAI3,
MOXYTh IIBUJKO BUIIEPEHKATH NOTYXHICTh TPAAULIHHUX METOAIB Ta IHCTPYMEHTIB aHali3y AaHUX. ToMmy
3’SIBUIIMCS HOBI METOJIM Ta iHCTPYMEHTH, 30Kpema 6a3u nanux NoSQL, MapReduce, 06po6ka mpupoaHoi
MOBH, MaLIIMHHE HaBYaHHS, Bi3yaslizalis TOILO.

3arajbpHa NOCTAaHOBKA NPodjieMH

Benuki naHi € TepMiHOM, KM BUKOPHCTOBYETHCS JUIS 1eHTU(IKaIllT HAOOPIB JaHMX, 3 IKUMH MH
HE MOXEMO BIIOPATUCS 3 BUKOPUCTAHHSIM ICHYFOUMX METOJIONOTIi Ta MporpaMHUX 3aco0iB yepe3 ix
BEJIMKUH pO3Mip 1 CKJIamHicTh. barato MOCHiTHMKIB HaMararoTbCcs PO3POOMTH METOAMKH 1 MPOrpamHi
3aco0u JUTd TiepeiaBaHHsl JaHuX abo BU00YBaHHS iH(GOpMaIliHHUX rpany’ 3 Benukux naHux.

Oco6nmuBocTi Benukux nanux, a came:

e po6oTa 3 HECTPYKTYPOBAHOIO Ta CTPYKTypoBaHo iHdopmariero [10];

® Opi€HTallis Ha IBHU/KE ONpaIfoBanHs qanux [11];

® NPU3BOJAUTH 1O TOrO, IO TPAAUIIAHI MOBU 3aIUTIB BUSIBISAIOTBCS MATOCPEKTUBHUMM IS
po060TH 3 TaHUMHU.

ToMy MeTO0 CTaTTi € (hOpMaNBHUN OMUC PI3HUX MOJCNICH MaHMX, BUIIJICHHS OIEpalliii Ta HOCIB, a
TaKOX CIIOCO0IB IX CYyMiCHOIO BUKOPHCTAaHHS.
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AHaJIi3 0CTaHHIX JOCTIKeHb Ta MyOIiKamin

OnHKUM i3 cr1oco0iB ONMpAIFOBaHHs HE TUTBKH pessiiianx nanux € Nosqgl [2].

[Mpuxunparky koHueniii Mo NOSQL HarojomuryroTs, mo BOHA HE € TIOBHUM 3allepeueHHsIM MOBU
SQL i pensiifiHoi MojeIi, MPOEKT BpaxoBye Te, 1o SQL — I1e BayKIMBHIA 1 JOBOJII KOPUCHHUN 1HCTPYMEHT,
alle TMpH IOMY HOro HE MOXXHA BBakaTW YyHiBepcaspHUM. OMHUMH 3 MpoOJeM, SIKi iCHYIOTh JUIs
KJIaCUYHUX pesiidaux b/, e:

® HEMOXJIMBICTH ONPALIOBAHHS IaHHX JyXE BEIMKOTO 00csAry (d4epe3 BHKOPHCTAaHHS Orepariif
3’ €IHAHHSA);

® HEMOXIJIMBICTh HapaieabHOi 00poOKHy;

e OOMEXCHHS Ha 3aCTOCYBaHHS y POCKTAaX 3 BEJIMKHM HABaHTKCHHSM.

OcHOBHa MeTa MiIX0Ay — po3iupuTu MoxJymBocTi b/l Tam, ne SQL HemocTaTHRO THyYKa, 1 HE
BUTICHSATH ii TaM, Jic BOHA CIPABJISIETHCS 31 CBOTMU 3aBIaHHAMMU.

B ocnosi igei NOSQL e€:

e HepeJsiLiiiHa MOJENb AaHUX,

® DO3IOJIJICHICTD,

® BIIKPUTUN BUXITHUI KOJI,

® MOXJIMBICTb TOPH30HTAIBHOT MacIITA0OBaHOCTI.

VY sxocTi OAHOTO 3 METOAONOTIYHUX oOrpyHTyBanb miaxoqy NOSQL BHKOpUCTOBYETHCS
eBpUCTHUHMI npuHIMI, Bigomuil sk Tteopema CAP (Consistence, Availability, Partition tolerance —
«y3TOJDKEHICTh, TOCTYIHICTh, CTIHKICTD 10 TOILTY»), Y SIKiii CTBEPIKYETHCS, 10 B PO3MOIIICHINA CHCTEMI
HEMOJKJIMBO OJJHOYACHO 3a0€3MEeUUTH Y3roUKEHICTh aHuX, AOoCTynHicTh (anri. availability, y posyminti
HassBHOCTI BIIryKy 3a IOBUIbHHM 3allMTOM) i CTIMKICTh 10 PO3MICIUICHHS PO3MOIIICHOI CHCTEMH Ha
130J1hOBaHI YaCTUHU. Y TakWi CHOCiO 3a HEOOXiTHOCTI AOCSTHEHHS BUCOKOI JOCTYITHOCTI W CTIHKOCTI IO
NOJUTy HEMOXKIUBO 3a0€3MEYUTH MOTOHKEHICTh JaHUX, OTpUMaHy TpaguuidHumu SQL-opieHTOBaHUMHU
CVYB/ 3 TpaH3akuiitHuMHU MexaHi3Mamu, noOyaoBaniuMu Ha npunimnax ACID [1].

Hectpore nosenennst reopemu CAP 3acHoBaHe Ha mpocTux MipkyBanHsx [4]. Hexait posnoainena
cucreMa ckmagaerbcst 3 N cepBepiB, KOXKEH 3 SKHX OOpoOJsie 3amuTH AEIKOTO YHCIa KIIIEHTCHKUX
nonatkis. Ilix gac ompaiioBaHHSA 3allUTy cEepBEp MOBHHEH T'apaHTYBaTH aKTyalbHICTh iH(opmamii, ams
4Oro moTpiOHO MHONEepeAHBO CHHXPOHI3YBaTH BMICT HOTo BiacHoi 0a3u 3 iHmMMH cepBepaMu. OTxe,
cepBepy HEOOXiHO dYeKaTd IIOBHOI CHHXpOHi3amii a0o TeHepyBaTH BiANOBiAb 3 YpaxyBaHHAM
HECHHXPOHI30BaHUX NaHWX. MOXKIMBHHA 1 TPETid BapiaHT, KOMU 3 SKUX-HEOyIb MPUYMH CHHXPOHI3aLlis
3IIACHIOETHCS TIIBKH 3 YAaCTUHOIO CEPBEPIB CUCTEMH. Y MEPILIOMY BHIIAAKY BUSBISETHCS HE BUKOHAHOIO
BUMOT'a CTOCOBHO JOCTYIHOCTI, Y APYTOMY — Y3TO/DKEHOCTI, Y TPEThOMY — CTIMKOCTI 10 TOALTY.

IcHye yotupu kareropii 6a3 ganux NOSQL [1].

IMepma kareropis — ne Key-Vaue (Kmou-3Hauenns) 6a3u ganunx. OakTUYHO, 1€ JYKE BEIHKI
Xem-rabauuni, e KOXKHOMY KIIIOUeBi MOCTaBJCHE y BiAMOBIIHICTH 3Ha4deHHS. Taki 0a3sm MOXYTb IyxKe
LIBUJIKO ONEPYBATH KOJOCATIbHUMU oOcsiramu iHpopMallii, ajie MatoTh cepio3Hi 0OMEKEHHS B MOTYKHOCTI
MOBH 3aIHTIB (TUIBKH MOIIYK 3a KIHOYeM 4Yd 3HaueHHsAM). Sk npukimagn Key-Value 6a3 maHux MoxHa
masectu Dynomite, Voldemort, Tokyo, Redis.

Jpyra kateropis — kiouu Bigtable. BigTable — e 6a3a nanux, po3pobiena kommaniero Google
Ut BacHUX 1oTped. L 6aza siBisie co0O0I0 BEMUKY TAONUINIO i3 TPhOMa BHUMipaMU: KOJOHKH, PSAKH i
4yacoBi MiTKH. Taka apXiTeKTypa J03BOJISE JOCIATTH Iy>KE BUCOKOI MPOAYKTUBHOCTI, KpiM TOT'0, BOHA J00pe
MacmTa0yeTbcss Ha Oarato KOMI'IOTEpiB. AJie Lie He pensiiiiHa 0a3a, i BOHa He MiITpuMye Oararto
MOJKIIMBOCTEH pensiinnx 6a3. 3okpema B Bigtable nemae omepaniii 3'ennanns (jOin), HeMae CKIaIHUX
3anutiB 1 T.1. Kommanist Google ne mommproe Bigtable, Tomy Ha puHKY 3'SIBHIOCS KijibKa HE3aJCKHO
po3pobiieHux KIIOHIB i€l 6a3u. 30KkpeMa, 1ie Taki npoektH, sk Hadoop, Hypertable i Cassandra.

HactymnHa kateropist 6a3 — 1ie JOKYMEHTO-OPi€EHTOBaHI 0a3u AaHuX. Taki 0a3u TPOXH HAraayroTh
Key-Value 6as3u, ame B mbOMy BHIAAKy 0a3a MaHWX 3HAE, M0 COOOI0 SIBJISIOTH 3HAYEHHS. 3a3BHYAM,
3HAYCHHSM € JICSIKHH JTOKYMEHT ab0 00'€KT, IO CTPYKTYPH SIKOTO MOXKHA POOHTH 3amuTh. [IpukiagamMu
takux 6a3 € CouchDB i MongoDB.
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UerBepra Kateropis — I1i¢ 0a3u jgaHuxX, noOymoBaHi Ha rpadax. Taki 0a3u Opi€eHTOBaHI Ha
HiATPUMKY CKJIQJHUX B32€EMO3B'SI3KIB MiXK 00'€KTaMH 1 IPYHTYIOTbCS Ha Teopii rpadiB. CTpyKTypa JaHuX y
0a3ax IaHWX LBOrO THUILY sBJsE€ o000 Habip BY3iB, 3B'A3aHUX MK c0000 mocuinaHHAMU. [Ipu npomy i
BY3JIM, 1 MOCKJIaHHS MOXYTh MaTd MEBHY KiIbKiCTh aTpuOyTiB. SIK MpUKIa], MOXKHA HaBECTU Taki 0a3u
nanux, sik: Neo4j, AllegroGraph, Sones graphDB.

Takox icHye Ie i m'sta kareropis, ame 1 He BimHocsaTh mo Nosql. Unerses po 00'€KTHO-
opienrtoBani 06a3u. Taki 6a3u nmpu3HaUeHi, HacaMIepen, Ui MIATPUMKH 00'€KTHO-OPiEHTOBAHOI MapagurMu
porpaMyBaHHSI.

Bimzomo kinbka MexaHi3MiB 1octyny a0 aanux y bJI NoSQL.

1. Restful intepdeiicu. Lle inTepdeiic, cxoxuii Ha OCHOBHHI mpoTokoa IHtepHery — HTTP. V
MeXax [bOTo MiAXOLy MepeadadaeThes, MO KOKHUNA 00'€KT, IKUM MU MOXXEMO MaHIITyJIIOBAaTH, Ma€ CBOIO
VHIKaJBbHY ajjpecy. 3BepTalouKch 3a IEI0 aIPecOr0, MH MOKEMO 3allMTyBaTH, CTBOPIOBATH, pelaryBaTH
a0o 3HuIIYBaTH 3a3Ha4eHUi 00'ekxT. IIpu pOMy Ha cepBepi He 30epiraeTbesl CTaH 3alMTy, TOOTO KOKHHMA
3aIlUT ONPalbOBYETHCS HE3AJIEKHO BiJl HIIMX 3aIUTIB.

2. MoBu 3anurtiB, Bigminai Big SQL.

GQL - Sql-oxibua mora qs Google Bigtable,
SPARQL — moBa 3anuriB Cemantnunoro Beba,

Gremlin — moBa 06xoxy rpadis,
Sones Graph Query Language — moBa 3amnuTiB 10 Sones Graph.
3. API zamuru:
e Google Bigtable Datastore API,
o Neodj Traversal API.
I'onoBuoto nepeBaroto NOSQL 6a3 manux € mpoayKTHBHICTH. SIKIIO IIe HEJJTaBHO iCHYBAB TiTbKU

oIuH BUA 0a3 JaHMX IS BCIX BUMIAIKIB — pelsiliiiHi 0a3u, TO ChOroAHi cuTyauis 3MiHuiacs. Jns KoxxHoi
KOHKPETHOI CUTYyallii HEOOXIIHO MiJ0MpaTH CBOKO 0a3y naHuX. [HOJI TOBOIUTHCS MaTH OJHOYACHO KijbKa
0a3 maHWX, y KOXHOI 3 SKHX BHKOPHCTOBYIOThCS i1i HalcwibHimn acrektd. Hampukian, y web-
3actocyBanHsx Mongodb 3actocoByeThest sik OCHOBHE Miciie 30epiraHHs JaHHX, a 3a gornomororo Redis
OpraHi30BYEThCS KCIyBaHHS 3allMTIB KOPUCTyBada. Y pe3yjbTaTi MH OTPUMYEMO CHCTEMY 3 BHCOKOIO
MPOAYKTHBHICTIO ¥ 3 J0BOJNI 3pyyHMMHU iHTepdeiicamu ansi po3poOHuKiB. Llle oxHa BakinmBa mepeBara
NoSQL 6a3 nmaHux mossArae B TOMY, IO 0araTo NpPEACTaBHUKIB I[LOTO CIMEHCTBA CXOBHII JaHHUX
peai3oBaHi K MPOEKTH 3 BIAKPUTUM Koja0oM. 3araiom nopieasHHsS SQL 1 NoSQL nonano Ha puc. 1.

A
YHiBepcarneHicTb cnocobis

36epiraHHs
SQL
BigcyTHICTb cTaHAapTiB Ta
crieundika goctyny
- HasBHicTb
CTaHgapTiB

NoSQL

BpaxyBaHHA crnieyudiku
36epiranHa

\j

Puc. 1. Ilopisusanns SQL i Nosql
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OTxe, icHyBaHHA pi3HUX KaTteropiii 6a3 manux NOSQL Bumarae ¢opmManbHOro omucy Mojenei
JIAHUX, 0 HUMH OTIPAIbOBYIOTHCH.

AHaui3 3rafjanux BHUIIE JPKEpell, HAyKOBO-TIOMYJISIPHUX JKYPHAMIB 1 OJOTIB Jaf0Th 3MOTY BHIUTATH
Taki BEKTOpH poOoTH 3 Benmukumu JaHumu:

e JpKepelia MosiBu Bennkux jpaHux;

e amapaTHe 3a0e3NeUYeHHs Ta IHPPaACTPYKTypa,;

e TporpamHe 3a0e3MedYeHHs i criocoOu 30epiranHs;

e indopmarliiiHi TexHooril (MeToaM i 3ac00M 0OPOOKH TaHHX);
e BUKOpHCTaHHs Benukux maHux, O6i3Hec-aHaIi3.

B sikocTi mKkepen nosiBu Benmukux gaHuX MOXKHA BUAUIATH MPUCTPOT Ta Jioei. [Ipukimaam nepumx
JDKEepelT. HalllOHaJ bHI Ta MIKHAPOHI MPOEKTH, Taki sk Benukuii agponnuii xosaiaep (LHC) B LIEPH,;
npomuciosicte (SCADA, ¢inancu i 1.1.). [Ipukiaam qpyroro THITY JHKEPE: COMialbHi MEpexki, 0XOpoHa
3JI0pOB'sl, pO3ApiOHA TOPriBiIsA, OCOOMCTI JaHi MPO MICIE3HAXO/KCHHS, YIPABIiHHS TPOMaJICHKAM
cektopoMm Tomo. Hanpuknax, 3a manuMu aHamitika TiMa CyoHCOHa KINBKICTH OIepariiif, 1o
3MICHIOETBCS IIOMHS B KpunToBairori Bitcoin, mnepesummiaa 100 000 omepariii  (opuriHan y
«logennuii oOcsr Ttpanzakmii B Bitcoin momona  100-tucsiunmii  Gap'ep»: [Pexxum moctymy]
http://vkurse.ua/ua/business/ezhednevnyy-obem-tranzakciy-v-bitcoin.html). 3a nocnimkenusm IDC Digital
Universe Study cymapuuii oocsr citoBux ganux y 2005 p. cranoBus 130 exca6aiit (1018), no 2011 p. Bin
3pic no 1227 EB, a 3a 2013 p. nmotpoiscs, gocsrmu 4,4 ZB (3erabaiit — 1021). IIporuos, 3aificHeHuit y
TOMY 3K JOCTIDKeHHI, mokasye, mo 10 2020 p. obcsr mudpoBux maHux 3pocre mo 44 ZB (3pocranns
mopiuro Ha 40 %): mkepeno «Data Growth, Business Opportunities, and the IT Imperatives» [Pexxum
nocrymy]  http://lwww.emc.com/leadership/digital-universe/2014iview/executive-summary.htm.  Po3mip
OKpeMux 0a3 JJaHWX 3pOCTa€ TaKk CaMo IIBUJKO i 1MO10JaB nerabaiiTHuil 6ap’ep (Hampukian, 6a3u TaHUX
COLaIbHAX Mepex). Yce Ie CBiTYMUTh NpOo Te, II0 OHJIAH OIpAlOBaHHS TaKUX OOCATIB JaHHX Y
PO3MOIIICHOMY PEXKHMIi OHIIAIH MPAKTUYHO HEMOXKITHBE (pHcC. 2).

36upaHHs OnpautoBaHHA AHanis MopgaHHA
. S Arperauis
OBmiH Hopmanisalyis Knacudikadia Bisyanizauiq
dinbTpauis Kopensuis N . .
CratnctTudHunin "eHepaLis 3BiTiB
BUTSryBaHHSA :
Kopensuis ananis -
MpiopiTnsauia
Arperauis nm‘tpMMKa
MPUAHATTS
Knacudikauis > pilLeHE

A

| 36epiraHnsa
LLnHa gaHux >
Pexum on-line Pexunm, 6nmsbknia 4o on-line

Puc. 2. Ilopiensnona xapakmepucmurxa OLAP ma Beauxux oanux

VY tabauui [1] omucaHo AesKi IHCTPYMEHTH ONpAIOBaHHS BeMMKUX TaHUX 3 BIAKPUTUM BHXiTHUM
KOZOM, SIKi HamaloThCS dYepe3 IHPPACTPYKTYpH XMapHUX OOYHCIIEHb. bBiNbIIicTh IHCTPYMEHTIB
3abesnedyerbest Apache i Bumymieni iz ii JriteHsiero. Yci i mpoayKTH MOrpyIoBaHoO 3aJeKHO Bij 3a1ad,
10 BUHHUKAIOTH I1iJ] Yac OTpaIfoBaHHs Benmukux maHux.
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3aco6u pooorTu 3 Besmmkumu nanumu [1]

3acobu mist Beauknx manux

Ommuc

3acobu ananizy danux

Ambari http://ambari.apache.org

[HCTpYMEHT Beb 11 HaJJaHHS MOCTYT, YIPABIiHHI Ta MOHITOPHHTY
Apache Hadoop iactepis

Avro http://avro.apache.org

CucteMa cepiizarlii 1anux

Chukwa
http://incubator.apache.org/chukwa

Cuctema KOJICKI[IOHYBaHHS JAHUX JJIsI KEPYBAHHS BEJTUKUMHU
PO3MOAUICHUMH CHCTEMaMU

Hive http://hive.apache.org/

THdpacTpykTypa cXoBHINA JaHUX, SKa 3a0e3MeUye arperamito JTaHuX

Pig http://pig.apache.org

BucokopiBHeBa MOBa MOTOKIB AaHKX i BUKOHyBaHui framework s
napajgerbHUX 004HCIeHb

Spark http://spark.incubator.apache.org

IIBunkuii i reHepanbauii obuncoBay st fanux Hadoop. 3abesneuye
MPOCTY 1 BUpPa3Hy MOJEJb MPOrpaMyBaHHs, sIKa MATPUMYE
IIMPOKHUI CIIEKTP MOJATKIB, y ToMy unci ETL, mammaHEe
HABYAHHS, OTPAIFOBAHHS MTOTOKIB

ZooKeeper
http://zookeeper.apache.org/

Bucoko npoaykTHBHA CITy:K0a KOOPAWHAIIIT TS pO3IMOIIICHUX
IOJaTKIB

Actian http://www.actian.com/about-
us/#overview

3abe3eneuye 30epiraHHs «CUPUX» MAHUX 1 TOTYE JaHi IS TOJaTBIIOr0
aHaizy

HPCC http://hpccsystems.com

3abe3mneuye MIBHIKE MIEPETBOPEHS, MapajelbHEe OMPAIFOBAHHS IS
3acTocyBaHb 3 Benukumu nanumu

3aco6u Data Mining

Orange http://orange.biolab.si

Bisyaumizaris Ta aHaNi3 JaHUX

Mahout http://mahout.apache.org

bibmioTeka 3aco6iB MalIMHHOTO HABYAHHS Ta BUAOOYBaHHS TAHUX

KEEL http://keel.es

EBomroniitauii anroput™ Uit 3a1a4 BUAOOYBaHHS JaHUX

3acobu coyianvrux mepesc

Apache Kafka

[TnaTdopma 3 BUCOKOIO IIPOITYCKHOIO 31aTHICTIO ISl OTIPALIOBaHHS
JTAaHUX B PEKUMI peabHOTO Yacy

3acoobu Bl

Talend http://www.talend.com

[HTerparis naHuX, yOpaBIiHHSA, IHTETrpallist 3aCTOCYBaHb, 3aCO0M i
cepBicu 1yt Bemukux gaHux

Jedox http://www.jedox.com/en

OyHKIii aHami3y, 3BITHOCTI, INIAHYBaHHS

Pentaho http://www.pentaho.com

InTerpamis nanux, 6i3Hec-aHai3, Bidyamizallis JaHUX, IPOTHO3YBAaHHS

Rasdaman http://rasdaman.eecs.jacobs-
university.de/

BaratoBumipHi pacTopoBi aaHi (MacuB) 6e3 0OMEkKEHb HA PO3MIp,
HAsIBHICTh MOBH 3aITUTiB

3acobu nowyky

Apache Lucene
http://lucene.apache.org

3aCTOCYBaHH$I JJIA IIOBHOTCKCTOBOI'O iHI[eKcyBaHHH i MOLIYKY

Apache Solr
http://lucene.apache.org/solr

[ToBHOTEKCTOBHH MONTYK, (paceTHHI MOIIYK, ANHAMIYHA KJIaCTEpU3allis,
dopmaru goxymenris tumry Word, PDF, mpoctopoBuii momnryk

Elasticsearch
http://www.elasticsearch.org

3acib po3noALIEHOr0 MOBHOTEKCTOBOT'O MOIIYKY 3 BeO-iHTepdeiicoM i
JSON noxymeramu

MarkLogic
http://developer.marklogic.com

NOSQL i XML 6a3a manux

mongoDB http://www.mongodb.org

Kpoc-miatrdopMeHHa JOKyMEHTO-OpiEHTOBAHA CUCTEMA YIIPABIiHHS
6azamu ganux 3 miarpuMkoro JSON Ta fuHAMIYHUX CXeM

Cassandra http://cassandra.apache.org

MarmrraboBana 0a3a naHux 0e3 €JUHOI TOYKH BiIMOBH

HBase http://hbase.apache.org

MammtaboBaHa po3moiiieHa 60a3a JaHKX 3 MiITPUMKOIO CTPYKTYPOBaHO
30epiraHHs JaHUX BEJIUKOT0 00CsTy

InfiniteGraph
http://www.objectivity.com

Posmopinena rpadosa 6a3a maHmx
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AHaJii3 OTPHIMAHMX HAYKOBHUX pe3yJIbTaTiB

dopmabHIii ONKMC CTPYKTYPHU Benukux nanmx
[Mpuknagom Benukux naHWX € MacuB AaHUX, IO ONHUCYE NPOIECH (YHKIIOHYBaHHS PETIOHY.

OTxe, y MACYMKY iCHYE:

e Halip cyTHOCTEW: ocoOH, Micis, opraHizamii ((pi3uuHi, IOPUIMYHI), JaTH, TPUPOIHI peCypcH
(piukwy, micH, o3epa), pexpeaniiiauii Gpony (icTOpryHi TaM’ITKH, CAaHATOPI1), 3aKOHO/IaBYi aKTH Ta 3BITH;

e 0a3a JaHWX OIMUCIB CYTHOCTEW: JOKYMEHTH IJIS 1HTEIEKTyaJbHOI'O aHalli3y MaHWX, OHOJOTIYHI
TEPMIHHM, CIIOBHUKH JaHUX, SKi JO3BOJISAIOTH 3B'A3aTH JESIKI 00'€KTH.

I'pynTytounch Ha il iHdoOpMallii, MM TIOBUHHI BU3HAYHTH, SIKI CyTHOCTI 1 B SIKW crioci0 moB’s3aHi
MiX co00}0.

dopmManbHO MOAUTMMO yci 00’ €KTH Ha TaKi KaTeropii:

® CYTHOCTI €,

e xapakrepuctuku f

e acorianii Mk CyTHOCTSAMH € Ta Xapakrepuctukamu f .

Hanpuknan:

e iM’s € sragyerbes y qokymenti f

e tepmin f 3’sBuBCA y nokymenTi €.

Hexaii Takoxx BU3HAYEHO:

® MHOXHHY cyTHOCTEH E ;

® MHOXHHY XapakTepucTuk F ;

e juin koxkuux € i f 3a3mayeno momep acomiamiii Mix € i T sk n, ;.
3arajgpHa KUTBKICTh CYTHOCTEH BH3HAYAETHCS SIK |E|, 3arajabHa KUTBKICTH XapaKTEPUCTHK €
MOTY>KHICTIO MHOYKHUHHU F. |F| . Takox onuiemo:

e i KOKHOI xapaktepuctku | wmuoxuny e(f) = {EE E:in > O} ycix acomitioBanux 3 f

CYTHOCTEH;

e st KokHOi cytHocti € wmuoxkuny f(ef) ={f € EFn, ; >0} ycix acoriifoBaHux 3 €

XapaKTePUCTHUK.
OnuieMo i SKiCHI MPEICTABICHHS Y KUTbKICHOMY BUTIISII.

Komnu y Hac € kinbKka CyTHOCTEH, MOB'sI3aHUX 3 OJTHOK0 XapaKETPUCTHKOK, BUKOPHCTAEMO KiJIbKiICHE
nofanus iHdopmaliii, ToOTO BU3HAYMMO KiIbKiCTh OiHApHHX 3amuTaHb (Tak, Hi), sSKi HEOOXiTHO 3a1aTH,
00 3HAUTH MOTPIOHMH 00'€KT. 3aranom, sIKIO MU 3HAEMO, 1[0 HEBiIOMHN 00'€KT HAICKUTH 0 MHOKHHH,
1o ckiaagaeTbess 3 N eJeMeHTIB, TO MOKEMO PO3IITUTH Iiell Habip Ha B MOJIOBUHH 1, 33/1al04H JBIHKOBI
IUTaHHs, 3'ICYBaTH, J0 SKOI IOJOBHHHM HAJICKUTHh IIYKAHWH 00'€KT (MPHHIMUII aJIrOPUTMY OiHAPHOTO

MoNIyKy B Macusi). OTxe, TOJIi KiITBKICTh MPOAHaTi30BaHUX 00’ €KTIB CTAHOBUTHME ? . [IponoBxxumo nmami
TaKy K MPOLEAYpPY: 3aaMo APYTe MUTAHHS, IS 9OTO IMOALTAMO BH/IUICHY ITOJIOBUHY IIIe Ha J[Bi TIOJOBHHHU.

OTxe, micis ABOX 3alUTaHb MaTUMEMO — OO0 €KTIB, cepel KUX € mykanui. Ilicis Tppox 3amuTaHb

MaTHMEMO g 3arajoM, micns BiamoBini Ha ( GiHapHUX 3anMTaHbp MatuMeMo MHoxkuHy 3 N -27¢

€JIEMEHTIB, 1[0 MICTHTh HeoOXimuuit 06’ ext. OTke, Wit N anpTepHATUB BiAMOBIAHA iHGOPMAITis (KITBKICTH

6inapHux 3anuTank) cranoutume N - 270 =1, omxe, Oyzne ( = |0g2(N )
Tak camo MoOXHa omucaté CyTHOCTi. Maemo |E| CYTHOCTEH 3 KUIBKICTIO iH(popmMarii |OQZQE|).

Konu Mu 3HaeMo, IO SKach CyTHICTh aCOLiHOBAaHA 3 XapaKTEPUCTHKOK (MaeMo |e(f)| CyTHOCTEH), TO
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KUTBKICTh iH(OpManii Oyzme IogZQe(f)|). Otxe, ¢axT, SKUA CBIQYNTh, WIO0 CYTHICTh NOB'A3aHa 3
XapakTepuCTHKOK f | jae 3MOry 3MEHIIMTH KiNBKICTh 3aITUTaHb 110
E|
100, E])- Tog (1)) = fog,| = |
e()

Bu3HaueHHs KINBKOCTI acolliallii TakoX 3AIMCHIOEThCS 3a JIOMOMOrOK OIHAPHMX IHTaHb, SIKI
MOTPIOHO 3aJaTH JUIs TOro, MO0 1 HaJajl acomiaiis 3 HeOOXiAHOW CYTHICTIO Oyia Bimoma. [lounemo 3

N, ; . Koxne OinapHe 3anMTaHHsA 3MEHIIye KUIBKICTH 00’€KTiB HAmojOBHMHY, ( IHMTaHb 3MEHLIYIOTH
KIJIBKICTB 710 N, ¢ - 279, Mu HPOJIOBKYEMO MAaTH aCOIHaIiio 10 TOro Yacy, MOKU KiIbKicTh 00’ ekTiB > 1.
Haiibinpma KimeKicTh (], VIS SKOT MH IIe MaeMO acolliallifo, BUBHAYUTHCS 5K Ne ¢ .29 =1, mo, cBoero

YCpPror, BHU3HAYAETHCA AK q = |ng(ne f ) 3a,Z[aBaHH$I J0JaTKOBOT'O 3allMTaHHA BH3HAYA€THCA K

1+Iog2(nevf )

E
3aranbHa BaXUIMBICTh Xapaktepuctuku f s cyrHocti € BusHauaerbes sk 10Q, % 3
e
daxropom Baxxmusocti 1+ log, (ne‘f ) PesynpTyroua KiJbKiCTh iHPOpMAIliT BH3HAYAETHCS SIK
E
(e, )= L+ log, n, ) fog,| L .

()
@®opmyna (1) € ommiero 3 Bapialliii 4yacTOTH TEPMiHIB — TaK 3BAHOK 3BOPOTHOK YaCTOTOIO
nokymenra tf-idf. s xoxnoi cytnocti € maemo Baximsicts | (€, f) misa pismux xapakrepucrux f .

3HaveHHs BaXKJIMBOCTI HEOOX1THO HOpMaTi3yBaTH:

(t+10g,(n, ) log, B
| e(f)

V(e f)=

2

, E]
Z (1+|092(ne,f)) log, m

Jlnst koxHoi cytHocTi € € Bara V (e, T). Omke, B skoCTi Mipu GIM3bKOCTI MK JIBOMa 06'€KTaMu

E, i E,, Mu MoxXeMo BBaxxaTH BizcTanb Mix Bimmosizuumu exropamu (V (e, T,),V (g, f,),...).

V s3uuaiiniii EBkninosiit Biacrani d(a,b) =4/(a, —bl)2 +... IOJAOThCS KBAApATU Pi3HUIIb.
Omxe, st koxxuoi Baru V (€, T), mo penpesentye kinbkicTs 6iTiB, MATUMEMO
d(e,e,) = Zfe,:[v(ev f )_V (e, fz)|-

Ls BimcTaHb 3aJeXKUTh Bl KUIBKOCTI XapaKTEPUCTHK. HANPHUKIAM, SKIIO Ha JOJATOK JO
JIOKYMEHTIB MH 30epiraeMo iXHi KOIIii, TO BiJICTaHb 3011bIIy€eThCs BABIYL. 11[00 YHHUKHYTH I1i€l 3aJI€KHOCTI,

Bincrans d(€;,€,), sk mpaBuio, HopMmaiisyerbes B inTepBani [0,1] nusixom iifieHHs Ha MakCHMAaJbHO

MOJKJIVBE 3HAYE€HHS L€l BiACTaHl.
Komnu peanbhi 3HadeHHs A i B HeBimomi, a BifoMi TiIbKM BepxXHi Mexi nux BenuuuH a, b, 1o

Hal0iIbIIa MOKIIMBA BEJMYMHA PI3HHUII ‘a — b‘ JIOPiBHIOE max(a, b). Toni 3a [2]:

e sxmo a<b,ro ‘5—6‘=6—536 i ToMy, ‘a—b‘ < max(E,B);

® JKIIIO 6S5,T0 ‘5—5‘:5—535 1 TOMY, ‘5—5‘3 max(E,B)
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B 060x BUMagkax MaeMo ‘a - b‘ < max(a, b).

Mexa max (a, b) JOCATa€ThbCs y BUIIAIKaX.
akmo a<b,roams a=0,b=Db;

SKIIIO BSa,To,unsI a=a,b=0.

YBeneMo MOHATTSI MOJIeNIi acoLialii Mik 00’ €KTaMH Ta XapaKTepUCTUKAaMU AJISl PI3HUX KaTeropii
NoSQL 6a3 nanux.

MopeJi aconianiii Mizk CyTHOCTSIMHM Ta XapaKTepUCTHKAaMU /1 pi3HuX KaTeropiii NOSQL 6a3 nanux
Hociit nanux y Mojeri «kiro4y-3HaueHHsn» (iHIIa Ha3Ba — KOJOHKOBa BJI) onmucyeThest KOpTe:KaMu
BUTJISIAY:
KV ={< f,e>},
ne f— kmod, KMl npuiiMac yHIiKalbHi 3HAYEHHS y KOXkHii mapi, € — 3HaueHHd, O BiANOBigac MBHOMY

KITIOYEBI.
Curnatypa MoJeli Taka:
O=(m,0),
Je 7 — omepaiis mpoekiii 3a arpubyramu (kiaro4y abo 3HAYeHHs), ¢ — cenekiii atpubyTiB (BUOIp
3HAUCHHS 3a KJIFOYEeM, KIIFOUIB 3a 3HAUCHHSM, KIIOYIB 3a 3Ha4YeHHsAM mperkiB). [lepepaxoBani omeparrii
HaJIekKaTh JI0 KaTeropii unutanus [5, 6].

Ipuknagom CYBJI kononkoBoro tumy € Cassandra.

st BepciiiHOTO pO3MOAIICHOT0 30epiraHHs BEIMKUX 00CATIB JaHUX Oylia CIIPOCKTOBaHa MOJEIb,
1110 BUKOPHCTOBYETHCs y cuctemi BigTable kommnanii GOogle 3 TakiMu XxapaKTepUCTHKAMU:

e He TMOBHA pelisiliiiHa MOJIeTb JaHUX,
® TiATPUMKA JUHAMIYHOTO KOHTPOJIIO HaJl PO3MIIIICHHSM JaHUX.
OcnoBa Mozeni ganux Bigtable mpocra: psaku, CTOBIII i THMYACOBI MITKH.
BigTable ={<r,c,t >}

Hanpuknan, y 6a3i JaHMX TONIYKOBOI MAllMHA IMEHAMH PSJIKIB MOXYTh CIYT'YBaTH aJpecH
JMOKyMeHTiB 3 IHTepHEeTy, a iMeHaMH CTOBIIIB — OCOOJMBOCTI IMX JOKYMEHTIB (HAIpPUKIAT, 3MICT
JIOKyMEHTa MOXKE 30epiraTHcsi B CTOBIIII «CONteNt:», a mocujiaHHs Ha JOYipHI CTOPIHKM — B IIMajbTax
«anchor:»). Tnmmit npukiag — kaptu GOOgle, Mo CKIagalThesl 3 MUTBSPIIB 300paXKeHb, KOXKHE 3 SKUX
JeTajidye Ty 4M iHmy reorpadiuny ainsHky miaHetd. Y Bigtable kaptu Google cTpyKTypyroThes Tak:
KOKHOMY PSZKY BIANOBiNae OOUH reorpaiyHUi CErMEHT, a CTOBILSMH € 300pa)KeHHS, 3 SAKHUX Lei
CErMEHT CKJIAJIAEThCA, Y PI3HUX CTOBIIIAX 30epiratoThes 300paskeHHs 3 Pi3HOIO JeTali3alli€ro.

SIK10 B KUIBKOX CTOBMISIX 30€pirar0ThCs JaHi OJHOTO THITY, TaKi CTOBIIII, 3TIAHO 3 MOJIEILUIIO

Bigtable, yrBoprorots cimeiictBo:  COIF = {C, ,C; [dom(c)e T Adom(c;) e T}. BukopucroByBaTH

CIMEHCTBO CTOBMIIB 3pyYHO X04a O JUIs TOTO, MO0 CTHCHYTWU OIHOPINHI NIaHi, THM CaMHM 3MEHIIHBIITH
o0csar. Came ciMeiicTBa CTOBIILIB € OAWHHLCIO JOCTYITY 10 JaHUX.

Psnxu Bigtable (ix MmakcumanbHa JOBKHHA MOXe JtocsiraT 64 kino0aiiTn) Tex BaxiuBi. Onepartis
3BEPHEHHS JI0 psjiKa € aTOMapHO (1le 03Ha4ae, 110 MOKK OJIHA MporpaMa 3BEpPTAETHCS [0 PS/IKa, KOIAHA
iHIIIa HE Ma€ TpaBa 3MIHIOBATH JaHi B CIMEHCTBAX CTOBIIIIB LLOTO PSKA). A M€ PSAKUA 3pyYHO COPTYBATH.
VY mpuxnagi 3 URL nokymeHTa, 3pOoOHBIIN HOTO 3alMC PEBEPCUBHUM, JIETKO BIOPSIKYBATH BCi PSIIKU 32
iMEHEM JTOMEHa TPETHOTO PiBHSI.

Bwmict crtopinok B IaTepHeTi mocTiitHO 3MmiHrOeThed. 11100 BpaxyBaTu 1i 3MiHHM, KOXHIH KOl
JaHuX, 10 30epiraloThCs B CTOBII, NPHUCBOIOEThCA THMYacoBa Mitka (timestamp). YV Bigtable
TUMYACOBOIO MITKOIO CIyrye 64-po3psiiHe YHCIIO, IKUM MOYKHa KOAYBaTH 4ac i IaTy Tak, AK I TIOTPiOHO
KJIIEHTCHKUM mporpamam. Hampukia, timestamp asist koriii BeO-CTOPIHKK B CTOBIII «CONtENtS:» € 1aToro
1 YacoM CTBOPEHHS NUX KOMii. BUKOpHCTOBYIOUM THMUYACOBI MITKH, JOJAaTKH MOXYTh 3a1atu B Bigtable
MOIITYK, HATPHUKIIA/, TITBKH HAHOCTAHHIIINX KO JaHux [4].
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Omxe, a7st Oyab-5IKOT peAMeTHOT 00nacTi B cepBici GOOgle MOKHA CTBOPUTH BIACHY KapTy JaHUX
Bigtable, 1o mMicTuTh 3a1aHy KiJIbKiCTh PSAAKIB 1 YHIKAIBHHUI JUTS 1i€T MpeaMeTHOI 06acti Habip ciMelcTB
ctoBniiB. [IoBTOpH AaHUX y CTOBIIIX YNOPSAKOBYIOTHCSA 33 3HAUCHHSIMHM THMYAacOBHX MITOK. Yce Iie
BKa3ye Ha MOBHY BiACYTHICTh miaTpuMku Bractuocteit ACID.

l'oi0BHOIO mepeBarol0 LbOro MiAXOAY € Te, IO TaKy 0a3zy HEBa)KKO MOpi3aTH Ha HE3aJICKHI
IIMAaTOYKM 1 PO3MONUIMTH IO MHOXHHI cepBepiB. BincoproBani 3a andaBiToM psakKu AiNSTbCA Ha
Jliara3oHH, sKi Ha3UBalOTh «Tabmer» (tablet) — HecamocTiiinnmu TabiuisiMua. OCKITIBKH PSIIKU B KOXKHOMY
TabJeTi BiICOPTOBaHi 3a KIIOYOBUM IMEHEM, TO KIIEHTCHKUM JOJaTKaM MPOCTO 3HAUTH NOTPiOHMIA Taler,
a B HbOMY — NOTPiOHMIT psiaok [4].

Jlns cuEXpoHi3amii TaGneris BUKOpHCTOBYIOTH cepsic Chubby. Moro pons B Bigtable moxna
HOPIBHATH 3 pOJUT0 Tpausakuiii B 3Buyaitnux CYBJ. [dnst koxHoro tabmer-cepsepa Chubby ctBoproe
cremianeHuit  chubby-daiin. 3aBmsaku upomy ¢aiiny Bigtable moxe BusHauwtH, sKi 3 cepBepiB
npaneszaathi. lle ogun chubby-daiin mMicTute mocunanus Ha po3rairyBaHHS KopeHeBoro Tadiera (Root-
tablet) 3 nanuMu mpo po3rauryBanHs ycix iHmmx. Leii ¢aiin noBigomisie MaiicTpy, SIKHii 3 CepBepiB IKUMU
TabJeTaMu Kepye.

besymoBHo, BuKopucTaHHsi cepBicy Chubby B Bigtable skoroce Mipor BHKOHYE 3aBHaHHS
MIATPUMKH HECYNEpPEYHOCTI JaHUX Y PO3MOAUICHOMY CepefoBHINI 3 Oe3miudio pemik. Ane Hecye-
pewnuBicTh OyBae pisHoro. Bigtable crama mepmioro crpoGoro nocsrtu Gamancy MiX MPOIYKTHBHICTIO
CHCTEMH, il MacIITa0OBaHICTIO 1 HEMPOTHPIYYSIM TaHUX, MO TYT 30epiratoreest [9]. Pesynabrarom crana
MiATPUMKA TaK 3BaHOI CJIAOKOI HECyNepeyHOCTi, fKa, B NPHHLUIMI, 3aJ0BOJBHsJIA BHUMOTH OiJBIIOCTI
npairrorounx 3 Bigtable cepsicis.

Ha puc. 3 nokasaHo sik KOpHCTyBau IIyKae cBiii Tabuer [4].

Tabnetn
KOpUCTyBadiB

[HWi TabneTtun
MeTafgaHunx

N
— 7\

chubby Tabnet

N

Puc. 3. Iepapxis mabnemis

y

Hociit mozgeni «00’ ekm-00Kymenm» ONUCY€EThCSI KOPTEKaMHU BUIIISY:
OD =(f,,(f e, f e, fie ) (fod, fod,,, i 0d),

ne f, — inentudikarop nokymenta, f,..f - xapakrepucruku (aTpubyTn) TOKyMEHTa, €,..6, — aTOMAapHi

n
3HadeHHs xapakrpuctuk .. f , d,..d, — mocunanus Ha inmi nokymentn, d; =e(f,).

Onmneparii i€l Mozesi € 00’ €KTHI.
Onepalliss BU3HAYCHHS BY3JIiB eJIEMEHTA

v(f)={C}yu{od, |i =1, n}u{e(f)|i=0,n+1},
ne C — KoJeKIist JOKyMeHTiB 0d; .
Onepauiﬂ BHU3HAYCHHA 3HAUYCHb ByBHiB:

V(fi) :{eij | i 251 J = ’m+|},
nie €; —3nayenns arputyTin f;.

Takox BU3HAYEHO BiAHOIIEHHS HaJl €JIEMEHTAMU HOCIA.
BinHoIIIEHHS «eIeMEHT-€JICMEHT» BU3HAYAIOTHCS MIXK JOKYMEHTaMH Ta KOJICKIII€IO:
ODxC — EE.
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BimHOIIEHHS «eNeMEeHT-aTpHOYT:
f,xOD — EA .
BigHOIIEHHS «€JIEMEHT-TI0CHIAHHSY;
fixd; - ER
BiHOILIEHHS «eJIEMEHT-IaH1» BU3HAYAIOThHCS TAK:
fixe; » ED

[Mpuxnagamu CYB]] uporo tumy € MongoDB ta CouchDB.
I'padoBa Mozeb aHUX MOJaHA SIK:

O0=(ID,Azr),
ne 1D — MHOXMHA ineHTH(]iKaTOpiB, By3iB rpada; 4 — MHOXKHHA MO3HA4YeHUX crpsiMoBaHux ayr (p,l,c),
p,ce ID, | — « psimok-miTka»; 3amuc (p,1,c) 03Havae, 110 MiXx By3JIaMu p Ta ¢ € 38’5130K |; Z — dyHKIis,

mo BigoOpaxkae kokHui By3onm NeE |ID B KkoHKpeTHe 3HAYCHHS CKIAJEHOr0 ab0 aTOMapHOTO THITY,
Z:N —V;V — ocobnuBuii KOpeHEBUH By30.1 rpada.

Crpykrypa XML-nokyMeHTa, IO CKJIaJA€EThCcs 3 BKIAJACHUX CIIEMEHTIB-TEriB A00pe Bimoma, ii
BiZIMIHHICTbD BiJI PO3IIISTHYTOI BHIIE Tpad)oBOl MOJIENi TONATae, B OCHOBHOMY, Y TPaKTyBaHHI TETiB 1 MiTOK:
B rpadaXx MITKH BHKOPHUCTOBYIOTHCS SIK MO3HAYCHHS 3B'S3KIB MiXK €JIEMEHTAMHU CXEM JaHWX, 1 MITKH HE
MOTPIOHI JIJIs TIO3HAYCHHS elieMeHTa, a B XML TOKyMeHTHO-OpIEHTOBaHIN MOJIeNi MOTPIOHO, 1100 KOKHUH
(HeTeKCTOBMIA) €IEMEHT MaHuX MaB iAeHTH(IKyo4dy o3Haky. Takok XML TpaHCIIO€ThCS B CTPYKTYpY
JAHUX «JIEPEBO», 1[0 € YACTKOBUM BHUIIAAKOM IpadoBoi Moeli.

VY rpadosiit momeni XML miast cinaGKocTpyKTypoBaHHMX JaHUX HEOOXiTHO BHKOPHCTOBYBATH
cremianizoBani tunu atpubytiB, Taki sk ID, IDREF, IDREFS [5]. 3a3naueni tumu naroTh 3MOry
opraHi3yBatu 36epiranHs nepexpecHux nocuiaadb B XML -enementax Buny <eid,vahie> (<izenrudikatop
elIeMEeHTa, 3HaUeHHs>) 1 arpubytax Buny < label, eid> (<miTka, 3Ha4eHHS>).

Icuye xinpka BumiB RDF-ganux sk rpadosoi momeni: RDF / XML, N3, Turtle, RDF / JSON. Omuc
pecypciB y Burnsani RDF -Habopy gaHux — 11 Tpiiika «Cy0'eKT»- IpeIuKaT»-«00'eKT», TOOTO IJIs TPIHKU:

o muoxuuu U (Universal Resource ldentifier, URI, yridikoBanuii inenTrdikaTop pecypcis) —
eneMeHTH f,

o muoxunu B {Black nodes, moposxHix By3imiB),

o muoxunu L {Literal, RDF-nitepanis), Be e,Le e,
susHaueHo Haoip (f, e(f), e), ne f — «cy6'ext»; e(f) — «npeaukaT»; € — «00'eKT».

Otxe, Benuki maHi MOemHYIOTH NaHi, MPEACTaBICHI Yy PI3HUX MOJenax aaHuX. s mporo
NOBUHHI iCHYBaTH METO/IH iX MIEPETBOPEHHS 3 MiHIMaJIbHOIO BTPATOO AaHUX [6].
IHpopmariiiina cTpykTypa Benukux nanux nonana ua puc. 4 [8].

MallWUHHO

T 3reHepoBaHi POS]‘I?AIJ‘IGH& S— TexHororis
< annosa Posnoginexe Sandbox
x cuctema napanensHe
5 onpaLoBaHHs
3 AaHUX : —
s coLjarbHi Mepexi Bisyarisauis
£
2 CTaTUCTMYHWIA
5 CXOBMLLE aHanis
£ 3Ha4eHb
TEXT, MarloHKW) KIIOuIB
Bifeo, ayaio T
CTPYKTYpPOBaHUX
BITpWHA JaHuX cxoBuLLe
AaHUX AaHUX
Bigyarisauis
~—

Puc. 4. Inpopmayitina cmpyxkmypa Benuxux oanux.
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BucHOBKH Ta nepcNeKTHBH NMOAAJBIINX HAYKOBHX PO3BiIOK

Y crarti omucaHo CTpYyKTypy Benukmx pganmx. BusHadeHo Moxeni acomiaiifi 00’e€kTiB Ta
XapaKTepUCTUK OCHOBHHX TpejactaBieHb aaHnx y NOSQL. IMoOyzoaHo iHpopMamliiiHy CTPyKTYypy
Benukux ganux. Yec 1e cTajqo OCHOBOIO JUISl TIPOJIOBXKEHHS JOCIHIKEHb 1 30CEpe/PKEHHIO Ha Mpodiiemi
OMpallfOBaHHs PI3HOPIIHUX JaHHUX 03 X MonepeHpOT IHTerpalii.

1. Pedrycz W., Chen S.-M. (eds.), Information Granularity, Big Data, and Computational
Intelligence, Studies in Big Data 8, DOI: 10.1007/978-3-319-08254-7, Springer International Publishing
Switzerland 2015. 2. Srinivasa, S., Bhatnagar, V. (eds.): Big data analytics. In: Proceedings of the First
International Conference on Big Data Analytics BDA’2012. Lecture Notes in Computer Science, vol. 7678.
Springer, New Delhi, 24-26 Dec 2012. 3. Bymakosa M. A., Kwmanckas E. B., Any B. U. Mepa
UHpOpMAYUOHHO20 NO00OUS O ananusa crabocmpykmypuposannou ungopmayuu Il Cospemennoie
npobaemvl nayku u obpazosanus. — 2013. — Ne 6; URL: http://www.science-educa- tion.ru/113-11307.
4. Chang, Fay; Dean, Jeffrey; Ghemawat, Sanjay; Hsieh, Wilson C; Wallach, Deborah A; Burrows,
Michael ‘Mike’; Chandra, Tushar; Fikes, Andrew; Gruber, Robert E (2006), "Bigtable: A Distributed
Storage System for Structured Data", Research (PDF), Google. 5. Papakonstantinou Y. Object exchange
across heterogeneous information sources / Y. Papakonstantinov, Fl. Garcia-Molina, J. Widom // 11-th
International Conference on Data Engineering (ICDE’05). — 2005. P. 251-261. 6. Zhou Feng, W. Hsu,
Mong Li Lee. Efficient pattern discovery for sem- istructured data // 17th IEEE International Conference
on Tools with Artificial Intelligence (ICTAI-05). — 2005. — P. 301-309. 7. llaxoscvka H. B. Ilpoepamme
ma aneopummiune 3abe3nevents cxosuwy ma npocmopie oanux > monozpagis | H. B. [llaxoscvka. — JIb6i6:
Buo-60 Jlvgiscoroi nonimexnixu, 2010.— 194 c. 8. [llaxoscvxka H. Ocobnugocmi mooento8anHs npocmopie
oanux | H. Ilaxoecvka Il Bicnux Hay. yn-my «JIvgiecorxa nonimexuixa». — Jlvsig. Buo-eo Hay. yn-my
"JIvgiecorka nonimexuixa", 2008. — Ne 608 : Komn’tomepua indcenepiss ma ingpopmayitini mexnonoeii. —
C. 145-154. 9. Shakhovska N., Medykovsky M., Stakhiv P. Application of algorithms of classification for
uncertainty reduction/ Przeglad Elektrotechniczny. — 2013, Vol 89, 4. — P. 284-286. 10. Kym B. I. Modenw
KOHCOMIO0BAHUX OQHUX OUCMAHYIUHOZ0 HABUANLHO-KOHCYIbMAYIUHO20 YeHmpy ocib i3 ocobausumu
nompedamu | B. I. Kym Il Bicnux Hay. yn-my "Jlvsiecvka nonimexuixa”. — 2014. — Ne 783: Inghopmayiiini
cucmemu ma mepedci. — C. 120-127. 11. Kywmnipeyvra 1. 1. Ananiz inghopmayitinux pecypcie cucmemu
ounamiunoi inmeepayii cnabocmpykmypoeanux oanux y \Web-cepeoosuwi | 1. 1. Kywnipeywra, O. 1. Kyw-

Hipeyvka, A. FO. bepro Il Bicnux Hay. yn-my “JIvgiécoka nonimexwixa". Ingpopmayiini cucmemu ma
mepeoici. — 2014, — Ne 805. — C. 162-1609.

196



